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INTERV ENORS’ MOTION TO AMEND CONTENTION 3.1

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

- Center, Blue Ridge Environmental Defense League, Nuclear Information and Resource Service,
Nucléar Energy Information Service, and Public Citizen hereby move to amend Contention 3.1.
This Motion is filed to address the significant mat.eriai flaws in the discussions of alternatives
provided by the NRC Staff and Exelon since the admission of Contention 3.1.' In these
discussions, the NRC Staff and Exelon continue to improperly reject better, 10wer—post, 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).

! As explained in their Af)ril 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:

THE CLEAN ENERGY ALTERNATIVES CONTENTION

The Draft Environmental Impact Statement and Additional Filings by Exelon Fail To
Rigorously Explore And Objectively Evaluate All Reasonable Alternatives.

Since the admission of Conter;tion 3.1, the NRC Staff has filed its Draft Environmental -
Impact Statement (“Draft EIS”), and Exelon has ﬁ}ed a Response to the NRC Staff’s Request for
Additional Information (“RAI Response”), a Motion for Summary Disposition of Contention 3.1

(“Exelon M(;tion”), and an affidavit supporting that Motion (“Exelon Affidavit”). Exelon and
the NRC Staff assert that these documents adequately ahalyze clean energy alternatives to ﬁew
nuclear power and address the issues rai;ed in Contention 3.1. In reality, however,A the
discussions of clean energy alternatives in this proceeding continue to be based on several
material flaws that léad 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 discuss&ons 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 evalﬁated 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 preférable 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



alternative clean energy sources in combination and instead p{ovidc 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...ona 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 plz.int on the site of the existing Clinton 1 nuclear piant
in Clinton, Illinois. After Exelon filed its application with the NRC on September 25, 20.03,'
Intervenors on January 12, 2004 petitioned to intervene z;nd requested a hearing. On May 3,
2004, Intervenors ﬁlec} fheir contentions, and on August 6, 2004 the Panel admitted Contention
3.1 while rejecting othcr' contentions raised by the Intervenors. As ad(nitted 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 impro;;erly reject the bét.ter, lower-cost, safer, and environmentally
preferable wind power and solar power alter:tllatives, and fails to address adeqhately a mix of
these alternatives along with gas-fired and “clean coal’ resources alternatives.” 7

In fesponse to the admission of Contentioﬁ 3.1, the NRC Staff oﬁ August 23, 2004 sent
Exelon a Request for Additional Information regafding 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,



solar, and natural gas or “clean coal” “could be used. to generaté baseload power and would serve
the purpose of” the prdposed Clinton 2 facility. (RAI Response at 18). Yet Exelon rejects wind
power and solar power, both alone and in combination with natural gés and “clean coal,” because
they purportedly are not énvironmentally preferable and more costly than new -nuclear power.
(I1d. at 19). |

On March 8, 2005, the NRC Staff iséued its D'raft. EIS for Exelon’s ESP application. The
Draft EIS accepts Exelon’s assertion that the purpose of this pfoject is to crcate baseload power
and rejecté 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 nu;:lear 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,
asserﬁng that Contention 3.1 was a contentioh 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 afﬂdavii along with the RAI Responsé 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 qoncluded_ (Intervenors believe incorrectly) that -
Contention 3.1 was a conténtion of omission and that, thereforé, any response to the substance of

. the additiorial discussions of clean energy alternatives found in Exelon’s filings and the Draft
EIS would have to take the form 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. ’36, 2005 at 5-6).

| On April 6, 2005 Interven;)rs 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



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 feject 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.

H. AMENDMENT OF CONTENTION 3.1 1S PROPER UNDER 10 C.F.R 2.309(f).

As the Panél has recognized, amendment of Contention 3.1 to address the substance of
the additional discussions of cllean energy altématives 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 méy be amended when such amendment: (1) addresses information that was not
previously available, (2) addressés information that is materially different than information
previously available, and 3) is submitted in a time]y fashion after the new information becomes
available. 10 C.F.R. 2.309(f)(2)(i)-(iii). The regulations specifically provide th;clt where, as here,
a contention raises an issue under NEPA, such contention must be filed based on the applicant’s
ER, ar'xd 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(f)(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‘Interver;ors,to challenge the
substance of the Draft EIS and additionaI: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).



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 sgeks
to address the substance of the new data and conclusions presented in the Draft EIS and by
Exelon since the admission of Co_ntention 3.1. As'rcquircd, 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_ qdditiona] filings claim to address those flaws by
presenting data and conclusions not included in the 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 altemativeé. (DEIS at 8-15; Exelon
Affidavit at § III). It is plainly appropriz_xte 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(H)(2)(iii). .In particﬁlar, 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 lbng aé it is filed on or before April 22, 2005. (Panel
Order, April 6, 2005 at 3). This Motiqn is being filed on April 22, 2005 and, therefore, meets

this timeliness standard.



1. AMENDED CONTENTION 3.1 IS BASED ON A NUMBER OF MATERIAL
FLAWS IN THE 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 natu'rel gas or “clean ceal” “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 relics heavily on the discussion provided in Exelon’s RAI Response to 31m11arly
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
altematives discussions provided in. the Draft EIS and Exelon’s additional filings are
“inadequ’a.te, biased, inaccurate, and based upon out-of-date information.” (Biewald Affidavit,
§1V). In particular, the discussion of alternatives in the record underestimate the impacts and
costs of a nuclear power plant while overestir.nating 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 ef wind power and solar energy. The record

demonstrates that there are genuine issues of material fact regarding the impacts, benefits, and



costs of nuclear power and 'clezin enerz.;y alternatives. Therefore, the Panel should admit
Amended Contention .3.1 and a hez‘lring should be held on the issues raised therein.

The legal requirements here are clear. P;Irsuant to NEPA, all “reasonqb]e 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); seé also 10 C.F.R. 51.45(bj(3) (NRC must
“develop and explore"_. .. appro_pr_iateA altem:at‘ives to recommended courses of action.”). In
analyzing alternatives, an agency is not bound by the wishes of the project applicant, Simmons v.
U.S. Army Corps of Engineers, 120 F.3d 664, 669 (7lh Cir. 1997), but instead must consider all
reasonable alltematives to meeting the goal of a proposal, whether or not the applicant wants to
or is able to carry them out. Cf 42 C.E.R. 1502.i4(c);' Muckleshoot Indian Tribe v. U.S. Forest
Serv., 177 F.3d 800, 814 (9" Cir. 19995. Alternatives must be considered not only individually,
but also in combination, Davis v. Mineta, 302 F.3d 1104, 1121-22 (10th Cir. 2002), and the
analysis must be based on information that is up-to-date and accurate. Cf. Vermont Yanke{z
Nuclear Power Corp. v. Natural Resources.Defense Council, 435 U.S. 519, 552-553 (1978)
(recognizing that the coﬁéept of alternatives is an “evolving onc” that an agency must judge “by

the information then available to it.”)

A. The Draft EIS and Exclon 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 .

~



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 ;my need for
additional baseload power and, in fact note that Hlinois is a net exporter of power. (DEIS at 8-4;
Exelon ER at 9.2-5).
| éiven 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 rej_ection of energy éfﬁciency alternatives violate NEPA and hereby incorporate
their prior argumenté on this issue by reference. Inte'r;'enors believe that the Panel sho'u]d also
reconsider its prior rejectién 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 simiiar concerns about the failure of the NRC to evaluate now whether there
is a need for power.? In those comments, the U.S. EPA stated that the failure to con.sider the
need .for power “ignores the. justification for the power plant addition in the early stage of project
developmem as well as biases the subsquent 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 qnd 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

21.S. Environmental Protection A ency, Comments to t.he Draft Environmental Impact Statement for an
Early Site Permit (ESP) at the North Anna ESP Site - NUREG-1811 (North Anna ESP Project), Mar. 1,

2005, available at http://www.citizen.org/documents/EPAcommentsDEIS . pdf.
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cost-effectiveness of éuch efforts. (DEIS at 8-3; Exelon ER ét 9.2-4). In reality, however,
energy efficiency efforts can reduce demand for electricity at a cost of 4.4 cents pler/kWh (and
with virtually no 'environmental impacts), which is less than the estima'ted cost of nuclear, wind,
or natural gas power. (Biewald Affidavit, §II1.D at Table 7). Therefore, erergy efficiency must

be objectively evaluated as a reasonable alternative under NEPA.

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

The Draft EIS and Exelbn ﬁlings' also fail to corﬁp]y with NEPA because they incorrectly
cénclude that clean cnergy alternatives are not environmentally preferable to new nuclear
power. Exel.on 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). Il.l
particular, using terminology developed for license cxteﬂsion proceedings, Exelon contends that
all of the impacts of nuclear ﬁower are SMALL, while the impacts of wind power and
combinations of clean éncrgy alternatives could range from SMALL to LARGE. (/d.). 'I'he.
Draft EIS does not assign significance levels to the impacts of wind and solar i)O\vcr, but
contends that natural gas and combinations involving natural gas would have impacts that range
from . SMALL to MOijERATE. (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 I;referable 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 undérestimate fhe imbacts 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 énvironmcntal. impacts by categorizing all of the
impacts as SMALL, in rca]ity new nuclear power would have more Aimpacts and impacts of a-
greater intensity than clean energy alternatives.? |
The most fundament'al flaw with the conclusions of the Draft EIS and Exelon filings is
that those doc_uments 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 i]uality, thermal, aesthetic, water use and quality,
human health, accident, ecologicql, and wéste maﬁagement impacts. (Exelon’s Statement of
Facts in Support of Motion for Summar).' Disposition at 4-10, 9 1.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 17-18).* Even
assumiflg 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 tb an energy source that impacts at least 10
resources including human health and air and water quality. (Biewald Affidavit, §1I1.G).
| Similarly, both the Draft EIS a'md Exelon reject altem.atives involving nétural gas, largely
because natural gas could purpoﬁedly have MODERATE air quality impacts. (RAI Response at
17; DEIS at 8-23). In reality, however, a combinatipn of alternatives that'uses a proper amount

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

31t is important to note here that the Panel is not required to apply the SMALL, MODERATE, and
LARGE approach to cate%orizing 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.E.R. Pt. 51
Appendix B, 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-})8, 171 11.C.1-6). :
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(Biewald Affidavit, §II1.B; RAI Response at 17; DEIS at 8-13). In addition, the other impacts of
natural gas are SMALL (RAI Response at 17),’ the Draft EIS ackriowledges that human health
impacts from natural gas are “not expected . . . [to] be detectablé,” (DEIS at 8-13), and neither
Exelon nor the NRC Staff have claimed that natura.]. ga.s 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 th-at
presents hlir'nan health and accident risks is environmentally preferable to a clean energy
alternative. (Biewald Afﬁdavii, §111.G). |

In addition, the analyses in the Exelon ﬁling§ and the Draft EIS of a number of impacts
overstate the impacts of clean énergy aitematives 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,.howcve'r, arc 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, §1I1.G). Using the more realistic capacity
factor of 35% decreases the land use for wind to 0.35 acres per MWe. (/d.). In additioﬁ,
Exelon’s estimate of land use for nuclear. power considers only the land directly used by the
nuclear plant, and ignores the significant amounts 6f laﬁd used to mine uranium and store nuclear
waste. (Id.) Finally, even assuming that the land ﬁse.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

3 The 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 ofg natural gas
on these resources might be greater than that of nuclear power is, however, arbitrary and capricious as no
reason is Frovided for why building a natural gas plant on the Clinton site would have any t:i(reater
ecological, aesthetic or water impacts than a new nuclear power plant. (Biewald Affidavit, §III.G).

4
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waste is impacted mugh 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.
(d.). |

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, \\:rhile 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 regardiﬁg 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 rcp-or.tcd from‘1978 to 1986.
(1d.) |

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 Afﬁdzivit, §1IL.D). By
contrast, Exelon acknowledges that a nuclear power plant will generate 55 dB(A) of noise. (ER
at 5.3-11). |

Fouﬁh, Exelon claims tﬁat the air quality impacts of nuqlear power are SMALL (Exelon
ER at Tables 9.2-6, 9.2-7) but this categoﬁz'atioﬁ igﬁores the fact that :the‘ uranium fuel cycle
creates greenhouse gases and understates emissions of radic'muclides. (Biewald Affidavit,
§§111.B and IIL.H).

Fifth, the assumption in the Draft EIS and Exelon’s filings that the impacts of exposure to
radioactive wastes from uranium mining and \'vaste 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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infonﬁatidn. For c}(ample, the minAing, énrichment, and fabrication of uranium fuel releases
radionuclides such as Rn-222 can fmve sigﬂiﬁcant adverse health effects. (Biewald Affidavit,
§IILLH). Similarly, the reliance of Exelon and the NRC Staff on Tables S-3 and S-4 to conclude
that the impécts of.‘ the uranium fuel cycle are SMALL fa_li]s to consider that ne\'v 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, §IILH).

Fipall;', the Draft EIS understates the n'ské 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 Ac'ademy of Sciences that concluded that not enough -
has been done to protect nuclear plants from terrorist attacks. (Biewald Affidavit, §1I1.H).

The record is clear, therefore, that there are genuinc disputes of material fact regarding
the comparative impacts of nuclear power an‘d‘clean energy alternatives such as wind po.wer.
Contrary to the clair;ls in the Draft EIS and Exelon filings, the record shows that clean energy
alternatives \;/ould impact fewer resources than nuclear power and that the anal.yses in the record
overestimate the impacts of clean energy altemativcs and underestimate the impacts of nuclear
power. Given these genuine disputes of material fact, this Amended Contention must be
admitted.- |

C. Exclon’s Assertions That Nuclear Power is Less Costly than Clean Energy
. Alternatives is Erroncous.

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. fa(;ility in Iliinois, and 4 to 5 cents 1-)er kWh from solar. (RAI Response at
17). In addition, Exelon asserts that gas or coal-fired electricity would i;e even more costly in
alternatives involving combinations of energy sources because capital césts would be spread
over fewer kWh. (Exclon Affidavit at §V.C.3.b). By contrast, Exelon opines that nuclear power
from the Clintoﬁ 2 nuclear plant would cdst 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 doeé not discuss costs in
analyzing various clean energy alternatives. |

Exelon’s assertion thﬁt 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 appéars to b'e 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. (/d.). -

Second, Exelon’s filing does not address the fact that the U.S. DOE’s 2005 Annual
Energy Outlook (“AEO”), which is published l;y the Energy Information Administration and
projects trends in energy production through 2025, does ﬂot project any new nuclear pdwer

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
cconomica] directly contradicts Exelon’s claim that nuclear power is cheaper than wind, solar,
naturgl gas, and coal. In addition, given that the Draft EIS sfates that an alternative must be
“commerc;ially viable,” th(;, AEOQ’s analysis of the economic viability of new nuclear power
suggests that the Dfaft EIS should reject nuclc;ar power as unreasonable. '

" Third, Exelon’s cost cstirﬁatc for nuclear power from the Cl_inton 2 plant is based on a
number of overly optimistic assumptions that fail to take into éccount the great uncertainty
regarding such estimates. (Biewald Affidavit, §IV.B). For example, Exelon has relied on a 10%
learning rate fror.n plant to plant, a S-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 unéertainty about the capital cost selected by Exelon.
(Biewald Affidavit, §1V.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, §1V.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 hag concluded
nuclear power piants experiencés 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 éor’xtradictcd by a 2003
Massaéhusetts Institute of Technology study entitled The Future of Nucleér 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 be.cause it is “based upon existing information”

fegarding investor assumptions and actual expeﬁenées. (Biewald Affidavit, §IV.B). This 6.7
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cents per kWh cost exceeds ihe 5.5 cents per kWh tha; Exelon’s own witness states is necessary
for utilities to purchasel'new nuclear power plants (Exelon Affidavit, §IV) and therefore is
consistent with the AEO concluéion 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 ﬁew 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 cléan coal. Given such genuine disputes of

material fact, this Amended Contention must be admitted.

D. The Draft EIS and Exelon Filings Fail to Objectively Evaluate Combinations
of Clean Energy Alternatives.

The Draft EIS and Exelon ﬁlings also fail to sat'isfy NEPA because they do not accurately
and objectively evaluate combinations (;f clean energy alternatives. Exelon acknowledges that a
combination of alternatives could be used to generate the bascload 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 i8; ‘DEIS at 8-21). | Exelon concludes, however, that any
combination of alternatives can be rejected becaﬁse 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 nuc]‘ear unit would' Be environmentally preferable to any combination of
alternatives involving natural gas or coal. (DEIS at §-22).

These assertions that combinations of alternatives would not be environmehtally

_ preferable or would be more costly are simply incorrect. As explained in Section IILB above,
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the Draft EIS and Exelon filings overstate the impacts of wind and natural gas, and understate,
the impacts of new nuclear power. (Biewald Affidavit, §III). .In addition, even assuming that all
of the impacts of nuclear, Wil.ld 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 n';xtural gas are
environmentally preferable to nuclear power individually, they would also be environmentzﬂly
preferable in combination. (Biewald Affidavit, §I1I, IV.D).

Similarly, as explained iﬁ 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 woula cost between 4.6 and 5 cents per kWh, in comparison
to 6.8 cents per kWh 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 efﬁcicncy efforts to the combination would reduce the per kWh cost to
4.7 cents, and would lead to én overall savings of at feast $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 altemnatives, the disdussipns 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 combiilation altemativ;: is most' egregious because it is based on the
fundamentally flawed premise that wind po.wer 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 opérate at below full capacity at time when whatever
wind or solar facilities that might be built are providing powér. (RAI Rés'ponsc at 14-15). Such
an “analysis” of a combination of renewable and non-renewable resources is “biased _stroné]y
against” clean energy alternatives for a number of reasons. (Biewald Afﬁdﬁvit, §IV.C).

First, Exelon’s approach ignpres the capacity values of intermitterit 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 qual size, Exelon provides lno capacity value to \\;ind
~ power and solé_lr 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% capacitSf factor, meaning that a 100 MW wind farm will be assumed to
produce 20 MWH of power. (Biewald Affidavit, § 1V.C).

Second, Exelon’s approach ignores the reliability prdblems that large nuclear plants pose
for operators of electricity grids. (Biewald Affidavit, §IV.C). For example, nuclcaf plants in the
U.S. have a forced outage rate of approximately 5%. (/d.) The sudden and unﬁlanned 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 sucﬁ as wind. (Id.) Yet, Exelon’s analysis igndres this reliability issue and
does not factor in the cost and environmental impgcts of back up power for nucllea’r plants into its
ax;alysis. (1d.).

Finally, Exelon’s approach overstates the cost of the combination of altemativeé by
\;/orking 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 Cli.nton.Z 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, §IIL.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 eeasons, the Panel should grant Intervenors’ Motion to Amend
Coptcntion 3.1 and grant a hearing on that Centehtioe. The record is clear that there are genuine
disputes of material fact regarding the analyses ef clean energy alternatives provided in the Draft
EIS and Exelon filings in this‘proc‘eeding and that the rigorous exploration and objective
evaluation of reasonable alternatives required by NEPA has not occurred. Therefore, the Panel
shouid admit this Amended Contention 3.1 and allow Intervenore to make the case in favor of
better, lower-cost, safer and environmentally preferable clean energy a]temativ.esAto 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
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AFFIDAVIT OF BRUCE BIEWALD

I Quallflcatlons
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 analy sis of the electncrty industry,
particularly issues of restructurmg, 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. 1 graduated from the Massachusetts Institute of Technology in
1981, where I studied energy use in bulldmgs I was employed for 15 years at the Tellus
Institute, where I was Manager of the Electrrcrty Program, responsrble for studles on a
broad range of electric system regulatory and pollcy rssues

I have testified on energy 1ssues in more than erghty regulatory proceedmgs in twenty-
five states and two Canadian provmces ‘and in state and Federal courts. I have co- ~~
authored more than one hundred reports, mcludmg studies for the Electrrc 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
the New England Conference of Publlc Utlllty Commrssroners, and the Natronal
Association of Regulatory Utllrty Commrssroners My papers have been publrshed in the
Electricity Journal, Energy Journal, Energy Pohcy, Public Utilities Fi ortmghtly and
numerous conference proceedings, and I have made presentations on the economic and
environmental dimensions of energy throughout the U.S. and internationally. 1 also have
consulted for federal agencies, including the U.S. Department of Energy, the U.S.~
'Department of Justice, the U.S. Envrronmental Protectron Agency, the Federal 'I‘rade .



Commission and National Renewable Energy Laboratory Details of my experience are
provided in Exhibit 1.

ll. 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. "% The
information in both, however, does not adequately account for the envrronmental 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 wmd power alone and wind power in a combination wrth fossil-
fuel fired generation will not be economically preferable to the ESP facility.> 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. '

M. Envrronmental Impacts of Nuclear Power and its
Alternatives

A. Summary

Exelon and the DEIS mcorrectly mflate the environmental impacts assocrated with wind
power and gas-fired generatron ‘When these errors are corrected, it is clear that nuclear .
power has far more harmful environmental 1mpact 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 William Maher. In this affi davrt Mabher alleges that wind power kills birds,
creates noise, has aesthetrc |mpacts and uses more land than nuclear power. Accordmg to
the DEIS, the land use requirements of wind power are the most significant issue
associated with the development of wind, but does not state whether wind power is
envrronmentally preferable or not. Instead it rules out wind capacrty as baseload
generation because of i its “intermittence” (I address this i issue later in this affidavit) and
claims that “the ESP srte is [envrronmentally] 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 & Bagnall Affidavit at § VIII and DEIS at page 8-22.

* Maher & Bagnall Affidavit at § VIIL. -



[alone and in combmatron with wind power] in the areas of air resources, ecologrcal
resources [habitat, ecology and wildlife impacts], water resources and aesthetlcs
While wind and gas-fired generation do have some impacts, Exelon and the NRC Stast
statements on the subject are strongly biased in favor of nuclear power, exaggerate the

- environmental impacts of wind and gas-f red generatlon and ignore analogous srgmf‘ cant
adverse envrronmental lmpacts of nuc]ear 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 1mpacts ‘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 involved in the construction and operation
of the reactor as well as significant adverse environmental impacts and risks associated
with the transportation, storage and disposal of waste produced by nuclear power plants ‘
particularly the long-term storage of high:level radioactive wastes. Becatise 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 rmproperly conclude that
nuclear power is envrronmentally preferable :

B. Air Pollutlon Impacts

Wind generation produces no direct emissions of criteria air pollutants or greenhouse
gases. Over its life-cycle wind power will produce a'small amount of greenhouse gases, "
largely from the manufacture of 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 8-11 — 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 SO, 568 tons per year of NOx, 120 tons per year of
Co and 99 tons per year of PMjo — are classified by Exelon as havmg a “moderate”
impact® and by the NRC Staff as having a “small to moderate”’ 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. "% 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

e il
BRI

“ See DEIS at 8-22, Tt

3 Unless natural gas directly from the wellhead is used; all sulfur has been removed and combustlon of
natural gas would therefore result in no SOX emissions. -

¢ See ER at 9.2-16.

7 See DEIS at 8-13.

® RAI Response, page 27.



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. Ifthe
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 materrally impact the determination that natural gas capacity has a “moderate”
1mpact 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 dzsplace
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 Blrds

Exelon claims that the impacts to brrds from wind power are a significant wildlife
concern. However, 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 where it properly.sited to mitigate potentral
negative impacts to birds.'” A review of the limited literature regarding avian mortality
assocrated with wind power points to an average of around 2 birds killed per year per .
turbine."!

° 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).
1 “Audubon New York Position on Wind Power Development. » Adopted on June 22, 2004. Avarlable at
http://www.audubon.org/chapter/ny/ny/wind_power.htm.
" Erickson, Wallace P., et al. National Wind Coordinating Committee, “Avian Colhsnons wrth Wind
Turbines: A Summary of Existing Studies and Comparisons to Other Sources of Avian Collrsron Mortality -
in the United States.” August 2001, page 2.




Table 1: Human = Caused Bird Mortality'>

Human Activity Number of Blrds Killed Pcr
o Year "
Collisions:
Building window strikes 97 — 976 million
Communication towers 1 = " 4—5million
High Tensnon T&D lines ~'As much as 174 million
Cars " 60 million '
Wind Turbine rofors 1l 33,000 : [
Poisoning: ' '
Pesticides 72 million
Oil and Wastewater pits S 2 million
Cats ’ |- Hundreds of millions

There appears to be no information avallable on blrd lmpacts from the operation of
natural gas-fi red power plants. There i may | be lmpacts arising from the fuel-cycle because
of bird habitat disturbances. These impacts would certamly vary dependmg on locatlon ,
and method of natural gas extractlon and method of transportatlon of natural gas to the -
power plant

Demand-side management measures wbmd 'generally have no impacts on blrds.

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 eastern Pennsylvanla 1500 dead blrds were collected between 1978
and 1986."

The NRC’s Generic Envnronmental Impact Statement for License Renewal of Nuclear
Power Plants (which also serves as the basis for analysis of impact 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 theactual numbers and species of birds killed
and comparing this mortality with the total'avian mortality resulting from other man-
made objects and with the abundance of birds populations near the towers.”"* 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.”"

12 Based on information in “Migratory Bird Mortality.” U.S. Fish and Wildlife Service, January 2002,
avallable at http://www.fivs.gov/birds/mortality-fact-sheet.pdf.
1 See Exhibit 2.
" Nuclear Regulatory Commission. Generic Em'xronmentaI Impact Sralement for License Renenal of
Nuclear Plants. May 1996. Available at http: //www nre. gov/reaqu rm/doc-
collectlons/nuregs/st'\fﬂsr1437/ ’
" See DEIS at 8-17. - e




Avian mortallty data for wind, gas and nuclear generatron 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 compansons 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

Accordmg 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 m).'® 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).”"” This is approximately

* the level of noise in the reading room of a lrbrary '3 Such a statement would seem
contrar?' to the assertion that “wind turbines can generate a relatively large amount of
noise.”” 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.™”

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 varrabllrty in
perceptron surveys do indicate widespread public support for wind.?' For example, a
survey in North Carolina by the Appalachian State University Energy Center found that 2

'8 Environmental Report, at 5.3-11.

17 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.

' Maher & Bagnall Aﬁ'davrt at§ V.A3.

® Reeves, Ari and Frederic Beck, Wind Energy for Electric Power. REPP, June 2003 (Updated November

2003), page 17.

u Damborg, Steffen. “Public Amtuds Towards Wmd Power” Available at

http://www.windpower.org/media(485,1033)/public_attitudes_towards_wind_power.pdf,




of 3 respondents would support wind projects visible from their homes.? Once wind
farms are operational, public support generally increases for wind farms as opposed to
support seen prior to construction.”® In fact a Danish study indicates that people W ho live
close to wind farms tend to support them more than those who live farther away
Limited studies available on wind farms |mpacts on tourism show that even in areas
highly valued by tourists for their scenery, the presence of wnnd farms does not
negatively influence their decrsron to visit there 25

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

F. Water Impacts

Wmd generatlon has no rmpacts on water qualrty smce large quantities of water are not
used as a coolant or in other aspects of operatron Demand side energy measures also
requrre no significant water use. o

Natural gas plants have varied water, requrrements dependmg largely upon the coolmg
system used. Dry air cooling uses the Ieast amount of water, while once-through cooling
uses the most (~500 gpm/MWe). ' o
By contrast, nuclear power plants can be expected to use large amounts of water durmg
operation. By Exelon’s estimate, the ESP facility will use approxrmately 49,000 gallons
of water per minute (assummg the coolmg system design referred to herc is actually
used).?® That water is frequently dlscharged back to the source at a highly elevated
tempcrature and contains biocides, anti- corrosnon ‘and anti-scaling chemicals.?

" G. Land Use Impaets

Wind farms require more acreage than i is suff cient srmpl) to place the turbmes and therr
towers. Land surrounding the turbines must be free of obstructions that couild drmmrsh
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

# Grady, Dennis O. “Public Attitudes Toward Wind Energy in Western and Eastern North Carolina: A

Systematrc Survey.” 4 March 2004 available at http://www energy.appstate.edu/docs/wne_enc present.ppt.
Damborg, Steffen. “Public Attitudes Towards Wind Power™ Available at

http://www.windpower.org/media(485,1033)/public_attitudes towards_wind_power.pdf, page 5

% Damborg, Steffen. “Public Attitudes Towards Wind Power” Available at

http://www.windpower.org/media(485,1033)/public  attitudes_towards_wind_power.pdf

3 “Tourist Attitudes Towards Wind Farms.” British Wind Energy Association, available at N

http://www.bwea.com/pdf/mori_briefing.pdf. and Martin’s Hrll Wind Farm Tourlst Survey available at

http://www.cse.org.uk/cgi-bin/projects. cgl?nohcv&&1019 T

% Based on the ER at 3.T-2. S

* Environmental Report at 5.3-2 and 5.T-2. . -0 --*




land than nuclear power and therefore is “not an environmentally preferable
aliernative.”® This conclusion is based upon the following calculation:

If all of Illinois® 1,800 km? of Class 4 and Class 3+ sites were
developed using 2 MW 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 MWe, which corresponds to 0.73
acres/MWe. Even if an optimistic capacity factor of 29%is used,
this project would occupy 0.43 acres/MWe. In contrast, based
upon a capacity factor of 90%, the EGC ESP facility would have an
average annual output of 1,962 M\We and would only occupy
approximately 461 acres (approximately 0.23 acres/MWe).?

[ 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 Association® to
develop a rough estimate of capacity factor and assuming a 180 m elevation (which is the
mean elevation of Hlinois),”' the average wind speeds for Class 4 as stated by Bagnall*?
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
secondslsjses) 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.

¥ Maher & Bagnall Affidavit at § V.A.3.

3% The calculator can be found at http://www.windpower.org/en/tour/wres/pow/index.htm.

7' Encarta Encyclopedia, http://encarta.msn.com/encyclopedia_761566615/1ilinois.htm]

32 Maher & Bagnall Affidavit at § V.A.1.

3 Table 8.2 at http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1437/v1/TBL 8-2.html]




Table 2. Land impacts of operatmg a 1000 MWe equwalent power plant

Alternatlv Land Use’-~ =~ '™ | Acres/MWe
Vind '| 50,000 acres, (2-3% actually occupred by turbmes) 1=15
' rest available for agriculture N
Natural Gas ' 44 ha (110 acres) for plant site and 1500 ha (3 600 - 37
‘ | acres) for entire fuel cycle' ™ -
Advanced LWR 80-200 ha (500-1,000 acres) for plant site, plus ' 2-3-
exclusion acres and 400'ha (1,500-2,000 acres) for '
entire fuel cycle (some of thrs would be permancntly
committed acreage) ‘

Based on the NRC’s Generic Environmental Impact Statement for License Renewal of Nuclear Plants
(NUREG- ]437 Vol.1), the DEIS at 8-17 and httn //www ppmenergy. com/ndf/lo ovnew Ddf

Accordmg to the NRC natural gas capacrty uses 3 7 acres/MWc The capacity factor -
used to determine this estimate is not given, but the California Energy Commlssxon
reports that modern natural gas-fired generation uses approximately 0.05 acre/MW .
installed** . This fi igure 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-srde management measures, on the other hand would generally have no .
srgmf' cant land use requnrements -

'.,
te

Itis very rmportant to recognize, however, that thls metnc 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 from 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-levél
radioactive waste will be removed from other uses for thousands of years. Such isnot
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. - - I TR R o s

H lmpacts from Nuclear“Waste Acc:dents and Terronst
. Attack .- .. . . o , . L :

In contrast to nuclear’ power plants, the decommrssronmg ofa wmd farm is relatwely
straightforward. No radioactive or other wastes harmful to public and enwronmenta]
health have been created and there aré'no fuél cycle rmpacts 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, créaté radioactive waste. This waste has _
serious possible human and environmental health |mpacts U

L

3 California Energy Commission, “Environmental Performance Report of California’s Electric Generating
Facilities,” July 2001, page 35, available at http:/\www.energy.ca.gov/reports/2001-06-28_700-01-001.PDF




Waste associated with nuclear power 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 low solubility in water. Rn-222 diffuses out of the 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 resplratory system.*’

Nuclear wastes can release radionuclides into the environment. Low-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.>®

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 populatlons
and the dose-response relationship of those populations.’’ 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 NRC tules “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

3 Schurgin and Hollocher, 1979, Lung Cancer among Uranium Mine Workers, in The Nuclear Fuel Cycle,
Union of Concerned Scientists, Cambridge.

3 Ohio State University Extension Research available at http://www.ag.ohio-
state.edu/~rer/rerhtml/rer_49.html,

37 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 envrronmental impacts of the uranium fuel
cycle, that is, the mining, milling and productlon of nuclear fuel, 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, which 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, reprocessmg, the chemical separatron of uranium and plutonium, is not being
carried out in the United States. Exelon recognizes this change for 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 froma
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,
while utilities and the federal government paid about $21 million to have fuel reprocessed
at the former West Valley, New York reprocessmg plant, the cost to decommission the
plant, mcludmg solidifying the high- Ievel waste is expected to cost over $4 billion.*®

Another major aspect of waste disposal not correctly included in Tablé 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 beén 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 assocrated with such
drsposal 3

Trnally, if fuel i rs reprocessed, the recycled uranium will contain contaminants, such as
technetlum-99 % 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 Statement for License Renewal of Nuclear Plants. 1f 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 Drafi EIS, the Staff argues that nuclear power plant improvements have reduced the

3% Federal News Service for March 1, 2000,
% See DEIS at 6-13. ;)
“° Hanford 1996 Environmental Report http //www hanford gov/docs/'mnualrp‘)ﬁl 1996/4_8_4.pdf.
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annual fuel requircment from that listed in the table. The Draft EIS also states that
because forelgn 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.*

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
MTU of irradiated nuclear fuel. Casks are no longer 25 tons. The HI-STAR 100 cask™
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 211 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 committée’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 11, 2001, whether or not a commercial aircraft
is involved.”** The panel envisioned attacks ranging from drammg part of the water from
spent fuel pools to an attack involving aircraft or explosives.*

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.

2 “NRC Amends Regulations to add HI-STAR Fuel Storage Cask Design to Approved List.” Available at
http://www.nre.gov/reading-rm/doc-collections/news/1999/99-189.html,

* Committee on the Safety and Security of Commercial Spent Nuclear Fuel Storage, National Research
Council. Safety and Security of Commercial Spent Nuclear Fuel Storage: Public Report. 2005, page 47.

* 1bid, page 49.
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aesthetics.”* - 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 lmpacts than nuclear
power plants. If aesthetics are measured by public reaction, as I assume is meant here,
nuclear power plants have receivéd and will likely continue to expernence 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. Economlc Costs of. Nuclear Power and its
Alternatlves '

A. Summary A
Exelon’s motion states that “it is undlsputed that nuclear power is currently economically
preferable to wind power. ¢ This statement is 'simply not true. The construction of new
nuclear generating units would be expensrve and financially risky. Comparlsons of the
direct costs per kWh indicate that wind is preferable to new nuclear generatlon (see
discussion followmg) and when the fi nancral consnderatlons an essential element of
economic comparisons for capltal-mtensrve prOJects are ﬁgured into the analysis, it is
clear that wind is economlcally superior. The Annual Energy Outlook (AEO) 2005 puts
it very clearly and concisely: “new [nuclear] plants are not expected to be economical. 4
One can observe the result of this in the market in that new wind prOJects are actually
being built throughout the Midwest whlle new nuclear capacity is, quite appropriately,
given its economics, stalled “Exelon also mcorrectly dlsmlsses wind power and other
alternatives as viable options for baseload generation. I will address these inaccuracies in
the sections that follow.

4> See DEIS at 8-22, - : fe '

4 Exelon’s Motion for Summary Drsposmon of Contentron 3.1, page 21.

4-Energy Information Administration, “Annual Energy Outlook 2005.” Available at
http://www.eia.doe.gov/oiaffaeo/electricity.html#elepri
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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.”*® 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 RAI 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.”*’

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

1. 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.”*" 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 Jower [emphasis added] bound estimate.”? If delays
in construction occur, as happened in the 1970s and 1980s,

“ RAI Response, page 17-18.

* RAI Response, page 17.

% “Economic Future of Nuclear Power,” The University of Chicago for the U.S. DOE, August 2004, page
9-15.

5t “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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certainly not no risk premlum
4. The capital cost, $1200/kW, is among the most OptlmlStIC 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 claxms ‘provide[s] a better estimate
of the LCOE of a new AP1000,”** assumes a capital cost above
$1200/kW. ‘ N ’

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 lmprovements reactor plant
equipment, turbme plant equipment and construction services.>* The ovemlght
cost ranges™ they produced are shown in Table 3.

Table 3. Uncertainties in Overnight Capltal Costs, $ per I\W 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 TR - :
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 ABWR 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.”*® 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 tendency 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% Affidavit of Maher and Bagnall, § IV, - i *2% V‘ I ' =

34 “Economic Future of Nuclear Power,”. The UmverSIty of Chlcago for the U S. DOE August 2004 page

) ?’ 'll'glze ov emnght costof a power plant is the cost to bUlld the plant w1thout epaSIderatxon of the fin nancmg
SCCEJ‘S‘tI§conomlc Future of Nuclear Power,” The University of Chlcago for the U.S. DOE, August 2004, page
i’i‘%conomlc Future of Nuclear Power,” The University of Chlcago for the U.S. DOE, August 2004 page
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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 $2000/kW 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 Prices™®

Country Name of Plant Start of Overnight Cost
Commercial

S 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 the
mark by factors of two or more. The “initial” cost estimates for 75 nuclear units* 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 estimated 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. Had
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 the 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

* “Economic Future of Nuclear Power,” The University of Chicago for the U.S. DOE, August 2004, page
2-14. v .

% These 75 are the sample analyzed in the EIA’s 1986 study “An Analysis of Nuclear Power Plant
Construction Costs.” i
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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 natlon sfi rst few new nuclear plants

Indeed, there is literature available on the traditionally poor cost analyses associated with
“mega-projects” — multl-brlllon dollar projects. The book “Megaprojects and Risk: An
Anatomy of Ambltlon ! 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 accountmg for the effects that regulatlons
would have on the projects), (2) if the project was publicly owned, (3) if new
matenals/constructlon methods were used and (4) if first-of-a-kind technology was
used.®? Because of regulatorz' problems, nuclear plants as a group “experienced the worst
cost growth [i.e., the most].”*® The study concluded “the data on cost growth, schedule
slippage and performance shortfalls of megapro_;ects are cert’unly 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 need or
opportunity for profits that ori mally spawned them may have passed by the time they
are ready to begin prodicing.’ % 1 therefore caution both régulators and ¢ companies
interested in developing new nuclear power plants, partrcu]arb 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 generrc “contingencies” are
frequently madequate measures of potentral costs ' ’

Given the significant uncertamty 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, “The Future of Nuclear Power,” provides such an
estimate. The “merchant cost model” used in the study employed “assumptions that"
commercial investors would be expected to use today, with parameters based on actual
experience rather than engineering estimates of what might be achieved underideal

‘conditions.”® The study concluded that the levelized cost of energy for a new light- -

water reactor would be 6.7 cents per kWh, assuming an economiic life of 40 years and an
85% capacity factor. The authors make clear that “it should bé 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

N
.‘. b e

¢ Lambrecht, Bill. “Nuclear industry shows signs of revival.” March 14 2005, St. Louis Post-Dispatch,
available at hitp://www kansascity.com/mld/kansascity/news/politics/11132100.htm,

¢ Flyvbjerg, Bent, Nils Bruzelius and Wemer Rothengatter. “Megaprojects and Risk: An Anatomy of
Ambition.” Cambridge University Press, 2003. Available at
http://assets.cambridge.org/052180/4205/sample/0521804205 WS pdf.’

82 Merrow, Edward W. Understanding the Outcomes of Megapro;ecls 4 Quanumtne Analysis of Very

- Large Civilian Projects. RAND Corporation, March 1998.

5 Ibid, page 40.

* Ibid, page 60. ' T '

8 “The Future of Nuclear Power — Summary Report » MIT, 2003 Available at
http://iveb.mit.edu/nuclearpower/pdf/nuclearpower-summary.pdf.
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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.””®®

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/k Wh’ ($0.043/kWh) in 1994 dollars (about $0.055 per kWh in 2004 dollars).”®’

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 per kWh, gas 4.7 cents per kWh, coal 4.9 cents per kWh and solar 4 - 5
cents per kWh.” The source for this information is not clear. AEO 2004 is consistent
with the costs of gas and coal generation and with wind power only if one assumes a less
favorable wind resource and that the PTC is not extended. As a note of clarification, it
scems likely, based on the magnitude of the costs per KkWh mentioned in this section, that
these are the subsidized 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, “[T]he levelized value of the PTC to the project owner is approximately 2 cents
per kilowatt-hour,” which makes “it easy to see how the PTC could make wind plants an
attractive investment in the current electricity market.”®® [ could not corifirm the fi igure
of 4-5 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.”® Based on this incorrect understandmg 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.

% “The Future of Nuclear Power — Summary Report.” MIT, 2003, page 41. Available at
hltp ://web.mit.edu/nuclearpower/pdf/nuclearpower-summary.pdf.

7 Affidavit of Maher and Bagpnall, § IV.
s RAI Response at 17.
¢ Energy Information Administration, “Annual Energy Outlook 2004.” Avallable at
http://www.eia.doe.gov/oiaf/archive/aeo04/pdf/0383(2004).pdf.
™ 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 pow er during those periods when the sun is
"not shining or the wind i is not blowmg “The coal or natural gas-
fired generatlon would be’ displaced when'the wind and/solar
- resource is producing 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 !
This approach to comparing resources'is, srmply stated, incorrect for several reasons.
These have to do with the contribution’of intermittent resources to system reliability, the
recognition from grid operators of the capacrty value of intermittent resources, the grid
relrabrhty impacts of large nuclear units; and the éxtra capacity and energy value of the
“combination alternative” that Exelon’s eompurlson fails to recognize.

First, intermittent resources such as wind and solar power do in fact contribute
significantly to system reliability. Indeed, the capacrty value of wind and solar
generation can have capacity value that, on a per MWh 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 its average
hourly productron 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 depending upon factors such
as the correlation between the renewable resource (wind or sun) and hourly load patterns
the amount of existing renewable generatlon on the system with similar generating -
patterns, and other resource and system'specific considerations. I participated ina -
research project for the US Department of Energy in which we found that the capacity '
value of wind was very significant, and exceeded the average capacrty output of the wind
facrllty 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

AT Y

7! Statement of Matenal Fact#1V.C1,, paragraph lettermg and footnotes omitted: L

™ Bernow, Stephen, Bruce Brewald Jeffrey Hall and Daljlt Singh. “Modellmg Renewable Electnc ; '
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 MWH basis) will be much higher than that of nuclear power plant

capacity.

Grid operators recognize that intermittent resources have capacity value. For example, in
PIM,” absent information on the hourly outputs of wind, the regional transmission
organization automatically assigns a capacity credit of 20% to wind generation.” As
annual hourly output data becomes available for individual wind farms, PJM will begin to
use that data. The NYISO pays wind resources for their capacity based on historic
capacity factors adjusted for maintenance.”” 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 own 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%.”® 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 MW 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 Generation
Capacity Capacity Factor Capacity* (GWh)
Rating (M) ‘
Nuclear 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.

™ PJM is a regional transmission organization governing all or parts of Delaware, Illinois, Indiana,

Kentucky, Maryland, Michigan, New Jersey, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia and
- the District of Columbia
™ “How Wind Generators Participate in PJM Markets.” A presentation by Joseph J. Kerecman of PIM to
the Utility Wind Interest Group Fall Technical Conference, October 27, 2004,
7 “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.

7 North American Electricity Reliability Council, Generating Unit Statistical Brochure 1999-2003, October

2004.
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The 2,180 MW of nuclear capacity, if operated at an optimistic 90% capacity factor,
would generate 17,187 GWH 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 thisis .
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 capaci _?' factor of the plant to “60% (due to the
avallablhty of solar and wind power).”"" 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 capacny is not generating.

Exelon’s approach to comparing mtermlttent resources with nuclear power is maccurate
and does not reflect the realities of system rellablhty or generating unit operating
economics. Fossil and nuclear generatmg units, have forced outage rates that can be
predicted in a general sense for planmng purposes but specific events take system
operators by surprise. Grid operators do hot 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 be blowing or the sun happens to 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 combinations’® which can serve as an alternative to nuclear power are far
below the price of new nuclear plants (as taken from the MIT study). In the tables shown
below, the costs of wind and gas-fired power are taken from AEO 2005. In order to offer
a conservative assessment, [ have included both AEO 2005°s low and high estimates for
the cost of wind power. Because of the NEMS model’s treatment of wind power, 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 power 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 Capacity

Type of Installed | Capacity Generation | ¢/kWh Total Cost
Capacity Capacity | Factor (GWh) Cost _ [of GWh
Rating (20038)” | Generated
(20033)
Nuclear 2,180 90% 17,187 6.8 $1,169
million
Combination:
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 4.6-50 | $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). |
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®® (Table 7) is
also less than the cost of nuclear power and even less than the cost (by at least $363
million) of just 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.

7 The levelized costs of each resource were taken from different sources and therefore may have minor

inconsistencies.

7 The cost of nuclear power was converted to 2003 dollars using the Gross Domestic Product Implicit

Price Deflator.

* 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 http://www.aceee.org/pubs/uQ41.pdf.
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Table 7. Cost of Nuclear Power vs. a Combmatron of Wind and Gas-Fired Capacity and
Demand-Side Management

Type of Installed | Capacity | Generation | ¢/kWh Total Cost
Capacity Capacity | Factor (GWh) Cost of GWh
' ‘| Rating : (20035) | Generated
= - (20038)
Nuclear 2180 90% 17,187 6.8 $1,169
: ' million
Combination: - - o
Wind 1500 35% - 4,599 45-6.0 | $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.

* The 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-fi red
power and demand side management is presented in Table 8. -

Similarly, in Exe]on s econoriic analysrs the costs and risks of nuclear construction are
underplayed or ignored. In reality there are renewable generatmg alternatives and
combinations of alternatives that are envrronmenta]ly and economrcally preferable to
generatron from new nuclear capacrt) at Exelon s Clmton srte "
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Table 8. Impacts of EGC ESP facility vs. Alternate Sources of Generation

Impact
Category

EGC ESP facility

Wind Generation

Natural Gas-Fired Capacity

Demand-Side Manageme

Air Impacts

Greenhouse gases from manufacture
of plant equipment, refining of

Greenhouse gases emitted from
manufacture of plant equipment and

Greenhouse gases from manufacture
of plant equipment and construction

Zero air emissions, displac
system air emissions from o

uranium fuel, construction of plant construction of plant of plant; during operation: SO,: 88 resources
Radionuclides released from waste tons/yr;
products NOx: 284 tons/yr;
CO: 60 tons/yr; PM: 284 tons/yr
Bird Kilis 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 35-45dB 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 MWc* 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 99°F 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

¥ Noise Center of the League for the Hard of Hearing, available at http://www.Ihh.ore/noise/decibel.htm
8 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://w

WW.ener:

.ca.gov/reports/2002-07-09_500-02-079F.PDE
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_ Exhibit 2
Afﬁd'mt of Bruce BIC“ ald

From the Nuclear Regulatory Commlssmn s Generic I‘nvlronmental Impact
Statement for License Rencu al of Nuclcar Power Pl'\nts (NUREG 1437 Vol. 1)

4.3.5.2 Bird Collisions with Cooling 'l_fd“_'_ers

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 revnewmg the general
literature for avian collision mortality assocnated with all types of man-made ob_;ects as .
well as the monitoring studies conducted at six nuclear plants. The literature review is
presented in Section 4.5.6.2. The significance of the mortallty caused by cooling towers
is determined by examining the actual numbers and species of birds killed and comparing
this mortality with the total avian mortality resultmg from other man-made objects and
with the abundance of bird populationis 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, smoke stacks,
cooling towers, and numerous other obJects An overview of collision mortality for all
types of man-made objects is included in the dlscussmn of transmission lines in Section
4.5.6.2.

Avian mortality due to man-made structures is of concern if the stability of the local
population of any bird specnes 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 1mpa1rment of its functlon w1thm the local '
ecosystem. ,

4.3.5.2.2 ‘Plant'-Speciﬁc Analysis |

Monitoring of bird colhsnons has been done at several nuclear plants with natural draft
coollng towers, including the Susquehanna plant near Berwnck on the Susquehanna River
in eastern Pennsylvania, the Davis-Besse plant on the shore of Lake Erie in north céntral
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 Pennsylvama and the Arkansas Nuclear One-
plant on Dardanelle Lake in northwestern Arkansas The following information was &
obtained from nuclear plant annual momtormg 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 m (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, cight 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-m (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 1
structures, and 110 at the meteorological tower. Most were night-migrating 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 1 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-m 499-ft-) tall cooling tower,
meteorological tower, switch yard, and generation building. No dead birds were found.
At the 113-m (371-ft-) tall cooling towers at Three Mile Island, a total of 66 dead birds
were found from 1973 through 1975 (Temme 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



4

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, avian 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 will 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 resultmg from collision with cooling towers is a
Category 1 issue.
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PROFESSIONAL EXPERIENCE

Synapse Encrg) Economics, Inc., Cambrldge 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 decommrssnonmg and radioactive waste issues, climate
change policy, environmental externalities valuation, energy conservatron and demand-side .
management, electric power system rellablllty, avoided costs, fuel prices, purchased power
availability and cost, dispatch modeling, economic analysis of power plants and resource plans,
portfolio management, risk analysis and risk management. :

Tellus Institute, Boston, MA. Senior Scientist and Manager of the Electricity Program, 1989 to
1996. Responsible for research and consultmg on all aspects of electric system plannmg,

. regulation, and restructuring. - oo

Research Associate, later Associate Scientist, 1980 to ]988

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 I’RFSFNTATIONS

Expert testlmony on energy, economic, and environmental issues in more than eighty
proceedings in two Canadian provmces twenty srx states before the Federal Energy Regulatory
Commission, and in State and Federal Courts o

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, the Energy Journal, Energy Policy, Public Utilities
Fortnightly, and numerous conference proceedings.

Invited to speak by American Socicty 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), the U.S.
Environmental Protection Agency, and others.

TESTIMONY

Georgia Public Service Commission (Docket 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 [4.

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).

Indiana 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. 03-1014) — April 2003
Review 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-
MJR, 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.
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United States District Court for the Middle Dtstnct of North Carolina (Civil . Action No.

1:00 CV 1262, United States v. Duke Energy ‘Corporation) — August 2002

Expert report on use of computer models for system planning, projections 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 electnc rate impacts.

Connccticut 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 Indhna (Civil Actio‘n No. IP99--
1692-C-M/S, United States v. Southern Indiana Gas and Electric Company) — Junc 2002
Declaration on conﬁdentlal business mformatton and competlttve harm

Nevada Public Utilities Commission (Docket No. 02-2002) — April 2002 -
Review of Sierra Pacific Power Company’s rlsl\ management and procurement of electric power
in the wholesale marl\ets : .

Vermont Public Servnce Board (Docl\et No 6596) March 2002 4
Used and useful policy issues, electncxty market pnces zmd 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) Janu'tr) 2002 ,
Economic analysis of the proposed sale of Vermont Yankee nuclear plant and an associated
Purchased Power Agreement. - - Co

New Jersey Board of Public Utllltles (Docket No El\’101050308) September 2001 -
Analysis of the proposed merger between Conectiv and PEPCo. Also, surrebuttal testlmony in
November. (Joint testimony with Davnd Schhssel )

- Indiana Utility Regulatory Commtssmn (Cause No 41954) - June 2001
System planning and joint operation in a partlally deregulated context.

State of Vermont, Wmdh'tm Superior Court (Dockets S 362-9-99 and S372-9-99) — May
2001

Deposmon on electrtc:ty market pnces and’ economlc valuatlon of hydroelectnc generatmg plant.

Federal Energy Regulatory Commnssnon (Docket No. ER01-200-001) - Aprll 2001
Termination of the Cinergy Operatmg Agre}ement treatment of merger savings, and affilliate
relatlonshtps Also cross-answenng testtmony in Apnl ,

New Jersey BO‘ll‘d of Public Utilitics (Docket No. El\’100110870) — April 2001 -
Analy51s 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 Hydro Quebec. Also, surrebuttal testimony in April.

United States District Court for the Northern District of New York (Civil Action No. (00-
CV-1738) - January 2001

Affidavit on the issuance and trading of SO2 emission allowances under the Title IV of the Clean
Air Act. in Clean Air Markets Group v. George E. Pataki et al.

Department of Energy (Docket No. EE-RM-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 (Rulemaking 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 power plants.

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

United States District Court for the Middle District of North Carolina (1:99CV00033) -
March 2000

Expert report on replacement power costs in Carolina Power & Light Company vs. Yuasa Exide,
Inc.

lllinois Commerce Commission (Docket No. 99-0115) — September 1999
Review of ComEd’s nuclear power plant decommissioning cost estimates.

West 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 Hluminating 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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Ut'lh Public Service Commission’ (Docket No. 98-2035 -04) = Junc 1999
Cost savings expectations for the proposed mérger of PacifiCorp and Scottrsh Power

Waslungton Utilitics and Transportation Commlssron (Docket No. UE-981627) Junc 1999
Cost savings expectations for the proposed merger of Pacifi Corp and Scottrsh 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+
Horizontal market power and barriers to entry in consideration of the proposed merger of '. ‘
American Electric Power Company and Central and South West Corporation. - '

Connecticut Dcpartmcnt of Public Utility Control (Dockct 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. S

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

Maryland Public Service Commission (Casc No. 8797) — J‘muar) 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 (Casc No. 8795) — December 1998 :
Simulation analysis of the PJM market and pro_]ected market prices for electricity for estimation
of Delmarva Power and Light Company’s stranded generation costs and unbuindled rates.

Maryland Public Service Commission (Cases Nos. 8794 and 8804) = Dcccmber 1998 -
Simulation analysis of the PJM market and projected market prices for electricity for estimation”

of Baltimore Gas and Electnc Company’s stranded generation costs and unbundled rates.

Vcrmont Public Servncc Board (Docket No 6107) Scptembcr 1998 :
Excess capacity, used & useful, and the economics of Green Mountam Power s purchase from
Hydro Quebec. : R

Mlssrssrppl Public Service Commnssnon (Docket No 96-UA- 389) Scptcmbcr 1998 .
Analyses of market concentration and market power, behavior of affiliated companies, need for
an mdependent system operator

California Pubhc Utrlmcs Commnssron (Appllcatlon No 97-12 020) July 1998 _
Nuclear power plant decommissioning and radioactive waste disposal. Also rebuttal testimony
m August.

Federal Energy Regulatory Commission (Docket No. EC97-46 000) — June 1998
Affidavit on market power 1mpllcat|ons of the proposed merger between Allegheny Power .
System and Duquesne Light Company. :

New Jerscy Board of Public Utilities (Docket Nos. EX4120585Y, EO97070460, and
E097070463) - March 1998 :,

Economic and environmental benefits of energy eff iciency, mcludmg estlmatlon of margmal 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 Hydro Quebec.

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

Federal Encrgy Regulatory Commission (Docket Nos. OA97-237-000 and ER97-1079-000)
—January 1998
Market power in New England electricity markets.

British Columbia Utilities Commission — November 1997
British Columbia Hydro and Power Authority Wholesale Transmission Services Appllcatxon

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

Pennsylvania 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 Power 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 Power, Inc. for approval of an electric competition and customer choice
plan. Allocation of default customers.

Vermont Public Service Board (Docket No. 5983) — October 1997

Excess capacity and the economics of Green Mountain Power Company’s purchase from Hydro
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 chisl‘nturc; Regulatory Flexibility Committee — September 23, 1997,
Testimony on “Electric Industry Restructuring To Benef' it 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 Restructurmg Plan. Environmental disclosure,
customer education, PJM market structure, nuclear decommnssxonmg and spent fuel, rate design
for stranded cost recovery. Also, surrebuttal testimony in August. :

Pennsylvaria Public Utility Commission (Docket No. R-00973953) — June 1997
PECO Energy Company’s Restructuring Plan. Environmental disclosure, PJM marLet structure, -
nuclear decommissioning and spent fuel. K

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) I‘cbruary 1997
Application of PECO Energy Company for Issuance of a Qualified Rate Order. Nuclear power
plant decommnssxomng costs, stranded cost recovery, and securitization.

New Hampshlrc Public Utllmes Commnssnon (DR 96 150) -- Nov cmbcr 1996
Electric industry restructuring, including stranded costs industry structure, market power, and
nuclear i issues. :

Massachusetts Department of Pubhc Utllmcs (96 100) July 1996
Nuclear plant stranded costs and decommnssxomng

Vermont Pubhc Service Board (5854) — July 1996
Electric industry restructuring, mcludmg stranded costs mdustr) structure, and cnv:ronmental
protectlon

Ontario Energy Board (H.R. 23) —- June 1995

Electricity rate options (joint evidence with John Stutz).

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

Colorado Public Utilities Commnssnon (94A-516A) J'mu'lr) 1995
Construction of new generating resources

Public Service Commission of chada (94-9002) Nm cmber 1994
Environmental and health impacts of a proposed power plant. .

Nuclear Decommlssmnmg Finance Committee of New Hampshlrc (93-001) - Septembcr
1994

Seabrook decommissioning cost, spent fuel storage, and cost collection methodology (jomt
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 fuel storage, and aging (joint testimony with William
Dougherty).

British Columbia Utilities Commission — August 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.

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

Massachusetts 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 l)ep:u.'tmcnt of Public Utilities ((89-141, 90-73, 90-141, 90-194 and 90-270) —
December 1990
The incorporation of environmental externalitics in specific utility RFPs.

Massachusetts Department of Public Utilities (90-35) — June 1990
Costs and benefits of high-efficiency gas heating equipment.

Massachusetts Department of Public Utilities (86-36-G and 89-239) — March 1990
Environmental externalities of electric resources.

Florida Public Service Commission (890973-E1) — 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-
New Jersey-Maryland Interconnection.

Maryland 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) —
March 1989
Allegheny Power System planning and avoided costs.

Michigan Public Service Commission (U-8880) — February 1988
Detroit Edison Company power supply costs, economics of Fermi “buy-back” purchase, nuclear
fuel expense, oil costs, and power transactions.
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Mrchrgan Public Scnlce Commlssron (U-8866) Dcccmber 1987 .
Consumers Power Company power supply costs mcludmg prOJectlons of oil prrces and
purchased power costs.

Pennsyly ania Public Utrht) Commrssron (R—850220) Scptcmbcr 1987

Economic analysis of West Penn Power Company s partlcrpatron in the Bath County Pumped
Storage PrOJCCt and Allegheny Power System capacity reserve requirements. Also, surrebuttal
testimony in October.

Arizona Corpor'mon Commission (U-1345 85—367) I‘cbru'\ry 1987 b

Palo Verde decommrssronmg cost
TR

Michigan Public Scnlcc Commlssron (U-8545) Dcccmber 1986
Consumers'’Power Company power costs, pl‘OJCCted cost of oil and purchased po“ er, economlc N
eva]uatron of the Brg Rock Pomt nuclear umt :

I’ubhc Scn ice Commlssron of Indrana (38045) Nm cmbcr 1986
Northern Indiana Public Service Company.system reliability and excess capacity.

California Public Utility Commission (84-06-014 and 85-08-025) — Jul) 1986
Diablo Canyon decommrssromng cost and collectron issues.

Michigan Public Service Commission (U—8042R) Junc 1986
Review of Consumers Power Company system Operatrons durmg 1985 and economlc evaluation®
of the Big Rock Point nuclear unit. - -, . » :~:r P :

Mlchlgan Pubhc Service Commlssron (U-8291) Aprll 1986
Detroit Edison Company pow er supply costs, apphcatron of a multi-area drspatch model

Mlchlgan Pubhc Scnrce Commlsswn (U-8286) Fcbruar) 1986
Consumers Power Company power supply costs apphcatron of a multi-area dispatch model.

Maine Public Service Commission (85-132) — January 1986 '
Standard and long term rates for cogeneratlon and small power productlon Surrebuttal

testrmony mFebruary" ; . .

Arkansas Public Service Commlssron (84-249 U) Junc 1985
Impact of the Grand Gulf nuclear unit upon Arkansas Power and nght Company and Mrddle
South Utrlltles e]ectrrcrty productron costs ‘ 4' Tf L

Kentuck) I’ubhc Scrvrce Commission (8666) February 1984
Production costing modeling issues. 0% .7 i
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Preliminary Estimates of Economrc Impacts and Avorded Arr L‘mrssmns from Renewable
Generation and Efficiency Programs in New England Phase 1'Summary, a Synapse Energy
Economics, Inc. report for the Regulatory Assistance Pro_ject by William Steinhurst, Robert '

Mclntyre Bruce Brewa]d Chff Chen and Kenjl Takahashr June 24, 2004

,,,,,,
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A Responsible Electricity Future: An Efficient, Cleaner and Balanced Scenario for 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 PJM: Comparison of Wholesale Power Costs in the PJM Market to
Indexed Generation 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 Comments in Docket No. 2004-147: Strategies for Procuring Residential and Small
Comumercial Standard Offer Supply in Maine, a Synapse Energy Economics, Inc. report
prepared for the Maine Office of Public Advocate by Amy Roschelle, Bruce Biewald, and Paul
Peterson. April 21, 2004.

Portfolio Management: How to Procure Electricity Resources to Provide Reliable, Low-Cost,
and Efficient Electricity Services to All Retail Customers, a Synapse Energy Economics, Inc.
report prepared for the Regulatory Assistance Project and the Energy Foundation, by Bruce
Biewald, Tim Woolf, Amy Roschelle and William Steinhurst. October 10, 2003.

A Clean Electricity Strategy for the Hudson 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.

Estimating the Environmental Benefits of Renewable Energy and Energy Efficiency in North
America: Experience and Methods, a report for the Commission for Environmental
Cooperation, by Geoffrey Keith, Bruce Biewald, Anna Sommer, Patrick Henn, and Miguel
Breceda, September 22, 2003.

Comments on the RPS Cost Analyses of the Joint Utilities and 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.

Modeling Demand Response and Air Emissions in New England, 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,

Cleaner Air, Fuel Diversity and High-Quality Jobs: Reviewing Selected Potential Benefits of
an RPS in New 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 England Experiment: An Evaluation of the Wholesale Electricity Markets, a Synapse
Energy Economics, Inc. report provided to the Connecticut Office of Consumer Counsel, Maine
Office of the Public Advocate, and New Hampshire Office of Consumer Advocate, by Paul
Peterson, David White, Bruce Biewald, and Cliff Chen, June 2003.

Financial Insecurity: The Increasing Use of Limited Liability Companies and Multi-Tiered
Holding Companies to Own Nuclear Power Plants,” 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 Avoided Emissions from Policies that Encourage 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.

Survey of Clean Power and Energy Efficiency Programs, a Synapse Energy Economlcs report
prepared for the Ozone Transport Commission, by Lucy Johnston, Geoff Keith, Tim Woo]f
Bruce Biewald, and Etienne Gonin, January 14, 2002.

Updated Avoided Energy-Supply Costs for Demand-Si(Ic Manngement Screening in '
Massachusetts, 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 Market ﬁlommrmg A Survey of Currem IS0 Activities aml
Recommendations for Effective Market Monitoring and Mitigation 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 Brewald Lucy Johnston, Etienne Gonin, and
Jonathan Wallach, November 9, 2001.

Electricity Market Analysis of Coal Waste Regulatwns An Hlustrative Midwest Case Study, a
Synapse Energy Economics report prepared for US. Environmental Protection Agency by Bruce
Biewald, David White, and Montserrat Ramlro October 31,2001.

The Other Side of Competitive Markets: Developing Effective Load Response in New
England’s Electricity 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.

Valuation of the Bellows Falls Hydroelectric Generalmg Station as of April 2001 a Synapse
Energy Economics report Jurie 4, 2001. .

Room 1o Breathe: Why the Massachusetts Departiment of Environmental Protection's
Proposed Air Regulations Are Compatible With Electric System Reliability, a Synapse Encrgy
Economlcs report prepared for MASSPIRG and Clean Water Fund, March 2001

Repowering the Midwest: A Plan for Cleamng Up the Electricity Industry in America’s
Heartland, prepared for the Environmental Law and Policy Center and a coalition of Midwest
environmental organizations, February, 2001

Generator Outage Increases: A Preliminary AnaIysrs of Outage Trends in the New England
Electricity Market, a Synapse Energy Economics report prepared for the Union of Concerned
Scientists, by Daniel Allen, Bruce Blewald and Davrd Schllssel January 7, 2001.

Marginal Price Assumptions for Estmmtmg Customer Benefits of Air Conditioner Ejf ciency
Standards: Comments on the Department of Energy’s Proposed Rules for Central Air

_ Conditioners and Heat Pump Energy Conservation Standards, 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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Transmitting Windpower from the Dakotas to Chicago: A Preliminary Analysis of a Hydrogen
Transmission Scenario, a Synapse Energy Economics report prepared for the Environmental
Law and Policy Center, with funding from the Leighty Foundation, by Barclay Gibbs and Bruce
Biewald, September 8, 2000.

Valuation of Hydroelectric Generating Facilities on the Connecticut and Deerfield Rivers in
Vermont, a Synapse Energy Economics report for the Vermont Department of Taxes, by Bruce
Biewald, Daniel Allen, David White, Neil Talbot, Paul Kirshen, Lawrence Martin, Paul
Chernick, and Rachel Brailove, April 1, 2000.

Use of Selective Caralytic Reduction For Control of NOx Emissions From Power Plants in the
U.S., a Synapse Energy Economics report for the OntAIRio Campaign, February, 2000.

Electricity Market Distortions Associated With Inconsistent Air Quality Regulations, by Tim
Woolf, Bruce Biewald, and David White for the Project for Sustainable FERC Energy Policy,
November 18, 1999. ‘

Avoided Energy-Supply Costs for Demand-Side Management Screening in Massachusetts, a
Resource Insight report for the AESC Study Group, by Rachel Brailove, Paul Chernick, Susan
Geller, Bruce Biewald, and David White, July 7, 1999.

Comments on the Scope of Issues for FERC Staff’s Environmental Assessment of the
Proposed Rule on RTOs by the Project for Sustainable FERC Energy Policy on behalf of
Multiple Parties, prepared by Terry Black and Bruce Biewald, June 14, 1999,

Stranded Nuclear Waste: Implications of Electric Industry Deregulation for Nuclear Plant
Retirements and Funding for Decommissioning and Spent Fuel, by Bruce Bicwald and David
White, January 135, 1999.

New England Tracking System, 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 Transport In Reaching Attainment in the Northeast: Opportunities, Equity
and Economics, a Synapse Energy Economics report for the Northeast States for Coordinated
Air Use Management, by Tim Woolf, David White, Bruce Biewald, and William Moomaw, July
1998.

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

Grandfathering and Environmental Comparability: An Economic Analysis of Air Emission
Regulations and Electricity Market Distortions, a Synapse Energy Economics report for the
National Association of Regulatory Utility Commissioners, by Bruce Biewald, David White,
Tim Woolf, Frank Ackerman, and William Moomaw, June 11, 1998.

Analysis of Market Power in the APS and Duquesne 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 i in @ Restructured Electric Industr) , @ Synapse Energy
Economics report for the National Association of Regulatory Utility Commissioners, by Bruce
Biewald, Tim Woolf, Peter Bradford, Paul Chermck Susan Geller and Jerrold Oppenhelm
November 8, 1997. '

Massachusetts Electric.Utility Stranded Costs a Synapse Energy Economics report for

MASSPIRG, Union of Concerned Screntrsts Clean Water Action, Massachusetts Citizens for .
Safe Energy, and Public Citizen, by Bruce Biewald, T|m Woolf, and Marc Breslow, November ’

4, 1997.

: Horlzontal Market Pover in New England Electricity Markets: Simulation Results and 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 pubhshed as Vermont DPS Techmcal Report No. 39 in March, l997)

Zero Carbon Electrrcrty The Essential Role of Eff czenq; and Renewables in New Englaml s

Electricity Mix, a Tellus Institute report for the Boston Edison Company Settlement Board by
Bruce Biewald, Tim Woolf, Bill Dougherty, and Dal_ut Singh, April 30 1997.

Full Environmental Disclosure for Eleclrmty Traclung and Reportmg Ixe y Infornmtron 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 Austm
Cheryl Harrington, Bruce Biewald, David E. Whlte and Robert Bigelow, March 1997. -

Restructuring the Electric Utllmes of JlIm;yIan(l Protectmg and A(lv(memg Consumer
Interests, for the Maryland People’s Counsel, by Paul Chernick, Jonathan Wallach, Susan - -
Geller, John Plunkett, Roger Colton Peter Bradford Bruce Biewald, and David Wlse February
20, 1997. SR

Sustainable Electricity for New England: Developing Regulatory and Other Governmental
Tools to Promote and Support Environmentally-Sustainable Technologies in the Context of -
Electric Industry Restructuring, a report to the New England Governors’ Conference, by Bruce
Biewald, Max Duckworth, Gretchen McClam "David Nichols, Richard Rosen, and Steven™
Ferrey, Tellus No. 95-310, January 1997. ‘ .

Restriicturing New Hampshire’ s ‘Electric Power Iqustry Stramled Costs and Market Power
areport for the New Hampshire Ofﬁce of Consumer Advocate, by Bruce Brewald Paul
Chernick, Jonathan Wallach, and Peter Bradford Synapse Report No 96 05, November 1996

Comments of the New Hampslure Oj_'f' ce of Consumer Advocate on Restructurmg New - .. %

Hampshire’s Electric Utility Industry, by Bruce Biewald, Paul Chemlck Jonathan Wallach and
Peter Bradford Synapse Report No 96-04, October 18 1996

Can We Get T here From Here’ T Ize Challenge of Restructurmg the Elecmcuy Industr;v so
that We Can All Benefit, a White Paper for CalNeva, Consumer Action, Consumer Federation
of California, Consumers First, Greenhmng Coalltlon “Latino Issues Forum Towards Utrllty
Rate Normalization, and Utility Consumers’ ‘Action Network, by John Stutz, Bruce Biewald,

- Daljit Singh, Tim-Woolf, George Edgar, and Wayne DeForrest, April 1996. -
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A Study of the Impacts of EPA Phase 11 SO; and NO Emissions Standards on Electrical
Fuacilities in the ECAR 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 Daljit Singh, Tellus No. 96-069, April 15 1996.

A Projection of Future Market-Based Prices for Air Emissions: Consequences for Renewable
and Demand-Side Management Resources, for the Massachusetts Division of Energy
Resources, by Maxim Duckworth and Bruce Biewald, Tellus Institute, March 29, 1996.

Promoting Environmental Quality in a Restructured Electric Industry, for the National
Association of Regulatory Utility Commissioners, Tellus No. 95-056, December 1995.

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

Costing Energy Resource Options: An Avoided Cost Handbook for Electric Utilities, prepared
for the U.S. EPA, Tellus No. 93-251, September 1995.

Electric Resource Planning for Sustainability, a report to the Texas Sustainable Energy
Development Council, Tellus No. 94-114, February 1995.

New York State Environmental Externalities Cost Study Report; Report 3a: EXMOD User
manual; Report 3b: EXMOD Reference manual; Report 4: Case Studies, prepared for the
Empire State Electric Energy Research Corporation and New York State Energy Research and
Development Authority. ESEERCO Project EP91-50, December 1994.

"Comments on the DOE's Proposed Rulemaking Regarding Energy Conservation Standards
Jor Three types of Consumer Products: Including Fuel Cycle Environmental Impacts and
Resource Depletion in a Societal Cost-Benefit Framework,” December 1994,

Comments on the Northwest Power Planning Council's Issue Paper #94-50: "Accounting for
Environmental Externalities in the Power Plan,” Tellus No. 94-284, December 1994.

Comments on Incentive Regulation in Massachusetts, DPU 94-158, November 1994,

Valuation of Environmental and Human Health Risks Associated with Electric Power
Generation: A Discussion of Methods and a Review of Greenhouse Gas Studies, a report
prepared for the I1zaak Walton League of America, Minnesotans for an Energy Efficient
Economy, American Wind Energy Association, Clean Water Action, American Lung
Association, Minnesota Center for Environmental Advocacy, and Institute for Local Self
Reliance, Tellus No. 94-202, November 1994,

Resource and Compliance Planning: A Utility Case Study of Combined SOg/C 0, Reduction,
Report Prepared in Cooperative Agreement with the U.S. EPA Acid Rain Division, Tellus No.
92-185, October 1994,

Modelling Renewable Electric Resources: A Case Study of Wind, a report to the U.S.
Department of Energy, Tellus No. 91-187, October 1994.

A Review of Methods and Models for Estim(-:ting the System Risk Reduction Value of DSM,
prepared for the Boston Edison Settlement Board, Tellus No. 93-174B, September 1994,
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Life Extension and Repowering for F ossil Plints: Guidelines for E valuatmg Projects,
prepared for the Energy Foundation, Tellus No. 92-147A, August 1994,

License Renewal for Nuclear Power Plants: Guidelines for Evaluating Continued Operatmn
prepared for the Energ) I‘ound'mon, Tellus No 92 -147B, August 1994.

Greenhouse Gas L‘mtsszons T argets amI Control Costs for the British Columbia Energy
Coalition, Tellus No. 94-195, August 1994,

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

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

Development of Externality Values for Energy Resource Planning in Ontario: Air Toxics -
Heavy Metals, prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/3, June
1994. _ Coa

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 Energ) Resource Planning in Ontario: Lﬁn’d dand ,
Water Impacts, prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/5, June
1994.

Development of Externality Values s for Energy Resource Planning in Ontario: Nuclear Fuel
Cycle Externalities: Uranium Mining, 1 Reactor Operations, Accidents, and Waste Disposal,
prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/6, June 1994.

Comments on the State of " isconsin Draft Environmental Impact Statement - Point Beach
Nuclear Power Plant Projects Proposed by Wisconsin Electric Power Company, for the
Wisconsin szens Utrllty Board, Tellus No 92 058 Aprrl 1994

Incorporatmg L'nwronmental s \1ernalmes in Energ_; Decisions: A Gmde Sfor Energy N
Planners, a report to the Swedish International Development Agency, Tellus No. 91-157,
February 1994. ’

Development of Externalrty Values for Energ_} Resource lemmg in Ontano Introduclory
Report, prepared for the Ontario Externalities Collaborative, Tellus No. 94-016/1, January 1994,

Cooling Towers for Hudson River Power Plants, Economic and Environmental
Consrderatrons for Scenic Hudson Inc,, Tellus No. 92-022, J uly 1993.

Eneérgy Efficiency  for Massachusetts: A Strategy for Energy Enwronment and the Econom_; s
a report to the Massachusetts Division of Enérgy Resources, Tellus No. 92-236D, April 1993.

Renewable Energ) Jor Massachusetts: A Strategy for Energy, Environment and the Econom) ).
‘a report to the Massachusetts Dwrsron of Energy Resources Tellus No 92-236H Aprll 1993

The Env:ranmental Impacts of Demand-Stde ]&Ianagement Measures areport for the Electrrc ‘
Power Research Institute, EPRI No. TR-101573, Research Project 3121-05, Tellus No. 92-089,
December 1992.
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Incorporating Environmental Externalities in Electric System Planning, a report to the
Colorado Office of Energy Conservation, Tellus No. 91-203/SB, April 1992,

Evaluation of the Application of Aquidneck Power Limited Partnership to Construct an

Energy Facility in Portsmouth, Rhode Island, a report to the Rhode Island Division of Public
Utilities and Carriers, The Governor's Office of Housing, Energy and Intergovernmental
Relations, and The Department of Administration/Division of Planning, Tellus No. 91-255. April
1992.

Need for and Alternatives to Nuclear Plant License Renewal, a réport sponsored by the
Vermont Department of Public Service, Tellus No. 91-248, March 1992,

Preliminary Study on Integrated Resource Planning for the Consumers' Gas Company, Ltd.,
prepared for Consumers Gas Company, Ltd., Tellus No. 91-001, January 1992.

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

Valuation of Environmental Externalities: Sulfur Dioxide and Greenhouse Gases, for the
Massachusetts Division of Energy Resources, Tellus No. 91-085, December 1991.

CASM: Coordinated Abatement Strategy Model, Stockholm Environment [nstitute, Stockholm,
Sweden, November 1991.

Valuation of Environmental Externalities for Electric Utility Resource Planning in Wisconsin,
areport to Citizens for a Better Environment, Milwaukee, WI, Tellus No. 91-104, November
1991.

The Environmental Costs and Benefits of DSM: A Framework for Analysis, prepared for the
Electric Power Research Institute, Tellus No. 90-177, January 1991.

The Potential Impact of Environmental Externalities on New Resource Selection and Electric
Rates, for and with the Massachusetts Division of Energy Resources, Tellus No. 90-165, January
1991.

Environmental Impacts of Long Island's Energy Choices: The Environmental Benefits of
Demand-Side Management, prepared for Long Island Power Authority, Tellus No. 90-028A,
September 1990.

Review of Southern Connecticut Gas Company's Conservation Impact Model, prepared for the
Conservation Collaborative Group (Southem Connecticut Gas Company, Connecticut
Department of Public Utility Control (DPUC), Prosccutorial Division, DPUC, Office of Policy
and Management/Energy Division, and Office of Consumer Counsel), Tellus No. 90-084, July
1990.

Disposal Costs at Existing and Proposed Low-Level Radioactive Waste Disposal Facilities and
the Implications for Vermont, prepared for the Vermont Department of Public Service, Tellus
No. 89-168, March 1990. :
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Affidavit on Seabroolt Decomnussmnmg, prepared for the Massachusetts Attorney General,
ESRG Project No. 89-246, February 1990.

The Economics of the Pallsades Nuclear Plant An Analysis of the Proposed Sale and Power
Purchase Agreement, a report to the Michigan Attomey General, ESRG No 88-100C, April
1989.

An Analysis of I’Ixysrcal Excess and Unecononnc Capacuy Resulting from the Addmon of
Beaver Valley 2 and Perry 1 to the Centerior Generatmg System, areport for the Ohro Office of
Consumers' Counsel, ESRG No. 88-38B, October 1988.

The Economics of Diablo Canyon: Analyses of the Proposed Settlement A greement andthe
Continued Operation of the Plant, a report for the Redwood Alliance, ESRG No. 88-050R,
September 1988.

The Fort St. me ‘Nuclear Plant: L'conomtcs and Related Issues, a report to the Colorado
Office of Consumer Council, ESRG No. '86-004, May 1987. '

Towards an Energy Transition on Long Island: Issues and Directions for Planning, a report
for Nassau and Suffolk Counties, New York ESRG No 87-05, Aprrl 1987

The L'conomlcs of Completing and Operatmg llxe Vogﬂe Nuclear Generatmg Facrhty
prepared for the Georgia Office of Consumers' Utlllty Counsel, ESRG No. 85-098, Aprll 1986.

Audit-Related Issues in the WHIP Program, a report to Technical Devclopment Corporation,
ESRG No 85-41, January 1986.

Two Issues in Georgm Power Company 's Plannmg T he Economics of the Vogtle Plant - The
Company sLoa(I Forecastmg, ESRG No. 85 5 lA December 1985.

Cost-Benefi. tAnalys:s of the Cancellatlon of Conrmonweal!h Edison's Braulwood Nuclear.
Generating Station, ESRG No. 83-87, October 1984.

The Economics of Seabrook 1 from the Perspective of the Three Maine Co-owners, a report to .
the Maine Public Utilities Commission, ESRG No. 84-38, September 1984.

Evaluation of the Massachusetts Energy Conservation Serw'ce, ESRG No. 84-07, August 1984.

Electric Rate Consequences of Cancellatton of the Mu!Iand Nuclear Power Plant ESRG No
83-81/1, May 1984. A U . .

Power I’lannmg in Kentucky: Assessmg Issties and Choices, Tecluucal Repert III
Conservation as a Planning Option, ESRG No. 83-51/TRIII, January 1984.

Electric Rate Consequences of Reﬂrmg 1he Robmson 2 Nuclear Power Plant ESRG No 83-
. 10, January 1984. .

Power Planning in Kentucky: Assessmg Issues and Choices, Technical Report I: Long Range ,
Forecasts of Electricity Reqmrements for Kentuclty and rts Six }Wajor Utllmes ESRG No 83-
S1/TRI, December 1983. B : '

Power Planning in Kentucky: Assessing Issues and Choices, Project Summary to the Public
Service Commission, ESRG No. 83-51, November 1983.
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Electricity and Gas Savings from Expanded Public Service Electric and Gas Company
Conservation Programs, a report to the New Jersey Division of Rate Counsel, ESRG No. 82-
43/2, October 1983.

Long Island Without the Shoreham Power Plant: Electricity Cost and System Planning
Consequences, ESRG No. 83-14/S, July 1983.

A Technical Report to the Staff of the District of Columbia Public Service Commission on the
Benefits to Ratepayers of the Electric Power Research Institute and Gas Research Institute
Programs, ESRG No. 83-11, February 1983.

Customer Programs to Moderate Demand Growth on the Arizona Public Service Company
System: Identifying Additional Cost-Effective Program Options, ESRG No. 82-14, December
1982.

The Economics of Alternative Space and Water Heating Systems in New-Construction in the
New Jersey Power and Light Service Area, a report to the Public Advocate, ESRG No. 82-31,
December 1982,

Report on Electricity Conservation in the State of Vermont: Assessing the Potential and
Developing Program Strategies, a report to the Department of Public Service, ESRG No. 82-23,
October 1982.

Long-Range Forecast of Electric Loads in the State of Vermont, ESRG No. 82-16, October
1982.

The Economics of Closing the Indian Point Nuclear Power Plants, ESRG No. 82-40, October
1982.

Priority Residential Customer Programs to Conserve Electricity and Gas in the Public Service
Electric and Gas Company Area, a report to the Division of Rate Counsel for New Jerscy Board
of Public Utilities, ESRG No. 82-43, September 1982.

The Impacts of Early Retirement of Nuclear Power Plant: The Case of Maine Yankee, ESRG
No. 82-91, August 1982.

Long Range Forecast of Atlantic City Electric Company Electric Energy and Peak Demand, a
report to the New Jersey Board of Public Utilities, ESRG No. 82-17/1, July 1982.

A Power Supply and Financial Analysis of the Seabrook Nuclear Station as a Generation
Option for the Maine Public Service Company, a report to the Staff of the Maine Public
Utilities Commission, April 1982.

Long Range Forecast of Detroit Edison Company Electric Energy Requirements and Peak
Demands, a report to the Michigan Public Service Commission, ESRG No. 81-60/2, April
1982. '

Long Range Forecast of Consumer's Power Company Electric Energy Requirements and
Peak Demands, a report to the Michigan Public Service Commission, ESRG No. 81-60, March
1982.
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A Consen'atron Case Forecast of L‘Iectrrc Energ) Consumptmn am! Peak Dem(md in tlre -
Sierra Power Compan) Servrce Area ESRG No. 81-42/2 February 1982 B

Maine Public Serwce Compan y's L'lectrrc L'nergy Reqmrements and PeaA Demamls a report
to the Maine Public Utilities Commission, ESRG No. 81-61, January 1982.

A Conservation Investment Scemmo for the Northeast Utilities Connecticut Service Area, -
ESRG No. 81-12/1, October 1981.

The Conservation InvestmentAlternattve for New ¢ rA State, ESRG No. 80-42, September
1981. ) R : IR )

A Conservation Investment Program for Alabama Power Company areport to the Alabama _

Public Service Commission, ESRG No. 80-62/2, July:1981. AN

A Conservation Investment Strategy for Utah Power aml Li"ht Company: : Cost- Bén‘efr
Analysis, Public Service Commission of Utah, Case No. 80-035-17, ESRG No. 81 06 F ebruary
1981. TR ,

The Conservation Alternative to the Power Plant at Shoreham, Long Island, ESRG No. 80-3I )

November 1980.

- . L -'.:.‘ .
PAPERS R do S
“Capacity for the Future: Kinky Curves 'md Other Reliability Optlons,” Paul Peterson,
David White, Amy Roschelle, and Bruce Biewald, December 20, 2004. :

"Estimating Emission Reductlons from Energy Efﬁcrency in the Northeast," Bruce Bie\\fald'

and Geoff Keith, ACEEE 2004 Summer Study, Pacific Grove, CA. August 22-27, 2004.

“Long-Term Power Contracts: The Art of the Deal,” Amy Roschelle William Stemhurst
Paul Peterson, and Bruce Biewald, Public Utilities Fortnightly, August 2004.

“Desrgmng Dem'md Response Progr'rms in Ne“ England to Achicvé Air Quality Bcnefts »

Geoffrey I\erth Bruce Biewald, and Davrd Whlte The EIeclrrcrty Journal May 2004.
“The 2003 Blackout Solutlons that \Von’t Cost a Fortune »” Davrd Whlte Amy Roschelle

Paul Peterson Davrd Schllssel Bruce Brewald and Wlllram Stemhurst The ElectrrcrtyJournaI‘ '

November 2003."

“Electricity Market Distortions Associated with Inconsistent Air Quahty Reguhtlons ” Trm

Woolf and Bruce Blewald Tlre EIectrrerty Journal Apnl 2000

“Grandfathenng 'md coal plunt emissions: the cost of clcanmg up the Clean Alr Act » o
Frank Ackerman, Bruce Biewald, David White, Tim Woolf, William Moomaw, Energy PoIrcy,
Volume 27 Number 15, December 1999

“Follow the Money A Method l'or Traekmg Electrlcrty for Em lronmental Dlsclosure,” :
Bruce Brewald David White,«and Tim Woolf, The EIectrrcrty Journal, May 1999.

Book Reviciv of “u. S: Utrllty Mergers and the Restructurmg of the New Global Power
Industry,” in Energy, October 1998.
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“Implications 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, 19™ Annual North American Conference, Albuguerque, NM,
October 1998.

“Efficiency, Renewables and Gas: Restructuring as if Climate Mattered,” 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: The Operating Economics of Electricity Generation,” The
Eleciricity Journal, January/February 1997.

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

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

“Competition and Environmental Impacts in the U.S. Electric Sector: Must Market Forces
4) b44

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 EXMOD,"
Stephen Bernow, Bruce Biewald, 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. Bailcy, 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 Hohmeyer and Richard Ottinger. Published by Springer-Verlag,
September 1994.
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"Modelling Renewable Electric Resources: A C'\se Study of Wind," Stephen Bernow, Bruce
Biewald, Daljit Singh, and Jeff Hall, proceedmgs of the Ninth NARUC Biennial Regulatory
Information Conference Columbus, OH, September 7-9, 1994. '

" Alternative Closed Cy cle Coolmg Systems for Power Plants: A Framework of Evaluation
in Integrated Resource Planning," Daljit Singh and Bruce Biewald, in the proceedings of the
Ninth NARUC Biennial Regulatory Informatron Conference, Columbus, OH. September 7-9,
1994.

"Mlsconccptrons, Mistakes and Misnomers in DSM Cost-Effectivencss An‘ll) sis, 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 Elcctric Resources: A Case Study of Wind Power," Stephen Bernow,
Bruce Biewald, and Daljit Singh, presented at WINDPOWER 1994, Sponsored by Amerrcan
Wind Energy Association, Minneapolis, Minnesota, May 9-13, 1994,

"National Climate Change Policy and Clean Air Act Compliance: A C‘lse Study of
Combined CO2/SO2 Reduction," Stephen Bérnow, Bruce Biewald, Mark Fulmer, Tim Woolf,
Kristen Wulfsberg, and Barry Solomon, in the proceedings of NARUC's 5th Natlonal
Conference on Integrated Resource Planning, Kallispell, Montana, May 15-18, 1994.

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

“Environmental Sustam‘tbllrt) as a Goal in Resource Planning and Polrcy ,'' Stephen
Bernow and Bruce Biewald, Office of Technology Assessment workshop, Washington, DC.
April 1993,

"Climate Ch'mge and the U S. Electric Sector," Bruce Biewald and Stephen Bernow,
presented at NARUC's 4th National Conference on Integrated Resource Plannmg, Burlmgton
Vermont, September 1992. ‘

"Coordmatmg Clean Air Act Compllancc with Intcgrated Resource Planmng The Role of
Externalitics,” Stephen Bernow, Bruce Biewald, and Kristin Wulfsberg, the Eighth NARUC
Biennial Regulatory Information Conference Oth State University, Columbus Ohio.
September 9-11, 1992 .

"Direct Environmental Impacts of Dcmand-Srde Mamgcment " Stephen Bernow, Trank
Ackerman, Bruce Biewald, Mark Fulmer, Karen Shapiro, and Kristin Wulfsberg, American
Council for an Energy Efficient Economy (ACEEE) 1992 Summer Study September 1992.

""Modelling Fuel Cycle and Srte—Dcpendent Envrronmental Imp'lcts in Electric Resource )
Planning," Stephen Bernow and Bruce Biewald, invited paper at OECD-IEA Expert Workshop
on Life-Cycle Analysis of Energy Sy stems, Parrs France, May 18 and 19, 1992. Proceedmgs '
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 Measurement: Quantification, Valuation and Monetization,"
Bernow, Biewald and Marron, in External Environmental Costs of Electric Power, proceedings
of a German-American workshop, Ladenburg, FRG, October 23-25, 1991. Edited by Olav
Hohmeyer and Richard Ottinger, published by Springer-Verlag (Berlin, Heidelberg, New York).

"Some Microcomputer Tools for Least Cost Integrated Energy Planning: ECO, LEAP and
EDB," Bruce Biewald and Harvey Salgo, presented at workshop on Energy Pricing and
Planning, Bratislava, Czechoslovakia, May 21-22, 1991.

“Confronting Uncertainty: Contingency Planning for Decommissioning,” Bruce Biewald
and Stephen Bernow, Chapter 18 of *Nuclear Decommissioning Economics,” a special issue of
The Energy Journal of the International Association for Energy Economics, Volume 12, March
1991.

“Avoided Emissions and Environmental Dispatch,” 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 DSM in New York: Long Island Case Study," Bruce Bicwald
and Stephen Bernow, presented at the Conference on "Demand-Side Management and the Global
Environment,” Arlington, Virginia, April 22-23, 1991.

"Full Cost Dispatch: Incorporating Environmental Externalitics in Electric System
Operation,” Stephen Bernow, Bruce Biewald and Donald Marron, the Electricity Journal,
March 1991.

"EDB: A Flexible Database System for Energy-Environmental Analysis," Bruce Biewald,
Michael Lazarus, and David Von Hippel, presented at International Atomic Energy Agency
(IAEA) Technical Committee Meeting on "Development of a Database for Comparative Health
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 Hole, Wyoming, October 1990.

"An Assessment of Demand-Side Management Models and Their Use and 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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VI,

“Nucleai Power Economics: Constructlon, Operatlon and DlSpOS'll " Bruce Biewald and
Donald Marron March 1989 g

"Electric Utlllt} System Rcll‘lblllt) Analysrs Detcrmmmg thc Nccd fochneratmg
Capacity,” Stephen Bernow and Brucé Biewald, in the proceedings of the Sixth NARUC
Biennial Regulatory Informatlon Conference, September 1988.

"Nuclear Power Plant Decommrssronmg "Cost Estimation for Power Planning and

. Ratemaking," Stephen Bernow and Bruce Biewald, Public Utilities Fortnightly, October 29,

1987.

"Cost and Performance of Boiling Water Reactors," Stephen Bernow, Bruce Biewald and
Tim Woolf, Public Utilities Fortnightly, August 1987.

PRESENTATIONS
(Note Presentatlons that w ere accompamed by a wrrtten paper are listed i in the sectlon for -
“papers,” above.) ‘

“The Shape of Thmgs to Come: Incorporating Unproven Reserves of Efficiency Savmgs into
Energy Models,” presentation to the East Coast Energy Group, Washington, DC, November lO
2004.

“Dlsp]aced Emissions from Renewables and Eff‘ iciency in the Northeast Unlted States ”
presentation at a workshop convened by the Commission for Environmental Cooperatron the US
Environmental Protection Agency, and the World Resources Institute, Washmgton DC
Novermber 4,2004. : : - :

“Electric Transmission Technical and Policy Issues;” presentation at National ASsociatfon of
State Utility Consumer Advocates conference in Austin, Texas, Juné 14, 2004. -

“Incorporating Renewable Generation into a Risk Management Strategy,” presentation at the ,
New England Conference of Public Utility Commissioners Symposmm Brewster,
Massachusetts, May 25, 2004. :

“Electricity Portfolio Management,” presentation 'at Illinois State Uniyers'ity'lnstitl'xte folrj- .
Regulatory Policy Studies Conference on “Beyond 2006,” Springfield, Illinois, May 20, 2004.

“Electricity Risk Management: Dlversﬂ' ed Resource Portfollos presentatfon' at Ele'ctrieiPo'Wer"
Supply Association Meeting, Washington, D.C., Ma} 6, 2004. ' -

“Quantifying Emission Reductions from Local Government Actions,” presentationto
Metropolitan Washmgton Councrl of Govemments Energy and All‘ Quahty Conference o
Washington DC, April 5, 2004,

“Electncrty Portfoho Management ” presematron to Natlonal Assocratlon of Regu]atory Utlhty .
Commissioners’ conference in Washington, D.C., March 9, 2004.

“Portfolio Management for Electncrty presentatlon at the Regulatory Assrstance Pro_]ect 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 Renewable Energy and Energy Efficiency. Washington, DC, July 27, 2003.

“Best Pragtices 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 Ultility
Consumer Advocates Mid-Year Mecting 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, Minneapolis, Minnesota, May 1, 2001.

“Observations on New England’s Electricity Markets,” National Regulatory Research Institute
Market Power Conference, Columbus, Ohio, April 10, 2001.

Presentation on “Derailing Coal: The 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
Heartland,” presentation with Howard Learner at the National Association of Regulatory Utility
Commissioners Annual Meeting, San Diego, California, November 14, 2000.

Presentation on “Electricity in New England: Market Imperfections of Failure?” at National
Association of State Utility Consumer Advocates Annual Meeting, San Diego, California,
November 13, 2000.

Presentation on “How Green is Green? Verifying Energy Advertising Claims,” at the New
England Conference of Public Utility Commissioners Symposium, Bretton Woods, New
Hampshire, 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 New England Market,” at the National Association
of Regulatory Utility Commissioners 1998 Summer Committee Meetings, Seattle, July 26, 1998.

Presentation on “Tracking Electricity in the New 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 Regulatlons ina Restructured Electncnty Industry:
The Grandfathering Effect,” National Association of Regulatory Uul|ty Commlssmners meeting
in Washington, D.C., March 1,.1998. '

Presentation on “Market Power in Electricity Generatlon > Natlonal Consumer Law Center o
Conference, Washington, D.C., February 9, 1998. '

Presentation on “Electricity Market Power in New England » Massachusetts Electrlc Industry
Restructuring Roundtable, Boston, December 15, 1997.

Presentation on wind power development and air quality, _Nat-ional Wind 'Coor_dilnating '
Committee New England Wind Issues Forum, Boston, November 7, 1997.

Invited speaker on market power, Nauonal Association of St'xte Utility Consumer Advocates
meeting in Boston, November 12, 1997. .

Presentation on “Distortions to Future and Current Competitive 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,” Natlonal Association of
Regulatory Utility Commissioners meeting in San Francnsco July 22, 1997.

Presentation on “‘Performance-Based Regulation in a Restructured Electric Industry,” National

. Association of Regulatory Utility Commnssroners meetmg in San Francisco, July 20, 1997.

Presentation on “State Initiatives and Reglonal Issues,” New England Governors’ Conference
Workshop on Restructuring and Envrronmentally Sustamable 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. iy N

.

Presentation on “Nuclear Power Plant Decommnssnonmg Costs and Electricity Restructuring,”
Nuclear Decommissioning Trusts conference, ‘New York City, November 18, 1996.

Invited speaker on stranded costs, Indiana Utilities Regulatory Commission ‘Forum, Indlanapolls
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 "Advanced 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 Utilitiecs 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 EPA "Opportunitics
Conference: Energy Efficiency and Renewable Energy.” Washington, DC, June 1993.

Presentation on "Energy and Sustainability™ to Hydro-Quebec Conference, Hampshire College,
Ambherst, Massachusetts, April 1993.

Invited Speaker on environmental externalitics, ASME "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 countrics 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 New Developments in Nuclear Decommissioning Costs and
Funding Methods, sponsored by the Northeast Center for Professional Education, Washington,
DC, April 1988.
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Estimated and Realized Nuclear
Construction Costs

Exhibit 3
Affidavit of Bruce Biewald

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 19909%) of 1990%)
Arkansas Nuclear .
1 $375 $624 McGuire 1 $414 - $1,299
Arkansas Nuclear
2 . $460 $1,081 McGuire 2 $472 $1,269
Beaver Valley 1 $513 $1,176 Millstone 2 $474 $936
Beaver Valley 2 $913 $4,099 Millstone 3 $1,046 $3,998
Braidwood $762 $2,723 Nine Mile Point 2 $1,008 $5,281
Browns Ferry 1 $303 $876 North Anna 1 $515 $1,555
Browns Ferry 2 $227 $657 North Anna 2 $445 $932
Browns Ferry 3 $227 $657 Palisades $294 $422
Brunswick 1 $430 $718 Palo Verde 1 $1,234 $4,185
Brunswick 2 $352 $933 Palo Verde 2 $920 $2,291
Byron 1 $741 $2,518 Peach Bottom 2 $532 $1.418
Byron 2 $552 $2,072 -Peach Bottom 3 $423 $560
Callaway $1,136 $2,999 Perry1 $981 $3,729
Calvert Cliffs 1 $357 $1,142 Rancho Seco $389 $876
Calvert Cliffs 2 $287 - $765 RiverBend1 $718 $4,091
Catawba 1 $559 $2,074 Salem 1 $462 $1,829
Clinton $710 $4,058 Salem 2 $378 $1,497
Cooper $378 $1,053 San Onofre $1,134 $3,343
Crystal River 3 $362 $948 San Onofre 3 $1,056 $2,078
Davis-Besse 1 $484 $1,359. Sequoyah 1 $524 $1,560
Diablo Canyon 1 $445 $3,750 Sequoyah 2 $429 $1,276
Diablo Canyon 2 $459 $2,333 Shoreham $300 $4,139
Donald C. Cook 1 $657 $1,303 St Lucie 1 $365 $1,130
Duane Amold . $340 $716 - St. Lucie2 $893 $1,876
Edwin I. Hatch 1 $417 $951 Surry 1 $419 $761
Edwin I. Hatch 2 $653° $922 Surry 2 $329 $437
Fermi 2 $596 . $3,783 Susquehanna 1 $1,320 $2,654
Fort Cathoun 1 $222 $520 Susquehanna 2 $753 $2,274
Grand Guif 1 $1,105 $3,473 Three Mile Island 1 $323 $1,008
Harris 1 $898 - $3,999 Three Mile Island 2 3668 $1,287
Hope Creek . $1,592 $4,598 Trojan $582 $1,145
Indian Point $477 $859 Virgil Summer 1 $630 $1,707
Joseph M. Farley 1 $387 '$1,463 Waterford 3 $617 $3,303
Joseph M. Farley 2 $406 $1,228 Wolf Creek 1 $1,143 $2,835
Kewaunee $297 $559 WPSS2 $786 $4,008
LaSalle 1 $715 $1,918 Zion 1 $593 $768
LaSalle 2 $532 $1,255 Zion2 $430 $752
Limerick 1 $921 $3,980

Total $144,650

$45,247



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD PANEL

In the Matter of

' Docket No. 52-007-ESP
Exelon Generation Company, LLC .
ASLBP No. 04-821-01-ESP
(Early Site Permit for Clinton ESP Site) ' ‘

CERTIFICATE OF SERVICE

I, Shannon Fisk, hereby cértify that copies of the Intervenors’ Motion to Amend Contention 3.1
and supporting documents in the above captioned proceeding have been served on the following
via electronic mail and by deposit in the U.S. mail, first class, on this 22™ day of April, 2005.

Office of the Secretary

U.S. Nuclear Regulatory Commission
ATTN: Rulemakings and Adjudications
Staff

Washington, D.C. 20555-0001

(E-mail: HEARINGDOCKET@nrc.gov)

Paul B. Abramson, Chair
Atomic Safety and Licensing Board Panel

~ U.S Nuclear Regulatory Commission

Washington, D.C. 20555-0001
(E-mail: pba@nrc.gov)

David L. Hetrick

Atomic Safety and Licensing Board Panel
8740 E. Dexter Drive

Tucson, AZ 85715

(E-mail: dimwh@dakotacom.net)

Anthony J. Baratta

Atomic Safety and Licensing Board Panel
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

(E-mail: AJB5@nrc.gov)

Office of Commission Appellate
Adjudication

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Ann P. Hodgdon
Antonio Fernandez

'Mauri T. Lemoncelli

Robert M. Weisman

Shana Zipkin

Office of General Counsel

U.S. Nuclear Regulatory Commission
Washington D.C. 20555-0001
(E-mail: aph@nrc.gov;
axf2@nrc.gov; mtll@nre.gov;
rmw@nrc.gov; scz@nrc.gov)

Stephen P. Frantz, Esq.

Paul M. Bessette, Esq.

Alex S. Polonsky, Esq.

Morgan, Lewis & Bockius, LLP
1111 Pennsylvania Avenue, N.W.
Washington, D.C. 20004 -

~ (E-mail: sfrantz@morganlewis.com,

pbessette@morganlewis.com,
apolonsky@morganlewis.com)
Thomas S. O’Neill, Esq.
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Associate General Counsel

Exelon Nuclear

4300 Winfield Road

Warrenville, IL 60555

(E-mail: thomas.oneill@exeloncorp.com)

Diane Curran, Esq.

Harmon, Curran, Spielberg

& Eisenberg LLP

1726 M. Strect N.W,, Suite 600
Washington, D.C. 20036

(E-mail: dcurran@harmoncurran.com)

Dave Kraft

Executive Director, Nuclear Energy
Information Service

PO Box 1637

Evanston, IL 60204-1637

(E-mail: neis@neis.org)

W AE

Shannon Fisk
One of the Attorneys for the
Environmental Law and Policy Center

Michele Boyd

Legislative Representative, Public Citizen
215 Pennsylvania Avenue, SE
Washington, D.C. 20003

(E-mail: mboyd@citizen.org)

Paul Gunter :

Director, Reactor Watchdog Project
Nuclear Information and Resource Service
1424 16th Street, N.W. #404

Washington, D.C. 20036

(E-mail: pgunter@nirs.org)



