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INTERVENORS' MOTION TO AMEND CONTENTION 3.1

In accordance with 10 C.F.R. 2.309(f), Intervenors Environmental Lawv and Policy

Center, Blue Ridge Environmental Defense League, Nuclear Information and Resource Service,

Nuclear Energy Information Service, and Public Citizen hereby move to amend Contention 3.1.

This Motion is filed to address the significant material flaws in the discussions of alternatives

provided by the NRC Staff and Exelon since the admission of Contention 3.1.1 In these

discussions, the NRC Staff and Exelon continue to improperly reject better, lower-cost, safer and

environmentally preferable clean energy alternatives to new nuclear power and therefore do not

provide the "rigorous exploration and objective evaluation of alternatives" required by the

National Environmental Policy Act ("NEPA"). 40 C.F.R. 1502.14(a). As demonstrated below

and in the attached supporting affidavit, admission of this amended contention is therefore

L appropriate under 10 C.F.R. 2.309(f).

lAs explained in their April 6, 2005 Response to Exelon's Motion for Summary Disposition of Contention
3.1, Intervenors are entitled to a hearing on the current Contention 3.1, even without amendment, because
the additional discussions of alternatives by Exelon and the NRC Staff have not cured or overcome the
factual and legal errors that are the basis of that Contention. 'However, Intervenors move to amend
Contention 3.1 because the Panel has suggested that any substantive challenge to these additional
discussions must take the form of a motion to amend Contention 3.1 (Panel Order, Mar. 23,2005 at 2-3).
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AMENDED CONTENTION 3.1:
THlE CLEAN ENERGY ALTERNATIVES CONTENTION
The Draft Environmental Impact Statement and Additional Filings by Exclon Fail To
Rigorously Explore And Objectively Evaluate All Reasonable Alternatives.

Since the admission of Contention 3.1, the NRC Staff has filed its Draft Environmental

Impact Statement ("Draft EIS"), and Exelon has filed a Response to the NRC Staff's Request for

Additional Information ("RAI Response"), a Motion for Summary Disposition of Contention 3.1

("Exelon Motion"), and an affidavit supporting that Motion ("Exelon Affidavit"). Exelon and

the NRC Staff assert that these documents adequately analyze clean energy alternatives to new

nuclear power and address the issues raised in Contention 3.1. In reality, however, the

discussions of clean energy alternatives in this proceeding continue to be based on several

material flaws that lead them to improperly reject better, lower-cost, safer, and environmentally

preferable energy efficiency, renewable energy resource, distributed generation, and "clean coal"

resource alternatives. Therefore, the rigorous exploration and objective evaluation of all

reasonable alternatives to the ESP that is required by NEPA has not occurred.

Basis: There are several serious shortcomings in the discussions of alternatives provided in the

Draft EIS and Exelon filings. First, the discussions are flawed because they accept a project

purpose - the creation of baseload power - that has not been evaluated and that improperly

excludes reasonable energy efficiency alternatives. Second, the Draft EIS and Exelon filings

overestimate the environmental impacts of clean energy alternatives and underestimate the

impacts of new nuclear power to incorrectly conclude that clean energy alternatives are not

environmental preferable to nuclear power. Third, the Exelon filings, which the Draft EIS

heavily relies on, improperly conclude that new nuclear power would be less costly than clean

energy alternatives. Fourth, the Draft EIS and Exelon filings fail to adequately analyze
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alternative clean energy sources in combination and instead provide an analysis that is unfairly

biased in favor of nuclear power and overstates the impacts of combinations of alternatives.

Each of these points demonstrates that this Amended Contention 3.1 is admissible because there

continues to be "a germane dispute ... on a material issue of law or fact" regarding the adequacy

of the analysis of alternatives in this proceeding. 10 C.F.R. 2.309(f)(1)(vi)

1. FACTUAL BACKGROUND

This proceeding concerns an application by Exelon for an Early Site Permit for

construction of a Clinton 2 nuclear power plant on the site of the existing Clinton 1 nuclear plant

in Clinton, Illinois. After Exelon filed its application with the NRC on September 25, 2003,

Intervenors on January 12, 2004 petitioned to intervene and requested a hearing. On May 3,

2004, Intervenors filed their contentions, and on August 6, 2004 the Panel admitted Contention

3.1 while rejecting other contentions raised by the Intervenors. As admitted by the Panel,

Contention 3.1 states that Exelon's Environmental Report ("ER") "does not provide the basis for

the rigorous exploration and objective evaluation of all reasonable alternatives to the ESP that is

required by NEPA." In particular, "Exelon's analysis is premised on several material legal and

factual flaws that lead it to improperly reject the better, lower-cost, safer, and environmentally

preferable wind power and solar power alternatives, and fails to address adequately a mix of

these alternatives along with gas-fired and 'clean coal' resources alternatives."

In response to the admission of Contention 3.1, the NRC Staff on August 23, 2004 sent

Exelon a Request for Additional Information regarding the issues raised in Contention 3.1. On

September 23, Exelon filed its RAI Response, in which the applicant purports to examine clean

energy alternatives. In the RAI Response, Exelon acknowledges that a combination of wind,
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solar, and natural gas or "clean coal" "could be used to generate baseload power and would serve

the purpose of" the proposed Clinton 2 facility. (RAI Response at 18). Yet Exelon rejects wind

power and solar power, both alone and in combination with natural gas and "clean coal," because

they purportedly are not environmentally preferable and more costly than new nuclear power.

(Id. at 19).

On March 8, 2005, the NRC Staff issued its Draft EIS for Exelon's ESP application. The

Draft EIS accepts Exelon's assertion that the purpose of this project is to create baseload power

and rejects energy efficiency, wind, and solar power alternatives as failing to meet this purpose.

Relying heavily on the discussions of alternatives provided by Exelon, the Draft EIS asserts that

new nuclear power is "preferable" to producing energy from coal, natural gas, or a combination

of alternatives that relies heavily on natural gas. (DEIS at 8-22).

On March 17, 2005, Exelon filed a Motion for Summary Disposition of Contention 3.1,

asserting that Contention 3.1 was a contention of omission that was cured by the RAI Response.

(Exelon Motion at 2). Exelon also attached an affidavit discussing clean energy alternatives, and

argued that the affidavit along with the RAI Response and the Draft EIS demonstrated that there

is no genuine issue of material fact regarding clean energy alternatives. (Id.) In a series of

Orders following Exelon's Motion, the Panel concluded (Intervenors believe incorrectly) that

Contention 3.1 was a contention of omission and that, therefore, any response to the substance of

the additional discussions of clean energy alternatives found in Exelon's filings and the Draft

EIS would have to take the formtn of a motion to amend Contention 3.1 or to file a late contention.

(Panel Order, Mar. 23, 2005 at 2-3; Panel Order, Mar. 30, 2005 at 5-6).

On April 6, 2005 Intervenors filed a response to Exelon's Motion, showing that

Contention 3.1 was not simply a contention of omission and had not been cured, and that Exelon
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was not entitled to summary disposition as a matter of law. In response to Exelon's claim that

there is no genuine issue of material fact regarding clean energy alternatives, Intervenors also

demonstrated that the RAI Response, Exelon Affidavit, and Draft EIS continue to include

material factual and legal flaws that lead them to improperly reject better, lower-cost, safer and

environmentally preferable clean energy alternatives. Because, however, the Panel has

suggested that such a substantive response must be made in the form of a motion to amend

Contention 3.1, Intervenors now move to do so.

II. AMENDMlENT OF CONTENTION 3.1 IS PROPER UNDER 10 C.F.R 2.309(.

As the Panel has recognized, amendment of Contention 3.1 to address the substance of

the additional discussions of clean energy alternatives provided by Exelon and the Draft EIS is

both appropriate and timely under 10 C.F.R. 2.309(f)(2). That regulation provides that a

contention may be amended when such amendment: (1) addresses information that was not

previously available, (2) addresses information that is materially different than information

previously available, and (3) is submitted in a timely fashion after the new information becomes

available. 10 C.F.R. 2.309(f)(2)(i)-(iii). The regulations specifically provide that where, as here,

a contention raises an issue under NEPA, such contention must be filed based on the applicant's

ER, and then may be amended where the Draft EIS or later filings present new "data or

conclusions" that "differ significantly" from the ER. 10 C.F.R. 2.309(0(2); see also Duke

Energy Corp., 56 N.R.C. 373, at *25-*26 (2002); Private Fuel Storage, L.L.C., 54 N.R.C. 199 at

*18 (2001). The Panel has already ruled that it is appropriate for Intervenors to challenge the

substance of the Draft EIS and additional Exelon filings through a motion to amend Contention

3.1. (Panel Order, Mar.30,2005 at 5; Panel Order, Mar.23,2005 at 3-4).
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This Motion is consistent with the process provided in the regulations and endorsed by

the Panel for a contention raising an issue under NEPA because the proposed amendment seeks

to address the substance of the new data and conclusions presented in the Draft EIS and by

Exelon since the admission of Contention 3.1. As required, Intervenors filed Contention 3.1 in

response to Exelon's ER, alleging that the ER's discussion of alternatives was flawed in a

number of ways. The Draft EIS and Exelon's additional filings claim to address those flaws by

presenting data and conclusions not included in thb ER. For example, unlike Exelon's ER, these

documents purport to consider a combination of clean energy alternatives to nuclear power and

conclude that such combination is not preferable. (DEIS at 8-22, 8-22; RAI Response at 14-18).

Similarly, Exelon and the NRC Staff claim that they relied on more up-to-date information than

was cited in Exelon's ER in discussing clean energy alternatives. (DEIS at 8-15; Exelon

Affidavit at § III). It is plainly appropriate under the regulations for the Intervenors to amend

their contention to address the material flaws in such new data and conclusions. Duke Energy

Corp., 56 N.R.C. at *25; Private Fuel Storage, L.L.C., 54 N.R.C. at *18.

In addition, the Panel has already concluded that this Motion is timely for purposes of 10

C.F.R. 2.309(f)(2)(iii). In particular, the Panel ruled in the April 4 Conference Call with the

parties that a motion to amend Contention 3.1 in order to address the substance of the Draft EIS

and additional Exelon filings is timely so long as it is filed on or before April 22, 2005. (Panel

Order, April 6, 2005 at 3). This Motion is being filed on April 22, 2005 and, therefore, meets

this timeliness standard.
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III. AMENDED CONTENTION 3.1 IS BASED ON A NUMBER OF MATERIAL
FLAWIS IN TIlE DRAFT EIS AND EXELON FILINGS THAT CAUSE THOSE
DOCUMENTS TO IMPROPERLY REJECT REASONABLE CLEAN ENERGY
ALTERNATIVES.

The Draft EIS and Exelon filings continue to provide a flawed analysis of clean energy

alternatives that fails to satisfy NEPA's requirement that such alternatives be "rigorously

explored and objectively evaluated." 40 C.F.R. 1502.14(a). Exelon actually acknowledges that

a combination of wind, solar, and natural gas or "clean coal" "could be used to generate

baseload power and would serve the purpose of' the proposed Clinton 2 facility. (RAI

Response at 18). Yet Exelon rejects wind power and solar power, both alone and in

combination with natural gas and "clean coal," because they purportedly are, not

environmentally preferable and more costly than new nuclear power. (RAI Response at 19).

The Draft EIS relies heavily on the discussion provided in Exelon's RAI Response to similarly

conclude the wind and solar power alone are not viable alternatives, and that natural gas or

"clean coal," either alone or in combination with wind and solar, would not be environmentally

preferable to new nuclear power. (DEIS at 8-17, 8-18, 8-21, 8-22).

As described in the attached affidavit from Bruce Biewald ("Biewald Affidavit"), the

alternatives discussions provided in the Draft EIS and Exelon's additional filings are

"inadequate, biased, inaccurate, and based upon out-of-date information." (Biewald Affidavit,

§IV). In particular, the discussion of alternatives in the record underestimate the impacts and

costs of a nuclear power plant while overestimating the impact and costs of wind power and

other clean energy sources, and engage in a flawed consideration of combinations of alternatives

that fails to recognize the beneficial role of wind power and solar energy. The record

demonstrates that there are genuine issues of material fact'regarding the impacts, benefits, and
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costs of nuclear power and -clean energy alternatives. Therefore, the Panel should admit

Amended Contention 3.1 and a hearing should be held on the issues raised therein.

The legal requirements here are clear. Pursuant to NEPA, all "reasonable alternatives" to

the proposed new nuclear power at issue, in this proceeding must be "rigorously explored and

objectively evaluated." 40 C.F.R. 1502.14(a); see also 10 C.F.R. 51.45(b)(3) (NRC must

"develop and explore;. . . appropriate alternatives to recommended courses of action."). In

analyzing alternatives, an agency is not bound by the wishes of the project applicant, Sinimons f.'

U.S. Army C6rps of Engineers, 120 F.3d 664, 669 (7th Cir. 1997), but instead must consider all

reasonable alternatives to meeting the goal of a proposal, whether or not the applicant wants to

or is able to carry them out. Cf 42 C.F.R. 1502.14(c); Muck-leshloot Indian Tribe vd. U.S. Forest

Senr., 177 F.3d 800, 814 (9th Cir. 1999). Alternatives must be considered not only individually,

but also in combination, Davis vo. Alineta, 302 F.3d 1104, 1121-22 (10 th Cir. 2002), and the

analysis must be based on information that is up-to-date and accurate. C'f Vermont Yankee

Nuclear Powter Corp. v. Natural Resources Defense Council, 435 U.S. 519, 552-553 (1978)

(recognizing that the concept of alternatives is an "evolving one" that an agency must judge "by

the information then available to it.")

A. The Draft EIS. and Exelon Filings Are Based on a Purpose For the Project -
the Creation of Baseload Power - That Improperly Eliminates Reasonable
Energy Efficiency Alternatives and Has Not Been Evaluated.

The first reason that the discussions of alternatives in the Draft EIS and Exelon filings

fail to comply with NEPA is because they improperly set forth as the purpose for this project the

production of "baseload power for sale on the wholesale market." (Exelon Motion at 9-10, DEIS

at 8-15). This purpose constrains the alternatives analysis in violation of NEPA by improperly
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rejecting reasonable energy efficiency alternatives to new nuclear power. (Intervenors'

Supplemental Request for Hearing at 3, 5-9; Intervenors' Reply in Support of Supplemental

Request for Hearing at 6-9). In addition, reliance on such a purpose is arbitrary and capricious

given that the Draft EIS and Exelon filings do not evaluate whether there is any need for

additional baseload power and, in fact note that Illinois is a net exporter of power. (DEIS at 8-4;

Exelon ER at 9.2-5).

Given that the Panel has already rejected these arguments and excluded energy efficiency

alternatives from Contention 3.1, Intervenors simply reiterate their position that the stated

purpose and rejection of energy efficiency alternatives violate NEPA and hereby incorporate

their prior arguments on this issue by reference. Intervenors believe that the Panel should also

-reconsider its prior rejection of this argument in light of the fact that the U.S. Environmental

Protection Agency ("U.S. EPA") has recently filed comments on the Draft EIS for the North

Anna ESP that raise similar concerns about the failure of the NRC to evaluate now whether there

is a need for power.2 In those comments, the U.S. EPA stated that the failure to consider the

need for power "ignores the justification for the power plant addition in the early stage of project

development as well as biases the subsequent energy alternative analysis toward nuclear power.

. The exact same logic applies in this proceeding.

Intervenors also note that the Draft EIS and Exelon incorrectly assert that cost is an

additional reason to reject energy efficiency alternatives to new nuclear power. (DEIS at 8-3;

Exelon ER at 9.2-4). The Draft EIS and Exelon filings do not provide an actual estimate of the

cost of energy efficiency efforts, but instead simply assert that declines in generating costs and

the amount of energy efficiency requirements already in place have significantly reduced the

2 U.S. Environmental Protection Agency, Comments to the Draft Environmental Imp act Statement for an
Early Site Permit (ESP) at the North Anna ESP Site 7- NUREG-1811 (North Anna ESP Project), Mar. 1,
2005, available at Ip://www.citizen.org/documents/EPAcommentsDEIS.p f.
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cost-effectiveness of such efforts. (DEIS at 8-3; Exelon ER at 9.2-4). In reality, however,

energy efficiency efforts can reduce demand for electricity at a cost of 4.4 cents per/kWh (and

with virtually no environmental impacts), which is less than the estimated cost of nuclear, wind,

or natural gas power. (Biewald Affidavit, §IIL.D at Table 7). Therefore, energy efficiency must

be objectively evaluated as a reasonable alternative under NEPA.

B. The Draft EIS and Exelon Filings Improperly Conclude that Clean Energy
Alternatives Are Not Environmentally Preferable to New Nuclear Power.

The Draft EIS and Exelon filings also fail to comply with NEPA because they incorrectly

conclude that clean energy alternatives are not environmentally preferable to new nuclear

power. Exelon asserts that the rejection of wind power and other clean energy alternatives is

proper because allegedly none of those alternatives are environmentally preferable to a new

nuclear power plant: (RAI Response at 8, 13, 15; Exelon Affidavit, §V.A.3, V.C.3.c). In

particular, using terminology developed for license extension proceedings, Exelon contends that

all of the impacts of nuclear power are SMALL, while the impacts of wind power and

combinations of clean energy alternatives could range from SMALL to LARGE. (Id.). The

Draft EIS does not assign significance levels to the impacts of wind and solar power, but

contends that natural gas and combinations involving natural gas would have impacts that range

from.SMALL to MODERATE. (DEIS at 8-15,-8-16). On the basis of these findings, both

Exelon and the NRC Staff reject clean energy alternatives as not environmentally preferable to

new nuclear power. (RAI Response at 19; DEIS at 8-22, 8-24).

The analyses of impacts in the Draft EIS and Exelon filings are flawed because they

overestimate the impacts of clean energy alternatives and/or underestimate the impacts of new

nuclear power in a number of key areas. (Biewald Affidavit, §III). While the NRC Staff and
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Exelon try to cover up any differences in environmental impacts by categorizing all of the

impacts as SMALL, in reality new nuclear power would have more impacts and impacts of a-

greater intensity than clean energy alternatives.3

The most fundamental flaw with the conclusions of the Draft EIS and Exelon filings is

that those documents themselves demonstrate that many more resources would be impacted by

nuclear power than by clean energy alternatives. Both the Draft EIS and Exelon have concluded

that nuclear power would have land use, air quality, thermal, aesthetic, water use and quality,

human health, accident, ecological, and waste management impacts. (Exelon's Statement of

Facts in Support of Motion for Summary Disposition at 4-10, ¶¶ I.E.1-14, citing Exelon ER;

DEIS at 5-80 to 5-82, Table 5-15). By contrast, the only impacts that Exelon has identified for

wind power are land use, bird deaths, aesthetics, and noise. (Exelon Affidavit at 17-1 8).4 Even

assuming that Exelon has correctly categorized all of the impacts of nuclear as SMALL,

certainly an energy source that only has land use, bird deaths, aesthetics and noise impacts

should be considered environmentally preferable to an energy source that impacts at least 10

resources including human health and air and water quality. (Biewald Affidavit, §III.G).

Similarly, both the Draft EIS and Exelon reject alternatives involving natural gas, largely

because natural gas could purportedly have MODERATE air quality impacts. (RAI Response at

17; DEIS at 8-23). In reality, however, a combination of alternatives that uses a proper amount

of wind and solar power would reduce the air quality impacts of natural gas to SMALL.

3 It is important to note here that the Panel is not required to apply the SMALL, MODERATE, and
LARGE approach to categorizing impacts that has been proposed by Exelon. That categorization derives
from regulations that apply only to renewal of licenses for existing nuclear plants, 10 C.F.R. Pt. 51
Appen ixB.and has not been made directly applicable to Early Site Permit proceedings. Therefore, the
Panel is free to ignore or modify these categories to the extent that they do not allow for an accurate
comparison of the environmental impacts of nuclear power and clean energy alternatives. .
4 Exelon does state'that wind power has SMALL impacts on other resources, such as air and water
quality, human health, waste management, and ecological resources. (Motion at 22). Exelon, however,
has not identified any actual impacts that wind power would have on such resources and, therefore,
wind Power should be considered to have no impacts on such resources. (See Exelon Statement of Facts
at 16-18, IT II.C.1-6).
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(Biewald Affidavit, §III.B; RAI Response at 17; DEIS at 8-13). In addition, the other impacts of

natural gas are SMALL (RAI Response at 17),5 the Draft EIS acknowledges that human health

impacts from natural gas are "not expected ... [to] be detectable," (DEIS at 8-13), and neither

Exelon nor the NRC Staff have claimed that natural gas presents the type of accident risks that

nuclear power does. As with wind, even if all of the impacts of natural gas are correctly

categorized as SMALL, it is arbitrary and capricious to suggest that an energy source that

presents human health and accident risks is environmentally preferable to a clean energy

alternative. (Biewald Affidavit, §1II.G).

In addition, the analyses in the Exelon filings and the Draft EIS of a number of impacts

overstate the impacts of clean energy alternatives and/or understate the impacts of nuclear

power:

First, with regards to land use, Exelon asserts that wind power would use between 0.43

and 0.73 acres of land per MWe, while nuclear power would use only 0.23 acres per MWe.

(Exelon Affidavit at §V.A.3). The wind power land use estimates, however, are based on a

capacity factor of 17% to 29% that fails to reflect technological advancements in wind turbine

technology over the past 5 years. (Biewald Affidavit, §III.G). Using the more realistic capacity

factor of 35% decreases the land use for wind to 0.35 acres per MWe. (Id.). In addition,

Exelon's estimate of land use for nuclear power considers only the land directly used by the

nuclear plant, and ignores the significant amounts of land used to mine uranium and store nuclear

waste. (Id.) Finally, even assuming that the land use numbers are correct, Exelon's analysis fails

to take into account the fact that land used for a nuclear power plant and the storage of nuclear

5The Draft EIS does assert that the ecological, water quality, and aesthetic impacts of natural gas range
could be MODERATE or even LARGE. (DEIS 8-14, 8-15, 8-23). This claim that the impacts of natural gas
on these resources might be greater than that of nuclear power is, however, arbitrary and capricious as no
reason is provided for why building a natural gas plant on the Clinton site would have any greater
ecological, aesthetic or water impacts than a new nuclear power plant. (Biewald Affidavit, §III.G).
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waste is impacted much more greatly and for a longer period of time than land used by a wind

farm that creates no harmful waste and can be surrounded by agricultural and other land uses.

(Id;).

Second, Exelon suggests that wind power could have a significant impact on birds by

killing birds that collide with the turbines. (RAI Response at 8). This overstates the issue,

however, as wind turbines cause an average of only 2 bird deaths per year, while nuclear power

plants have impacts from both direct avian collisions and from the impacts of the full fuel cycle

on bird habitat that should be considered. (Biewald Affidavit, § III.C). Exelon has provided no

data regarding the number of birds killed by a nuclear power plant per year, but in the case of the

Susquehanna plant in eastern Pennsylvania, 1500 bird deaths were reported from 1978 to 1986.

(Id.)

Third, while Exelon's witness asserts that "wind turbines can also generate a relatively

large amount of noise," in reality a wind farm generates only 35 to 45 dB(A), which is the

equivalent of the noise in the reading room of a library. (Biewald Affidavit, §III.D). By

contrast, Exelon acknowledges that a nuclear power plant will generate 55 dB(A) of noise. (ER

at 5.3-1 I).

Fourth, Exelon claims that the air quality impacts of nuclear power are SMALL (Exelon

ER at Tables 9.2-6, 9.2-7) but this categorization ignores the fact that the uranium fuel cycle

creates greenhouse gases and understates emissions of radionuclides. (Biewald Affidavit,

§§III.B and III.H).

Fifth, the assumption in the Draft EIS and Exelon's filings that the impacts of exposure to

radioactive wastes from uranium mining and waste disposal are SMALL (DEIS at Table 5-15;

Exelon ER at Tables 9.2-6, 9.2-7), fails to take into consideration particular impacts and new
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information. For example, the mining, enrichment, and fabrication of uranium fuel releases

radionuclides such as Rn-222 can have significant adverse health effects. (Biewald Affidavit,

§III.H): Similarly, the reliance of Exelon and the NRC Staff on Tables S-3 and S-4 to conclude

that the impacts of the uranium fuel cycle are SMALL fails to consider that new information

regarding fuel reprocessing, the lack of a high-level waste depository, and changes in the

transport of waste that may alter the conclusions about impacts included in those Tables.

(Biewald Affidavit, §1I1.H).

Finally, the Draft EIS understates the risks posed by serious accidents at the proposed

Clinton 2 plant. In particular, the Draft EIS's conclusion that the accident risk is SMALL fails to

consider a recent study from the National Academy of Sciences that concluded that not enough

has been done to protect nuclear plants from terrorist attacks. (Biewald Affidavit, §III.H).

The record is clear, therefore, that there are genuine disputes of material fact regarding

the comparative impacts of nuclear power and clean energy alternatives such as wind power.

Contrary to the claims in the Draft EIS and Exelon filings, the record shows that clean energy

alternatives would impact fewer resources than nuclear power and that the analyses in the record

overestimate the impacts of clean energy alternatives and underestimate the impacts of nuclear

power. Given these genuine disputes of material fact, this Amended Contention must be

admitted.

C. Exelon's Assertions That Nuclear Power is Less Costly than Clean Energy
Alternatives is Erroneous.

Perhaps realizing that clean energy alternatives are environmentally preferable to new

nuclear power, the Exelon filings also assert that rejection of those alternatives is proper because

they are more costly than new nuclear power. Exelon contends that electricity would cost 4.7
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cents per kWh from a gas-fired facility, 4.9 cents per kWh from a coal-fired facility, 5.7 cents

per kWh from a wind facility in Illinois, and 4 to 5 cents per kWh from solar. (RAI Response at

17). In addition, Exelon asserts that gas or coal-fired electricity would be even more costly in

alternatives involving combinations of energy sources because capital costs would be spread

over fewer kWh. (Exelon Affidavit at §V.C.3.b). By contrast, Exelon opines that nuclear power

from the Clinton 2 nuclear plant would cost between 3.1 and 4.6 cents per kWh, with an upper

estimate of 5.5 cents per kWh. (RAI Response at 17; Exelon Affidavit at §IV). Beyond a

handful of scattered references that an alternative must be "commercially viable" or "cost-

effective" in order to be reasonable (DEIS at 8-5, 8-21), the Draft EIS does not discuss costs in

analyzing various clean energy alternatives.

Exelon's assertion that no alternative or combination of alternatives would be cost

competitive with nuclear power (RAI Response at 17-18) is plainly erroneous and unsupported

for a number of reasons.

First, it appears that the cost estimate for wind is overstated. For example, in contrast to

Exelon's estimate of 5.7 cents per kWh, Xcel - Northern States Power in Minnesota purchases

wind power at an average cost of 3.5 cents per kWh. (Biewald Affidavit, §IV.B). Similarly,

while the 5.7 cents figure appears to be consistent with the Annual Energy Outlook 2004, that

figure incorrectly assumes a less favorable wind resource and that the Production Tax Credit for.

wind would not be extended. (Id.).

Second, Exelon's filing does not address the fact that the U.S. DOE's 2005 Annual

Energy Outlook ("AEO"), which is published by the Energy Information Administration and

projects trends in energy production through 2025, does not project any new nuclear power

plants because "new plants are not expected to be economical." (Biewald Affidavit, §IV.A).
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Certainly a finding from the Energy Information Administration that new nuclear power is not

economical directly contradicts Exelon's claim that nuclear power is cheaper than wind, solar,

natural gas, and coal. In addition, given that the Draft EIS states that an alternative must be

"commercially viable," the A-O's analysis of the economic viability of new nuclear power

suggests that the Draft EIS should reject nuclear power as unreasonable.

Third, Exelon's cost estimate for nuclear power from the Clinton 2 plant is based on a

number of overly optimistic assumptions that fail to take into account the great uncertainty

regarding such estimates. (Biewald Affidavit, §IV.B). For example, Exelon has relied on a 10%

learning rate from plant to plant, a 5-year construction period, no risk premium, and the lowest

capital cost presented (Exelon's Affidavit, §IV). Yet, the study cited by Exelon deems a 10%

learning rate "aggressive" and notes great uncertainty about the capital cost selected by Exelon.

(Biewald Affidavit, §IV.B). In addition, at $2,000 or higher per kW, the capital costs of recently

built plants are significantly higher than the $1,200 per kW assumed by Exelon. (Biewald

Affidavit, §IV.B). Finally, such optimistic assumptions are unwarranted in light of the fact that

the actual costs of constructing 75 existing plants in the U.S. was more than 200% greater than

the estimated costs for those plants, and a study from the RAND Corporation has concluded

nuclear power plants experiences the worst cost overruns of any of a set of 52 major projects.

(Biewald Affidavit, § IV.B and Ex. 3).

Fourth, Exelon's cost estimates for nuclear power are contradicted by a 2003

Massachusetts Institute of Technology study entitled The Future of Nuclear Power that estimates

that new nuclear power would cost 6.7 cents per kWh. (Biewald Affidavit, §IV.B). Such an

estimate is "likely more accurate" than Exelon's because it is "based upon existing information"

regarding investor assumptions and actual experiences. (Biewald Affidavit, §IV.B). This 6.7

16



cents per kWh cost exceeds .the 5.5 cents per kWh that Exelon's own witness states is necessary

for utilities to purchase new nuclear power plants (Exelon Affidavit, §IV) and therefore is

consistent with the AEO conclusion that new nuclear power plants "are not expected to be

economical."

The record, therefore, is clear that there are genuine disputes of material fact regarding

Exelon's claim that new nuclear power is economically preferable to clean energy alternatives.

Exelon's cost estimates for nuclear power are simply unsupported by the record, and the 6.7 cent

per kWh estimate supported by the Biewald Affidavit and studies cited therein exceeds Exelon's

own cost estimates for wind, solar, natural gas, and clean coal. Given such genuine disputes of

material fact, this Amended Contention must be admitted.

D. Thc Draft EIS and Exclon Filings Fail to Objectively Evaluate Combinations
of Clean Enerev Alternatives.

The Draft EIS and Exelon filings also fail to satisfy NEPA because they do not accurately

and objectively evaluate combinations of clean energy alternatives. Exelon acknowledges that a

combination of alternatives could be used to generate the baseload power that Exelon seeks from

a Clinton 2 plant, and the Draft EIS states that "a combination of alternatives might be cost-

effective." (RAI Response at 18; DEIS at 8-21). Exelon concludes, however, that any

combination of alternatives can be rejected because it would be not environmentally preferable

and more costly than new nuclear power. (RAI Response at 17-19). The Draft EIS similarly

asserts that a new nuclear unit would be environmentally preferable to any combination of

alternatives involving natural gas or coal. (DEIS at 8-22).

These assertions that combinations of alternatives would not be environmentally

preferable or would be more costly are simply incorrect. As explained in Section JII.B above,

17



the Draft EIS and Exelon filings overstate the impacts of wind and natural gas, and understate

the impacts of new nuclear power. (Biewald Affidavit, §Il). In addition, even assuming that all

of the impacts of nuclear, wind and natural gas power are correctly categorized as SMALL,

nuclear power is not environmentally preferable because it has impacts to more resources, such

as human health and accident impacts, than wind or natural gas. Just as wind and natural gas are

environmentally preferable to nuclear power individually, they would also be environmentally

preferable in combination. (Biewald Affidavit, §III, IV.D).

Similarly, as explained in Section III.C above, wind and natural gas alternatives

individually are economically superior to new nuclear power and would, of. course, also be

superior in combination. For example, using AEO 2005 cost estimates for wind and natural gas,

a combination of those alternatives would cost between 4.6 and 5 cents per kWh, in comparison

to 6.8 cents per k-Wh for new nuclear power. (Biewald Affidavit, §IV.D). Such an alternative

would be at least $301 million cheaper than the Clinton 2 proposal. (Biewald Affidavit, §IV.D,

Table 6). Adding energy efficiency efforts to the combination would reduce the per kWh cost to

4.7 cents, and would lead to an overall savings of at least $363 million. (Biewald Affidavit,

§IV.D, Table 7).

In addition to the erroneous analyses of impacts and costs that Exelon and the NRC Staff

use to justify rejecting combinations of alternatives, the discussions found in both the Exelon

filings and the Draft EIS are flawed because they fail to provide a large enough role for wind

power. Exelon's proposed combination alternative is most egregious because it is based on the

fundamentally flawed premise that wind power and other renewable resources would have to be

backed up with fossil fuel capacity that is equivalent to the capacity of the proposed Clinton 2

plant. Exelon's "combination of alternatives" is to build a natural gas plant the size of the
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Clinton 2 plant, and then to have that plant operate at below full capacity at time when whatever

wind or solar facilities that might be built are providing power. (RAI Response at 14-15). Such

an "analysis" of a combination of renewable and non-renewable resources is "biased strongly

against" clean energy alternatives for a number of reasons. (Biewald Affidavit, §IV.C).

First, Exelon's approach ignores the capacity values of intermittent resources such as

wind power. (Biewald Affidavit at §IV.C). By assuming that Clinton 2 would have to be

replaced with a natural gas facility of equal size, Exelon provides no capacity value to wind

power and solar energy. In reality, however, wind power and solar energy facilities do provide

capacity value as they will be operating at some generally predictable amount of time. (Biewald

Affidavit, §IV.C). For example, in the absence of site-specific data, PJM automatically credits

wind power with a 20% capacity factor, meaning that a 100 MW wind farm will be assumed to

produce 20 MWH of power. (Biewald Affidavit, § IV.C).

Second, Exelon's approach ignores the reliability problems that large nuclear plants pose

for operators of electricity grids. (Biewald Affidavit, §IV.C). For example, nuclear plants in the

U.S. have a forced outage rate of approximately 5%. (Id.) The sudden and unplanned loss of

such a large single source of power can cause reliability problems and requires that a system

have greater capacity margins than would be required in a system of smaller, more distributed

sources of power such as wind. (Id.) Yet, Exelon's analysis ignores this reliability issue and

does not factor in the cost and environmental impacts of back up power for nuclear plants into its

analysis. (Id.).

Finally, Exelon's approach overstates the cost of the combination of alternatives by

working from the "absurd" assumption that the operator of the natural gas plant would reduce its

operation whenever the wind and/or solar energy facilities were producing power. (Biewald
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Affidavit, §IV.C). In reality, the natural gas plant would continue operating even when the wind

is blowing and/or the sun is shining and, therefore, Exelon's postulated combination of

alternatives would produce significantly more power than the Clinton 2 plant. (Id.).

The Draft EIS similarly gives short shrift to the combination of alternatives by including

only 60 MW of wind power in the combination. (DEIS at 8-21, 8-22). An increase in the

amount of wind power used in the combination would decrease the amount of natural gas needed

and, therefore, reduce the air quality impacts of such alternative. (Biewald Affidavit, §III.B).

The Draft EIS acknowledges that significantly more than 60 MW of wind power can be built in

Illinois (DEIS at 8-17). Therefore, more wind power should be included in any combination of

alternatives in order to minimize the environmental impacts from such alternative.

CONCLUSION

For the foregoing reasons, the Panel should grant Intervenors' Motion to Amend

Contention 3.1 and grant a hearing on that Contention. The record is clear that there are genuine

disputes of material fact regarding the analyses of clean energy alternatives provided in the Draft

EIS and Exelon filings in this proceeding and that the rigorous exploration and objective

evaluation of reasonable alternatives required by NEPA has not occurred. Therefore, the Panel

should admit this Amended Contention 3.1 and allow Intervenors to make the case in favor of

better, lower-cost, safer and environmentally preferable clean energy alternatives to the new

nuclear power that Exelon is proposing.

Dated: April 22, 2005

Respectfully Submitted,
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

. ..

In the Matter of )

Exelon Generation Company, LLC ) Docket No. 52-007-ESP
)

(Early Site Permit for Clinton ESP Site) . ) ASLBP No. 04-821-01-ESP

AFFIDAVIT OF BRUCE BDIEWALD

1. Qualifications
I, Bruce Biewald, being duly sworn, state "as follows:

I am currently president and owner of Synapse Energy Economics, Inc., a consulting
company specializing in economic and policy analysis of the electricity industry,
particularly issues of restructuring, market power, electricity market prices, consumer
protection, stranded costs, efficiency, renewable energy, environmental quality, and
nuclear power. I founded Synapse Energy Economics in 1996. Since that time Synapse
has grown to be a company with $2 million annual revenue and a long list of successfully
completed projects. We work for federal agencies, state regulatory commissions,
attorneys general, consumer advocates, environmental groups, municipalities,
foundations, and others. I graduated from the Massachusetts Institute of Technol6oy in
1981, where I studied energy use in buildings. I was employed for 15 years at the Tellus
Institute, where I was Manager of the Electricity Program, responsible for studies on a
broad range of electric system regulatory and policy issues.'

I have testified on energy issues in more than eighty regulatory proceedings in twenty-
five states and two Canadian provinces and in state and Federal ouirts. I have co-
authored more than one hundred reports, including studies for the Electric Power
Research Institute, the U.S. Department of Energy, the U.S. ErivironmentAl Protection
Agency, the Office of Technology Assess ment, the New England Governors' Conference,
the New England Conference of Public Utility' Commissioners, and the National
Association of Regulatory Utility Commissioners. My papers have been published in the
Electricity Journal, Energy Journal, Energy Policy, Public Utilities Forinighily and
numerous conference proceedings, and I have made presentations on the economic and
environmental dimensions of energy throughout the U.S. and internationally. I also have
consulted for federal agencies, including the U.S. Department of Energy, the U.S.

'Department of Justice, the U.S. Environmental Protection Agency, the Federal Trade
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Commission and National Renewable Energy Laboratory. Details of my experience are
provided in Exhibit 1.

II. Introduction

Exelon' and the Nuclear Regulatory Commission (NRC) Staff, in their Draft
Environmental Impact Statement (DEIS)) both conclude that alternatives to a new
nuclear power plant at the Clinton site are "not environmentally preferable." 2 The
information in both, however, does not adequately account for the environmental impacts
of nuclear energy.

I believe that wind power is, quite clearly, environmentally preferable and wind power in
combination with gas-fired generation will have more environmental impacts than
exclusive use of wind power, but that such a combination is still environmentally
preferable to nuclear power.

Exelon also claims that wind power alone and wind power in a combination with fossil-
fuel fired generation will not be economically preferable to the ESP facility.3 This
incorrect conclusion is based upon an inappropriate comparison and a misrepresentation
of the findings of a report from which Exelon draws its estimate for the range of levelized
costs of nuclear power.

Ill. Environmental Impacts of Nuclear Power and its
Alternatives

A. Summary

Exelon and the DEIS incorrectly inflate the environmental impacts associated with wind
power and gas-fired generation. When these errors are corrected, it is clear that nuclear
power has far more harmful environmental impact than wind power generation or an
alternative combination of wind and other resources. As support for its erroneous
conclusions about the relative environmental impacts and economic costs of various
generation sources, Exelon filed an affidavit written by company consultants, Curtis
Bagnall and Williani Maher. In this affidavit, Maher alleges that wind po~wer kills birds,
creates noise, has'aesthnticd pacts and uses more land than nuclear power. According to
assciathe 'use requirements of wind power are the most significant issue
associated with the'development of wind, but does rot state whether wind power is
environmentally preferable or not. Instead it rules out wind capacity as baseload
generation because of its "intermittence" (I address this issue later in this affidavit) and
claims that "the ESP 'site is [environmentally] preferable to natural gas-fired generation

The information provided by Exelon and discussed in'this affidavit concerns Exelon's RAI Response
dated September 23,2004, Exelon's Environmental Report and the affidavit of Curtis Bagnall and William
Maher associated with Exelon's Motion for Summary Disposition of Contention 3.1.
2 See Maher & Bagnali Affidavit at § VIII and DEIS at page 8-22.
3Maher & Bagnall Affidavit at § VIII.
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[alone and in combination with wind po6wr] in the areas of air resources, ecological
resources [habitat, ecology and wildlife impacts], water resouires and aesthetics.'
While wind and gas-fired generation do have some impacts, Exelon and the NRC Staff's
statements on th'e subject are strongly biased in favor of nuclear power, exaggerate the
environmental impacts of wind and gas-fiiied generation, and ignore analogous significant
adverse'envirohmental impacts of nuclear 'power.

Exelon and the NRC Staff's analyses also do not accurately represent the impacts of
nuclear power from the start to the finish of the full fuel cycle. Accordingly, both
understate the environmental impacts'of the proposed ESP facility. Significant adverse
environmental impacts and risks arise from mining, concentration, conversion,
enrichment and transport of the uranium fuel necessary to power a nuclear reactor. There
are also significant adverse impacts and risks'intVolved in the construction and operation
of the reactor as Nvell as significant adverse environmental impacts and risks associated
with the transportation, storage and disposal 'offwste produced by nuclear power plants'
particularly the long-term storage of high'level radioactive wastes. Becaiise Exelon's'
Environmental Report and in turn, the NRC's Draft Environmental Impact Statement,
gloss over these crucial stages in the nuclear life-cycle, both improperly'conclude that
nuclear power is environmentally preferable. :

B. Air Pollution Impacts
Wind generation produces no direct emissions of criteria air pollutants or greenhouse
gases. Over its life-cycle wind power will prioduce a 'small amount of greenhouse gases,"
largely from the manufactureof plant equipment.

If Exelon were to develop a combination of resource alternatives to the ESP facility that
included natural-gas fired capacity, that combination would result in emissions of air
pollutants. The rate at which those pollutants are emitted depends on a variety of factors
including capacity factor and capacity rating. The emission rates (in tons/per year)
predicted by Exelon (see Table 9.2-2 of the ER) and found to be reasonable by the NRC
Staff (see pages 8-1 1 - 8-13 of the DEIS) assume a total of 2,288 MW of natural gas
capacity operating at a capacity factor of 85%. The emissions projected by Exelon from
that capacity - 177 tons per year of SOX,5 568 tons per year of NOx, 120 tons per year of
CO and 99 tons per year of PM1o - are classified by Exelon as having a "moderate"
impact6 and by the NRC Staff as having a "small to moderate" 7 impact on air quality. If
operated in combination with renewable generation Exelon states simply "these
[emissions] would be reduced based on the level of renewable generation."8 This
qualitative rating of impacts has no real meaning for two reasons. First, neither Exelon
nor the NRC Staff discusses how they concluded that this level of air emissions would

4 See DEIS at 8-22.
5 Unless natural gas directly from the wellhead is used; all sulfur has been removed and combustion of
natural gas would therefore result in no SOx 'emissions.
6 See ER at 9.2-16:
' See DEIS at 8-13.
S RAI Response, page 27.

3



have a "moderate" impact.9 Second, as I will demonstrate in a later section of my
affidavit, such a large amount of natural-gas fired capacity would not necessarily be
required as part of a viable alternative in combination with renewable generation. If the
capacity factor is held constant, then reducing the capacity would result in a proportional
reduction in generation and in emissions - by half or more in this case. Such a reduction
could materially impact the determination that natural gas capacity has a "moderate"
impact on air quality; however, such a scenario is apparently not discussed by Exelon or
the NRC Staff.

Demand side-management measures, in contrast, have no air emissions and displace
some system air emissions.

The manufacturing of nuclear plant equipment and the construction of the plant will
result in greenhouse gas emissions.. The uranium fuel cycle also creates greenhouse gas
emissions. In addition, the operation of nuclear power plants and the uranium fuel cycle
produces air emissions of radionuclides, which will be discussed later on in this affidavit.

C. Impacts to Birds
Exelon claims that the impacts to birds from wind power are a significant wildlife
concern. H-lowever, other human activities cause many more bird deaths per year as noted
in Table 1. Even nature groups such as the Audubon Society - New York chapter,
support the development of wind power wvhere it properly sited to mitigate potential
negative impacts to birds.10 A review of the limited literature regarding avian mortality.
associated with wind power points to an average of around 2 birds killed per year per
turbine."

9 This is important since Exelon's ER claims that gas-fired generation is only inferior to the ESP faculty in
terms of air quality impacts (see ER at 9.T-6).
'° "Audubon New York Position on Wind Power Development." Adopted on June 22, 2004. Available at
http://wvw.atldubon.orglchapter/ny/ny/wind power.htm.
" Erickson, Wallace P., et al. National Wind Coordinating Committee, "Avian Collisions with Wind
Turbines: A Summary of Existing Studies and Comparisons to Other Sources of Avian Collision Mortality
in the United States." August 2001, page 2.
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Table l; Human - Caused Bird Mortality"2

Human Activity Number'of Birds Killed Per
Year

Collisions:
Building window strikes 97- 976 million
Communication towers 4 - 5 million
High Tension T&D lines 'As much as 174 million
Cars 60 million
Wind Turbize rotors 33,000

Poisoning:
Pesticides 72 million
Oil and Wastewater pits 2 million

Cars Hundreds of millions

There appears to be no information available on bird impacts from the operation of
natural gas-fired power plants. There maiy be impacts arising from the fuel-cycle because
of bird habitat disturbances. These impacts would certainly vary depending on location
and method of natural gas extraction and method of transportation of natural gas to the
power plant.

Demand-side management measures would generally have no impacts.on birds.

As for nuclear power, bird collisions with nuclear power plant cooling towers have
occurred and could occur again with a new nuclear power plant. For example, at the'
Susquehanna plant in easterin Pennsylvainiia`;1500 dead birds were collected between 1978
and 1986.,

The NRC's Generic Environmental Impact Statement for License Renewal of Nuclear
Power Plants (which also serves as the basis for analysis of impiact to birds in the ESP
facility's Draft EIS) concludes, however, that "the significance of the mortality caused by
cooling towers is determined by examining the a'ctual numbers and species of birds killed
and comparing this mortality with the totalavian mortality resulting from other man-
made objects and with the abundance of birds populations near the towers."t4 The''
Generic EIS's analysis on bird collisions is'attached as Exhibit 2.' Doing the same for
wind generation leads one to conclude that 'other man-made structures would cause
significantly more avian mortality. And the NRC Staff states "Bird collisions have not
proven to be the problem that was predicted."' 5

12 Based on information in "Migratory Bird Mortality." U.S. Fish and Wildlife Service, January 2002,
available at http://ll vw.fws.govIbirds/mortality-fact-sheet.pdf.
3 See Exhibit 2.

Nuclear'Regulatory Commission. Generic Em'ironmental Impact Statementfor License Renewsal of
Nuclear Plants. May 1996. Available at http://wwwv.nrc.eov/reading-rmldoc-
collections/nuregs/staff/srl437/.
5See DEIS at 8-17. -
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Avian mortality data for wind, gas and nuclear generation is quite scarce and the impacts
on birds will be location and equipment specific. Thus, it is difficult to generalize and to
say with confidence what the impact on birds will be at a particular wind, gas-fired or
nuclear facility in a particular time period.

When considering the relative avian impacts of wind, gas-fired and nuclear power, it
would be appropriate to include the impact of the full fuel-cycle on avian habitat.
Otherwise, the comparisons will be biased against wind. A genuine concern about
human impacts upon bird populations would lead one to do a balanced and complete
analysis, one that would include the full fuel cycle of the energy options being evaluated.

D. Noise Impacts
According to Exelon's Environmental Report, cooling tower operations are expected to
cause a noise level of 55 dB at 1,000 feet (a distance slightly'greater than 350 i).' 6 By
contrast, Maher states in his affidavit that "the noise level generated from a typical wind
farm at 350 meters distance varies between 35 and 45 dB(A)."'7 This is approximately
the level of noise in the reading room of a library.'8 Such a statement would seem
contrar to the assertion that "wind turbines can generate a relatively large amount of
noise." 9 Indeed, even on windy days when the amount of sound produced by wind
turbines increases, that sound "will be partly masked by ambient noise, such as that from
the wind rustling leaves or grasses. The sound also tends to be spread out across many
frequencies, like white noise, further contributing to its unobtrusiveness."20

Noise caused by the operation of a natural gas power plant will vary depending on the
acoustic design of the plant. The relative ability to mitigate noise from gas-fired capacity
can be seen by the fact that this capacity is frequently located in densely populated areas.
Demand-side management measures would have no discernible noise impact.

E. Aesthetic Impacts
Maher alleges "[W]ind facilities may have aesthetic impacts. Nationwide, many
communities have opposed the placement of nearby wind projects." The aesthetic
impacts of wind farms are entirely subjective, can be positive or negative and are subject
to change as the public gains more knowledge of wind. Despite this variability in
perception, surveys do indicate widespread public support for wind.2 ' For example, a
survey in North Carolina by the Appalachian State University Energy Center found that 2

16 Environmental Report, at 5.3-11.
'7 Reeves, Ari and Frederic Beck. "Wind Energy for Electric Power." REPP, June 2003 (Updated
November 2003), page 17. and Maher & Bagnall Affidavit at § V.A.3.
" Reeves, Ari and Frederic Beck. Wind Energy for Electric Power. REPP, June 2003 (Updated November

* 2003), page 17.
19 Maher & Bagnall Affidavit at § V.A.3.
20 Reeves, Ari and Frederic Beck. Wind Energy for Electric Power. REPP, June 2003 (Updated November
2003), page 17.
21 Damborg, Steffen. "Public Attitudes Towards Wind Power" Available at
http://www.windpower.org/media(485. 1 033)/public attitudes towards wind nower.pdf.
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of 3 respondents would support wind p'rojects visible from their homes.22 Once wind
farms are operational, public support generally increases for wind farms as opposed to
support seen prior to construction. 23 In fact a Danish study indicates that people who live

24close to wind farms tend to support them nmore than those who live farther away.
Limited studies available on wind farms' impacts on tourism show that even .in areas
highly valued by tourists for their'scen'ery, the 'presence of wind farms doe's not
negatively influence their decision to visit there.25

Public opposition has been expressed in response to proposals to build several wind
projects. It is important to note, though,.that such opposition is not limited to wind farms,
but also applies to many other forms of development incliuing nuclear power plants and
their necessary offshoot, a spent fuel repository.'

F. Water Impacts
Wind generation has no impacts on water quality since large quantities of water are not
used as a coolant or in other aspects ofoperation. Demand-side energy measures also
require no significant water use.

Natural gas plants have varied water requirements, depending largely upon the cooling
system used. Dry air cooling uses the least amount of ivater, while once-through cooling
uses the most (-500 gpm/MWe).

By contrast, nuclear power plants can be expected to use large amounts of water during
operation. By Exelon's estimate, the ESP facility will use approximately 49,000 gallons
of water per minute (assuming'the cooling system design referred to here is actually
used).26 That water is frequently discharged back to the sourceiat a highly elevated,
temperature and contains biocides, anti-corrosion and anti-scaling chemicals.27

G. Land Use Impacts

Wind farms require more acreage than is sufficient simply to place the turbines and their
towers. Land surrounding the turbines must be free of obstructions that could diminish
the wind resource. This land can, however, be used for agriculture or grazing without
concern for the safety of animals or crops. Maher contends that wind power uses more

22 Grady, Dennis 0. "Public Attitudes Toward Wind Energy in Western and Eastern North Carolina: A
Systematic Survey." 4 March 2004 available at htp://wwNv.energv.appstate.edul/docs/wnc enc present.ppt.
23 Damborg, Steffen. "Public Attitudes Towards Wind Power" Available at
httap./wwv.windpower.org/media(485.1033)/public attitudes towards wind power.pdf, page 5.
24 Damborg, Steffen. "Public Attitudes Towards Wind Power" Available at
http://Xs vw.windpower.orgmedia(485.1033)/public attitudes towards wind power.d f
25 Tourist Attitudes Towards Wind Farms." British Wind Energy Association" available at
http://wvwvv.bwea.com/pdf/mori briefinz.pdf. and Martin's Hill Wind Farm Tourist Survey available at
http://wwv.cse.org.tikIcgi-bin/proiects:cgi?policv&& 1019.
26 Based on the ER at 3.T-2.
27 Environmental Report at 5.3-2 and 5.T-2.. .v- -
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land than nuclear powver and therefore is "not an environmentally preferable
alfternative." 28 This conclusion is based upon the following calculation:

If all of Illinois' 1,800 km2 of Class 4 and Class 3+ sites were
developed using 2 MW1W turbines, 9,000 MW of installed capacity
would utilize 1,125 acres for the placement of wind turbines. Based
upon a capacity factor of 17%, this project would have an average
annual output of 1,530 INI\e, which corresponds to 0.73
acres/MSVe. Even if an optimistic capacity factor of 29% is used,
this project would occupy 0.43 acres/NI\Ve. In contrast, based
upon a capacity factor of 90%, the EGC ESP facility would have an
average annual output of 1,962 Mffe and would only occupy
approximately 461 acres (approximately 0.23 acres/MlWe).2.

I do not agree with Bagnall that 29% is an optimistic capacity factor assumption for wind.
Using the wind power calculator provided by the Danish Wind Energy Association30 to
develop a rough estimate of capacity factor and assuming a 180 m elevation (which is the
mean elevation of Illinois),3' the average wind speeds for Class 4 as stated by Bagnall32

and a 2 MW turbine, the range of capacity factors in a Class 4 resource area would be 35
- 39%. The assumption of a 29% capacity factor appears to be from "Repoweting the
Midwest" which assumed a 29% capacity factor for wind farms built in the year 2000 in
Class 4 areas. Bagnall failed to mention that the study projected improvements in
capacity factor over the study period. Since 2001, when the study was performed, there
have been improvements in wind turbine technologies such that a 29% capacity factor
would not be representative of wind power plants built in 2005 or later. Assuming a 35%
capacity factor, on the other hand, decreases the land use required by wind to 0.35
acres/MWe, much closer to the land used in the operation of the ESP facility.

Exelon's land use data are also inconsistent with land use figures in the NRC's Generic
Environmental Impact Statement for License Renewal of Nuclear Plants (NUREG-1437
Vol.1), which estimates that wind generation (excluding land that will be available for
second uses) requires approximately half the amount of land on a MWe basis as nuclear
power.

28 Exelon's Motion for Summary Disposition of Contention 3.1, page 23.
29 Maher & Bagnall Affidavit at § V.A.3.
30 The calculator can be found at http//vwwv.windpower.org/en/tour/wres/pow/index.htm.
31 Encarta Encyclopedia, httpJ//encarta.msn.com/encyclopedia 761566615/llinois.html
32 Maher & Bagnall Affidavit at § V.A 1.
33 Table 8.2 at http://'vww.nrc.eov/reading-rm/doc-collections/nmregs/staff/srl437/vI/TBL8-2.html
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Table 2. Land impacts of operating a 1000 MWe equivalent power plant
Alternative L'And UsC ' Acrcs/M1Wc
Wind 50,000 acres; (2-3% actually occupied by turbines),' 1 1.5

rest available fori agriculture
Natural Gas 44 ha ( 10 acres) for plant site and 1500 ha (3,600 3.7

acres) for enrire'fiel 'ccle!
Advanced LTR 80-200 ha (500-1,000 acres) for plant site, plus 2;-3

exclusion'acres and 400ha'(1,500-2,000 acres) for
entire fuel cycle (some of this would be permanently
committed acreage) "''____-_X

Based on the NRC's Generic Environmental Impact Statement for License Renewal of Nuclear Plants
(NUREG-1437 Vol.]), the DEIS at 8-17 and http:// uwv.ppmenerev.comn/pdf/lo oview.pdf

According to the NRC, natural gas capacity uses 3.7 acres/MWe. The capacity factor
used to determine this estimate is not given, but the California Energy Commission
reports that modem natural gas-fired generation uses approximately 0.05 acre/MW
installed.34 This figure is exclusive of fuel cycle land use. Using these two numbers, one
can deduce that the NRC assumed about a 45% capacity factor. Using a capacity factor
more typical of a baseload unit, such as 85%, means that natural gas generation requires
1.95 acres/MWe.

Demand-side management measures, on the other hand, would generally have no
significant land use requirements.

It is very important to recognize, however, that this metric of "land use impacts" is an
incorrect simplification of the issue. It makes no distinction between the magnitudes of
land use impacts. For example,- impacts fr6m land use by a storage facility for spent
nuclear fuel simply are not comparable to land use impacts from the operation of a wind
power facility. 'And because they are not comparable, they cannot be measured by a
simple estimate of acres used. The land used for long-term storage of high-level
radioactive waste will be removed from other uses for thousands of-years. Such is not
the case for wind power or natural gas-fired generation. In the case of wind, for example,
much of the land will remain available for other uses that do not diminish the wind
resource. - ;

H. Impacts from Nuclear Waste, Accidents and Terrorist
Attack

In contrast to nuclear'power plants, the decommissioning of a wind farm is relatively
straightforward. No radioactive or other asties harmful to public and environmental
health have' been created and there areino fuel cycle imPacts, let alone a fuel cycle to be
concerned with. Natural-gas fired facilities are more complex to decommission than
wind farms, but also do not have to contend with the issue of radioactive waste disposal.
Nuclear power plants do, on the other hand,'create radioactive wasie. Thiswaste has
serious possible human and environmental health impacts.

3 California Energy Commission, "Environmental Performance Report of California's Electric Generating
Facilities,"July 2001, page 35, available at http://%lwv.enerkv.ca.eov/reports/2001-06-28 700-01-001.PDF
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Waste associated with nuclear powver plants is created even before operation of the plant
commences. The mining, milling, enrichment and fabrication of uranium fuel have their
own significant adverse environmental impacts. Uranium tailings created during this
process release a variety of radionuclides to the atmosphere. Of principal concern is Rn-
222, which is an inert gas with lowv solubility in wvater. Rn-222 diffuses out of tile tailings
pile and disperses quickly into the atmosphere. Although its half-life is less than 4 days, this
release continues virtually forever because Th-230, one of its precursors, has a half-life of
80,000 years. Adverse health impacts arise from radon and its daughters as they are inhaled,
deposited, and retained in the respiratory system.35

Nuclear wastes can release radionuclides into the environment. Lowv-level wastes will
remain hazardous for hundreds of years. Occupational exposure to radionuclides can result
from workers handling, packaging, and storing the wastes. Moreover, long-term exposure
may result from radioactive effluent from waste buried in trenches and in-ground containers.
Another potential source of exposure is associated with the possibility of accidents during
handling, transport, and final disposal. In the U.S., between 1971 and 1991, accidents
during transport and handling have produced contamination beyond the boundaries of low-
level waste sites.36

High-level wastes consist primarily of spent fuel generated by the nuclear fission process,
and can remain highly radioactive for thousands of years. High-level wastes are also subject
to occupational and accident-related risks. High-level wastes are currently stored on the site
of the generation facilities pending the development of a permanent storage facility.

Estimating the direct physical impacts of damages due to radionuclide emissions is a
complex task replete with uncertainties, scientific disagreements, and unresolved issues.
Impacts will depend upon a variety of factors, including the actual level of emissions into
air, water and soil; the transport of radionuclides through those media, based on
climatological and topographical conditions; the exposure of receptor areas or populations,
and the dose-response relationship of those populations.37 What is certain, however, is that
assuming zero impacts is wrong.

A review of Exelon and the NRC Staff's analysis of the fuel cycle impacts of uranium
leaves much to be desired. This analysis is presented in Section 5.7 of Exelon's
Environmental Report and Section 6.1 of the DEIS. Under NRCrules "every
environmental report prepared for the construction permit stage of a light-water-cooled
nuclear power reactor...shall take Table S-3, Table of Uranium Fuel Cycle
Environmental Data, as the basis for evaluating the contribution of the environmental
effects of uranium mining and milling, the production of uranium hexafluoride, isotopic

35 Schurgin and Hollocher, 1979,Luong Cancer among Uranium Afine Workers, in The MNclear Fuel Cjcle,
Union of Concerned Scientists, Cambridge.
36 Ohio State University Extension Research available at http://Vwwv.ag.ohio-
state.edu/-rer/rerhtml/rer 49.html.
" For more information see "Non-Price Factors of Boston Edison's Demand-Side Management Programs:
A Review of the Societal Benefits of Energy Efficiency." By the Tellus Institute, August 1, 1995.
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enrichment, [and] fuel fabrication." The environmental impacts of the uranium fuel
cycle, that is, the mining, milling and production of nuclear fiel, and the waste products
generated by reactor operation of the possible reactor designs, are contained in Exelon's
Environmental Report in Table 5.7-1 through Table 5.7-3 and are based on the
information in Table S-3. Table S-3, vhichv was developed in 1979, is designed to
account for all uranium fuel cycle impacts for a 1000 MWe reactor; the impacts are
scaled depending on the size of the reactor being evaluated.

Since the'development of Table S-3, many changes have occurred in the uranium fuel
cycle, but the Table has not been changed to account for these developments. In
particular, reprocessing, the chemical separation of uranium and plutonium, is not being
carried out in the United States. Exelon recogniizes this change f6r the gas-cooled reactor
(Table 5.7-1) by stating that no fuel is reprocessed, yet it maintains in the same table that
fuel from an LWR is reprocessed. If reprocessing is to be included, the environmental
impact of reprocessing should be taken'into account in Table S-3; the'table does not do
so. For example, iodine-129, Cs-137 and Sr-90 are'regularly released from a'
reprocessing plant, but do not appear in Table S-3. Not surprisingly, the true economic
costs of reprocessing nuclear fuel have also'not been taken into account. In other words,
wvhile utilities and the federal government paid about $21 million to have fuel reprocessed
at the former West Valley, New York reprocessing plant, the cost to decommission the
plant, including solidifying the high-level waste, is expected to cost over $4 billion. 38

Another major aspect of waste disposal not correctly included in Table S-3 is the fact that
no high-level waste repository exists, and may never exist. That is, irradiated fuel may
remain in dry storage casks at the ESP facility site forever. The impact of permanent
disposal at the ESP facility site has not been included in Table S-3. In fact, the DEIS
goes so far as to state "the Commission notes that [high-level and transuranic wastes] are
to be buried at a repository [that does not exist], such as the candidate repository at Yucca
Mountain, and that no release to the environment is expected to'be associated with such
disposal."39

Finally, if fuel is reprocessed, the recycled uranium will contain contaminants, such as
technetium-99, 40 that have not been included in Table S-3. The NRC is investigating this
issue, but this investigation has been ongoing since 1979 and it is not clear when this
analysis will be completed and/or included in Table S-3. Recognizing that Table S-3 is
inadequate in this respect, the NRC Staff points to a separate analysis of exposure from
technetium-99 and radon-222 that it performed for the 1996 Generic Environmental
Impact Statementfor License Renewal of Nuclear Plants. If Table S-3 can be
supplemented with additional analyses where it does not reflect current reality, it makes
no sense to arbitrarily exclude the possibility of additional modifications to the Table.

The NRC Staff also does not agree with other values listed in Table S-3. For example, in
the Draft EIS, the Staff argues that nuclear power plant improvements have reduced the

38 Federal News Service for March 1, 2000.
3 9 See DEIS at 6-13.
4 0 Hanford 1996 Environmental Report, http://wwvw.hanford.gov/docs/annualrp96/1996/4 8 4.pdf.
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annual fuel requirement from that listed in the table. The Draft EIS also states that
because foreign uranium will be increasingly utilized in nuclear power plants, the impacts
of the uranium fuel cycle should be reduced from their values in the table.41

While I don't agree that environmental impacts arising from uranium fuel mined and
processed abroad do not deserve consideration in these proceedings, it seems clear that
there is at least agreement that Table S-3 does not accurately represent reality.

The adverse environmental impacts of transportation of nuclear materials are supposedly
presented in Table S-4 (Table 3.8-3 in the ER). As with Table S-3, many changes have
occurred since Table S-4 was developed. Three examples are important. Nuclear fuel is
no longer being transported one to four fuel assemblies at a time by truck. Since the
development of dry storage casks, a standard rail or barge shipment contains 10 to 12
MITU of irradiated nuclear fuel. Casks are no longer 25 tons. The HII-STAR 100 cask42

holding 24 PWR fuel assemblies on a rail car weighs over 211 tons. The internal heat
generated can be up to 20 kw. Carrying heavier casks implies that accidents may be
more frequent; not all bridges can carry a train load of cars, each weighing 21 1 tons. The
environmental impact of accidents with large casks has not been assessed by the Nuclear
Regulatory Commission.

Nor is the prospect of large radiological releases associated with terrorist attacks
examined by Exelon or the NRC Staff. A recent report by the National Academy of
Sciences concluded that "To the committee's knowledge, there are currently no
requirements in place to defend against the kinds of larger-scale, premeditated, skillful
attacks that were carried out on September II, 2001, whether or not a commercial aircraft
is involved.'43 The panel envisioned attacks ranging from draining part of the water from
spent fuel pools to an attack involving aircraft or explosives.44

G. Conclusion
Wind power uses no significant amounts of water, has limited impact on wildlife,
generates small amounts of air emissions over its life-cycle, uses less land than nuclear
power, uses it more benignly and does not permanently commit any of it, creates no
radioactive waste and no public or environmental health concerns are raised by the
prospect of accidents at a wind farm. Clearly, wind power is environmentally preferable
to nuclear power.

The Draft EIS claims that "the ESP site is [environmentally] preferable to natural gas-
fired generation and the combination of alternatives in the areas of air resources,
ecological resources [habitat, ecology and wildlife impacts], water resources and

" See DEIS at 6-8.
42 "NRC Amends Regulations to add HI-STAR Fuel Storage Cask Design to Approved List." Available at
Ittp://\vww.nrc.gov/reading-rm/doc-collections/news/ 1999/99-1 89.htnml.

41 Committee on the Safety and Security of Commercial Spent Nuclear Fuel Storage, National Research
Council. Safety and Security of Commercial'Spent Muclear FuelStorage: Public Report. 2005, page 47.
44 Ibid, page 49.
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aesthetics.45 -- But neither the ER nor the DEIS explain why the projected air emissions
from natural gas-fired facilities are of importance. Neither the ER nor the DEIS weigh
the possible impacts on ecological resources from the fuel cycle of uranium or natural
gas. Given the wide range of possible plant designs for nuclear or gas-fired generation
(particularly the possible cooling systems), it is impossible to determine that natural gas
capacity would have greater impacts on water resources. Likewise, it is impossible to
conclude natural gas-fired generation would have greater aesthetic impacts than nuclear
power plants. If aesthetics are measured by public reaction, as I assume is meant here,
nuclear power plants have received and will likely continue to experience strong
opposition. Even if an individual nuclear power plant were to receive public support, we
must consider the full range of impacts from the plant and there remains the issue of
support for a repository for the waste. The idea that radioactive waste has
"environmental effects [that] are not detectable or are so minor that they will neither
destabilize nor noticeably alter any important attribute of the resource" is absurd. We
currently have no way to guarantee that public health will never be compromised whether
from the transport and storage of spent fuel in a storage facility (that does not exist) or
from accidents or terrorist attacks at nuclear power plants. Nuclear power is not
environmentally preferable to natural gas-fired generation in combination with wind
power.

IV. Economic Costs of Nuclear Power and its
Alternatives

A. Summary
Exelon's motion states th'at "it is undisputed that nuclear power is currently economically
preferable to wind power."46 This statement is'sim'ply not true. The construction of new
nuclear generating units would be expensive and financially risky. Comparisons of the
direct costs' per kWh indicate that wind is preferable to new nuclear generation (see
discussion following) and when the financial 'considerations - an essential element of
economic comparisons for capital-intensive projects - are figured into the analysis, it is
clear that wind is economically superior. The Annual Energy Ouitlook (AEO) 2005 puts
it very clearly and concisely: "new [nuclear] plants are not expected to be economical."4 7

One can observe the result of this in'then'iarket, in that new wind projects are actually
being' built throughout the Midwest while new nuclear capacity is, quite appropriately,
given its economics, stalled. Exelon also incorrectly dismisses wind power and other
alternatives as viable options for'baseloa'd generation. I will address these inaccuracies in
the sections that follow.

4 See DEIS at 8-22.
46 Exelon's Motion for Summary Disposition of Contention 3.1, page 21.
47 Energy Information Administration, "Annual Energy' Outlook 2005." Available at
httn:/lavwv.eia.doe.iov/oiaf/ae'oelectricitv.htmlgelenri
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B. Estimating Costs of Nuclear Power and its Alternatives
Exelon's Environmental Report concludes that "the projected costs associated with all
other forms of generation other than the EGC ESP Facility are greater than the EGC ESP
Facility. Therefore, the cost associated with the operation of the combination alternative
would not be competitive with the EGC ESP facility.'48 This statement is based on the
estimated cost of nuclear power coming, in part, from "The Economic Future of Nuclear
Power," a report prepared by the University of Chicago. The RAT Response states "The
projected cost associated with the operation a [sic] new nuclear facility similar to the
EGC ESP facility is in the range of 3.1 to 4.6 cents per kWh."49

In addition, the lower bound of Exelon's estimate for the ESP facility's levelized cost
range ($0.03 1/kWVh) assumes a 10% learning rate from plant to plant, a 5 year
construction period, no risk premium, the lowest capital cost ($1200 per kW)50 , and that
the proposed EGC ESP would be the sevenilh such facility constructed in the country. It
is, therefore, likely too low for several reasons:

I. Currently, only three new nuclear plants are proposed in the
country. Should the ESP application be approved it seems likely
that the facility will be among the first constructed, certainly not
the seventh.

2. According to the University of Chicago study, a 10% learning rate
is "aggressive." The study states that such a learning rate "would
necessitate a continuous stream of orders that keep engineering
teams and construction crews intact, a highly competitive
construction industry, and streamlined regulation largely
eliminating construction delays."51 This is clearly not true of the
nuclear industry today and difficult to imagine being the case in
the future, given that only three permit applications for new
nuclear plants are pending. "Streamlined regulation" for an
undertaking as complex and controversial as nuclear plant
construction can hardly be assured, despite the best efforts and
good faith of regulators.

3. For the first three plants, the University of Chicago study assumes
a risk premium of 3%, which according to "informal conversations
with a number of Wall Street analysts corroborate[s] [a] 3 percent
premium as a lower [emphasis added] bound estimate." 2 If delays
in construction occur, as happened in the 1970s and 1980s,

4' RAI Response, page 17-18.
49 RAI Response, page 17.
so "Economic Future of Nuclear Power," The University of Chicago for the U.S. DOE, August 2004, page
9-15.
51 "Economic Future of Nuclear Power," The University of Chicago for the U.S. DOE, August 2004, page
4-1.
52 "Economic Future of Nuclear Power," The University of Chicago for the U.S. DOE, August 2004, page
5-21.
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investors are likely to require an even greater risk premium, and
certainly not nodrisk premium.

4. The capital cost, $1200/kW, is among the most optimistic and
Maher provides no justification for this figure as the most accurate
capital cost estimate for the EGC ESP facility. Even the Scully
Capital Report, which Maher claims "provide[s] a better estimate
of the LCOE of a new API 000,"53 assumes a capital cost above
$1200/kW.

Any claim that the capital cost of the EGC ESP facility will be $1,200/kW must
be prefaced by noting the great deal of uncertainty surrounding this figure. The
authors of the University of Chicago study attempt to provide a range of costs that
are based on averaging differences in estimates of components of nuclear plant
costs, specifically the costs of structures and improvements, reactor plant
equipment, turbine plant equipment and construction services.54 The overnight
cost ranges55 they produced are showvn in Table 3.

Table 3. Uncertainties in Overnight Capital Costs, $ per kW; 2003 Prices
Characterization of Reactor Lower Range Midpoint Upper Range
Average of Mature Designs - 1,080 1,200 1,320
New Designs, FOAKE 1,350 1,500 1,650.
Costs Not Paid ;
Advanced New Design, 1,620 1,800 1,980
FOAKE Costs Not Paid

The study authors add "as another source of uncertainty, of the four designs considered
likely candidates for construction by 2015, only the AB\WrR has had its proof of concept
established. The construction costs of plants whose prototypes have never been built
[such as the AP1000 design selected by Exelon as representative of the costs-of the ESP
facility] have to be considered less certain."56 To account for this uncertainty, the authors
outline a statistical approach by which a probability weighted range of overnight costs
can be reached. However, they state, "lacking knowledge of the actual probability
distributions and recognizing the teuidency for probabilities of midrange values to be
higher than outlying values, it is hoped that the $1,200, $1,500, and $1,800 per kW
estimate used in this study represents a confidence interval for overnight capital costs
associated with a higher degree of reliability."5 7

51 Affidavit ofMaher and Bagnall, § Iv. -iW
54 "Economic Future of Nuclear Power,".The University'of Chicago for the U.S. DOE, August 2004, page
3-19. - p i b t p iocnea oeacn
5The overnight cost of a power plant is the cost to build the plant without consideration of the financing
costs.
56"Economic Future of Nuclear Power," The University of Chicago for the U.S. DOE, August 2004, page
3-19.
5 "Economic Future of Nuclear Power," The University of Chicago for the U.S. DOE, August 2004, page
3-20.
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There has been limited construction of new nuclear power plants in the past ten years
(only in select countries abroad). The data available from these plants shows overnight
costs around $2000IkW or higher, suggesting that even the high end of the University of
Chicago estimate is overly optimistic, although country-specific factors such as cost of
materials may differ from those in the United States. Table 4 reports the overnight costs
of these recent plants.

Table 4. Estimated Construction Costs for Recently Built Nuclear Power Plants, $ per
kW, 2003 Prices58

_

Country Name of Plant Start of Overnight Cost
Com mercial
Operation

Japan Onagawa 3 January 2002 2,417
Japan Genkai 3 March 1994 2,827
Japan Genkai 4 July 1997 2,296
Japan Kariwa 6 NA 2,027
Japan Kariwa 7 NA 1,796
South Korea Yongwang 5 & 6 2004/2005 2,308

Nuclear construction cost estimates here in the United States have been notoriously
inaccurate. The estimated construction costs of nuclear units have frequently been off tile
mark by factors of two or more. The "initial" cost estimates for 75 nuclear units59 are
listed in Exhibit 3 compared to the actual costs. These cost figures are taken from a U.S.
Department of Energy study and are adjusted to exclude the effects of inflation and
interest. The total estimaled cost for this group of plants was $45 billion (in 1990
dollars). The actual cost turned out to be $145 billion (in 1990 dollars). This cost
overrun of$100 billion is to more than 200 percent above the initial cost estimate. [lad
these outcomes been anticipated, even as plausible sensitivities to the costs of the plants,
the bases for decisions to pursue some of these facilities would have been weakened and
some of the most costly projects might have been abandoned in sufficient time to avoid
serious utility and ratepayer financial losses.

Clearly, cost estimation for nuclear power plant construction projects is subject to
uncertainties - both technical and institutional. Moreover, these uncertainties are not
symmetrical. The probabilities and magnitude of high-side risks dwarf those of under
runs.

If there is a next round of nuclear power plant construction in the United States, it is
conceivable that it will avoid the type of cost overruns experienced with tile first round of
nuclear construction projects, but such an outcome is hardly assured. Investors and
planners, who have experience dealing with risks, will not be as optimistic about the
construction costs as are the nuclear industry's engineers or the authors of the University

5S "Economic Future of Nuclear Power," The University of Chicago for the U.S. DOE, August 2004, page
2-14.
59 These 75 are the sample analyzed in the EIA's 1986 study "An Analysis of Nuclear Power Plant
Construction Costs."
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of Chicago's study. In public statements, even Exelon appears to agree that lenders will
be skeptical about the prospects for the nation's first few newv nuclear plants.60

Indeed, there is literature available on the traditionally poor cost analyses associated with
"mega-projects" - multi-billion dollar projects. The book "Megaprojects and Risk: An

,61 thaAnatomy of Ambition" notes that "many [of these] projects have strikingly poor
performance records in terms of economy, environment and public support." In 1988, the
RAND Corporation studied the performance of 52 megaprojects including several
nuclear power plants. Though'a number of factors influenced the increase in costs
experienced by these projects, the four largest were (1) number of regulatory problems
(that is, 'not regulation itself, but a lack of accouiting for the effects that regulations
would have on the projects), (2) if the project was publicly owned, (3) if new
materials/construction methods wvere used 'and (4) if first-of-a-kind technology wvas
used.62 Because of regulatory problems,' nuclear plants as a group "experienced the'worst
cost growth [i.e., the most]." 3 The study'concluded "the data on cost growth,' schedule
slippage and performance shortfalls' of rnegaprojects are certainly sobering, but the most
chilling statistic is that only about one in three of these projects is meeting its profit
goals.. .Megaprojects take so long to develop from concept to reality that the tieed or
opportunity for profits thatoriginally spawned them may have passed by the time they
are ready to begin producing.! I therefore caution both regulators and companies
interested in developing new nuclear power plants, particularly those based upon a
conceptual design that has never been'built, to be keenly aware of the risk of
underestimating costs. Optimistic vendor estimates and generic "contingencies" are
frequently inadequate measures of potential costs.

Given the significant uncertainty associated with the overnight costs of new nuclear
power plants, it is likely more accurate to turn towards estimates based upon actual
experience. The 2003 MIT Study, "Thp Future 'of Nuclear Power," provides such an
estimate. The "merchant cost model" used in the study employed "assumptions that'
commercial investors w could be expected to use today, with parameters based on actual
experience rather than engineering estimates of what might be achieved under ideal
conditions."65 The study concluded that the levelized cost of energy for a new light-
water reactor would be 6.7 cents per kWh, assuming an economic life' of 40 years and an
85% capacity factor. The authors make clear that "it should be emphasized, that the cost
improvements required to make nuclear power competitive with coal are significant: 25%
reduction in construction costs; greater than a 25% reduction in non-fuel O&M costs

60 Lambrecht, Bill. "Nuclear industry shows signs of revival." March 14 2005, St. Louis Post-Dispatch,
available at http://www.v.ansascity.com/mldlkansascitv/news/politics/I 1132100.htm.
61 Flyvbjerg, Bent, Nils Bruzelius and Werner Rothengatter. "Megaprojects and Risk: An Anatomy of
Ambition." Cambridge University Press, 2003. Available at
hnp://assets.cambridce.orz/0521 80/4205/sarnile/6521804205WS.pdf.
62 Merrow, Edward W. Understanding the Outcomes of Aegaprojects: A Quantitative Analysis of Very
6 Large Civilian Projects. RAND Corporation, March 1998.
63 Ibid, page 40.

64 Ibid, page 60. ' :
65 "The Future of Nuclear Power - Summary Report." MIT, 2003. Available at
htp //fweb.mit.edu/nucleamower/pdf/nuclearrpower-stummarv.rodf.

17



-

compared to recent historical experience, reducing the construction time from 5 years
(already optimistic) to 4 years, and achieving an investment environment in which
nuclear power plants can be financed under the same terms and conditions as can coal
plants. Moreover, under what we consider to be optimistic, but plausible assumptions,
nuclear is never less costly than coal."66

Clearly 6.7 cents per kWh does not meet the standard set out by EPRI that "for utilities to
purchase new nuclear plants, their median busbar costs [must] be 'sufficiently less than
43 mills/kWh' ($0.043/kWlh) in 1994 dollars (about $0.055 per kWh in 2004 dollars)."67

At 6.7 cents per kWh, nuclear generation would not be competitive with wind power
generation or a combination of renewables and fossil-fuel fired generation (and/or energy
efficiency). The RAI response, dated September 23, 2004, estimates that wind power
costs 5.7 cents pier kWh, gas 4.7 cents per kWh, coal 4.9 cents per kWh and solar 4 - 5
cents per kWh. 8 The source for this information is not clear. AEO 2004 is consistent
wvith the costs of gas and coal generation and wvith wind power only if one assumes a less
favorable wind resource and that the PTC is not extended. As a note of clarification, it
seems likely, based on the magnitude of the costs per kWh mentioned in this section, that
these are the subsitdizei costs of gas, coal and nuclear power. It would, therefore, make
sense to compare these costs to the subsidized cost of wind power as well. As AEO
states, "[Tihe levelized value of the PTC to the project owner is approximately 2 cents
per kilowatt-hour," which makes "it easy to see hlow the PTC could make wind plants an
attractive investment in the current electricity market."69 I could not confirm the figure
of4-5 cents per kWh and I doubt we have reached the point at which solar energy is more
competitive than wind, gas or coal. At any rate, the cost of 5.7 cents per kWh is likely
very conservative for wind power. Xcel Energy (Northern States Power) in Minnesota
purchases wind power at an average price of 3.5 cents per kWh. Assuming the owners of
these wind power projects are making any profit, the cost of producing this electricity
should be even less.

C. Baseload Power
Exelon argues that generation from a wind power facility is variable and it is therefore
not a source of baseload electricity. 70 Based on this incorrect understanding of system
operations and reliability, Exelon claims that in comparing the economics of wind to
nuclear it would be necessary to back up the wind capacity with fossil fuel capacity. The
amount of fossil backup capacity would, according to Exelon, have to be equivalent to
the amount of nuclear capacity that is being replaced.

6 "The Future of Nuclear Power- Summary Report." NIT, 2003, page 41. Available at
hlttp://web.init.edu/ntuclearpoover/pdf/htiicleampower-suminarv.pdf.
67 Affidavit of Maher and Bagnall, § IV.
6S RAI Response at 17.

69 Energy Information Administration, "Annual Energy Outlook 2004." Available at
http://wsvv.eia.doe.gov/oiaf/archive/aeoO4/pdf/0383(2004).pdf.
70 RAI Response at 8.
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Wind or solar power combined with a fossil-fueled facility, such
as a natural gas-fired or coal facility, has the potential to produce
an amount of baseload power equivalent to that of the EGC ESP
facility. The fossil-fueled portion of the combination can
produce the needed p6wo during those periods when the sun is'
not shining or the wind is not blowving. The coal or natural gas:
fired generation would be'displaced wlhenthe wind and/solar
resource is pr6ducing power. It would be necessary to construct
coal or natural gas-fired facilities that have a peak capacity of
2,180 MW in combination with wind and/or solar facilities to
produce baseload power equivalent to the EGC ESP facility.
Whenever the wind/solar generation is less than 2,180 MW, the
coal or natural gas-fired generation would need to run to bring
the total generation output to 2,180 MW.7 '

This approach to comparing resources 'is,' simply' stated, incorrect for several reasons.
These have to do with the contributi6n6of intermittent resources to system reliability, the
recognition from grid operators of the capacity value of intermittent resources, the grid
reliability impacts of large' nuclear units, and the extra capacity and 'energy value of the
"combination alternative" that Exelon's comparison fails to recognize.

First, intermittent resources such as wind aind solar power do in fact contribute
significantly to system reliability. Indeed, the capacity viiilue of wind and solar
generation can have capacity value that,' ori a per MWhI basis, is equal to or greater than
the capacity value of a nuclear plant. In other words, a wind farm with an installed
capacity rating of 1,000 MW, for example, may have a capacity factor of 30 percent,
indicating that in'the course'of a year it will'produce 2,628 GWH and that it's average
hourly production would be 300 MW. It would be inappropriate to ascribe 1,000 MW of
system capacity value to this facility. But its true system capacity value will likely be in
the neighborhood of 300 MW. It could be higher or lower deperiding upon factors such
as the correlation between the renewable resource (wind or sun) and hourly load Patterns,
the amount of existing renewable generation on the system with similar generating
patterns, and'other resource and system specific considerations. I participated in a
research project for the US Department of Energy in Which we found that the capa(city
value of wind was very significant, and exceeded the average capacity output of the wind
facility under the case study conditions.

With regard to solar generation, the correlation with loads is generally quite high. That
is, during the times of the year and the times of the day when electricity loads are highest,
the sun tends to be shining, and solar generating equipment will tend to be generating at
its highest level output. -For such'facilities, the contribution to'system reliability (i~e., the

a Statement of Material Fact # MV.CA1., paragraph letiering and footnotes omitted.
7 Bemow, Stephen, Bruce Biewald, Jeffrey Hall aid Daljit Singh. "Mddelling Renewable Electric
Resources: A Case Study of Wind." Tellus Institute under contract for the Oak Ridge National Laboratory,
October 1994.
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capacity value on a per MWIl basis) wvill be much higher than that of nuclear power plant
capacity.

Grid operators recognize that intermittent resources have capacity value. For example, in
PJM,7 absent information on the hourly outputs of wind, the regional transmission
organization automatically assigns a capacity credit of 20% to wind generation.74 As
annual hourly output data becomes available for individual wind farms, PJM vill begin to
use that data. The NYISO pays wind resources for their capacity based on historic
capacity factors adjusted for maintenance.75 MISO currently has no capacity markets and
therefore no permanent policy on capacity values assigned to wind or any other type of
generation.

Large nuclear units pose their owvn set of challenges to grid operators with implications
for system reliability. In recent years (1999-2003) the average forced outage rates for
nuclear units in the U.S. have been approximately 5%.76 The immediate and unplanned
loss of 1000 MW can cause system reliability problems. These considerations are
factored into system margins for operations and for planning. A system dominated by
large generating units will, with all other things equal, be required to have greater
operating and planning capacity margins than a system with smaller generating units.

The approach that Exelon takes for comparing intermittent resources with nuclear is
biased strongly against the intermittent resources in that it ignores the capacity and
energy value of the backup fossil generation. Consider for example a case (see Table 5)
in which a 2,180 MW nuclear addition is being compared to a mix of 1,500 IMW of wind
and 2,180 MW of fossil-fired generation.

Table 5. Illustrative Comparison of Nuclear Generation and Alternative Combination
Type of Installed Capacity Effective Gcncration
Capacity Capacity Factor Capacity* (GWh)

Rating
Niclear 2,180 90% 2,180 17,187
Combination: ,_ ,__

Wind 1,500 35% 450 4,599
Fossil 2,180 85% 2,180 16,232
Combination 3,680 NA 2,630 20,831

*We assume for purposes of this illustrative example that nuclear and fossil "effective capacity" is equal to
their installed capacity.

73 PJM is a regional transmission organization governing all or parts of Delaware, Illinois, Indiana,
Kentucky, Miaryland, Michigan, New Jersey, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia and
the District of Columbia
7 "How Wind Generators Participate in PJM Markets." A presentation by Joseph J. Kerecinan of PJM to
the Utility Wind Interest Group Fall Technical Conference, October 27, 2004.
75 "Integrating Wind Resources into the New York Power Grid." A presentation by Mollie Lampi of
NYISO to the Utility Wind Interest Group Fall Technical Conference, October 27,2004.
76 North American Electricity Reliability Council, Generating Unit Statistical Brochure 1999-2003, October
2004.
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1,

The 2,180 MW of nuclear capacity, if operated at an optimistic 90% capacity factor,
would generate 17,187 GWII- per year and have capacity value of about 2,180 MW. With
a wind capacity factor and capacity value of 35%, and a fossil capacity factor of 85% and
capacity value of 100%, the 3,680 MW mix of wind and fossil generation would generate
20,831 GWH per year and have a total capacity value of 2,630 MW. Clearly this is
higher than the effective capacity of the 2,180 MW nuclear plant. Furthermore, if one
takes into account the capacity value of wind, the amount of backup fossil fuel-fired
generation need not be equal to the capacity of the nuclear unit. But Exelon's method
ignores this additional value. Maher's calculation of the cost of a coal or gas-fired
facilities illogically reduces the capacity factor of the plant to "60% (due to the
availability of solar and wind power)." 7 Exelon effectively assumes that when the wind
is blowing and the sun is shining and the renewables capacity is generating that the
valuable and available fossil generating equipment would sit idle. This is absurd, and
inconsistent with the desire and expectation of the investors in the equipment to get full
economic value from it.

In the example above, if the fossil unit were available 90% of the time but was not
needed for economic reasons (e.g., other generating units with lower operating costs are
available to meet system loads), then the fossil capacity would operate at a somewhat
lower capacity factor, and the total amount of generation from the mix might in some
cases be lower than the total amount of generation from the 2,180 MW of nuclear
capacity. To the extent that this is the case, however, the fossil generation will be
producing its electricity during periods with higher hourly prices. The per MWh value of
the generation from the "combination" would in these cases be higher than the per MWh
value of the generation from the nuclear units. The only situation in which this increase
in the market value for lower fossil plant capacity factors would not occur is if the fossil
generation were constrained inappropriately and uneconomically to operate only when
the renewable capacity is not generating.

Exelon's approach to comparing intermittent resources with nuclear power is inaccurate
and does not reflect the realities of system reliability or generating unit operating
economics. Fossil and nuclear generating units have forced outage rates that can be
predicted in a general sense for planning purposes, but specific events take system
operators by surprise. Grid operators do not conclude from this that each fossil or nuclear
plant needs a dedicated capacity backup. Nor do they conclude that fossil and nuclear
capacity make no contribution to system reliability. Grid operators and planners ascribe
value to fossil-fuel and nuclear capacity based upon what the resources contribute to
system reliability, and grid operators and planners make provisions for "backing up"
fossil and nuclear capacity in the rules and protocols for operating and planning reserves.
The same approach can and will be taken with regard to resources such as wind and solar.
But Exelon's approach effectively assumes irrational and counterproductive behavior by
grid operators who inexplicably assign zero capacity value to intermittent resources and
decide not to operate available and economic fossil generating capacity because the wind
happens to beblowing or the sun happe'nst6 be-shining.

7 Affidavit of Maher and Bagnall, § V.C.3.b.
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D. Costs of Combinations as an Alternative to Nuclear Power
The cost of combinations78 which can serve as an alternative to nuclear power are far
belowv the price of new nuclear plants (as taken from the MIT study). In the tables shown
below, the costs of vind and gas-fired power are taken from AEO 2005. In order to offier
a conservative assessment, I have included both AEO 2005's low and high estimates for
the cost of vind power. Because of the NEMS model's treatment of wind powver, I would
expect the upperbound estimate to be an overestimate of the actual costs of wind power.
Despite this, the annual output of a combination of wind powver and gas capacity is still at
least $301 million cheaper (Table 6), in addition to the fewer environmental impacts from
wind and gas-fired power.

Table 6. Costs of Nuclear Power vs. a Combination of Wind and Gas-Fired Capacitv
Type of Installed Capacity Generation O/kVlh Total Cost
Capacity Capacity Factor (GWh) Cost of GWlI

Rating (2003S)' 9  Generated
____ ____ ____(2003S)

NVuclear 2,180 90% 17,187 6.8 $1,169
million

Comnbinationl: .__

Wind 1,500 35% 4,599 4.5 - 6.0 $207 - $276
million

Gas 1,691 85% 12,588 4.7 $592
__ .million

Combination 3,296 NA 17,187 4.6 -5.0 $799 -$868
___million

In its Draft EIS, the NRC Staff analyzed the environmental impacts of a combination of
resource alternatives that included demand side management (or energy efficiency). I
would like to extend that example to point out that the cost of the annual output of a
combination of alternative energy sources that includes energy efficiency 80 (Table 7) is
also less than the cost of nuclear power and even less than the cost (by at least $363
million) ofjust using supply-side resources alternatives (i.e., wind and gas-fired
capacity). As I discussed previously, as an added benefit, the implementation of demand-
side management measures actually avoids most environmental impacts.

7i The levelized costs of each resource were taken from different sources and therefore may have minor
inconsistencies.
79 The cost of nuclear power was converted to 2003 dollars using the Gross Domestic Product Implicit
Price Deflator.
80 The cost of saved energy is the upper bound of the range of costs shown in the ACEEE report "Five
Years In: An Examination of the First Half-Decade of Public Benefits Energy Efficiency Policies"
available at iop://lsvw~v.aceee.orglpuibstiO4l .pdf.

22



Table 7. Cost of Nuclear Power vs. a Combination of Wind and Gas-Fired Capacity and
Demand-Side M nagement
Type of Installed Capacity Generation 0/kWIi Total Cost
Capacity Capacity Factor (G l) Cost of GW'li

Rating (2003$) Generated
_ _(2003$)

ANuclear 2180 90% 17,187 6.8 $1,169
million

Combination:
Wind 1500 35% 4,599 4.5 - 6.0 $207 - $276

million
Gas 1220 85% 9,084 4.7 $427

million
Efficiency NA NA 3,504 4.4 $154

million
Combination NA NA 17,187 4.7 $788-$806

__________________ _____ million

IV. Conclusion
Wind power and natural gas-fired generation have fewer environmental impacts than
nuclear power, cost less than a new nuclear unit and can serve as a baseload alternative to
nuclear power. The addition of demand-side management measures to the mix further
reduces costs and environmental impacts.

Exelon and the NRC Staff's analyses of the environmental impacts of nuclear power do
not adequately and appropriately compare the proposed nuclear capacity to alternatives.
Tile analyses are inadequate, biased, inaccurate, and based upon out-of-date information.
Significant adverse environmental impacts of nuclear generation are trivialized while the
impacts of alternatives, particularly wind power generation, are exaggerated. A more
reasonable and balanced summary of the impacts of nuclear, wind and natural gas-fired
powver and demand-side management is presented in Table 8.

Similarly, in Exelon's economic analysis the costs and risks of nuclear construction are
underplayed or ignored. In reality there are renewable generating alternatives and
combinations of alternatives that are environmentally and ecbnbmically preferable to
generation from new nuclear capacity at Exeion's Clinton site.
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Table 8. Impacts of EGC ESP facility vs. Alternate Sources of Generation[ Impact 1 EGC ESP facility Wind Gcneration | Natural Gas-Fired Capacity T iemand-Side Manageme
Category I l ljl

Air Impacts Greenhouse gases from manufacture Greenhouse gases emitted from Greenhouse gases from manufacture Zero air emissions, displac
of plant equipment, refining of manufacture of plant equipment and of plant equipment and construction system air emissions from o

uranium fuel, construction of plant construction of plant of plant; during operation: SO2: 88 resources
Radionuclides released from waste tons/yr;

products NOx: 284 tons/yr;
CO: 60 tons/yr; PM: 284 tons/yr

Bird Kills Variable depending on site, Variable depending on the site, but No information available, additional None
historical kills were as much as 236 2 birds killed per turbine per year on impacts possible from extraction and

birds per year, additional impacts average transportation of natural gas
possible from fuel-cycle

Noise 55 dB at 1,000 feet (equivalent to 35 - 45 dB at 1,100 feet (equivalent Variable depending on acoustical None
the noise of a coffee percolator or a to the noise of a reading room at a design of the plant

dishwasher)' library)
Aesthetic Variable depending on site Variable depending on site Variable depending on site None
Impacts
Water Variable use depending on design, No significant water use None to 500 gpm per MWc82  No water use, displaces wate;

Quality Exelon believes 49,000 gallons per depending on cooling system, some from other resources
minute), discharged at maximum 90-' drift may be expected depending on

day average of 990F and contains the cooling system used, discharged
biocides, anti-corrosion and anti- water may include chemicals used in

scaling chemicals scaling, fouling and pH control
Land Use About 2-3 acres/MWe (includes the I - 1.5 acres/MWe 1.95 acre/MWe (includes the fuel None

fuel-cycle) (accounts for land with second uses)cycle)
Waste Spent nuclear fuel and low-level None Virtually no waste. None

Management radioactive waste from operations &
decommissioning must be dealt

stored, transported & disposed of
Accidents Variable impacts on human and Not applicable Not applicable Not applicable

environmental health depending on
severity

81 Noise Center of the League for the Hard of Hearing, available at http://w-vw.lh1h.ore/noise/decibel.htm
82 California Energy Commissions, "Comparison of Alternate Cooling Technologies for California Power Plants: Economic, Environmental and Other
Tradeoffs." February 2002, page 1-9, Available at http://www.energv.ca.eov/reports/2002-07-09 500-02-079F.PDF
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Exhibit 2
Affidavit of Brucc Biewald

From the'Nuclear Regulatory Commission's Gencric Environnmcntal Impact
Statement for License Renewal of Nuclear Power Plants (NUREG-1437 Vol. 1)

4.3.5.2 Bird Collisions i'ith Cooling Towers

This section addresses the significance of avian mortality resulting from collisions of
birds with natural-draft cooling towers at-nuclear plants. Natural-draft'towers, which are
tall structures, cause some mortality, -whereas mechanical-draft towers cause negligible
mortality and are not addressed here. This issue was evaluated by reviewing the general
literature for avian collision mortality associated with all types of man-made objects, as
wvell as the monitoring studies conducted at six'nuclear plants. The literature'review is
presented in Section 4.5.6.2. The significance of the mortality caused by cooling towers
is determined by examining the actual numbers and species of birds killed and conmparing
this mortality with the total avian mortality resulting from other man-made objects and
with the abundance of bird populations near the towers.

4.3.5.2.1 Overview of Impacts

Throughout the United States, millions of birds are killed annually when they collide with
man-made objects, including radio and TV towers, windows, vehicles, smokestacks,
cooling towers, and numerous other objects. An overview of collision mortality for all
types of man-made objects is included in the discussion of transmission lines in Section
4.5.6.2.X

Avian mortality due to man-made structures is of concern if the stability of the local
population of any bird species is threatened or if the reduction in the numbers within any
bird population significantly impairs its function within the local ecosystem. Avian
mortality resulting from collisions of birds with cooling towers is-considered to be of
small significance if the losses do not threaten the stability of local populations of any
species and if there is no noticeable impairment of its function within the local
ecosystem.

4.3.5.2.2 Plant-Specific Analysis

Monitoring of bird collisions has been done at several nuclear plants with natural draft
cooling towers, including the Susquehanna plant near Berwvick on the Susquehanna River
in eastern Pennsylvania, the Davis-Besse plant on the shore of Lake Erie in north central
Ohio, the Beaver Valley plant on the Ohio River in extreme western Pennsylvania, the
Trojan Plant on the Columbia River in extreme northwestern Oregon,'the Three Mile
Island plant near Harrisburg in southeastern Pennsylvania, and the Arkansas Nuclear One
plant on Dardanelle Lake in northwestern Ai'kahsas. The following information was
obtained from nuclear plant annual moiit6ring reports and from a few other sources, as
cited.



At the Susquehanna plant, surveys were conducted on weekdays during spring and fall
migration from 1978 through 1986. This plant's natural draft towers are 165 mn (540 ft)
tall and illuminated at the top with 480-V aircraft warning strobe lights. About 1500 dead
birds (total for all survey years) of 63 species were found that had apparently collided
with the cooling towers. Others were probably lost in the tower basin water during plant
operation. Most of the birds were passerines (songbirds). Fewer collisions seemed to
occur during plant operation, when cooling tower plumes and noise may have frightened
birds away from the towers. From 1984 through 1986, eight dead bats were also found,
including little brown myotis, red bat, and big brown bat.

At Davis-Besse, extensive surveys for dead birds were conducted from fall 1972 to fall
1979. Early morning surveys at the 152-mn (499-ft-) tall cooling tower were made almost
daily from mid-April to mid-June and from the first of September to late October. After
the tower began operating in the fall of 1976, some dead birds were lost through the
water outlets of the tower basin. A total of 1554 dead birds were found, an average of 196
per year. The dead birds included 1222 at the cooling tower, 222 around Unit I
structures, and 1 10 at the meteorological tower. Most were night-mlligrating passerines,
particularly warblers, vireos, and kinglets. Waterfowl that were abundant in nearby
marshes and ponds suffered little collision mortality. Most collision mortalities at the
cooling tower occurred during years when the cooling tower was not well illuminated
(1974 to spring 1978). After completion of Unit I structures and the installation of many
safety lights around the buildings in the fall of 1978, collision mortality was significantly
reduced (average of 236 per year from 1974 through 1977, 135 in 1978, and 51 in 1979).
Diffusion of light from these safety lights may illuminate the cooling tower in such a way
that birds can see and avoid it. Lights at nuclear plants may not confuse birds to the
extent sometimes caused by lights on radio or TV towers (Section 4.5.6.2). Lights
illuminating the Pilgrim Nuclear Station in Massachusetts apparently were not a problem
to migrating birds, which were monitored by radar. The orientation, flight speed, and
altitude of these birds appeared unaffected by the lights, although on one of nine nights,
flight direction at the station was different from that in a control area and flight altitude
was higher (Marsden et al. 1980).

At Beaver Valley, surveys were conducted in spring and fall from 1974 through 1978 at
the natural draft tower. A total of 27 dead birds were found. At the Trojan Plant, surveys
were conducted weekly in 1984 and 1988 at the 152-mn 499-ft-) tall cooling tower,
meteorological tower, switch yard, and generation building. No dead birds were found.
At the I 13-m (37 I-ft-) tall cooling towers at Three Mile Island, a total of 66 dead birds
were found from 1973 through 1975 (Temnme and Jackson 1979). No dead birds were
found at Arkansas Nuclear One, where monitoring at the natural-draft tower was done
twice weekly from October 15 through April 15 in 1978-79 and 1979-80.

4.3.5.2.3 Conclusion

Existing data on cooling-tower collision mortality suggest that cooling towers cause only
a very small fraction of the total bird collision mortality (see Section 4.5.6.2 for a review
of this mortality). The relatively few nuclear plants having natural-draft towers in the



United States (approximately 32 units), combined with the relatively low bird mortality at
individual natural draft towers, shows that (1) these nuclear plant towers are not greatly
affecting bird populations (see Section 4.5.6.2.1) and (2) their contribution to the
cumulative effects of bird collision mortalities is very small. Mechanical-draft cooling
towers, which are not nearly as tall as natural-draft towers, and other facilities pose little
risk to migrating birds.

Local bird populations are apparently not being significantly affected by collision with
cooling towers. Waterfowl and other birds that are commonly present as permanent or
summer residents around nuclear plants do not frequently collide with the towers.
Instead, a very high percentage of the collision mortalities occur during the spring and
fall bird migration periods and involve primarily birds migrating at night. Studies that
have been conducted at six nuclear plants, in conjunction with literature reporting total
collision mortality (Section 4.5.6.2), show that (1) avian mortality associated with
cooling towers is a-very small part of the total mortality and (2) local bird populations are
not being significantly reduced. Data on collision mortality were found for only 6 of the
20 nuclear plants with natural-draft cooling towers. Collision mortality at one or more of
these plants may be greater than at the plants where surveys were conducted.

Avian mortality resulting from collisions of birds with cooling towers involves
sufficiently small numbers for any species that it is unlikely that the losses would threaten
the stability of local populations or result in a noticeable impairment of the function of a
species within local ecosystems. There is no reason to believe that the annual mortality
rate resulting from collision of birds with any cooling tower would be different during the
license renewal term. Thus, aviani mortality resulting from collision with cooling towers
is of small significance. A potential method of mitigating avian morality would be to
illuminate natural draft cooling towers at night. Because it is unlikely that the numbers of
birds killed from collision with cooling towers are large enough to affect local population
stability or impair the function of a species within the local ecosystem, consideration of
further mitigation is not necessary. Because any contributions of cooling tower collisions
to overall bird mortality have already been expressed in species populations, it is not
expected that there vill be any incremental or cumulative impact on bird populations
from cooling tower collision mortality due to relicensing of current nuclear plants. The
cumulative effect of bird mortality is further considered with transmission lines in
Section 4.5.6.2. Avian mortality resulting from collision with cooling towers is a
Category I issue.
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Bruce Edward Biewald
President

Synapse Energy Economics, Inc.
22 Pearl Street, Cambridge, MA 02139

(617) 661-3248 ext. 22 * fax: (617) 661-0599
www.synapse-energy.con.

bbiewaldlsynapse-encergy.com

PROFESSIONAL EXPERIENCE
Synapse Energy Economics, Inc., Cambridge, MA. President, 1996 to present.
Consulting on issues of energy economics, environmental impacts, and utility regulatory policy,
including electric industry restructuring, electric power system planning, performance-based
regulation, stranded costs, system benefits, market power, mergers and acquisitions, generation
asset valuation and divestiture, nuclear and fossil power plant costs and performance, renewable
resources, power supply contracts and performance standards, green marketing of electricity,
environmental disclosure, nuclear plant decommissioning and radioactive waste issues, climate
change policy, environmental externalities valuation, energy conservation and demand-side.
management, electric power system reliability, avoided costs, fuel prices, purchased power
availability and cost, dispatch modeling, economic analysis of powver plants and resource plans,
portfolio management, risk analysis and .risk management.

Tcllus Institute, Boston, MA. Senior Scientist and Manager of the Electricity Program, 1989 to
1996. Responsible for research and consulting on all aspects of electric system planning,
regulation, and restructuring.
Research Associate, later Associate Scientist, 1980 to 1988.

EDUCATION
Massachusetts Institute of Technology,
BS 1981, Architecture, Building Technology, Energy Use in Buildings.
Harvard University Extension School,
1989/90, Graduate courses in micro and macroeconomics.

SUMMARY OF TESTIMONY, PUBLICATIONS, AND PRESENTATIONS
Expert testimony on energy, economic, and environmental issues in more than eighty
proceedings in'two Canadian provinces, twenty'six states, before the Federal Energy Regulatory
Commission, and in State and Federal Courts.

Co-author of more than one hundred reports, including studies for the Electric Power Research
Institute, the U.S. Department of Energy, the U.S. Environmental Protection Agency, the Office
of Technology Assessment, the New England Governors' Conference, and the National
Association of Regulatory Utility Commissioners.
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Papers published in the Electricity Journal, tile Energy Journal, Energy Policy, Public Utilities
Fortnightly, and numerous conference proceedings.

Invited to speak by American Society of Mechanical Engineers, International Atomic Energy
Agency, National Association of Regulatory Utility Commissioners, National Association of
State Utility Consumer Advocates, National Consumer Law Center, the Latin American Energy
Association (OLADE), the Swedish Environmental Protection Agency (SNV), tile U.S.
Environmental Protection Agency, and others.

TESTIMONY

Georgia Public Service Commission (I)ocket No. 18300-U) - October 2004
Georgia Power Company's cost of service study, treatment of electrical distribution equipment,
and proposed rates for the Metropolitan Atlanta Rapid Transit Authority.

Texas Public Utility Commission (Docket No. 29526)- June 2004
Issues in CenterPoint Energy Houston Electric LLC's true up filing, including environmental
cleanup costs, excess mitigation credits, and construction work in progress. Also rebuttal
testimony on June 14.

Texas Public Utility Commission (Docket No. 28818) - April 2004
The Independent Transmission Operator proposal of Energy Gulf States Utilities, Inc. (prefiled
testimony adopted by Paul Peterson).

Indiania Utilitiy Regulatory Commission (Cause No. 42359) - August 2003
Public Service Company of Indiana rate making issues including the impact of trackers on risks
to shareholders and customers, costs of environmental compliance, treatment of merchant plant
investment and risk, and joint dispatch issues.

Nevada Public Utilities Commission (Docket No. 03-10 14) - April 2003
Reviewv of Sierra Pacific Power Company's risk management and procurement of electric power
in the wholesale markets.

Nevada Public Utilities Commission (Docket No. 02-11021) - March 2003
Review of Nevada Power Company's risk management and procurement of electric power in the
wholesale markets.

United States District Court for the Southern District of Illinois (Civil Action No. 99-833-
NI.JR, United States v. Illinois Power Company and Dynegy Midwest Generation, Inc.) -
August 2003
Testimony at trial on analysis and opinions in rebuttal report dated October 2002 on use of
computer models for system planning, projections of generating unit operations, and the
relationship between generator availability and output.

State of Vermont, Windham Superior Court (Appeal of USGen New England, Inc. from
2001 Property Valuation by the Town of Rockingham) - September 2002
Electricity market prices and economic valuation of hydroelectric generating plant.

Bruce Bieivaldl Page 2 Synapse Energy Economics, Inc.



e

United States District Court for the Middle District of North Carolina (Civil Action No.
1:00 CV 1262, United States v. Duke Energy'Corp'oration) - August 2002
Expert report on use of computer models for system planning, projection's of generating unit
operations, and the relationship between generator availability and output. (Joint report with Phil
Hayet.)

Indiana Utility Regulatory Commission (Cause No. 41746) - July 2002
Reply testimony on a rate case settlement agreement, dealing with issues including NiSource's
finanical condition, service quality, environmental commitment, and electric rate impacts.

Connecticut Department of Public Utility Control (Docket No. 00-12-13RE01) - July 2002
The proposed sale of Seabrook Nuclear Station to FPL Energy Seabrook, LLC. Market power
issues and market modeling.

United States District Court for the Southern District of Indiana (Civil Action No. IP99-
1692-C-Ml/S, United States v. Southern Indiana Gas and Electric Company) - June 2002
Declaration on confidential business information and competitive harm.

Nevada Public Utilities Commission (Docket No. 02-2002) -April 2002
Review of Sierra Pacific Power Company's 'risk management and procurement of electric power
in the wholesale markets.

Vermont Public Service Board (Docket No. 6596) - March 2002
Used and useful policy issues, electricity market prices, and above market costs of the purchase
from Hydro Quebec.

Nevada Public Utilities Commission (Docket No. 01-11029) -February 2002
Review of Nevada Power Company's risk management and procurement of electric power in the
wholesale markets.

Vermont Public Service Board (Docket No. 6545) - January 2002
Economic analysis of the proposed sale of Vermont Yankee nuclear plant and an associated
Purchased Power Agreement.

New Jersey Board of Public Utilities (Docket No. EM01050308) - September 2001
Analysis of the proposed merger between Conectiv and PEPCo. Also, surrebuttal testimony in
November.' (Joint testimony with David Schlissel.)

Indiana Utility Regulatory Commission (Cause No. 4i954) - June 2001
System planning and joint operation in a partially deregulated context.

State of Vermont, Windlham Superior Court (Dockets S 362-9-99 and S372-9-99) - May
2001I
Deposition on electricity market prices and 'conomic V'aluation of hydroelectric generating plant.

Federal Energy Regulatory Commission (Docket No. ER01-200-001) -April 2001
Termination of the Cinergy Operating Agreement, treatment of merger savings, and affilliate
relationships. Also cross-answering testimon' in April.

NcwJcrsey Board of Public Utilitics (DocketNo. EMM00110870) -April 2001-
Analysis of the proposed merger between FirstEnergy and GPU. Also, supplemental testimony
in April. (Joint testimony with David Schlissel.)
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Vermont Public Service Board (Dockets Nos. 6120 and 6460 - March 2001
Used and useful policy issues, electricity market prices, and above market costs of the purchase
from Hlydro Quebec. Also, surrebuttal testimony in April.

United States District Court for the Northern 1)istrict of New York (Civil Action No. 00-
CV-1738) -. January 2001
Affidavit oln the issuance and trading of S02 emission allowances under the 'itle IV of the Clean
Air Act. in Clean Air Markets Group v. George E. Pataki et al.

Department of Energy (Docket No. EE-RMN-500) - December 2000
Oral testimony on proposed rules for central air conditioner and heat pump energy conservation
standards.

Illinois Commerce Commission (Docket No. 00-0361) -. July 2000
Review of ComEd's funding for nuclear power plant decommissioning.

California Public Utilities Commission (Rulemiaking 99-10-025) -. July 2000
Distributed generation and related rate design issues. Also, rebuttal testimony in August.

Massachusetts Department of Environmental Protection -July 2000
Comments on reliability implications of proposed emission standards for powver plants.

Arkansas Public Service Commission (Docket No. 00-048-1t) -. June 2000
Requirements for electricity market power analyses.

United States District Court for the Middle District of North Carolina (1:99CV00033) -
Mfarch 2000
Expert report oil replacement power costs in Carolina Power & Light Company vs. Yuasa Exide,
Inc.

Illinois Commerce Commission (Docket No. 99-0115) - September 1999
Review of ConiEd's nuclear power plant decommissioning cost estimates.

WVest Virginia Public Service Commission (Case No. 98-0452-E-GI) - August 1999
AEP and Allegheny Power restructuring, market power, divestiture of generation, electric system
market price modeling, statistical analysis of comparable sales, and responsibility for stranded
costs and gains.

Mississippi Public Service Commission (Docket No. 96-UA-389) - August 1999
Review of Entergy Mississippi, Inc. and Mississippi Power Company stranded cost filings,
divestiture of generation, statistical analysis of comparable sales, responsibility for stranded costs
and gains.

Connecticut Department of Public Utility Control (Docket No. 99-03-36) - July 1999
Connecticut Light and Power Company standard offer service, market prices for electricity and
the influence of market power, simulation analysis of the New England electricity market.

Connecticut Department of Public Utility Control (Docket No. 99-03-35) - July 1999
United Illuminating Company standard offer service, market prices for electricity and the
influence of market power, simulation analysis of the New England electricity market.
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Utah Public Service Commission (Docket No. 98-2035-04) -June 1999
Cost savings expectations for the proposed merger of PacifiCorp and Scottish Power.

Washington Utilities and Transportation Commission (Docket No. UE-981627) -June 1999
Cost savings expectations for the proposed merger of PacifiCorp and Scottish Power and
assessment of whether the merger is in the public interest.

Federal Energy Regulatory Commission (Docket Nos. EC98-40-00, et al.) - April 1999
1-lorizontal market power and barriers to entry in consideration of the proposed merger of
American Electric Power Company and Central and South West Corporation.

Connecticut Department of Public Utility Control (Docket No. 99-03:04) -. April 1999
Market power, market prices, and simulation modeling as related to the application of United
Illuminating Company for recovery of stranded costs.

Connecticut Department of Public Utility Control (Docket No. 99-02-05) - April 1999
Market power, market prices, and simulation modeling as related to the application of-
Connecticut Light & Power Company for recovery of stranded costs.

Maryland Public Sernice Commission (Case No. 8797) - January 1999
Simulation analysis of the ECAR market and projected market prices for electricity for
estimation of Potomac Electric Company's stranded generation costs and unbundled rates:

Maryland Public Service Commission (Case No 8795) - December -1998
Simulation analysis of the 'PJM market and projected market prices for electricity for estimation
of Delmarva Power and Light Company's stranded generation costs and unbtindled rates.

Maryland Public Service Commission (Caises Nos. 8794 and 8804) December 1998
Simulation analysis of the PJM market and projected market prices for electricity for estimation
of Baltimore Gas and Electric Company's stranded generation costs and unbundled rates.

Vermont Public Service Board (Docket No. 6107) - September 1998
Excess capacity, used & useful, and the economics of Green Mountain Power's purchase from
Hydro Quebec.

Mississippi Public Service Commission (Docket No. 96-UA-389) - September 1998:
Analyses of market concentration and market power, behavior of affiliated companies, need for
an independent system operator.

California Public Utilities Commission (Application No. 97-12-020) - July 1998
Nuclear power plant decommissioning and radioactive waste disposal. Also, rebuttal testimony
in August.

Federal Energy Regulatory Commission (Docket No. EC97-46-000) - June 1998
Affidavit on market power implications of the proposed merger betsveen Allegheny Power
System and Duquesne Light Company.

New Jersey Board of Public Utilities (Docket Nos. EX4120585Y, E097070460, and
E097070463) - MarcI 1998 . ,. * .
Economic and environmental benefits of energy efficiency, including estimation of marginal air
emissions from the PJM System. (Joint testimony with Nathanael Greene, Edward Smeloff,-and
Thomas Bourgeois.)
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Vermont Public Service Board (Docket No. 6018) - February 1998
Excess capacity and the economics of Central Vermont Public Service Company's purchase
from Ilydro Quebec.

Public Service Commission of Maryland (Case No. 8774) - February 1998
Market power implications of the APS-DQE merger.

Federal Energy Regulatory Commission (I)ocket Nos. 0A97-237-000 anil ER97-1079-000)
January 1998

Market power in Newv England electricity markets.

British Columbia Utilities Commission - November 1997
British Columbia I lydro and Power Authority Wholesale Transmission Services Application.

Pen usylva nia Public Utility Commission (Docket R-00973981) - November 1997
West Penn Power Company Restructuring Plan. Environmental disclosure, consumer education,
and allocation of default customers.

Peninsylvania Public Utility Commission (Docket R-00974104) - November 1997
Duquesne Light Company Restructuring Plan. Environmental disclosure, consumer education,
nuclear decommissioning, and allocation of default customers. Also surrebuttal testimony in
December 1997.

Mississippi Public Service Commission (Docket No. 97-UA-496) - November 1997
Petition of Mississippi Powver Company for a Certificate of Public Convenience and Necessity
Authorizing Construction of a Generating Plant in Jackson County.

Pennsylvania Public Utility Commission (Docket Nos. R-00973953 and P-00971265) -
November 1997
Application of PECO Energy Company for approval of its restructuring plan and petition on
Enron Energy Services Powver, Inc. for approval of an electric competition and customer choice
plan. Allocation of defaultcustomers.

Vermont Public Service Board (Docket No. 5983) - October 1997
Excess capacity and the economics of Green Mountain Power Company's purchase from Hlydro
Quebec. Also rebuttal testimony in December 1997 and supplemental rebuttal testimony in
January 1998.

Pennsylvania Public Utility Commission (Docket No. R-00973953) - September 1997
Joint petition for partial settlement of PECO Energy Company's proposed restructuring plan and
application for a qualified rate order. Environmental disclosure, nuclear decommissioning and
spent fuel.

Pennsylvania Public Utility Commission (Docket No. R-00974009) - September 1997
Pennsylvania Electric Company's Restructuring Plan. Environmental disclosure, customer
education, and nuclear issues.

Pennsylvania Public Utility Commission (Docket No. R-00974008) - September 1997
Metropolitan Edison Company's Restructuring Plan. Environmental disclosure, customer
education, and nuclear issues.
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Indiana Legislature, Regulatory Flexibility Committee - September 23, 1997.
Testimony on "Electric Industry Restructuring To Benefit Consumers and the Environment:
Stranded Costs, Nuclear Issues, and Air Emissions."

Pennsylvania Public Utility Commission (Docket No. R-00973954) -June 1997
Pennsylvania Power & Light Company's Restructuring Plan. Environmental disclosure,
customer education, PJM market structure, nuclear decommissioning and spent fuel, rate design
for stranded cost recovery. Also, surrebuttal testimony in August.

Pennsylvania Public Utility Commission (Docket No. R-00973953) June 1997
PECO Energy Company's Restructuring Plan. Environmental disclosure, PJM market structure,
nuclear decommissioning and spent fuel.

New York Public Service Commission (Case 96-E-0897) -- April 1997
Consolidated Edison Company's Plans for Electric Rate Restructuring. Analysis of market
power in the New York City load pocket.

Pennsylvania Public Utility Commission (Docket No. R-00973877) - February 1997
Application of PECO Energy Company for Issuance of a Qualified Rate Order. Nuclear power
plant decommissioning costs, stranded cost recovery, and securitization.

New Hampshire Public Utilities Commission (DR 96-150) -- November 1996
Electric industry restructuring, including stranded costs, industry structure, market power, and
nuclear issues.

Massachusetts Department of Public Utilities (96-100) - July 1996
Nuclear plant stranded costs and decommissioning.

Vermont Public Service Board (5854) -July 1996
Electric industry restructuring, including stranded costs, industry structure, and environmental
protection.

Ontario Energy Board (H.R. 23) -June 1995
Electricity rate options (joint evidence with J6hn Stutz).

Pennsylvania Public Utility Commission (R-00943271) - April 1995
Discount rates and system benefits charge.

Colorado Public Utilities Commission (94A-516A) -January 1995
Construction of new generating resources.

Public Service Commission of Nevada (94-9002) - November 1994
Environmental and health impacts of a proposed power plant.

Nuclear Decommissioning Finance Committee of New Hampshire (93-001) 7 September
1994
Seabrook decommissioning cost, spent fuel storage, and cost collection methodology joint
testimony with William Dougherty).
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Public Service Commission of Wisconsin (6630-CE-197 and 6630-CE-209) - September
1994
Point Beach externalities, economics, spent liuel storage, and aging (joint testimony wvith William
Dougherty).

British Columbia Utilities Commission - Augiust 1994
Greenhouse gas emissions and environmental externalities policy

Public Service Commission of Wisconsin (05-E[-14) - February 1994
Cost of decommissioning Point Beach and Kewaunee nuclear power plants. Also, rebuttal and
surrebuttal testimony in February.

D)elaware Public Service Commission (91-39) - September 1992
Nuclear and fossil power plant performance targets.

Mlassachusetts Department of Public Utilities (91-131) - December 1991
Internalization of environmental externalities, greenhouse gas valuation and policy.

Massachusetts Department of Public Utilities (91-131) - October 1991
Environmental externalities valuation, emissions effects and global warming.

Massachusetts D)epartment of Public Utilities ((89-141, 90-73, 90-141, 90-194 and 90-270) -
December 1990
Trhe incorporation of environmental externalities in specific utility RFl's.

Massachusetts Department of Pul)lic Utilities (90-55) - June 1990
Costs and benefits of high-efficiency gas heating equipment.

Mlassachusetts Department of Public Utilities (86-36-G and 89-239) - IMlarch 1990
Environmental externalities of electric resources.

Florida Public Service Commission (890973-EI) - .January 1990
Integrated energy planning, power plant emissions, and nuclear plant performance.

Pennsylvania Public Utilities Commission (R-891364) - October 1989
Generating capacity requirements of the Philadelphia Electric Company and the Pennsylvania-
Newv Jersey-Maryland Interconnection.

MNlaryland Public Service Commission (8199) - October 1989
Performance standards for coal, oil, and nuclear power plants.

Michigan Public Service Commission (U-9172) - April 1989
Economic analysis of the Palisades Power Purchase Agreement. Ratepayer impacts, incentives,
and implications for plant operation and decommissioning.

Pennsylvania Public Utility Commission (P-870216, P-880283, P-880284, and P-880286) -
Mfarch 1989
Allegheny Power System planning and avoided costs.

Mlichigan Public Service Commission (U-8880) - February 1988
Detroit Edison Company powver supply costs, economics of Fermi "buy-back" purchase, nuclear
fuel expense, oil costs, and power transactions.
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Michigain Public Service Commission (U-8866).'Decceiiber'1987'
Consumers' Po'wer Comnpan'y pokver supply co6ts, including projections of oil prices and
purchased power costs.

Pennsylvania Public Utilit'Com mission (R-850220) - Septembner 1987
y of West Penn Power Conpany's participation in the Bath County Pu'mped

Storage Project, and Allegheny Porwer System'capacity reserve requirements. Also, surrebuttal
testimony in October.

Arizona Corporation Commission (U-1345-85-367) - February 1987'
Palo Verde decommissioning cost. ', '

Michigan Public Service Commission (U-8545) - December 1986
Consumers'Power Company power costs, projected cost of oil and purchased power, economic
evaluation of the Big Rock Point nuclear unit.' '

Public Service Commission of Indiana (38045)-November 1986
Northern Indiana Public Service Company system reliability and excess capacity.

California Public Utility Commission (84:06-014 and 85-08-025)-July 1986
Diablo Canyon decommissioning cost and collection issues.

Michigan Public Service Commission (U-8042R j-June 1986
Review of Consumers Power Company system operations during 1985 and economic evaluation,
of the Big Rock Point nuclear unit.

Michigan Public Service Commission (U-8291) - April 1986
Detroit Edison Company power supply costs, application of a multi-area dispatch model.

MIliehigan Public Service Commission1(U-8286) - February 1986
Consumers Poiw;er Com'r'p'any power supply hcosts, application of a multi-area dispatch' model.

Maine Public Service Commission (85-132)-January 1986
Standard and long term rates for cogeneration and small power production. Surrebuttal
testimony in February.-

Arkansas Public Service Commission (84-249-U) ;- June 1985
Impact of the Grand Gulf nuclear unit upon Arkansas Power and Light Company and Middle
South Utilities electricity production costs.

Kentucky Public Service Commission (8666) - February 1984
Production costing modeling issues. '' - ' ;

' * . ' .*.',. I. ., !, ,.

REPORTS . i . ,' ; ' . " " '

Prelim inary Estinmatesof EconiomicImipacts andA uoidedAirl Enissionsfromz Renewable
Generation and Efficiency Programs in New England: Phase 1 Smmnintary, a Synapse Energy
Economics, Inc. report for the Regulatory Assistance Project by William Steinhurst, Robert
McIntyre, Bruce Biew'ald, Cliff Chen,'and Kenji Takahhshi. June 24,'2004.
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A Responisible Electricity Future: At Efficient, Cleaier and Balanzced Scei,,riofor the US
Electricity System, a Synapse Energy Economics, Inc. report for the National Association of
State PIRGs, by Bruce Biewald, David White, Geoff Keith, and Time Woolf. June 11, 2004.

Electricity Prices in PJ14 .: Conmparisont of Whiolesale PowVer Costs in the PJM1 Mnarket to
ltlexed Geinerationt Service Costs, a Synapse Energy Economics, Inc. report prepared for the
PJM Interconnection, L.L.C., by Bruce Biewald, William Steinhurst, David White, and Amy
Roschelle. June 3, 2004.

Reply Comimenits ill Docket No. 2004-147: Strategiesfor Procitrinig Resideential aidil Small
Commercial Standardl Offer Supply in ilnlahe, a Synapse Energy Economics, Inc. report
prepared for thie Maine Office of Public Advocate by Amy Roschelle, Bruce Biewald, and Paul
Peterson. April 21, 2004.

Portfolio 41!(iangement: How to Procure Electricity Resources to Provide Reliable, Low-Cost,
adl Efficient Electricity Services to .Ill Retail Customners, a Synapse Energy Economics, Inc.
report prepared for the Regulatory Assistance Project and the Energy Foundation, by Bruce
Biewvald, Tim Woolf, Amy Roschelle and William Steinhurst. October 10, 2003.

A Cleni Electricity Strategyfor the Hludsoni River Valley, a Report for the Hudson River
Foundation by Synapse Energy Economics and Pace Law School Energy Project. Geoff Keith,
Bruce Biewald, David E. White, and Fred Zalcman. October 2003.

Estimathing th e E nviromintent tal Beniefits of Reinewavble Entergy mal Etergy Efficienicy in Nlorth
America: Experienice anll ethods, a report for the Commission for Environmental
Cooperation, by Geoffrey Keith, Bruce Biewvald, Anna Sommer, Patrick I leill, and Miguel
Breceda, September 22, 2003.

Comnmemuts on the RPS Cost Analyses of the Joilit Utilities (lu(d the DPS Staff, a Synapse
Energy Economics, Inc. report prepared for the Renewable Energy Technology and Environment
Coalition by Bruce Biewald, Cliff Chen, Anna Sommer, William Steinhurst, and David E.
White. September 19, 2003.

Maoleling Dematiad Responise midelAir Emissionis in New En glaiid, a Synapse Energy
Economics, Inc. report prepared for the U.S. Environmental Protection Agency, by Geoff Keith,
Bruce Biewald, David White, and Mike Drunsic, August 2003.

Cleaier Air, Fuel Diversity amul High-Quality Jobs: Reviehing Selected Potential Benzefits of
anl RPS in Newv York State, a Synapse Energy Economics, Inc. report prepared for the
Renewable Energy Technology and Environment Coalition by Geoff Keith, Bruce Biewald,
David White, Anna Sommer and Cliff Chen. July 28, 2003.

The New Enigland Experimenit: An Evalutationt of the Wholesale Electricity M1arkets, a Synapse
Energy Economics, Inc. report provided to the Connecticut Office of Consumer Counsel, Maine
Office of the Public Advocate, and New Hlampshire Office of Consumer Advocate, by Paul
Peterson, David White, Bruce Biewald, and Cliff Chen, June 2003.

Fintancial Insecurity: The Increasing Use of Linimited Liability Comipanies andil Muflti-Tieredl
Ifoldling Comnpanies to Owit Nuclear Power Plaits," a Synapse Energy Economics, Inc. report
prepared for the STAR Foundation and Riverkeeper, Inc., by David Schlissel, Paul Peterson, and
Bruce Biewald, August 7, 2002.
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Predicting A toidedEmilissionsfroni'Policies that Encoutrage Energy Efficiency and Clean
Power, a Synapse Energy Economics, Inc. report prepared for the Ozone -Transport Commission,
by Geoff Keith and Bruce Biewald, June 24, 2002.

Sturvey of Clean Powver and Energy Efficiency Progrants, a Synapse Energy Economics report
prepared for the Ozone Transport Commission, by Lucy Johnston, Geoff Keith, Tim Woolf,
Bruce Biewald, and Etienne Gonin, January 14, 2002.

Updated A voided Energy-Suipply Costsfor Deniand-Sidle Al¢anagenment Screening in
Alassachusetts, a Resource Insight report for the AESC Study Group, by Paul Chernick, Susan
Geller, Bruce Biewald, and David White, December 5; 2001.

Best Practices in M1arket Alonitoring: A Survey of Cuirrent ISO Activities and
Reconnnendlations for Effective Miarket Monitoring andl A litigation in Wholesale Electricity
Markets, a Synapse Energy Economics report for the Maryland Office of People's Counsel, the
Pennsylvania Office of Consumer Advocate, the Delaware Division of the Public Advocate, the
New Jersey Division of the Ratepayer Advocate, and the Office of the People's Counsel of the
District of Columbia, by Paul Peterson, Bruce Biewald, Lucy Johnston, Etienne Gonin, and
Jonathan Wallach, November 9, 2001.

Electricity iMlarket Analysis of Coal Waste Regulations: An Illustrative iidwtest Case Study, a
Synapse Energy Economics report prepared for US Environmental Protection Agency by Bruce
Biewvald, David White, and Montserrat Ramiro, October 31, 2001.

The Other Sidle of Conlpetitihe Aarkets: Developing Effective Load Response in New
England's Electricit)y Market, a Synapse Energy Economics report prepared for the Maine
Department of Attorney General and the Maine Office of the Public Advocate, June 13, 2001.

V aluation of the Bellows Falls Iydroelectric Generating Station as ofApril 2001 a Synapse
Energy Economics report, Juuie 4, 2001.

Room to Breathe: Why the AMassachutsetts Departinent of Environmental Protection's
ProposedAir Reglulations Are Compatible With Electric System Reliability, a Synapse Energy
Economics report prepared for MASSPIRG and Clean WVater Fund, March 2001

Repowering the AMidwvest: A Plan for Cleaning Up the Electricity Inlldlstry in America's
Heartland, prepared for the Environmental Law and Policy Center and a coalition of Midwest
environmental organizations, February, 2001.

Generator Outtage Increases: A Preliminary Analysis of Outage -Trends in the New England
Electricity AMarket, a Synapse Energy Economics report prepared for the Union of Concerned
Scientists, by Daniel Allen, Bruce Biewald, and David Schlissel, January 7,2001.

Alarginal PriceAssulmptionsfor Estimating (Custonmer Bentefits ofAir Conditioner Efficiency
Standartds: Contimnents on tiheDepartment of Energy'sProposed Rulesfor CentralAir
Conditioners and Heat Piamp'Ehergy Conservation Stantlards, a Synapse Energy Economics
report prepared for the Appliance Standards Awareness Project, by Tim Woolf, Bruce Biewald,
and Daniel Allen, December 4, 2000. '
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Transmittilg JVi,(lpo(verfro'ni the Dakotats to Chicago: A Preliminary minalysis of a JlydlrogLen
Tranisitissiont Sceniario, a Synapse Energy Economics report prepared for the Environmental
Law and Policy Center, with runding from the Leighty Foundation, by Barclay Gibbs and Bruce
Biewald, September 8, 2000.

Valmitaioin of JIlytroelectric Generating Facilities on1 tie Conmmecticit amid Deerfiehll Riers in
Vermtiont, a Synapse Energy Economics report for the Vermont Department of Taxes, by Bruce
Biewald, Daniel Allen, David White, Neil Talbot, l'aul Kirshen, Lawrence Martin, Paul
Chernick, and Rachel Brailove, April 1, 2000.

Use of Selective Caralytic Reiluctioi rFor Control of NOx Enmissiomis From: Power Platws in the
U.S., a Synapse Energy Economics report for the OntAlRio Campaign, February, 2000.

Electricity Mlarket Distortions Associatedl With: Inconsistenit Air Qiality Re(gilatiolns, by Tri
Woolf, Bruce Biewald, and David White for the Project for Sustainable FERC Energy Policy,
November 18, 1999.

A voidled Energy-Supply Costsfor Deimain(-Sidle Allifaagement Screemmimig in Ma(issachiusetts, a
Resource Insight report for the AESC Study Group, by Rachel Brailove, Paul Chernick, Susan
Geller, 3ruce Biewald, and David White, July 7, 1999.

Comitients on tIhe Scope of Issuiesfor FERC Staff's Emnviroimilenithl Ivssess:i:elit of the
Proposeil Rnle on RTOs by the Projectfor Sustainable FERC Energy Policy ol behalf of
Multiple Parties, prepared by Terry Black and Bruce Biewald, June 14, 1999.

Strain(le(d NVuiclear JVaste: Implications of Electric 1lindustry Deregulationifor NVutclear Plait
Retiremitentts and Funinglig-for Deconunissioninhg mntl Spent Fuiel, by Bruce Biewald and David
White, January 15, 1999.

NVeiv Eiqglanttl Tracking Systemim, a report to the New England Governors' Conference, Inc..
funded by a grant from the U.S. Environmental Protection Agency, prepared with Environmental
Futures, Inc. and Tellus Institute, October 1998.

The Role of Ozone Tramsport Inz Reachingi Attanimitenit in tIhe Northeast: Opportiuinities, Equlity
annd Economitics, a Synapse Energy Elconomics report for the Northeast States for Coordinated
Air Use Management, by Tim Woolf, David White, Bruce Biewald, and William Moomaw, July
1998.

Competitiotn midi ifalrket Power in NVorthern Mllaine Electricity Market, a Synapse Energy
Economics report for the Maine Public Utilities Commission, by Tim Woolf, Bruce Biewald, and
Duncan Glover, November 24, 1998.

Grand(fathering amid Emviromiltemital Coniparahility: Amn Econontic In al'sis oflir Emission
Regulatiomis antd Electricity Mllarket Distortions, a Synapse Energy Economics report for the
National Association of Regulatory Utility Commissioners, by Bruce Biewvald, David White,
Tim Woolf, Frank Ackenman, and William Moomaw, June 11, 1998.

Aimalysis of Mfarket Power in the APS nid Duqutesie Service Territories, prepared for the
Maryland Office of People's Counsel, by Bruce Biewald and David.White, February 9, 1998.
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Performance-Based Regitlation in a Restructured Electric indtstry, a" Synapse'Energy
Economics report for the National A'ss(ciation of Regulatory Utility Commissioners,'by Bruce
Biewald, Tim Woolf, Peter Bradford, Paul Chernick,'Susan Geller, and Jerrold Oppenheim,
November 8, 1997.

Afassachiusetts Electric Utility Stran(led( Costs, a Synapse Energy Economics report for
MASSPIRG, Union of Concerned Scientists, Clean Water Action, Massachusetts Citizens for
Safe Energy, and Public Citizen, by Bruce Biewald, Tim Woolf, and Marc Breslow, November
4, 1997.

Horizontal AMarket Poster in Newv Etigland Electricity Markets: Simulation Results an jd a
Review of NEPOOL 's Analysis, prepared for the New England Conference of Public Utility
Commissioners, by Bruce Biewald, David E. White, and William Steinhurst, June 11, 1997 (a
draft was published as Vermont DPS Technical Report No. 39 in March, 1997).

Zero Carbon Electricity: The Essential Role of Efficiency and Renevables in Nenr Englandl's
Electricity AIL,4 a Tellus Institute report for the Boston Edison Company Settlement Board, by
Bruce Biewald, Tim Woolf, Bill Dougherty, and Daljit Singh, April 30, 1997.

Full Etvironniental Disclosure for Electricity: Tracking and Reporting Key information, a
Regulatory Assistance Project report funded by the Pew' ' Charitable Trusts, the Joyce-Mertz
Gilmore Foundation, the U.S. EPA, and the U.S. DOE, by David Moskovitz, Tom Austin,
Cheryl Harrington, Bruce Biewald, David E. White, and Robert Bigelow, March 1997. -

Restructuhring the Electric Utilities of Maylaim;d: Protecting andA dtmwiing Consuner
Interests, for the Maryland People's Counsel, by Paul Chernick, Jonathan Wallach, Susan
Geller, John Plunkett, Roger Colton, Peter Bradford, Bruce Biewald, and David Wise,TFebruary
20, 1997. -i

Sutstainable Electricity for New England(l: Developing Regulatory and Other Governmiental
Tools to Promote atd Support Environtmentally-Sustainable Tech nologies in the Context of
Electric Industry Restructuring, a report to the New England Governors' Conference, by Bruce
Biewald, Max"Duck'vorth, Gretchen McClain, David Nichols, Richard Rosen, and Steven''
Ferrey, Tellus No. 95-310, January, 1997.

Restructuring Newv Hamnpsire's Electric Po i'er iiludxstry: Stranled Costs mid MiIarket Power
a report for the New Hampshire Office of Consumer Advocate, by Bruce Biewald, Paul
Chernick, Jonathan Wallach, and Peter Bradford, Synapse Report No. 96-05, November 1996

Comments of the New Hlampshire Office of Con:sumerAdvocate on Restrutcturing New -
Hanpshire's Electric Utility Indulstry, by Bruce Biewald, Paul Chernick, Jonathan Wallach, and
Peter Bradford, Synapse Report No. 96-04, October 18, 1996. '

Can We Get Tlere Frooi Here?: Tie Clallenge of Restrctutring tle Electricity Industrs so
that We Can All Belzeflt, a White Paper for CalNeva, Consumer Action, Consumer Federation
of California, Consumers'First,'Greenlinin 'Coalition,'Latino Issues Forum, Towards Utility
Rate Normalization, and Utility Consumers'A'ction Netw6rk, by John Stutz, Bruce-Biewald;
Daljit Singh, Tim-Woolf, George Edgar, and Wayne DeForrest, April 1996.
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AI Stly of 11 /ImpactS of FP,I Pltise 502 a(d1(1 NO Emissionts Stan(larrls on Electrical
Facilities in the ECGAR Region, for the Advisory Committee on Competition in Ontario's
Electricity System, Ministry of Environment and Energy, by Stephen Bernow, Bruce Biewald,
William Dougherty, Maxim Duckworth. and DaIjit Singh, Tellus No. 96-069, April 15 1996.

A Projection of Fudture M}arket-Based Pricesfor Air Emissions: Consequlencesfor Renewahle
andl Denmandt-Side Manag-enment Resources, for the Massachusetts Division of Energy
Resources, by Maxim Duckworth and Bruce Biewald, Tellus Institute, March 29, 1996.

Promoting Envirominiental Qtuality iii a Restructutred Electric Indiustry, for thle National
Association of Regulatory Utility Commissioners, Tellus No. 95-056, December 1995.

Systems Benefits Fundingl Options, a report to Wisconsin Environmental Decade, Tellus No.
95-248, October 1995.

Costing Entergy Resoutrce Options: Ai nA voidledl Cost JHandlbook for Electric Utilities, prepared
for the U.S. EPA, Tellus No. 93-251, September 1995.

Electric Resouirce Planning for Suistainahility, a report to the 'rexas Sustainable Energy
Development Council, Tellus No. 94-114, February 1995.

Nev York State Environminental Externalities Cost Stwldy Report; Report 3a: EXYOD User
raanutnl; Report 3b: EXTIIOD Reference ntanuital; Report 4: Case Stittlies, prepared for the

Empire State Electric Energy Research Corporation and New York State Energy Research and
Development Authority. ESEERCO Project EP91-50, December 1994.

"Comintents onl the DOE's Proposedl Rdlentakilng Regarding Energy Conservationi Standards
for Th ree types of Consumnter Produicts: Incluidhing Futel Cycle E it vironmental Impacts allnd
Resouirce Depletion iii a Societal Cost-Bentefit Framnework, " December 1994.

Comments ol the Vortlwest Power Planning Council's Issue Paper #94-50: "A ccointinigfor
Entvironmnental Evternalities in tihe Power Plan, " Tellus No. 94-284, December 1994.

Comments ol Incentive Reg-ilation in Massachutsetts, DPU 94-158, November 1994.

Valuationt of Environmnental anzd IHiuians Health Risks Associatedl with Electric Power
Geiueratio: AI Disciussion of Mfethods anid a Review of Greenhoutse Gas Studies, a report
prepared for the lzaak Walton League of America, Minnesotans for an Energy Efficient
Economy, American Wind Energy Association, Clean Water Action, American Lung
Association, NMinnesota Center for Environmental Advocacy, and Institute for Local Self
Reliance, Tellus No. 94-202, November 1994.

Resource anmd Compliance Planniniig: A Utility Case Stuily of Comnbined SOY/C02 Redluctioi,
Report Prepared in Cooperative Agreement with the U.S. EPA Acid Rain Division, Tellus No.
92-185, October 1994.

Milodelling Renewvable Electric Resoutrces: ,A Case Stunly of liJind, a report to the U.S.
Department of Energy, Tellus No. 91-187, October 1994.

A Review of Met hodls antd Motlelsfor Estimating the Systeimt Risk Redluctioln Value of DSM,
prepared for the Boston Edison Settlement Board, Tellus No. 93-174B, September 1994.
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Life Extensiohi and Repowering for Fossil PlMts:' Giddelines for Evaluating Projects,
prepared for the Energy Foundation, TellusNo; 92-147A, August ;1994.

License'Renewialfor Nuclear Power Plants: Guidelinesfor E valinating Continuted Operation,
prepared for the Energy Foundation, Tellus No; 92-147B, August 1994.

Greenhouse Gas Emnissions. Targets and Control Costs, for the British Columbia Energy
Coalition, Tellus No. 94-195, August 1994.

Non-Price Benefits of BECo Denmand-Side Management Programs, for the Boston Edison
Settlement Board, Tellus No. 93-174A, July 1994.

Development of Externality, Values for Energy Resource Planninig in Ontario: Air Pollutants,
prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/2, June 1994.

Developmnenlt of Externality Values for Energy Resource Planninig in Ontario: Air Toxics -
Heaqlfy etals, prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/3, June
1994. .

Development of Externality Values for Energy Resource Planning in Ontario: Greenhouse
Gases, prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/4, June 1994.

Development of Externality Values for Energy Resource Planlning in Ontario: Land and
W'aterImpacts, prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/5, June
1994.

Development of Externality Values for Etergy Resource Planning i n Ontario: Nluclear Fuel
Cjyce Externalities: Uranium Iiniing, Reactor Operations, Accidents, and Waste Disposal,.
prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/6, June 1994.

Comments on the State of WJ'iscomnsin Draft Environmental Impact Statement - Point Beach
Nuclear Power Plant Projects Proposed by Wfisconsin Electric Power Conipany, for the
Wisconsin Citizens' Utility Board, Tellus No. 92-058, April 1994.

Incorporating Envirounmental Externalities in Energy Decisions: A Guide for Energy
Planners, a report to the Swvedish International Development Agency, Tellus No. 91-157,
February 1994.

Development of Externality Valuesfor Enermg Resource Planning in Ontario: Introductor
Report, prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/1, January 1994.

Cooling Towersfor Hudson RiverPower Plants, Economic and Envirolimiental
Considerations, for Scenic Hudson, Inc., Tellus No. 92-022, July 1993.

Energy Efficiency for Aflassachii'setts.' A Strategy for Energjy, Environmi ienit anid tile Economiy,
a report to the Massachusetts Division"of Enrifgy Resources, Tellus No. 92-236D, April 1993.

Renewable Energy for Massachusetts: A Strategy for Energy, Environmelnt and the Economy,
a report to the Massachusetts Division of Energy Resources, Tellus No. 92-236H, April 1993

. L. , - v i - ¢'^i

Tihe Environmental Imipacts ofDemnand-Side Mlanagem~ienitAMeasutres, a report for the Electric
Power Research Institute, EPRI No. TR-101573, Research Project 3121-05, Tellus No. 92-089,
December 1992.

Bruce Biewald Page 15 Synapse Ener�' Ecojiomics, Inc.
Bruce Biewald Page 15 Synapse Energy Economics, Inc.



. -

lincorporating Environmiental Externialities in Electric Systemn Planninhg, a report to the
Colorado Office of Energy Conservation, Tellus No. 91-203/SB, April 1992.

Ev'alitationi of tfe/ pplication ofAqui(dieck Power Limnitedi Partnership to Construct an
Energy Facility in Portsnowuth, Rhodle Islanl, a report to the Rhode Island Division of Public
Utilities and Carriers, The Governor's Oflice of I-lousing, Energy and Intergovernmental
Relations, and The Department of Administration/Division of Planning, Tellus No. 91-255. April
1992.

Nee(lfor tludAlterinatives to Nuclear Plmnt License Renewal, a report sponsored by the
Vermont Department of Public Service, Tellus No. 91-248, March 1992.

Prelimianry Studtly on Integratedl Resource Planning for tfie Constuers' Gas Company, Ltl.,
prepared for Consumers Gas Company, Ltd., Tellus No. 91 -001, January 1992.

America's Energy Choices: Investing in a Strong Econtomy andl a Clean Environment, in
collaboration with the Union of Concerned Scientists, the American Council for an Energy
Efficient Economy, the Natural Resources Defense Council, and the Alliance to Save Energy,
'rellus No. 90-067, 1991.

Val/ation of Environnmental ExYteruialities: Su/fiur Dioxidle antd Greenthouse Gases, for the
Massachusetts Division of Energy Resources, Tellus No. 91-085, December 1991.

CASM: Coordiatite(d Ahate inent Strategy Model, Stockholm Environment Institute, Stockholm,

Sweden, November 1991.

Valiation of En vironinental EFterinalities for Electric Utility Resource Planimoig in WVisconisi,
a report to Citizens for a Better Environment, iMfilwaukee, WI, Tellus No. 91-104, November
1991.

The Eimironmnental CostS andtl Benefits of DSMl: I FraneivorkforAtalysis, prepared for the
Electric Power Research Institute, Tellus No. 90-177, January 1991.

The Potemntitl Inipact of Environmnenttal Externalities ont NVewv Resource Selection mum(l Electric
Rates, for and with the Massachusetts Division of Energy Resources, Tellus No. 90-165, January
1991.

Environmnental Inipacts of Lomig tslatd's E nergy C/oices: The Environmental Benceflts of
Deinandl-Sile Managemzent, prepared for Long Island Power Authority, Tellus No. 90-028A,
September 1990.

Review of Southern Connecticiut Gas Conipaniys Conservationi Imipact Mot/el, prepared for the
Conservation Collaborative Group (Southern Connecticut Gas Company, Connecticut
Department of Public Utility Control (DPUC), Prosecutorial Division, DPUC, Office of Policy
and Management/Energy Division, and Office of Consumer Counsel), Tellus No. 90-084, July
1990.

Disposal Costs at Evisting mnid Proposed Low-Level Radlioactive W~aste Disposal Facilities anid
the Iinplicationsfor Vermont, prepared for the Vermont Department of Public Service, Tellus
No. 89-168, March 1990.
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Affidavit on Seabrook Decomusissioning, prepared for the Massachusetts Attorney General,
ESRG Project No. 89-246, 176bruary 1990.

Tue Econonwics of the Palisa(les Nutclear Plannt: An Analysis of tle Proposed Sale amd Powver
Purclase A reeieienrt, a report to the Michigan Attorney General, ESRG No. 88-IOOC, April
1989.

An Analysis of Phjsical Excess and Unecobnoniic Capacity Resultingfrom the Addition of
Beaver Valley 2 and Perry I to the Centeiior Generating System, areport for the Ohio Office of
Consumers' Counsel, ESRG No. 88-38B, October 1988.

Tue Economics of Diablo Canyjon: Ahly-es of the Proposed SettlemneiitAgreemnent and the
Continued Operation of t/e Plant, a report for the Redwood Alliance, ESRG No. 88-050R,
September 1988.

The Fort St. Vrainulitclear Plant: Ecoisomnics ahidRelated Issues, a report to the Colorado
Office of Consumer Council, ESRG No" 86-004, May 1987.

Towards an Energy Transition on LIong Island: Issues and Directions for Planninsg, a report
for Nassau and Suffolk Counties, New York, ESRG No. 87-05, April 1987.

Tue Economnics of Conrpleting asd Operating the Vogtle Nuclear Generating FaciliJ,
prepared for the Georgia Office of Consumers' Utility Counsel, ESRG No. 85-098, April 1986.

Auldit-RelatedIssues is the 1'WIPProgram, a report to Technical Development Corporation,
ESRG No. 85-41, January 1986.

Two Issues is Georgia Powver Compans 'Plasning: The Economics of tle Vogtle Plant - The
Coinpany's Load Forecasting, ESRG No. 85-5 IA, December 1985.

Cost-Benefit Analysis of the Cmacellation of Comnmonovealth Edison's Braidirool Nuclear.
Generating Station, ESRG No. 83-87, October 1984.

The Econonsics of Seabrook lfronm tlse Perspective of the Three Alnine Co-ownsers, a report to.
the Maine Public Utilities Commission, ESRG No. 84-38, September 1984.

Evaluation of tse Mlassachusetts Energy Conser'ation Senrice, ESRG No. 84-07, August 1984:

Electric Rate Consequeuices of Cancellatlois of tlhe Mfidland lNuclear Power Plant, ESRG No.
83-81/1, May 1984. , . . .. -.' *

Power Plannsing'in Kentucky: Assessing Issues aid Choices, Technical Report III.
Consenration as a Planning Option, ESRG No. 83-5 I/TRIII, January '1984.

Electric Rate Conseqiieitces of Retiring the Robiitsows 2 Nuclear PowerPlant ESRG No. 83-
I0, January 1984.'

Power Planning in Kenstucky: Assessing Issues and Chsoices, Technical Report I: Long Range
Forecasts of ElectricitJ Requirensents for Kentucky and its Six- AajorI Utilities, ESRG No. 83-
51/TRI, December 1983.

Power Planning is Kenstucky: Assessing Issues and Choices, Project Stunsnary to tlse Public
Service Consmsission, ESRG No. 83-5 1, November 1983.
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Electricity andi Gas Savin gsfrom Evpandlet1 Ptiblic Service Electric and Gas Comnpalty
Comjservatioin Programs, a report to tile New Jersey Division of Rate Counsel, ESRG No. 82-
43/2, October 1983.

Lontg Msaiutl lWithout the Slhorelham Power Plant: Electricity Cost anild Sstemii Plaimthig
Conseqlite'ices, ESRG No. 83-14/S, July 1983.

,I Techinical Report to the Staff of the District of Colhi,,bia Public Service Coninissiont oil the
Beniefits to Ratepayers of the ELlectric Powver Research Instititte u,,,l Gas Research Institute
Programs, ESRG No. 83-1 1, February 1983.

Customer Programs to Modlerate Detatnid Growth oi the Arizotia Public Service Comiipany
S'stemuu: M(ewliffig,'In(Alditiona ll Cost-Effective Progranmz Optiois, ESRG No. 82-14, December
1982.

The Economiics of llternative Space m,,d 1W"ater Ileatiuug Systents in NVewv Coistriutionl in the
Venv Jersey Powver and Light ServiceIrea, a report to the lPublic Advocate, ESRG No. 82-31,
December 1982.

Report onl Electricity Conservation inl the State of Vermnonut: Assessing tihe Potenttial aml
Developing Programn Strategies, a report to the Department of 1lublic Service, IESRG No. 82-23,
October 1982.

Lottg-Ranige Forecast of Electric Loals in the State of Vermont, ESRG No. 82-16, October
1982.

Tihe Economics of Closing tIhe Intdfiaa Point Nuitclear Power Plaints, ESRG No. 82-40, October
1982.

Priority Residlential Customer Prograins to Conaserve Electricity andl Gas in tihe Public Service
Electric anrd Gas Companiy A-rea, a report to the Division of Rate Counsel for New Jersey Board
of Public Utilities, ESRG No. 82-43, September 1982.

The Impacts of Early Retirement of NViiclear Po)wrer Planit: The Case of Maine Yankee, ESRG
No. 82-91, August 1982.

Lonig Ranige Forecast of Alatintic City Electric Companly Electric Energy anll Peak Delnanul, a
report to the Newv Jersey Board of Public Utilities, ESRG No. 82-17/1, July 1982.

,A Powver Suipply amid FinacialAnialysis of tile Seabrook NVuclear Stationt as a Generation
Option for the Manze Public Service Comlpany, a report to the Staff of the Maine Public
Utilities Commission, April 1982.

Lonig Ranige Forecast of Detroit Ed(fism ComE pany Electric E nergy Reqluiremenits and Peak
Demandts, a report to the AMichigant Public Service Commnissiot, ESRG No. 81-60/2, April
1982.

Lonig Raige Forecast of Conisiuier's Power Compalyn Electric Energy Requlirements atnd
Peak Demaiids, a report to the Michigan Public Service Commission, ESRG No. 8 1-60, March
1982.
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A C'onser'ation Case Forecasi of Electric Einergy 2onisnptiiol, ald Peak Deniad it: the:'
Sierra Power Conipany Senice Area, ESRG No. 81 42/2, February 1982.

AMaine Ptublic Serice Company 's Electric E, ergy Requirenments and Peak Dehiantds, a report
to the Maine Public Utilities Commission, ESRG No. 81-61, January 1982.

Consenration Investment Scenario for the Northeast Utilities Connecticut Service Area,
ESRG No. 81-12/1, October 1981.

The Consenation Im' estnient Altertnative for New York State, ESRG No. 80-42, September
1981.

A Consenration Investment PrograinforAlabaina Power Conpany, 'a report to the Alabama
Public Service Commission, ESRG No. 80-62/2, July 1981..

A Conservation Investment Strategy for Utah Power and Light Coiqpanj.' Cost- Benefit
Analysis, Public Service Commission of Utah, Case No. 80-035-17, ESRG No. 81-06, February
1981.

The Conservation Alternative to the Poner Plait at Shorehain, Long Island, ESRG No.' 80-31,
November 1980.

PAPERS
"Capacity for the Future: Kinky Curves and Other Reliability Options," Paul Peteirson,
David White, Amy Roschelle, and Bruce Biewald, December 20, 2004. ..

"Estimating Emission Reductions from Encrgy Efficiency in tle Northeast," Bruce Bienald
and Geoff Keith, ACEEE 2004 Summer Study, Pacific Grove, CA. August 22-27, 2004.

"Long-Term Power'Contract's:'Thc'Art of the Deal," Amy Roschellle; \William Steinhuirst,
Paul Peterson, and Bruce Biewald, Public Utilities Fortnightly, August 2004.

"Designing Demand Response Progrims in Nev England to Achieve Air Quality Benefits,"
Geoffrey Keith, Bruce Biewald, and David White, T7e Electricity Journal, May 2004.

"The 2003 Blackout: Solutions that 'Won't Cost a Fortune," David White, Amy Roschelle,
Paul Peterson, David Schlissel, Bruce'Bie'wald, and William Steinhurst, The Electricity Journal
November 2003. '

"Electricity Market Distortions Associated with Inconsistent Air Quality Regulations," Tim
Woolfa'nd Bruce Biewvald, Thze Electriciiy'.!loiirnal ' April 2000' '-' ' '

W'o.f * and . ,'T7e .'.e' tr.i' S uT'1 . '

"Grandfathering and coal plant emissions: the cost of cleaning up the Clean Air Act,"
Frank Ackerman, Bruce Biewald, David White, Tim Woolf, William Moomaw, Energy Policy
Volume 27, Number 15, December. 1999.

"Follow the Money: A Method for Tracking Electricity for Environmental Disclosure,"
Bruce Biewald, David White,Eand Tim Woolf, TThe Electricity Journal, May 1999.

Book Review of "U.S.' Utility Mergers and ihe Restructuring of the New Global 'Power
Industry," in Energy, October 1998.
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"Iml)lications of Premature Nuclear Plant Closures: Funding Shortfalls for Nuclear Plant
Decommissioning and Spent Fuel Transportation and Storage," Bruce Biewald and David
White, prepared for the United States Association for Energy Economics and International
Association for Energy Economics, 1 9th Annual North American Conference, Albuquerque, NM,
October 1998.

"Efficiency, Renewables andi Gas: Restructu ring as if Climate Mlattered," Tim Woolf and
Bruce Biewald, The Electricity.Journal, January/FebrUary 1998.

"Green Electricity: Tracking Systems for Environmental Disclosure," B. Biewald and J.A.
Ramey, proceedings of WINDPOWER '97, the American Wind Energy Association's annual
conference in Austin, Texas, forthcoming.

"Competition and Clean Air: 'rhe Operating Economics of Electricity Generation," The
Electricity .Jounzal, January/February 1997.

"Electric Industry Restructuring and Environmental Sustainability," proceedings of the
United States Association for Energy Economics and International Association for Energy
Economics, 17th North American Conference on (De)regulation of Energy, Boston, October
1996.

"Residential Real-Time Metering Technology for Electricity Restructurinig," Daljit Singh
and Bruce Biewald, presented at the National Training and Information Center conference,
Chicago, September 1996.

"Competition an(1 Environmental Impacts in the U.S. Electric Sector: Must Market Forces
be Tamed?," presented at the International Society of Ecological Economics conference,
Boston, August 1996.

"Stranded Risk: Nuclear Power Issues in Electricity Restructuring," for Energy Advocates
meeting in Austin, Texas, May 1996.

"Counting the Costs: Scientific Uncertainty and Valuation Perspective in EXMIIOD,"
Stephen Bernow, Bruce Biewaid, William Dougherty, and David White, presented at technical
meeting of the International Atomic Energy Agency, Vienna, Austria, December 4-8, 1995.

"Environmentally Targeted Objectives for Reducing Acidification in Europe," Energy
Policy, C.A. Gough, P.D. Bailey, B. Biewald, J.C.I. Kuylenstierna and M.J. Chadwick,
December 1994.

"Environmental Externalities: Highways and Byways," NRRI Quarterly Bulletin, Vol. 15
No. 4, Bruce Biewald, Paul Chernick and Bill Steinhurst, December 1994. Also presented at
NARUC's 5th National Conference on Integrated Resource Planning, Kallispell, Montana, May
15-18, 1994.

"From Social Costing to Sustainable Development: Beyond the Economic Paradigm,"
Stephen Bernow, Bruce Biewald, and Paul Raskin, in Social Costs of Energy: Present Status and
Future Trends, Proceedings of an International Conference held at Racine, Wisconsin, September
8-11, 1992. Edited by Olav llohmeyer and Richard Ottinger. Published by Springer-Verlag,
September 1994.
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"Modelling Renewable Electric Resources: A 'Case Study of Wind," Stephen Bernow, Bruce
Biewald, DaIjit Singh, and Jeff Hall, proceedings of the Ninth NARUC 'Biennial Regulatory
Information Conference, Columnbus, OH,' September 7-9, 1994.

"Alternative Closed Cycle Cooling Systems for Power Plants: A Framework of Evaluation
in Integrated Resource Planning," DaUit Singh and Bruce Biewvald, in the proceedings of the
Ninth NARUC Biennial Regulatory Information Conference, Columbus, 01-1. September 7-9,
1994.

"Misconceptions, Mistakes and Misnomers in DSM Cost-Effectiveness Analysis, Or What
Do You Really Mean By T.R.C.?," Mark Fulmer and Bruce Biewald, ACEEE 1994 Summer
Study, Pacific Grove, CA. August 28 - Sept. 2, 1994.

"Modelling Renewable Electric Resources: A Case Study of Wind. Power," Stephen Bernow,
Bruce Biewald, and Daljit Singh, presented at WINDPONWER 1994, Sponsored by American
Wind Energy Association, Minneapolis, Minnesota,'May 9-13, 1994.

"National Climate Change Policy and Clean Air Act Compliance: A Case Study of
Combined C02/S02 Reduction," Stephen Bern6w, Bruce Biewaid, Mark Fulmer, Tim Woolf,
Kristen Wulfsberg, and Barry Solomon, in the proceedings of NARUC's 5th National
Conference on Integrated Resource Planning, Kallispell, Montana, May 15-18, 1994.

"Modelling Renewable Electric Resources: A Case Study of Wind Reliability," Stephen
Bemow, Bruce Biewald, and DaUit Singh, presented at the NARUC-DOE National Regulatory
Conference on Renewable Energy, Savannah, Georgia, October 3-6, 1993.

"Environmental Sustainability as a Goal in Resource Planning and Policy," Stephen
Bernow and Bruce Biewald, Office of Technology Assessment workshop, Washington, DC.
April 1993.

"Climate Change and the U.S. Electric Sector," Bruce Biewald and Stephen Bernow,
presented at NARUC's 4th National Conference on Integrated Resource Planning, Burlington,
Vermont, September 1992.

"Coordinating Clean Air Act Compliance with Integrated Resource Planning: The Role of
Externalities," Stephen Bernow, Bruce Biewald, and Kristin Wulfsberg, the Eighth NARUC
Biennial Regulatory Information Conference, Ohio State University, Columbus, Ohio.
September 9-11, 1992.

"Direct Environmental Impacts of Demand-Side Management," Stephen Bernow, Frank
Ackerman, Bruce Biewald, Mark Fulmer, Karen Shapiro, and Kristin Wulfsberg, American
Council for an Energy Efficient Economiy (ACEEE) 1992 Summer Study, September 1992.

"Modelling Fuel Cycle and Site-Dependent Environmental Impacts in Electric Resource
Planning," Stephen Bernow and Bruce Biewald,'invited paper at OECD-IEA Expert Workshop
on Life-Cycle Analysis of Energy Systems, Paris, France, May 18 and 19, 1992. Proceedings
published OECD/IEA Paris, 1993.

"Computer Model Use in Energy Conservation Planning," presented at the Latin American
Energy Organization (OLADE) Seminar on Power Systems Computer Modelling in Quito,
Ecuador, September 23-25, 1991.
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"Environmental Externalities MIcasurement: Quantification, Valuation and1 Monetization,"
Bernow, BI:ewald and Milarron, ii External Environmental Costs of Electric Power, proceedings
of a German-American workshop, Ladenburg, FRG, October 23-25, 1991. Edited by Olav
llollieyer and Richard Ottinger, published by Springer-Verlag (Berlin, Hleidelberg, New York).

"Some Mlicrocomputer Tools for Least Cost Integrated Energy Planning: ECO, LEAIP andl
EDB," Bruce Biewald and Harvey Salgo, presented at workshop on Energy lPricing and
Planning, Bratislava, Czechoslovakia, Mlay 21-22, 1991.

"Confronting Uncertainty: Contingency Planning for l)ecommissioning," Bruce Biewald
and Stephen Bernow, Chapter IS of"Nuclear Decommissioning Economics," a special issue of
The Energy.Journal of the International Association for Energy Economics, Volume 12, March
1991.

"Avoidledl Emissions and Environmental I)ispatch," Stephen Bernow and Bruce Biewald,
presented at the Conference on "Demand-Side Management and the Global Environment,"
Arlington, Virginia, April 22-23, 1991.

"Environmental Benefits of D)SMI in New York: Long Island Case Study," Bruce Biewald
and Stephen Bernow, presented at the Conference on "Demand-Side M0anagement and the Global
Environment," Arlington, Virginia, April 22-23, 1991.

"Full Cost l)ispatch: Incorporating Environmental Externalities in Electric System
Operation," Stephen Bernoew, Bruce Biewvald and Donald Marron, the Electlricily .Iorlnl,
March 1991.

"EDII: A Flexible Database System for Energy-Enviroinmental Analysis," Bruce Biewald,
Michael Lazarus, and David Von Hippel, presented at International Atomic Energy Agency
(IAEA) 'Iechnical Committee Meeting on "Development of a Database for Comparative Hlealth
and Environmental Impacts of Various Energy Systems," in Vienna, Austria, October 15-19,
1990.

"Full Cost Economic Dispatch: Recognizing Environmental Externalities in Electric Utility
System Operation," Stephen Bernow, Bruce Biewald, and Donald Marron, presented at
NARUC Conference on Externalities, Jackson Il-ole, Wyoming, October 1990.

"An Assessment of Demand-Side MIanagement MIodeIs and Their Use anmd Applicability in
Canadian Utilities," Martin Adelaar and Bruce Biewald, in the proceedings of the Canadian
Electrical Association Demand-Side Management Conference, Halifax, Nova Scotia, September
1990.

"Avoided Cost Contracts Can Undermine Least Cost Planning," Stephen. Bernow, Bruce
Biewald, and Donald Marron, Energy Policy, September 1990.

"Environmental Externalities Measurement: Quantification, Valuation, and
Monetization," Stephen Bernow, Bruce Biewald, and Donald Marron, in the proceedings of the
Seventh NARUC Biennial Regulatory Information Conference, September 1990.

"Do We Really Need Nuclear Generating Companies?," Public Utilities Fortnightly, June 7,
1990.
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"Nuclear Power Economics: Construction, Operation and Disposal," Bruce Biewald and
Donald Marron, March 1989.'-

"Electric Utility System Reliability Analysis: Determining the Need forGenerating
Capacity," Stephen Bernow and Bruce Biewald, in the proceedings of the Sixth NARUC
Biennial Regulatory Information Conference, September 1988.

"Nuclear Powver Plant Decommissioning: Cost Estimation for Power Planning and
Ratemaking," Stephen Bernowv and Bruce Bievald, Public Utilities Fortnightly, October 29,
1987.

"Cost and Performance of Boiling Water Reactors," Stephen Bern6w, Bruce Bievald 'and
Tim Woolf, Public Utilities Fortnightly, August 1987.

PRESENTATIONS
(Note: Presentations that were accompanied by a written paper are listed in the section for
"papers," above.)

"The Shape of Things to Come: Incorporating Unproven Reserves of Efficiency Savings into
Energy Models," presentation to the East Coast Energy Group, Washington, DC, November 10,
2004.

"Displaced Emissions from Renewvables and Efficiency in the Northeast United States,"
presentation at a workshop convened by the Commission for Environmental Cooperation, the US
Environmental Protection Agency, and the World Resources Institute, Washington DC,
Novermber 4,;2004.

"Electric Transmission Technical and Policy Issues," presentation at National Association of
State Utility Consumer Advocates conference in Austin, Texas, June 14, 2004.

"Incorporating Renewable Generation into a Risk Management Strategy," presentation atthe
New England Conference of Public Utility Commissioners Symposium, Brewster,
Massachusetts, May 25, 2004. -

"Electricity Portfolio Management," presentation at Illinois State University Institute for.
Regulatory Policy Studies Conference on "Beyond 2006," Springfield, Illinois, May 20, 2004.

"Electricity Risk Management: Diversified Resource Portfolios," presentation at Electric'Povei
Supply Association Meeting, Washington, D C., May 6, 2004.

"Quantifying Emission Reductionsfrom Local Government Actions," presentation to
Metropolitan Washington Council of G6oernments Energy and Air Qudliiy Confeirence,
Washington DC, April 5, 2004.

"Electricity Portfolio Management," presentation to'National Association of Regulatoiy Utility
Commissioners' conference in Washington, D.C.,March 9, 2004.

"Portfolio Management for Electricity," presentation at the Regulatory Assistance Project's
workshop on portfolio management, Chicago, September 18, 2003.
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"Issues in Estimating Electric System Displaced Emissions," presentation at the Commission for
Environmental Cooperation Technical Meeting on on Approaches to Estimating Environmental
Benefits of Renewvable Energy and Energy Efficiency. Washington, DC, July 27, 2003.

"Best Practices in Market Monitoring and Mitigation," presented at the National Association of
State Utility Consumer Advocates Mid-Year Meeting in Austin, Texas, June 16, 2002.

"Regulation of Waste Management at Large Electric Utilities: Modeling Industry Impacts," US
Environmental Protection Agency, August 7, 2001.

"Quality of Service in Performance-Based Regulation: US Experiences," presented at the
Seminar on Regulation of Electricity Supply Quality, Milan, Italy, June 8, 2001.

"Demand Response in Electricity Markets," presented at the National Association of State Utility
Consumer Advocates Mid-Year Meeting in Santa Fe, New Mexico, June 18, 2001.

Presentation on "Repowering the Midwest: The Clean Energy Development Plan for the
Heartland," at the National Wind Coordinating Committee Upper Midwest Transmission
Workshop, Miinneapolis, Minnesota, May 1, 2001.

"Observations on1 New England's Electricity Markets," National Regulatory Research Institute
Market Powver Conference, Columbus, Ohio, April 10, 2001.

Presentation on "Derailing Coal: Thle Economics of Coal-Fired Electricity Generation in the
U.S.," Tax Shift Strategy Meeting, Washington, D.C., December 2, 2000.

Presentation on "Repowering the Midwest: A Clean Energy Development Plan for the
H-leartland," presentation with I toward Learner at the National Association of Regulatory Utility
Commissioners Annual Meeting, San Diego, California, November 14, 2000.

Presentation on1 "Electricity in Nev England: Market Imperfections of Failure?" at National
Association of State Utility Consumer Advocates Annual Meeting, San Diego, California,
November 13, 2000.

Presentation on "I- low Green is Green? Verifying Energy Advertising Claims," at the New
England Conference of Public Utility Commissioners Symposium, Bretton Woods, New
Hlampshire, May 25, 1999.

Presentation on "Consumer Perspectives on Market Power - Case Studies from New England,
New York, PJM, and Mississippi," IBC Conference on Market Power, Washington DC, May 24,
1999.

Presentation on "Grandfathering and Environmental Comparability," at the National Association
of Regulatory Utility Commissioners 1998 Summer Committee Meetings, Seattle, July 26, 1998.

Presentation on "Tracking Electricity in the Nev England Market," at the National Association
of Regulatory Utility Commissioners 1998 Summer Committee Meetings, Seattle, July 26, 1998.

Presentation on "Tracking Electricity in the Newv England Electricity Market," at the National
Council on Competition and the Electricity Industry National Executive Dialogue on Customers'
Right to Know, Chicago, May 13, 1998.
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Presentation on "Comparable Environmental Regulitions in a Restructured Electricity Industry:
The Grandfathering Effect," National Association of Regulatory Utility Commissioners meeting
in Washington, D.C., March I,.1998.

Presentation on "Market Power in Electricity Generation," National Consumer Law Center
Conference, Washington, D.C., February 9, 1998.

Presentation on "Electricity Market Power in New England," Massachusetts Electric Industry
Restructuring Roundtable, Boston, December 15, 1997.

Presentation on wind power development and air quality, National Wind Coordinating
Committee New England Wind Issues Forum, Boston, November 7, 1997.

Invited speaker on market power, National Association of State Utility Consumer Advocates'
meeting in Boston, November 12, 1997.

Presentation on "Distortions to Future and Current Corijetitive Electric Energy Markets Due to
Grandfathering Environmental Regulations of Electric Power Plants," National Association of
Regulatory Utility Commissioners meeting in Boston, November 9, 1997.

Presentation on "Electric Industry Restructuring as if the Environment Mattered," Boston Area
Solar Energy Association, October 9, 1997.

Invited speaker on "Modeling Market Power in Electricity Generation," National Association of
Regulatory Utility Commissioners meeting in.San Francisco, July 22, 1997.

Presentation on "Performance-Based Regulation in a Restructured Electric Industry," National
Association of Regulatory Utility Commissioners meeting in San Francisco, July 20, 1997.

Presentation on "State Initiatives and Regional Issues," New England Governors' Conference
Workshop on Restructuring and Environmentally Sustainable Technologies, Warwick, Rhode
Island, March 25, 1997.

Invited speaker on stranded costs, National Association of State Utility Consumer Advocates
meeting in San Francisco, November 1996.

Presentation on "Nuclear Power Plant Decommissioning Costs and Electricity Restructuring,"
Nuclear Decommissioning Trusts conference, New York City, November 18, 1996.

Invited speaker on stranded costs, Indiana Utilities Regulatory Commission Forum, Indianapolis,
November 1, 1996.

Presentation on "Electric Industry Restructuring and the Environment," at the Indiana Energy
Conference, Indianapolis, Indiana, October 10, 1996.

Presentation on "Small Customers in a Restructured Electricity Industry: Transaction Costs,
Advanced Metering Technologies and Aggregation Options" to the Consumers' Energy
Conference, South Portland, Maine, July 1996.

Presentation on "Electric Generation Market Power in New England" to New England
Conference of Public Utility Commissioners, Manchester Village, Vermont, May 1996.
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Presentation on "Advancedl Metering for Residential Customers on Electricity Restructuring" to
National Consumer Law Center's 10th Annual Conference in Washington, DC, February 1996.

Presentations on "Market Power," "Environmental Aspects of Restructuring" and "Market
Access for Small Customers" to Vermont Public Service Board workshops on electricity
restructuring. January and February 1996.

Presentation on "Environmental Impacts of Energy: Sustainability and Social Costing" to British
Columbia Utilities Commission Workshop, Vancouver, BC, March 1995.

Presentation on "Competition and Economic Efficiency" to the National Council on Competition
and the Electric Industry, December 1995.

Presentation on "Compliance Planning Under Regulatory Uncertainty," to El'A "Opportunities
Conference: Energy Efficiency and Renewvable Energy," Washington, DC, June 1993.

Presentation on "Energy and Sustainability" to Hlydro-Quebec Conference, H-lampshire College,
Amherst, Massachusetts, April 1993.

Invited Speaker on environmental externalities, ASMIE "ECO World" conference in Washington,
DC, June 1992.

Invited Speaker, Association of Energy Engineers, Boston, Massachusetts, February 1992.

Presentation of Acid Rain Abatement Optimization Model to the Swedish Environmental
Protection Agency, Solna, Sweden, November 1991.

Presentation on Integrated Resource Planning to Boston Gas Company, July 1990.

'Training on Methods for Calculating Electric System Avoided Costs, provided to energy
planners and policy makers from five Southeast Asian countries sponsored by U.S. Agency for
International Development and administered by the Institute of International Education, May
1990.

Invited Speaker, National Association of State Utility Consumer Advocates (NASUCA) Mid-
Year Meeting, Annapolis, Maryland, and June 1988.

Invited Speaker, Conference on Newv Developments in Nuclear Decommissioning Costs and
Funding Methods, sponsored by the Northeast Center for Professional Education, Washington,
DC, April 1988.
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Exhibit 3
Affidavit of Brilce Biewald

Estimated and Realized Nuclear
Construction Costs

Estimated Costs at Estimated Costs at
Start of Realized Start of Realized
Construction(Millions Cost(Millions Construction(Millions Cost(Millions

Plant of 1990$) of 1990$) Plant of 1990$) of 1990$)
Arkansas Nuclear

Arkansas Nuclear
2
Beaver Valley 1
Beaver Valley 2
Braidwood
Browns Ferry 1
Browns Ferry 2
Browns Ferry 3
Brunswick 1
Brunswick 2
Byron 1
Byron 2
Callaway
Calvert Cliffs 1
Calvert Cliffs 2
Catawba 1
Clinton
Cooper
Crystal River 3
Davis-Besse 1
Diablo Canyon 1
Diablo Canyon 2
Donald C. Cook 1
Duane Arnold.
Edwin I. Hatch 1
Edwin I. Hatch 2
Fermi 2
Fort Calhoun 1
Grand Gulf 1
Harris 1
Hope Creek
Indian Point
Joseph M. Farley 1
Joseph M. Farley 2
Kewaunee
LaSalle 1
LaSalle 2
Limerick 1

$375 $624 McGuire 1 $414 $1,299

$460
$513
$913
$762
$303
$227
$227
$430
$352
$741
$552

$1,136
$357
$287
$559
$710
$378
$362
$484
$445
$459
$657
$340
$417
$653
$596
$222

$1,105
$898

. $1,592
$477
$387
$406
$297
$715
$532
$921

$1,081
$1,176
$4,099
$2,723

$876
$657
$657
$718
$933

$2,518
$2,072
$2,999
$1,142

$765
$2,074
$4,058
$1,053

$948
$1,359.
$3,750
$2,333
$1,303

$716
$951
$922

$3,783
$520

$3,473
$3,999
$4,598

$859
:$1,463
$1,228

$559
$1,918
$1,255
$3,980

McGuire 2
Millstone 2
Millstone 3
Nine Mile Point 2
North Anna 1
North Anna 2
Palisades
Palo Verde 1
Palo Verde 2
Peach Bottom 2
-Peach Bottom 3
Perry 1
Rancho Seco
River Bend 1
Salem 1
Salem 2
San Onofre
San Onofre 3
Sequoyah I
Sequoyah 2
Shoreham
St. Lucie 1
St. Lucie 2
Surry 1
Surry 2
Susquehanna 1
Susquehanna 2
Three Mile Island 1
Three Mile Island 2
Trojan
Virgil Summer 1
Waterford 3
Wolf Creek 1
WPSS 2
Zion 1
Zion 2

$472
$474

$1,046
$1,008

$515
$445
$294

$1,234
$920
$532
$423
$981
$389
$718
$462
$378

$1,134
$1,056

$524
$429
$300
$365
$893
$419
$329

$1,320
$753
$323
$668
$582
$630
$617

$1,143
$786
$593
$430

$1,269
$936

$3,998
$5,281
$1,555

$932
$422

$4,185
$2,291
$1,418

$560
$3,729

$876
$4,091
$1,829
$1,497
$3,343
$2,078
$1,560
$1,276
$4,139
$1,130
$1,876

$761
$437

$2,654
$2,274
$1,008
$1,287
$1,145
$1,707
$3,303
$2,835
$4,008

$768
$752

Total $45,247 $144,650
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