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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
Lawrence G. McDade, Chairman

Dr. Richard E. Wardwell
Dr. Kaye D. Lathrop

)
In the Matter of ))
Entergy Nuclear Operations, Inc. )
(Indian Point Nuclear Generating )
Units 2 and 3) )

Docket Nos.
50-247-LR
and 50-286-LR

NOTICE OF APPEARANCE BY DIANE CURRAN

Pursuant to 10 C.F.R. § 2.314, Diane Curran hereby enters an appearance in

this proceeding as duly authorized legal counsel for Riverkeeper, Inc. Undersigned

counsel is a member in good standing of the bars of the District of Columbia, the State

of Maryland, the U.S. District Court for the District of Columbia, and the U.S. Courts

of Appeals for the D.C., First, Third, Ninth, and Tenth Circuits.

~~P ectfully submitted,

tiane Curran
Harmon, Curran, Spielberg, & Eisenberg, L.L.P.
1726 M Street N.W., Suite 600
Washington, D.C. 20036
202/328-3500
FAX 202/328-6918
dcurran(@harmoncurran.com

November 30, 2007
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

)
Entergy Nuclear Operations, Inc. ) Docket Nos.
(Indian Point Nuclear Generating ) 50-247-LR
Units 2 and 3) ) and 50-286-LR

NOTICE OF APPEARANCE BY PHILLIP MUSEGAAS

Pursuant to 10 C.F.R. § 2.314(b), Phillip Musegaas hereby enters an appearance in this

proceeding as duly authorized legal counsel for Riverkeeper, Inc. Undersigned counsel is a

member in good standing of the bar of the State of New York.

Respectfully submitted,

Phillip Musegaas
Staff Attorney
Riverkeeper, Inc.
828 South Broadway
Tarrytown, NY 10591
914-478-4501 (ext. 224)
FAX 914-478-4527
phillip(criverkeeper.org
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proceeding as duly authorized legal counsel for Riverkeeper, Inc. Undersigned counsel is a

member in good standing of the bar of the State of New York.

Iespectfully submitted,

Victor Tafur
Senior Attorney
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828 South Broadway
Tarrytown, NY 10591
914-478-4501 (ext. 222)
FAX 914-478-4527
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November 29, 2007



November 30, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
Lawrence G. McDade, Chairman

Dr. Richard E. Wardwell
Dr. Kaye D. Lathrop

)
In the Matter of )

)
Entergy Nuclear Operations, Inc. )
(Indian Point Nuclear Generating )
Units 2 and 3) )

Docket Nos.
50-247-LR
and 50-286-LR

RIVERKEEPER, INC.'S REQUEST FOR HEARING
AND PETITION TO INTERVENE IN THE

LICENSE RENEWAL PROCEEDING FOR THE
INDIAN POINT NUCLEAR POWER PLANT

I. INTRODUCTION

Pursuant to 10 C.F.R. § 2.309 and a notice published by the Nuclear

Regulatory Commission ("NRC" or "Commission") at 72 Fed. Reg. 42,134 (August

1, 2007), as amended at 72 Fed. Reg. 60,394, Riverkeeper, Inc. ("Riverkeeper")

hereby requests a hearing and petitions to intervene in this proceeding on the

adequacy of Entergy Nuclear Operations, Inc.'s ("Entergy's) application for renewal

of the operating licenses for the Indian Point nuclear power plant, Units 2 and 3

("IP2" and "IP3"). As demonstrated below, Riverkeeper has standing to challenge

Entergy's license renewal application and has submitted five admissible contentions

demonstrating the inadequacy of Entergy's license renewal application to satisfy the

NRC's safety regulations and the National Environmental Policy Act ("NEPA") and

its implementing regulations.
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As set forth in Riverkeeper's contentions, the NRC should reject Entergy's

application because it fails to satisfy NRC requirements for the protection of aging

equipment from fatigue and flow-accelerated corrosion. See Riverkeeper's

Contentions TC-1 and TC-2. In addition, Entergy's Environmental Report ("ER") is

inadequate to satisfy NEPA because it grossly understates the environmental impacts

of continued operation of Indian Point on aquatic life and understates the benefits of

alternatives that would mitigate or avoid those impacts. Entergy's ER also

underestimates the benefits of severe accident mitigation alternatives ("SAMAs") by

understating the severity of the environmental impacts that would be avoided or

mitigated by implementing SAMAs. Finally, Entergy's ER is inadequate because it

fails to provide an adequate evaluation of the environmental impacts of leakage of

radioactive water from the Unit I and Unit 2 spent fuel storage pools on groundwater

quality and the Hudson River ecosystem.

II. DESCRIPTION OF PROCEEDING

This proceeding concems Entergy's April 23, 2007, application to renew the

operating licenses for the Indian Point nuclear power plant for additional 20-year

terms. IP2's operating license is now due to expire on September 9, 2013, and would

be extended until 2033. IP3's operating license is now due to expire on December 12,

2015 and would be extended until 2035.

The NRC may not approve Entergy's license renewal application unless and

until it finds that Entergy has satisfied the safety requirements of 10 C.F.R. Part 54

with respect to renewal of nuclear power plant licenses. Entergy and the NRC must

also comply with NEPA by addressing the environmental impacts of license renewal

and weighing the costs and benefits of altematives for mitigating or avoiding those

impacts. 10 C.F.R. § 51.95(c).
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II. DESCRIPTION OF PETITIONERS

Riverkeeper is a 501(c)(3) non-profit membership organization whose mission

is to safeguard the ecological integrity of the Hudson River, its tributaries, and the

watershed of New York City (protecting the city's water supply) by tracking down

and stopping polluters. Since 1983, Riverkeeper has investigated and brought to

justice more than 300 environmental lawbreakers. Riverkeeper believes in the rights

of every citizen to enjoy and defend our nation's water resources.

Riverkeeper is incorporated in the State of New York, with headquarters and

property located in Tarrytown, approximately 22 miles from the Indian Point nuclear

power plant. Riverkeeper has been involved over the last twenty years in raising

environmental concerns regarding Indian Point's operation. Riverkeeper also has

numerous members that reside within twenty miles of Indian Point, and others who

reside within a fifty mile radius of the plant.

III. RIVERKEEPER HAS STANDING TO REQUEST A HEARING.

The standing requirements for NRC hearings derive from the Atomic Energy Act

("AEA"), which requires the NRC to provide a hearing "upon the request of any

person whose interest may be affected by the proceeding." 42 U.S.C. 2239(a)(1)(A).

Riverkeeper has standing on its own behalf and on behalf of its members to request a

hearing on Entergy's license renewal application. Riverkeeper's members have

concrete and particularized interests that will be directly affected by this proceeding.

A. Riverkeeper Has Standing On Its Own Behalf.

As stated in the attached Declaration of Stella LiRosi (November 6,2007)

(Standing Exhibit 1), Riverkeeper's offices are located at 828 South Broadway,

Tarrytown, New York, approximately 22 miles from Indian Point. Riverkeeper's

offices house the organization's records and archives dating back twenty years. In
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addition, the offices contain the organization's computer network and servers,

Riverkeeper membership database, and the office furnishings and equipment required

for the organization to function on a daily basis.

Riverkeeper is concerned that the proposed license renewal of Indian Point

increases the risk of an accident or terrorist attack on Indian Point that could result in

a catastrophic offsite release of radiation, resulting in long-lasting public health and

environmental damage to the Hudson Valley region. Such a release could also result

in radiological contamination that would negatively impact the value of the

organization's property and interfere with the organization's ability to conduct normal

operations. Riverkeeper therefore qualifies for intervention pursuant to 10 C.F.R.

§2.309(d).

B. Riverkeeper has representational standing

An organization has standing to sue on behalf of its members when a

member would have standing to sue in his or her own right, the interests at

issue are germane to the organization's purpose, and participation of the

individual is not necessary to the claim or requested relief. Hunt v.

Washington State Apple Advertising Commission, 432 U.S. 333, 343 (1977). As

the Commission has applied this standard, an individual demonstrates an

interest in a reactor licensing proceeding sufficient to establish standing by

showing that his or her residence is within the geographical area that might

be affected by an accidental release of fission products. This "proximity

approach" presumes that the elements of standing are satisfied if an

individual lives within the zone of possible harm from the source of

radioactivity. See Virginia Elec. and Power Co. (North Anna Nuclear Power Station,

Units I ad 2), ALAB-522, 9 NRC 54, 56 (1979)("close proximity [to a facility] has
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always been deemed to be enough, standing alone, to establish the requisite interest"

to confer standing). The Commission's "rule of thumb" in reactor licensing

proceedings is that "persons who reside or frequent the area within a 50-mile radius of

the facility" are presumed to have standing. Sequoyah Fuels Corp. and General

Atomics (Gore, Oklahoma Site), CLI-94-12, 40 NRC 64, 75 n.22 (1994). See also

Duke Energy Corp. (Oconee Nuclear Station, Units 1, 2, and 3), LBP-98-33, 48 NRC

381, 385 n.l (1998).

The attached declarations demonstrate that Riverkeeper has members that

reside within twenty miles of Indian Point, whose particular interests are directly

affected by this matter, and who have authorized Riverkeeper to participate in this

proceeding on their behalves. See Declaration of Alan A. Hemberger (November 6,

2007) (Standing Exhibit 2); Declaration of Andre P. Mele (November 6, 2007)

(Standing Exhibit 3); Declaration of Nancy Syrop (November 7, 2007) (Standing

Exhibit 4); and Declaration of Glenn Rickles (November 7, 2007) (Standing Exhibit

5). Many additional members live within fifty miles of the plant, and thus are subject

to radiological contamination, evacuation, loss of property, or other harms in the event

of a significant radiological release at the plant. Members also use and enjoy the

Hudson River for recreation and aesthetic enjoyment. See declarations of Nancy

Syrop and Andre Mele.

As is demonstrated by the above discussion and attached declarations, the

members represented by Riverkeeper would all have standing in their own right.

The issues are germane to Riverkeeper's purpose. And the individual participation

of the members is not necessary to the claims or requested relief.
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C. Riverkeeper meets prudential standing requirements

Courts have created a prudential standing requirement that a plaintiffs must

interests fall within the "zone of interests" protected by the statute on which the claim

is based. Bennett v. Spear, 520 U.S. 154, 162 (1997). The AEA and NEPA -- the

statutes at issue here -- protect the same interests held by Riverkeeper's members and

furthered by Riverkeeper's purpose.

IV. CONTENTIONS

Riverkeeper submits five contentions challenging Entergy's compliance with

NRC safety regulations for license renewal and NEPA and its implementing

regulations. As directed by the NRC's Federal Register notice of August 8, 2007,

"technical" contentions addressing noncompliance with NRC safety regulations are

designated with the prefix "TC." "Environmental" contentions addressing

noncompliance with NEPA are designated with the prefix "EC."

Riverkeeper's contentions satisfy the requirements of 10 C.F.R. § 2.309(f),

because they provide a specific statement of the issues of law and/or fact to be

controverted, identifying the particular aspects of the license renewal application or

ER with which Riverkeeper has a dispute. The contentions also show the issues

raised by the contentions are material to the NRC's license renewal decision and

within the scope of this proceeding. Finally, the contentions are supported by

documentation and/or expert opinion, sufficient to show that a "genuine dispute exists

with the applicant/licensee on a material issue of law or fact."

10 C.F.R. § 2.309(f)(1)(vi).
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CONTENTION TC-1: INADEQUATE TIME LIMITED AGING ANALYSES
AND FAILURE TO DEMONSTRATE THAT AGING WILL BE MANAGED
SAFELY

Contention: Entergy's LRA fails to satisfy 10 C.F.R. § 54.21(c)(1) in the following

respects:

1. Tables 4.3-13 and 4.3-14 identify four representative reactor coolant

components for which Entergy's evaluation of Time Limited Aging Analyses

("TLAAs") is facially non-compliant with the standard of 10 C.F.R. § 54.21 (c)(i)-(ii)

for avoiding a demonstration, under 10 C.F.R. § 54.21(c)(iii), that it will adequately

manage the effects of aging on the intended functions of the components during the

license renewal term. For these four components - pressurizer surge line piping (IP2

& IP3), the RCS piping charging system nozzle (IP2), and pressurizer surge line

nozzles (IP3) - the environmentally adjusted cumulative usage factor ("CUF)

estimated by Entergy exceeds the regulatory. threshold for submitting an aging

management program. Yet, Entergy has failed to broaden its TLAA analysis beyond

the scope of the representative components identified in Tables 4.3-13 and 4.3-14 to

identify other components whose CUF may be greater than one; nor has it submitted

any demonstration that it will adequately manage the aging of components with a

CUF greater than one. Therefore Entergy's LRA does not satisfy 10 C.F.R. §§

54.21 (c) or (c)(iii).

2. Entergy's list of components with CUFs of less than one in Tables 4.3

-13 and 4.3-14 is incomplete, because Entergy's methods and assumptions for

identifying those components are unrealistic and inadequate.

3. For a number of other components subject to the license renewal

regulations, which are listed in Tables 4.3-3 through 4.3-12, Entergy has also failed to

perform complete TLAAs. The TLAAs for these components are incomplete because
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they omit consideration of the exacerbating effects of environmental conditions on the

fatigue of metal components. Therefore Entergy has failed to satisfy 10 C.F.R. §

54.21(c)(1)(i)-(ii). Nor has Entergy submitted an aging management program for

these components, as required by 10 C.F.R. § 54.21(c)(1)(iii).

Basis:

A. Expert Support for Contention

This contention is supported by the expert Declaration of Dr. Joram Hopenfeld

(November 28, 2007). As stated in Dr. Hopenfeld's declaration, the factual assertions

in the contention are true and correct to the best of his knowledge, and the expressions

of opinion are based on his best professional judgment.

B. Fatigue-related Aging of Nuclear Power plant Components

Aging effects on intended functions of nuclear power plant equipment include

fatigue or "cyclic stress" of metal parts due to repeated stresses during plant

operation. Material composition, strain rate, temperature and local water chemistry

are some of the factors that contribute to fatigue of metal parts. Equipment failures

from fatigue may result in small leaks which if not detected in time could result in a

pipe rupture. Fatigue may also create small cracks that propagate and cause a given

component to malfunction and/or break up and form loose parts which would interfere

with the safe operation of the plant. Such failures may occur during steady state or

during anticipated or unanticipated transients and may have serious consequences to

public health and safety. For example, if one of the feed water distribution nozzles (J-

tubes) were to fail from fatigue, pieces from the broken nozzle could be lodged

between steam generator tubes, causing the tubes to rupture and leading to a potential

core melt. Components which are susceptible to fatigue therefore must have a

planned management program to ensure that the plant functions efficiently and safely.
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C. NRC Regulations and Guidance Governing Management of Aging
Components

1. Regulations

NRC regulation 10 CFR § 54.21(c) requires that each license renewal

application must include "an evaluation of time-limited aging analyses" ("TLAA") for

components covered by the license renewal regulations.' If the applicant is unable to

demonstrate that TLAAs "remain valid for the period of extended operation" or that

they "have been projected to the end of the period of extended operation," it must

demonstrate that "the effects of aging on the intended function(s) will be adequately

managed for the period of extended operation." 10 C.F.R. 54.21(c)(l)(i)-(iii). An

aging management plan must provide sufficient detail to "demonstrate" that the

applicant "will" adequately manage aging of equipment; it is not sufficient to merely

"summarize options for future plans." Entergy Nuclear Vermont Yankee, LLC and

Entergy Nuclear Operations, Inc. (Vermont Yankee Nuclear Power Station), LBP-06-

20, 64 NRC 131, 186 (2006) (emphasis in original) (admitting contention challenging

insufficiency of license renewal applicant's description of program for management

of fatigue).

TLAAs are defined as:

Those licensee calculations and analyses that:

(1) Involve systems, structures, and components within the scope of license
renewal, as delineated in § 54.4(a);
(2) Consider the effects of aging;
(3) Involve time-limited assumptions defined by the current operating term,

for example, 40 years;
(4) Were determined to be relevant by the licensee in making a safety
determination;
(5) Involve conclusions or provide the basis for conclusions related to the
capability of the system, structure and component to perform its intended
functions, as delineated in § 54.4(b); and
(6) Are contained or incorporated by reference in the CLB [current licensing
basis].
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2. Regulatory guidance for TLAAs

The NRC provides guidance for the conduct of TLAAs in NUREG-1 800, Rev.

1, Standard Review Plan for Renewal Applications for Nuclear Power Plants

("SRP"). According to Section 4.3.1.1 of the SRP, metal components may be

designed or analyzed based on requirements in the American Society of Metal

Engineers ("ASME") Boiler and Pressure Vessel Code or the American National

Standards Institute ("ANSI") guidance. An ASME Section III Class I fatigue analysis

requires the calculation of the CUF, based on the fatigue properties of the materials

and the expected fatigue service of the component." In order to be acceptable, a CUF

value must be less than or equal to one. Id., § 4.3.1.1.1. The factors considered in the

fatigue analysis must include "the effects of coolant environment on component

fatigue life." Id., § 4.3.1.2. Those components with a CUF greater than one are

deemed likely to develop cracks and must therefore be subjected to further analysis

and management under 10 C.F.R. § 54.21(c)(1)(iii).

NUREG-1801, Rev. 1, Generic Aging Lessons Learned (GALL) Report (2005)

("NUREG-1801") also provides guidance for the preparation of TLAAs. 2 NUREG-

1801 advises that a license renewal applicant may comply with the regulations by

addressing "the effects of the coolant environment on component fatigue life by

assessing the impacts of the reactor coolant environment on a sample of critical

components for the plant." Id., Vol. 2 at X M-1. Examples of critical components are

identified in NUREG/CR-6260, Application of NUREG/CR-5999 Interim Fatigue

Curves to Selected Nuclear Power Plant Components (1995). The sample of critical

components "can be evaluated by applying environmental life correction factors to the

2 NUREG- 1801 is referenced with approval in Regulatory Guide 1.188, Rev. 1,

Standard Format and Content for Applications to Renew Nuclear Power Plant
Operating Licenses (2005) ("Reg. Guide 1.188").
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existing ASME Code fatigue analyses." NUREG-1 801, Vol. 2 at X M-1. If these

components are found not to comply with the acceptance criteria (Le., CUF less than

one), "corrective actions" that must be taken "include a review of additional affected

reactor coolant pressure boundary locations." Id. at X M-2. As explained further in

industry guidance document MRP-47:

The locations evaluated in NUREG/CR-6260 [2] for the appropriate
vendor/vintage plant should be evaluated on a plant-unique basis. For cases
where acceptable fatigue results are demonstrated for these locations for 60
years of plant operation including environmental effects, additional evaluation
or locations need not be considered. However, plant-unique evaluations may
show that some of the NUREG/CR-6260 [2] locations do not remain within
allowable limits for 60 years of plant operation when environmental effects are
considered. In this situation, plant specific evaluations should expand the
sampling of locations accordingly to include other locations where high usage
factors might be a concern.

MRP-47, Revision 1, Electric Power Research Institute, Materials Reliability

Program: Guidelines for Addressing Fatigue Environmental Effects in a License

Renewal Application at 3-4 (2005) ("MRP-47").

3. Regulatory guidance for aging management programs

A license applicant that is unable to demonstrate in its TLAAs that CUFs are

less than one must develop and submit a methodology to manage fatigue so that

public health and safety during the life extension period will be maintained at least at

the current level. NUREG-1801 states that the requirements of 10 C.F.R. Part 50

Appendix B set forth "acceptable" corrective actions for components that are subject

to aging management. The Part 50 corrective actions are as follows:

Measures shall be established to assure that conditions adverse to quality, such
as failures, malfunctions, deficiencies, deviations, defective material and
equipment, and nonconformance are promptly identified and corrected. In the
case of significant conditions adverse to quality, the measures shall assure that
the cause of the condition is determined and corrective action taken to
preclude repetition. The identification of the significant condition adverse to
quality, the cause of the condition, and the corrective action shall be
documented and reported to appropriate levels of management.
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10 C.F.R. Part 50, Appendix B, Section XVI. In Dr. Hopenfeld's professional

opinion, therefore, an aging management program should (a) provide a reliable

method for detecting cracks in pressure systems, (b) provide for a thorough

assessment of the component's condition (which may include stress analysis), and (c)

contain criteria for deciding whether the component should be repaired or replaced or

merely monitored. If monitoring is selected, the frequency of monitoring must be

clearly specified, as required by ASME Section XI, Appendix L (1998).'

C. Inadequacy of Entergy's Aging Analysis

1. In Section 4.3 of its LRA, Entergy acknowledges that its TLAAs for

selected representative components show the environmentally adjusted CUF for a

number of components will exceed one during the license renewal term. See LRA at

4.3-22 and Tables 4.3-13, 4.3-14. Therefore, on their faces, the TLAAs for these

components do not satisfy 10 C.F.R. § 54.21(c)(1)(i) or (ii). As a result, Entergy must

"demonstrate that the effects of aging on the intended function(s) will be adequately

managed for the period of extended operation." 10 C.F.R. § 54.21(c)(1)(iii).

Entergy's LRA provides no information about how it will manage the effects

of aging, however. Instead, the LRA states that Entergy will choose among three

options: (a) "[r]efine" the fatigue analysis to determine CUFs less than one, (b)

"[m]anage" the effects of aging by an inspection program, or (c) "[r]epair or replace

the affected locations before exceeding a CUF of 1.0" LRA at 4.3-22. But none of

these options satisfies the regulations.

Option (a) is unacceptable because the regulations require that either the LRA

must show a CUF less than one or submit an aging management plan. The

3 Appendix L is currently being revised.

12



regulations cannot be satisfied by stating that the applicant will try again later to

determine a CUF of less than one. In any event, in the expert view of Dr. Joram

Hopenfeld (see attached Declaration), Entergy will not be able to reduce CUFs

significantly if it tries again, because many CUFs approach unity, even without an

environmental correction. By proposing option (a), Entergy also misses the point of

the NRC guidance that the components in Tables 4.3-13 and 4.3-14 are merely

representative, and if they fail to meet the acceptance criteria Entergy must examine a

broader scope of equipment, not just replace or repair a few selected components.

Option (a) is also unacceptable because it is Dr. Hopenfeld's opinion that

Entergy will not be able to reduce CUFs significantly since many CUFs without the

environmental correction already approach unity and the number of transients could

increase as the plant ages.

Options (b) and (c) are also unacceptably vague. In order to demonstrate that

aging will be managed effectively, Entergy must provide a description of its

monitoring program that includes a clear definition of the type and the frequency of

inspections in order to assure that the component is repaired or replaced in a timely

manner. Entergy must also specify criteria for repair or replacement. Entergy

provides no information abut these key elements that control component replacement

and repair.

Entergy's failure to provide an aging management program for these

components violates 10 C.F.R. § 54.21 (c)(1)(iii). Before Entergy is allowed a license

extension it must submit a list of all components with CUF larger than unity and an

aging management program that includes clear criteria for determining when a defect

in any one of these components is acceptable, when it is acceptable but requires

monitoring, and when it is unacceptable and requires repairs.
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2. Entergy's list of components with CUFs of less than one in Tables 4.3 -13

and 4.3-14 is incomplete, because its methods and assumptions for identifying those

components are unrealistic and inadequate in several key respects. First, based on

data in NUREG/CR-6909, Effect of LWR Coolant Environment on Fatigue Life of

Reactor Materials, Final Report (February 2007), Dr. Hopenfeld believes that

Entergy used an unrealistically low number of 2.45 for an environmental correction

factor ("Fen"). In Dr. Hopenfeld's expert judgment, a Fen of 17 would be more

consistent with the data in NUREG/CR-6909.

Second, Entergy inappropriately used the "CUF of Record," i.e., the CUF for

40 years in Tables 4.3-13 & 4.3-14 of the LRA. But the regulations and regulatory

guides required Entergy to project the number of cycles to 60 years. 10 C.F.R.

54.21(c)(1)(ii), MRP-47 at 3-4.

Finally, Entergy claimed that it did not calculate several NUREG-CR/6260

limiting locations because they were designed to ANSI B3.1.1, and therefore the

CUFs were not available for the IP plant. LRA at Tables 4.3-13 and 4.3-14. But

Entergy could and should have substituted the unavailable data with generic CUF

values from NUREG-CR/6260, Application of NUREG-CR-5999 Interim Fatigue

Curves to Selected Nuclear Power Plant Components (NRC: 1995).

If appropriate methods and assumptions were used, the number of components

that exceed unity would be much larger than depicted by Entergy in Tables 4.3-13 and

4.3-14. At a minimum four components in Tables 4.3-13 and three components in

Table 4-14 would exceed unity.

3. Having identified some components in Tables 4.3-13 and 4.3-14 for which

the CUF exceeded unity, Entergy was required to expand the scope of the TLAAs in

which it considers environmental effects on component fatigue. See NUREG-1801,
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Vol. 2 at X M-1 - X M-2, MRP-47 at 3-4. Entergy's LRA does not meet this

requirement because it fails to show that environmental conditions were taken account

in estimating the CUFs for components listed in Tables 4.3-3 - 4.3-12. In essence

those tables are based on the assumption that the listed components operate in air

alone, while in fact these components operate in very harsh environments that include

water and steam, and that are known to reduce fatigue life. In Dr. Hopenfeld's

professional opinion, based on Fens which have been reported in the literature

regarding component fatigue, (see NUREG/CR-6909 and Makoto Higuchi, Revised

Proposal of Fatigue Life Correction Factor Fen for Carbon and Low Alloy Steels in

LWR Water Environments, Transactions of the ASME, Vol. 1126 at 436-38

(November 2004)), it would be reasonable to apply a representative correction factor

of seventeen to the CUFs in Tables 4.3-3 through 4.3-12. Applying a factor of

seventeen shows that the CUF of many components in those tables would exceed 8.5.

Thus, Entergy's TLAAs for the components in Tables 4.3-3 -4.3-12 violate

10 C.F.R. § 54.21 (c)(1)(i)-(ii) and NRC guidance because they do not take into

account environmental factors. Entergy also violates 10 C.F.R. § 54.21 (c)(1)(iii)

because it has not demonstrated how it will manage the aging of those components.

CONTENTION TC-2- FLOW ACCELERATED CORROSION (FAC)

Contention: Entergy's program for management of Flow Accelerated Corrosion

(FAC) -- an aging phenomenon with significant safety implications -- fails to comply

with 10 C.F.R. § 54.21(a)(3)'s requirement that:

For each structure and component identified in paragraph (a)(1) of this section,
demonstrate that the effects of aging will be adequately managed so that the
intended function(s) will be maintained consistent with the CLB for the period
of extended operation.

15



Entergy also fails to follow the guidance ofNUREG-1800, which requires that an

aging management program, including a FAC program for life extension, must

address each of the following elements:

(1) Scope
(2) Preventative actions
(3) Parameters monitored or inspected
(4) Detection of aging effects
(5) Trending
(6) Acceptance criteria
(7) Corrective actions
(8) Confirmation processes
(9) Administrative processes
(10) Operating experience

NUREG-1800, § A.1.2.3.

Entergy's program for management of FAC is deficient because it has not

demonstrated that components in the Indian Point nuclear power plant that are within

the scope of the license renewal rule and are vulnerable to FAC will be adequately

inspected and maintained during the license renewal term. In particular, Entergy's

program for management of FAC is deficient because it relies on the computer code

CHECWORKS, without sufficient benchmarking of the IP operating parameters. In

addition, Entergy's license renewal application fails to specify the method and

frequency of component inspections or criteria for component repair or replacement.

Basis:

A. Expert Support for Contention

This contention is supported by the expert Declaration of Dr. Joram Hopenfeld

(November 29, 2007). As stated in Dr. Hopenfeld's declaration, the factual assertions

in the contention are true and correct to the best of his knowledge, and the expressions

of opinion are based on his best professional judgment.
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B. Nature and Safety Significance of FAC

FAC is a pipe wall thinning phenomena in which the thinning rate is

accelerated by flow velocity. FAC includes wall thinning by electrochemical

corrosion, erosion-corrosion and cavitation- erosion. Although the mechanism of wall

damage is different in each case, all three mechanisms are affected to one degree or

another by flow velocities and there is no practical reason to categorized them

separately as some have suggested. Although the main causes of FAC (turbulence

intensity, steam quality, material compositions, oxygen content and coolant pH) have

been identified, the behavior of FAC is not completely understood.

Wall thinning is a local phenomenon. Local geometry, local metal

composition and local turbulence affect FAC rates. Grooving and the formation of

round holes are a manifestation of the interplay between these parameters. Once local

corrosion has begun, geometrical changes as they occur may further intensify the local

turbulence, thereby increasing FAC in a non linear rate.4 The identification of

locations where FAC rates are the highest is made difficult by the fact that the local

turbulence is not a directly measured quantity, nor is the local flow velocity. In

operating plants one must use thermal hydraulic computer codes such as RELAP to

calculate average velocities through out the plant. Because of this indirect method of

determining turbulence, considerable data must be collected over a period of time to

assure that the location with the highest propensity for FAC are properly identified.

4 For instance, in a 1986 accident at the Surry nuclear power plant, some
areas on the failed feed water pipe elbow were almost completely eroded
while adjacent areas were much less affected. The J-tubes on the distribution
feed ring exhibited a similar phenomenon. NRC Information Notice No 86-
106 " Feed water Line Break" (Dec 16, 1986); NRC Bulletin 87-01 "Thinning
Pipe Walls in Nuclear Plants" (July 9, 1987).
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If unaddressed, FAC poses a significant safety risk at nuclear power plants, as

demonstrated by numerous instances of unaddressed FAC:

* In 1986, FAC caused the rupture of a feed water pipe elbow in the Surry

nuclear power plant, resulting in several fatalities. NRC Information Notice

No 86-106" Feed water Line Break" (Dec 16, 1986); NRC Bulletin 87-01

Thinning Pipe Walls in Nuclear Plants" (July 9, 1987).

* In July 2004 FAC in the secondary loop at the Mihama nuclear power plant

resulted in the killing of several workers. NRC Information Notice 2006-008,

"Secondary Piping Rupture at Mihama Power Station in Japan" (March 16,

2006) (ML 05291008).

* In 1991 and 1993, the feed ring and the J tubes at San Onofre steam generators

failed as a result of FAC. NRC Information Notice 1991-019, "Steam

Generator Feed water Distribution Piping Damage" (March 12, 1991)

(ML031190553); Morning Report 5-93-0042, "Steam Generator Feedring

Nozzle Through Wall Erosion" (June 15, 1993) (ML020630459).

" In 1997, extraction steam piping ruptured at the Fort Calhoun Station. NRC

Information Notice 1997-084, "Rupture of Extraction Steam Piping"

(December 11, 1997) (ML031050037).

C. NRC Requirements for Identifying and Managing FAC

As discussed above, NRC regulation 10 C.F.R. § 54.21(a)(3) requires license

renewal applicants to have a program for effectively managing aging. According to

the NRC guidelines in NUREG 1800, § A.1.2.3.4, the detection of wall thinning due

to FAC should occur before there is a loss of the structure and the component

intended function(s). Wall thinning must be monitored or inspected to ensure that the

structure and component intended function(s) will be adequately maintained for
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license renewal under all CLB design conditions. Sample size and frequency of wall

thinning measurements must be conducted in a timely manner so as not to exceed the

minimum design thickness of a given component. The licensee must provide

information that links the parameters to be monitored or inspected to wall thinning.

Id.

D. Description of Entergy's Program for Addressing FAC During
License Renewal Term

In Sections A.2.1.14 and B.1.15 of the LRA Entergy describes its program for

the management of FAC as:

An existing program that applies to safety-related and non-safety-related
carbon and low alloy steel components in systems containing high-energy
fluids carrying two-phase or single-phase high-energy fluid > 2% of plant
operating time.

Entergy's program is based on EPRI guidelines (NSAC 202L-R2) that outline

how to predict, detect, and monitor FAC in piping and other pressure-retaining

components. The program includes (a) an evaluation to determine critical locations,

(b) initial operational instructions to determine the extent of thinning at these

locations, and (c) follow-up inspections to confirm predictions, or repair or replace

components as necessary. LRA at A-24 and B-54. Consistent with the EPRI

guidelines, the Entergy program is largely based on a computer program known as

CHECWORKS, which is used in all operating U.S. nuclear power plants to record

plant operating experience and predict timing and locations of wall thinning.
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E. Entergy's Program for Managing FAC is Inadequate to Comply
With NRC Regulations and Regulatory Guidance.

1. Entergy relies on CHECWORKS without adequate
Benchmarking or demonstration of a good track record
with use of CHECWORKS.

a. Inadequate benchmarking

The CHECWORKS computer code is not reliable unless it is adequately

benchmarked. This is due to the fact that, because of the inherent unpredictability of

FAC (see discussion above), CHECWORKS is based on empiricism (statistics) rather

than on a theoretical model. In other words CHECWORKS is not based on a

mechanistic model, but is solely based on a collection of selective data which

represents only a fraction of the total flow area. Consequently CHECWORKS must

be benchmarked for each component and then updated when plant parameters change.

In summary, CHECWORKS can be reliably used to predict pipe wall thinning only so

long as:

(a) All relevant locations are benchmarked for relevant plant parameters;

(b) Relevant plant parameters do not change significantly over time; and

(c) Benchmark data on relevant plant parameters are collected for a

sufficiently long period of time.

Unless these requirements are satisfied, CHECWORKS is only good for establishing

relative inspection priorities and providing a platform for collecting and evaluating

plant data on FAC.

The key requirements for benchmarking empirical models are: (1) good data

on FAC. And (2) science based algorithm in the structure of the model. The data

must be based on sufficiently large number of measured points which were selected

on the basis of plant history and knowledge of the FAC phenomena. The data must be

free of errors and it must be continuously assessed by impartial experts. In Dr.
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Hopenfeld's judgment, for relatively simple geometries and one phase flow in straight

pipes where the degree of turbulence is relatively low and stable it would be

reasonable to assume that six years of plant operations would be sufficient to bench

mark a code for a given set of plant parameters. For complex geometries such as

elbows and pipe branching areas where turbulence intensity is considerably higher,

less stable and less predictable, a minimum of 10-15 years would be a more

appropriate period of benchmarking empirical FAC models.

Entergy does not have a basis for relying on CHECWORKS because it has not

adequately re-benchmarked changes in plant operating parameters. On October 2004

and March 2005 IP2 and IP3 were granted a power increase of 3.26% and 4.85%,

respectively. These power changes affect velocities, temperatures, coolant chemistry

and steam moisture, mainly on the secondary side of the plant where the steam flow

and feed flow increases are approximately proportional to the power increase.

CHECWORKS or any other data bank on FAC must now be updated.

In discussing service experience at IP in section B.1.15, Entergy states that:

Operating experience for IP2 and IP3 was accounted for in the most recent
updates of the respective CHECWORKS FAC models. This includes
inspection data from the outage inspections as well as the changes to FAC
wear rates due to the recent power uprates. These updates further calibrate the
model, improving the accuracy of the wear predictions.

Entergy is unduly optimistic in believing that one set of data points following

the power stretch would improve the accuracy of wear predictions.

b. Failure to demonstrate successful track record using
CHECWORKS

In addition to re-benchmarking, it is essential for Entergy to demonstrate that

it has a successful track record of using CHECWORKS over a long period of time,

because of a long history in which CHECWORKS has not been successful in

predicting wall thinning. In 2005, for example, the Advisory Committee on Reactor
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Safeguard's ("ACRS's") Subcommittee on Thermal Hydraulics, compared

CHECWORKS predictions with actual operating data from the Waterford nuclear

power plant. The poor correlation between the CHECWORKS predictions and the

operating data prompted an ACRS Subcommittee member to comment: "If you look

at that data base, you don't really have too much confidence in CHECWORKS."

Statement by Dr. F. Peter Ford, transcript of January 26, 2005, meeting of the ACRS

Subcommittee on Thermal Hydraulics at 198 (January 26, 2005) (ML050400613).

The history of CHECWORKS' limited effectiveness to predict wall thinning is

further demonstrated in NUREG/CR-6936, PNNL 16186,Probabilities of Failure

and Uncertainty Estimate Information for Passive Components - a Literature Review

(May 2007), which documented the service experience with FAC covering two

periods, 1976-1987 and 1988- 2005. Given that CHECWORKS was released to the

industry in 1987, and presuming that all plants have been using it, a comparison of the

number of pipe failures in the first period with the number of failures in the second

period is a measure of CHECWORK success in predicting FAC. The number of

through the wall failures in PWR plants was 89 and 150 during the 1976-1987 and

1988-2005 periods respectively. This represents an annual failure rate of 8 and 8.8,

clearly demonstrating that CHECWORKS is not effective in reducing the number

pipe failures.

In the period following the publication of NUREG/CR-6936 component

failure from FAC continued. During the past three years alone pipe thinning events

have occurred at Duane Arnold, Hope Creek, Clinton, Braidwood, LaSalle, Peach

Bottom, Palo Verde, Palisades, Catawba, Calvert Cliffs, Kewaunee, Browns Ferry,

ANO, and Salem. Some of these plants have received a power uprate approval and

are operating at increased power levels.
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Entergy does not provide information to support its assertion that it has used

CHECWORKS successfully in the past (LRA at B-54). For instance, Entergy

provides no comparison of CHECWORKS predictions of wall thinning rates with

operational data.

2. Failure to specify the method and frequency of component
inspections or criteria for component repair or replacement.

In the absence of an adequately benchmarked data base for use of the

CHECWORKS computer program, it is important for Entergy to provide detailed

information regarding the method and frequency of component inspections and its

criteria for component repair or replacements. Instead of adhering to the NUREG-

1800 guidelines, Entergy's LRA merely identifies the components which are

susceptible to FAC (Table 3.3.2-19) and makes vague statements which appear to

indicate that Entergy essentially has no meaningful program to address the FAC aging

phenomena.

NUREG-1800, § A.1.2.3.6 also requires that:

The acceptance criteria of the program and its basis should be described. The
acceptance criteria, against which the need for corrective actions will be
evaluated, should ensure that the structure and component intended function(s) are
maintained under all CLB design conditions during the period of extended
operation. The program should include a methodology for analyzing the results
against applicable acceptance criteria."

Given the large uncertainties in CHECWORKS it is imperative that Entergy develop

criteria which would define when a component should be replaced, what should be the

minimum inspection grid size and the frequency of inspection. See also 10 C.F.R. §

54.21(c).
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CONTENTION EC-1: FAILURE TO ADEQUATELY ANALYZE
IMPACTS OF COOLING SYSTEM.

Contention: Entergy's Environmental Report violates the National Environmental

Policy Act ('"NEPA") and NRC implementing regulations 10 C.F.R. § 51.45 and 10

C.F.R. § 51.53(c)(3)(ii)(B) because it fails to adequately analyze the adverse impacts

on aquatic resources from heat shock, impingement and entrainment caused by Indian

Point's once-through cooling system. Entergy's Environmental Report also violates

NEPA and NRC implementing regulations 10 C.F.R. § 51.45(b), (c), (d) because it

fails to provide a complete analysis of the closed cycle cooling alternative for

reducing or avoiding adverse environmental effects at Indian Point.

Basis for Contention

A. Expert Support for Contention

This contention was prepared with the expert assistance of Drs. Peter

Henderson and Richard Seaby of Pisces Conservation Ltd. (Pisces), whose

declarations are attached as Exhibits I and 2, respectively. Drs. Henderson and Seaby

also prepared two expert reports in support of the contention - "Status of Fish

Populations and the Ecology of the Hudson River" and "Entrainment, Impingement

and Thermal Impacts at Indian Point Power Station" - which are attached to Dr.

Henderson's declaration as Attachments 2 and 3, respectively. As stated in their

declarations, the factual statements in the contentions and the expert reports are true

and correct to the best of their knowledge, and the expressions of opinion are based on

their best professional judgment.

B. Requirements of NEPA and NRC Implementing Regulations

NRC regulations classify the effects of entrainment, impingement and heat

shock on the protection and propagation of fish and shellfish as "Category 2"

environmental issues which must be assessed in a site-specific Supplemental
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Environmental Impact Statement (SEIS). 10 C.F.R. Part 51, Appendix A to Subpart

B. Thus, they are subject to NEPA's requirement that the NRC must consider the

environmental impacts of its proposed actions before renewing the operating license

for Indian Point. 42 U.S.C. § 4332 (2)(C); 10 C.F.R. § 51.45.

In the first instance, Entergy's Environmental Report must "contain sufficient

data to aid the Commission in its development of an independent analysis." 10 C.F.R.

§ 51.45 (c). Notably, "the analyses for environmental reports shall, to the fullest

extent practicable, quantify the various factors considered." Id. Moreover, the

Environmental Report "should not be confined to information supporting the

proposed action but should also include adverse information." 10 C.F.R. § 51.45 (e).

NRC regulations also require a discussion of the status of compliance with

water quality standards, in particular "thermal and other water pollution limitations or

requirements which have been imposed by Federal, State, regional, and local agencies

having responsibility for environmental protection." 10 C.F.R. § 51.45 (d). Finally,

the regulations require a complete analysis of available alternatives for reducing or

avoiding adverse environmental effects. Such analysis must "include a discussion of

whether the alternatives will comply with such applicable environmental quality

standards and requirements." 10 C.F.R. §§ 51.45 (b), (c), (d).

Finally, NRC's NEPA-implementing regulations specifically require license

applicants to evaluate the environmental impacts of once-through cooling systems:

If the applicant's plant utilizes [a] once-through cooling... system[s],
the applicant shall provide a copy of current Clean Water Act 316(b)
determination[s] and, if necessary, a 316(a) variance in accordance
with 40 CFR part 125, or equivalent State permit[] and supporting
documentation. If the applicant can not provide these documents, it
shall assess the impact of the proposed action on fish and shellfish
resources resulting from heat shock and impingement and entrainment.

10 C.F.R. § 51.53(c)(3)(ii)(B).
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C. Factual and Regulatory Background

Entergy is operating a once-through cooling system at Indian Point under an

expired State Pollutant Discharge Elimination System ("SPDES") permit issued by

the New York State Department of Environmental Conservation ("NYSDEC") for the

period 1987-1992.s Therefore it has no valid permit that it can rely on for purposes of

satisfying 10 C.F.R. § 51.53(c)(3)(ii)(B), and must instead assess the impacts of

impingement, entrainment, and heat shock. Id.

1. Status of Entergy's SPDES permit.

Entergy's 1987 SPDES permit has been administratively continued pending

issuance of a final SPDES permit currently subject to an adjudicatory process.6

Actually, the 1987 SPDES permit was a renewal of the initial SPDES permit for

Indian Point (1982-1987), which incorporated the provisions of the 1981 Hudson

River Settlement Agreement ("HRSA")-a I 0-year agreement between the former

plant owners, the regulators and various intervenors (including Riverkeeper).7 The

1981 HRSA imposed conditions for the operation of Indian Point's once-through

cooling water system, including plant outages and flow limitations during specific

5 NYSDEC, 1987, State Pollutant Discharge Elimination System ("SPDES")
Discharge Permit NY-000-4472, Indian Point Generating Stations [hereinafter
NYSDEC, 1987 SPDES Permit] (attached to the Environmental Report (ER) as
Attachment C). Note that Entergy refers to this permit as the "1992 SPDES permit"
ýe.g., E.R. at 4-11, 4-17), although it expired in 1992.

NYSDEC, 2003, Draft SPDES Permit for Entergy Nuclear Indian Point Units 2 & 3
[hereinafter NYSDEC, 2003 Draft SPDES Permit] available at
http://www.dec.nv.gov/docs/permits ei operations pdf/IndianPointSPDES.pdf, last
accessed November 30, 2007.NYSDEC, 2003, Fact Sheet - Draft SPDES Permit for
Entergy Nuclear Indian Point Units 2 & 3 (November 2003) [hereinafter NYSDEC,
2003 SPDES Fact Sheet], available at
http://wvww.dec.nv.gov/docs/permits ei operations pdf/IndianPointFS.pdf, last
accessed November 30, 2007.
7 Copy of the Hudson River Settlement Agreement (HRSA) is attached to the 2003
FEIS, infra footnote 12.
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times of the year as well as thermal conditions, while additional ecological studies

were being undertaken.
8

The 1981 HRSA resolved disputes arising from the determinations made by

federal agencies involved in the initial licensing and permitting proceedings for Indian

Point (Units 2 & 3). During the proceedings, the Atomic Energy Commissions

("AEC") and the U.S. Environmental Protection Agency ("EPA") both determined

that the installation of closed cycle cooling would be required in order for Indian

Point to operate in compliance with Federal law. As a result of the NEPA review of

the operating license application for Indian Point Unit 2, the AEC required closed

cycle cooling to protect the ecology of the Hudson River. Consolidated Edison Co. of

New York (Indian Point Station Unit No. 2), LBP-73-33, 6 AEC 751 (1973). Pursuant

to its permitting authority under the Clean Water Act ("CWA"), in 1975, the EPA also

required closed cycle cooling at Indian Point in order to reduce environmental impacts

on the Hudson River. 42 U.S.C. § 1326(b). That same year, the EPA delegated its

CWA permitting authority to the NYSDEC. Consequently, the NYSDEC issued the

1982 SPDES permit for Indian Point, and later the 1987 SPDES permit renewal, both

of which incorporated the conditions of the 1981 HRSA.

The HRSA was extended pursuant to Consent Orders effective 1992-1998.

Due to NYSDEC's delay to renew the 1987 SPDES permit for Indian Point, in 2002,

certain petitioners, including the Hon. Richard L. Brodsky, an assemblyman in the

New York State Legislature, commenced a proceeding in Albany County Supreme

Court, pursuant to Article 78 of the New York Civil Practice Law and Rules, to

8 As noted in New York State's Scoping Comments, dated October 31, 2007
(hereinafter NYS, Scoping Comments) at 5-6, "[t]he HRSA required a thorough
investigation of the ecology of the River for purposes of future technical decision-
making on the SPDES permit application for Indian Point Units 2 and 3 and other
Hudson River power plants."
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mandate action by NYSDEC on the Indian Point SPDES permit renewal application.

See Matter of Brodsky v. Crotty, Sup. Ct., Albany County, Keegan, J., Index No. 7136-

02. On May 14, 2003, the court issued an order that set a schedule requiring, among

other things, that the NYSDEC complete an environmental impact statement for

Indian Point (and the other HRSA facilities) by July 1, 2003, and that a draft SPDES

permit be issued by November 14, 2003. The court's order also granted a motion by

Riverkeeper, Inc. to intervene.

Pursuant to the court order, in 2003, the NYSDEC issued a draft SPDES

permit that requires the installation of closed cycle cooling at Indian Point if Entergy

seeks and is granted license renewal by NRC.9 After 25 years of HRSA studies and

the completion of the 2003 FEIS for SPDES permit renewal, which are discussed

below in section D, the State of New York reached the same conclusion that the

federal agencies did 30 years ago: "the dramatic intake and use of Hudson River water

has significant adverse environmental impacts and must be mitigated. New York has

concluded in its [2003] draft [SPDES] permit that closed cycle cooling shall be

required if the license renewal request is granted."'1

The State of New York also has taken the position that Indian Point's

administratively extended SPDES permit, "while technically 'current,' however, does

not address the actual significant environmental impacts from once-through cooling

and is in the process of being revised."" Indeed, providing an outdated SPDES

permit, in lieu of a current CWA § 316(b) determination and CWA § 316(a) thermal

' NYSDEC, 2003 Draft SPDES Permit, Biological Requirement 28; NYSDEC, 2003
SPDES Fact Sheet, § IV (B-C-D) (at 3-6) and Attachment B, § 4, Determination of
Best Technology Available (stating that "the Department [NYSDEC] has determined
that in this case closed-cycle cooling represents the best technology available for
minimizing adverse environmental impacts from the cooling water intake structure at
Indian Point.") (Page 4 of 8).
10 NYS, Scoping Comments, at 7.
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variance, does not satisfy NRC regulations that exempt applicants having a once-

through cooling system from conducting entrainment, impingement, and thermal

analyses. 10 C.F.R. § 51.53(c)(3)(ii)(B). In other words, Entergy cannot satisfy the

required analyses regarding entrainment, impingement, and heat shock by relying on a

20-year-old SPDES permit.

2. Entergy's discussion of impacts in Environmental Report

Because it may not rely on a valid SPDES permit, Entergy's Environmental

Report contains an "Entrainment Analysis" (Sections 4.2.5.2 and 4.2.6 (at 4-12 and 4-

13)), an "Impingement Analysis" (Sections 4.3.5.2 and 4.3.6 (at 4-17 to 4-19)), and a

"Heat Shock Analysis" (Sections 4.4.5.2 and 4.4.6 (at 4-23 to 4-24)). As discussed

below in Section D, however, Entergy's analyses of these impacts are grossly

incomplete and flawed, and therefore must be rejected.

D. Entergy Has Failed to Provide an Adequate Analysis of
Entrainment, Impingement, and Heat Shock

As discussed above in Section B, pursuant to 10 C.F.R. § 51.53(c)(3)(ii)(B),

Entergy is required to analyze the environmental impacts of Indian Point's once-

through cooling system, specifically heat shock, impingement and entrainment of fish

and shellfish. Entergy's Environmental Report contains an "Entrainment Analysis"

(Sections 4.2.5.2 and 4.2.6 (at 4-12 and 4-13)), an "Impingement Analysis" (Sections

4.3.5.2 and 4.3.6 (at 4-17 to 4-19)), and a "Heat Shock Analysis" (Sections 4.4.5.2

and 4.4.6 (at 4-23 to 4-24)). However, Entergy's analyses of these impacts in the

Environmental Report are grossly incomplete and flawed, and must be rejected.

Entergy also neglects to include significant adverse information on entrainment,

impingement and thermal discharges, and fails to quantify the adverse factors, which

Id. at8.
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is necessary under 10 C.F.R. 51.45. Riverkeeper's analysis of these deficiencies, as

supported by the expert reports of Drs. Henderson and Seaby, are detailed below.

1. Entergy ignores contradictory findings in the 2003 FEIS

Significantly, Entergy's Environmental Report ignores the findings and

conclusions on entrainment, impingement, and heat shock contained in NYSDEC's

2003 Final Environmental Impact Statement ("2003 FEIS") regarding the renewal of

Indian Point's SPDES permit.12 In 1992, the NYSDEC required a specific

environmental impact statement under the State's Environmental Quality Review Act

to consider Indian Point's entrainment, impingement, and thermal impacts.' 3 As a

result, the prior owners of Indian point and other Hudson River power plant

generators prepared the 1999 Draft Environmental Impact Statement ("1 999 DEIS")

for permit renewal.' 4 Four year later, pursuant to the judicial order by the Albany

County Supreme Court (Keegan, J.), the NYSDEC issued the 2003 FEIS, which

"contradicts the industry-prepared 1999 DEIS in important ways. This means that as

to those points, as a matter of law, the Final EIS supersedes the Draft EIS. Thus, any

reliance on the Draft EIS by the applicant in this environmental review is misplaced

as a matter offact and as a matter of law."15 Thus, Entergy's "Entrainment Analysis",

"Impingement Analysis", and "Heat Shock Analysis" relying on the 1999 DEIS, and

without any reference whatsoever to the findings and conclusions in the 2003 FEIS

are incomplete and must be rejected.

12 NYSDEC, 2003 Final Environmental Impact Statement Concerning the

Applications to Renew SPDES Permits for the Roseton I and 2, Bowline I and 2 and
Indian Point 2 and 3 Electric Generating Stations (hereinafter NYSDEC, 2003 FEIS),
available at http://www.dec.ny.gov/docs/permnits ei operations pdf/FEISHRPP1 .pdf,
last accessed November 30, 2007.
13 New York State Environmental Conservation Law, Article 17.
14 1999 Draft Environmental Impact Statement Concerning the Applications to Renew
SPDES Permits for the Roseton 1 and 2, Bowline 1 and 2 and Indian Point 2 and 3
Electric Generating Stations (hereinafter 1999 DEIS).
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The 2003 FEIS concluded that the number of fish killed by the HRSA

facilities each year-over 1.2 billion fish from just six species from Indian Point

alone -represent a significant mortality and are yet another stress on the Hudson

River's fish community.16 The FEIS also noted that the mortality caused by HRSA

facilities must be taken into account when assessing the declines in fish population.' 7

The NYSDEC further explained,

What is clear from the data and analyses presented in the DEIS is that
entrainment and impingement, primarily the former, are eliminating a
significant portion of the above-listed species in their egg and larval
forms, as well as many more species which spawn or spend part of
their life stages in the lower Hudson River.18

Furthermore, the NYSDEC noted significant failures and concerns regarding

the fish population models presented in the 1999 DEIS.' 9 Instead, NYSDEC

concluded that entrainment and impingement, primarily the former, are eliminating a

significant portion of Hudson River fish species in their eggs and larvae form.2 ° The

NYSDEC also stated that "the impacts associated with power plants are more

comparable to habitat degradation; the entire natural community is impacted.'

NYSDEC's analysis is summarized, as follows:

These "once-through cooling" power plants do not selectively harvest
individual species. Rather, impingement and entrainment and warming
of the water impact the entire community of organisms that inhabit the
water column.... Once-through cooling mortality "short-circuits" the
trophic pyramid and compromises the health of the natural
community.

22

15 NYS, Scoping Comments, at 6 (emphasis supplied).
16 NYSDEC, 2003 FEIS, at 58.
17 id.
" Id. at 59.
'9 Id. at 60.
20 id.
21 Id. at 53 (emphasis supplied).
22 Id.
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In addition, the 2003 NYSDEC Fact Sheet for the draft SPDES permit provides the

following conclusion regarding entrainment and impingement at Indian Point:

Each year Indian Point Units 2 and 3 (collectively "Indian Point")
cause the mortality of more than a billion fish from entrainment of
various life stages of fishes through the plant and impingement of
fishes on intake screens. ... Losses at Indian Point are distributed
primarily among 7 species of fish, including bay anchovy, striped bass,
white perch, blueback herring, Atlantic tomcod, alewife, and American
shad. Of these, Atlantic tomcod, American shad, and white perch
numbers are known to be declining in the Hudson River ... Thus,
current losses of various life stages of fishes are substantial.23

Thus, the NYSDEC "has determined that in this case closed-cycle cooling

represents the best technology available for minimizing adverse environmental

impacts from the cooling water intake structure at Indian Point."24 42 U.S.C. §

1326(b); 6 N.Y.C.R.R. Part 704.

2. Entergy's Evaluation of Aquatic Ecology Fails to Comply with
NEPA

Entergy's Environmental Report-both in the background section on aquatic

resources (under section 2) and in the section on entrainment, impingement, and heat

shock (section 4)-failed to acknowledge that many species of fish in the Hudson

River show trends of declining abundance, and that the ecosystem also appears to be

declining in terms of stability. Thus, prior to evaluating heat shock, impingement and

entrainment at Indian Point, Pisces prepared an independent expert report on the status

of fish populations and the ecology of the Hudson River. This report reviewed the fish

populations and ecology of the Hudson using the Year Class Reports for the Hudson

River Estuary Monitoring Program, reports and assessments prepared by the

23 NYSDEC, 2003 SPDES Fact Sheet, Attachment B, § 1, Biological Effects (Page 1

of 8).
24 Id. Attachment B, § 4 (Page 4 of 8).
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NYSDEC and the Atlantic States Marine Fisheries Commission ("ASMFC"), as well

as recently published materials and other literature.25

a. Entergy's assessment of fish populations impacted by
Indian Point is misleading

Pisces points out that Entergy's assessment of fish populations impacted by

Indian Point is misleading. Pisces notes that there is continued reference to the 1999

DEIS, and not the FEIS, and furthermore, there is almost no reference to data

collected after 1997.26 "This use of data more than 10 years old is unacceptable when

more recent data have been collected and circulated. ... There is an attempt to mislead

on the health of fish populations. Yet again this is based on old data and carefully

crafted statements." 27 An example of a misleading statement of this type is in section

2 of the Environmental Report, where Entergy states:

The recent 2004 annual year class report continues to confirm that the
conclusions developed in the [1999] DEIS are still relevant and
supported.28

Also, in section 2 of the Environmental Report, Entergy claims that:

During the 24-year monitoring period from 1974 to 1997, species
richness and overall abundance of PYSL [post yolk-sac larvae]
increased in most areas of the estuary. Analysis of the long-term trends
in the larval fish community in both the marine brackish regions and
the freshwater zone revealed an overall increase in the total number of
taxa collected. Increases in overall abundance were due to increases in
the abundance of larval striped bass in all areas of the estuary and
increases in the abundance of larval bay anchovy in brackish areas.29

Overall, observations from the [Year Class Reports] Hudson River
Utilities Monitoring Program indicate that the fish community of the
Hudson River estuary has experienced relatively small changes in

25 Pisces, Status of Fish Populations and the Ecology of the Hudson River, § 1, at 1.

The preparation of Year Class reports by the operator of Indian Point was a condition
of the HRSA.
26 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 6.3, at 42.27 Id. § 6.3, at 43.
28d; ER at 2-16, 2-17.
29 ER at 2-16.
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species richness and diversity, although these measures have varied
among regions of the river and among fish life stages during the 1974-
1997 monitoring period. These changes are also discussed in Section 4
of this ER. Both the species and abundance of post yolk-sac larvae
have increased slightly. The number and diversity ofjuvenile and older
fish have decreased slightly. 30

These statements give the reader the impression that the 1999 DEIS assertion that

populations are healthy and flourishing is supported by the Year Class Reports.3 ' The

opposite is in fact the case as discussed below in section c. Furthermore, Energy's

statements are belied by NYSDEC's findings and conclusions in the 2003 FEIS.

Entergy's Environmental Report Section 2.2-Aquatic and Riparian

Ecological Communities under "Fish Communities" (Section 2.2.5)-only notes

declines in bay anchovy, stating that "[t]he NYSDEC's FEIS noted a decline in bay

anchovy abundance and suggested it was linked to power generation plant water

intakes on the Hudson River []y,32 But Entergy fails to acknowledge that the 2003

FEIS concluded that "[s]everal species of fish in the Hudson River estuary, such as

American shad, white perch, Atlantic tomcod and rainbow smelt, have shown trends

of declining abundance." 33 For instance, with respect to the status of white perch, the

2003 FEIS stated:

However, juvenile and age-I abundance indices suggest that white
perch numbers in the Hudson River are declining. This contrasts with
the DEIS conclusion that the population appears resilient enough to
sustain its population in the future under similar levels of power plant
mortality.

34

30 ER at 2-17.
31 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power

Station, § 6.3, at 43.
32 ER at 2-17.
33 NYSDEC, 2003 FEIS, at 57.
34 Id. at. 62.
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The 2003 Fact Sheet for Indian Point's draft SPDES permit also noted that "Atlantic

tomcod, American shad, and white perch numbers are known to be declining in the

Hudson River."35

More recently, the State of New York reiterated its reliance on the conclusions

of the 2003 FEIS, as follows:
36

* The data show changes in fish species abundance with low species
diversity because most of the River's fish production is concentrated in
a few species, demonstrating that the "Hudson River estuary is far
from equilibrium."

* Long-term trends show declining abundance of common and once
abundant species including tomcod, Atlantic sturgeon, bluefish,
weakfish, rainbow smelt, white perch, and white catfish.

* For the species that breed in the Hudson River estuary and whose
young are vulnerable to entrainment, the estimated impacts from power
plant mortality rate are sufficient to cause a substantial reduction in
adult numbers.

- The tomcod, a key species to study with regard to power plant
impacts, has seen a long-term decline in population, and entrainment
losses are likely a factor in their decline.

- Indian Point accounts for more than half of the entrainment from the
three plants-- an estimated annual entrainment of 1.2 billion fish eggs
and larvae.

b. The conclusions in the Year Class Reports are not
supported by the data contained in the Reports, and
are contradictory and misleading

The data in the Year Class Reports describes many changes in the fish

population of the estuary, with several species disappearing, new species being found,

major declines and increases in the fish species monitored. And yet despite this

information, Entergy still summarizes the results as follows:

There is no evidence of any substantial long-term changes in
composition or abundance of the fish community over the 32-year
period, 1974-2005.37

35 NYSDEC, 2003 Fact Sheet, Attachment B, § 1, Biological Effects (Page 1 of 8).
36 NYS, Scoping Comments, at 6.
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Further, Section 4 of the 2005 Year Class Report (section 4.1.2), examines the overall

heath of the estuary. At the end of the section, the report reads:

In all, it appears that the Hudson River estuary has a healthy and
robust fish population.38

As discussed below, Pisces rejects the conclusions drawn by Entergy in the

2005Year Class Report, relying on reports and assessments prepared by the NYSDEC

and the ASMFC as well as other scientific studies.

C. Many Hudson River fish species killed or impacted
by Indian Point are in decline

Pisces' reports conclude that many fish species killed or impacted by Indian

Point are in decline. Specifically, Pisces reveals serious decline in 10 out of 13 key

species considered in the Year Class Reports. 39 There are many other species that

have also declined (e.g. American eel). The overall conclusion is that "[t]here are

clear indications both at the community and individual population level that the

populations of fish in the [Hudson] estuary are becoming less stable and showing

greater year to year variation in abundance.' 40

Pisces concludes that of the 13 key species subject to intensive study for several

decades, only three species, striped bass, blue fish and spottail shiner have shown a trend of

increasing abundance since the 1980s. "The other 10 species have declined in abundance,

some greatly."4'1 Those other species are: white perch, Atlantic tomcod, bay anchovy,

37 2005 Year Class Report for the Hudson River Estuary Monitoring Program, § 4.1.2,
at 4.4. The 2005 Year Class Report for the Hudson River Estuary Monitoring Program
estimates the abundance of various species in the Hudson for each year, from the mid
1970s until 2005. The 2005 Year Class Report is the most recent Year Class Report
for the Hudson River Estuary Monitoring Program.
38 id.
39 Pisces, Status of Fish Populations and the Ecology of the Hudson River, Summary,
§§ 3.3 & 6.40 1d. § 6, at 35.
4 1 Id. Summary.
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American shad, alewife, blueback herring, rainbow smelt, hogchoker, white catfish, and

weakfish. Pisces' expert report also noted that there has been a recent increase in average

water temperature and a decrease in dissolved oxygen levels.42 Thus, all the evidence points

to the Hudson ecosystem presently experiencing significant changes, with declining

stability.43 Neither the ecosystem as a whole nor many of the individual species' populations

are in a healthy state."

3. Entergy's Entrainment Analysis Fails to Comply with
NEPA

Entergy's assessment of entrainment is inadequate, and fails to quantify fish

entrained and to disclose adverse information, as required by NEPA and NRC

regulations. 10 C.F.R. §§ 51.45 (c), (e). Pisces has analyzed and quantified these

impacts to support this Petition. In brief, Pisces' expert opinion on entrainment is that

"each year [entrainment mortality] is in the order of billions," and thus concludes that

the impacts are large. 45

Specifically, "[flor the 6 fish species for which data are available-American

shad, bay anchovy, river herring (comprising 2 species alewife and blueback herring),

striped bass, and white perch-, the stations entrain 1.2 billon eggs and larvae a

year.",46 The available data was gathered in the 1980s, and later incorporated in the

1999 DEIS prepared by the prior owners of Indian Point. Subsequently, the

NYSDEC-in the 2003 FEIS-calculated average number of organisms entrained at

Indian Point for those 6 fish species: 1.2 billion.47 Recently, the State of New York

reaffirmed this quantification of entrainment impacts: "Indian Point accounts for more

42 Id. Summary; § 2, at 1-6.
43 Id. Summary; § 6, at 35-36.
44 id.
45 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, Summary.
46 id.
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than half of the entrainment from the three [HRSA] plants -- an estimated annual

entrainment of 1.2 billion fish eggs and larvae."48

Pisces notes that the only data available in the 1999 DEIS regarding estimates

of numbers of organisms entrained at Indian Point is found in Appendix VI-1-D-2,

Table 2. This table reveals the number and stage of some of the main species

entrained at Indian Point between 1981 and 1987. From this table, the NYSDEC

calculated the average annual mortality at Indian Point, and included this data in the

2003 FEIS, which is reproduced below:4 9

Number of Fish Entrained
American Shad 13,380,000
Bay Anchovy 326,666,667
River Herring 466,666,667
Striped Bass 158,000,000
White Perch 243,333,333
Total 1,208,046,667

Although the entrainment of very few species was considered in the 1981-

1987 studies, the 1999 DEIS (Appendix VI-I-D-2) and the 2003 FEIS reveal that

Indian Point's entrainment levels are staggering: over 1.2 billon a year for just 6 fish

species. The 1981-1987 studies did not include the Atlantic tomcod, which breeds

earlier in the year than the other species.50 Pisces' expert opinion indicates that the

species for which entrainment mortality has been quantified is only a very small

proportion of the total species present in the estuary.51

47NYSDEC, 2003 FEIS, at 2, Table 1.
48 NYS, Scoping Comments, at 6 (emphasis in the original text).
'9 NYSDEC, 2003 FEIS, at 2, Table I (river herring includes blueback herring and
alewife); 1999 DEIS, Appendix VI-1-D-2, Table 2; Pisces, Entrainment, Impingement
and Thermal Impacts at Indian Point Power Station, § 3, Table 1, at 4.
so Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 3.1, at 5.
51Id.
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In contrast with the approach taken by NYSDEC in the 2003 FEIS-which

calculated estimates of the numbers of organisms entrained-the 1999 DEIS focused

on Conditional Mortality Rates (CMRs) that "measure the proportion of the available

population living in the Hudson Estuary that is killed by entrainment or

impingement."02 Pisces explains that CMRs were used in the 1999 DEIS instead of

simple estimates of the number of animals killed, "because they allow insight into the

level of impact on the population."53 Pisces concludes that CMRs due to entrainment

at Indian Point are large.54

Indeed, Entergy included some CMR entrainment data, from the 1999 DEIS,

in the Environmental Report. According to Entergy,

The estimated average annual CMR due to entrainment for American
shad is 0.64%, for Atlantic tomcod is 12.04%, for bay anchovy is
10.38%, for river herring is 1.20%, for striped bass is 7.82%, and for
white perch is 4.94%.55

Pisces' report notes that in the 2003 FEIS (Fish populations 3 - page 63) the

CMR figure for white perch is stated as 21 percent, much higher than the numbers

Entergy cites from the 1999 DEIS in the Environmental Report.5 6 Reviewing these

CMR data, Pisces concludes that "these numbers are notably high, especially when it

is remembered that several of the species under consideration are showing long-term

declines in abundance in the Hudson."57

Moreover, contrary to Entergy's assertions, the Year Class Reports for the

Hudson River Estuary Monitoring Program demonstrate that striped bass is the only

species in this group not showing declining numbers on the Hudson. American shad,

521d. § 3.2, at 5.
53 Id.
"4 d. Table 3, at 6.
55 Id; ER at 4-12; 1999 DEIS, Section V.
56 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 3.2, at 7.
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Atlantic tomcod, bay anchovy, river herring, and white perch are all declining.5 8 Thus,

the CMR numbers indicate that Indian Point is killing an appreciable proportion of the

Atlantic tomcod, white perch and bay anchovy populations in the estuary, and these

deaths will be contributing to the decline of these species.5 9

The State of New York recently noted Indian Point's significant impact on the

aquatic resources of the Hudson River based on the finding and conclusions set forth

in the 2003 FEIS, discussed above, as well as the findings in New York's Water

Quality 2004 report, as follows:

Water Quality 2004 report states that tens to hundreds of million of
eggs, larvae, and juvenile fishes are killed per year by the large
volume, once-through users on the Hudson River. The report indicates
that based on the data collected, the September 1 young of year (YOY)
fish populations have been reduced as much as 25-79% for spottail
shiner (1977), 27- 63% for striped bass (1986), 52-60% for American
Shad (1992), 44-53% for Atlantic tomcod (1985), 39-45% for alewife
and blueback herring combined (1992), 30-44% for white perch
(1983), and 33% for bay anchovy (1990). (The higher number assumes
no through-plant survival; the lower number incorporates power
company estimates of through-plant survival.) 60

The State of New York also referred to the long-term trends that show

declining abundance of common and once abundant species including Atlantic

tomcod, Atlantic sturgeon, and white perch, among others: "For the species that breed

in the Hudson River estuary and whose young are vulnerable to entrainment, the

57 Id.
58 2005 Year Class Report for the Hudson River Estuary Monitoring Program,

Appendix D. Entergy's misleading assertion is, as follows: "In addition, since
submission of the DEIS, the generators have continued to provide the annual year-
class reports outlining the results of the annual monitoring program for the year in
question, as well as all of the raw data collected and an estimate of the abundance
(i.e., standing crop) of fish in the River during that period. This information continues
to confirm the absence of any adverse impact on fisheries reasonably attributable to
1P2 or 1P3 [ASA]." E.R., at 4-12 & 4-13 (emphasis added).
59 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 3.2, at 7.
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estimated impacts from power plant mortality rate are sufficient to cause a substantial

reduction in adult numbers.",61 Based on the above, the State of New York concluded

that "the impacts of the operation of once-through cooling at Indian Point for an

additional 20 years will continue to have a significant impact on the aquatic resources

of the Hudson River.",62

Pisces' expert report clearly shows that, since the 1981-1987 entrainment

studies, the estuary has changed considerably, noting that "[t]he data were collected

before many significant recent ecological changes in the Hudson had occurred,

including the arrival of zebra mussels, the closure of several fisheries and the recovery

in striped bass numbers."63 Thus, to estimate current entrainment impact at Indian

Point's once-through cooling system, Pisces utilizes the data in the 2005 Year Class

Report in conjunction with the data of entrainment from 1981-1987 studies that were

included in DEIS (DEIS Appendix VI-1-D-2).64

As explained in the Pisces report, only current entrainment levels of American

shad, white perch and striped bass can be estimated with the available information.

Based on this approach, present entrainment of American shad, striped bass and white

perch would be extremely high.65 Further, striped bass calculations demonstrate that

present entrainment estimates based on the old estimates in the 1999 DEIS would be

largely underestimated: the average number of striped bass entrained in 1981-1987

60 NYS, Scoping Comment, at 6; New York's Water Quality 2004, Appendix A,

Lower Hudson River, A 121- 122, available at
http://www.dec.ny.gov/chemical/23837.html.
61 NYS, Scoping Comment, at 6.
62 id.
63 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 3.4, at 11.
64 Id. § 3.3, Figures 2-4, at 7-11.
65 id.
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was 46 million; the average number entrained between 1987 and 2005 was 366

million, an increase of over 750 percent.66

To analyze the current and future entrainment fully, data are needed on the

density of the fish in the vicinity of the power plant. Although densities of each life

stage in each part of the estuary for each week are gathered to develop the year class

reports, this information is not provided in such reports. With that information a much

more detailed andaccurate calculation could be made of the number of fish entrained.

Pisces has concluded that Indian Point's entrainment impact has not been analyzed or

quantified to the best extent possible. 67

It is important to emphasize that Entergy's "Entrainment Analysis" only relied

on the following documents: the 1999 DEIS; the Year Class Reports for the Hudson

River Estuary Monitoring Program; and, an unpublished paper by Barnthouse et al.,

which predates the 2003 FEIS, regarding the status of fish populations on the Hudson

River.68 These documents, however, do not support Entergy's "Entrainment

Analysis." First, as discussed above, Pisces' reports show that data in the 1999 DEIS

contradict Entergy's entrainment assessment. Second, the Year Class Reports reveal

serious declines in the majority of Hudson River fish species studied in those reports,

contrary to Entergy's assertions in the Environmental Report. Third, data in the 2003

FEIS and in the Year Class Reports contradict the conclusions in the unpublished

paper by Barmthouse et al.69 Based on this analysis, it is abundantly clear that

66 id.
67 id.
68 Bamthouse et al., Status and Trends of Hudson River Fish Populations and

Communities since the 1970s: Evaluation of Evidence Concerning Impacts of Cooling
Water Withdrawals (Unpublished - dated January 2002) (hereinafter Barnthouse et al.,
Unpublished paper on the Status of Hudson River Fish Populations).
69 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 3.2, at 7.
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Entergy's purported "Entrainment Analysis" is baseless, grossly incomplete, and

fatally flawed for purposes of the required NEPA review.

Finally, as discussed further in section E below, Pisces notes that closed cycle

cooling, required under the draft SPDES permit for Indian Point, represents about a 95

percent reduction in water use relative to the existing once-through system. 70 This

would also reduce entrainment mortality by 95 percent and could, if needed, work in

conjunction with other entrainment reducing technologies.71 "We know of no

alternative technology(s) that will result in equivalent protection for aquatic resources

to that which can be achieved by closed cycle cooling."'72

4. Entergy's Impingement Analysis Fails to Comply with
NEPA

Entergy's assessment of impingement in the Environmental Report is

inadequate. In particular, Entergy failed to quantify the adverse impacts in terms of

fish impinged, as required by NEPA and NRC regulations implementing its

provisions. 10 C.F.R. § 51.45 (c). Pisces also analyzed and quantified these impacts

for the Petitioner. As discussed below, Pisces' expert analysis shows that the number

of fish killed annually by impingement at Indian Point is significant.

Surveys of the number of fish impinged at Indian Point that were undertaken

from 1981 to 1990 reflect impingement of around 1.2 million. 73 The results of these

surveys were incorporated in the 1999 DEIS, but Entergy failed to reveal those

numbers. 74 The impingement data presented in the 1999 DEIS concentrated on few

species. The impact of impingement on other species is unknown. From this

70 Id. § 3.4, at 11.
71 id.
72 id.
73 Id. § 4.1, Table 4, at 12; 1999 DEIS, Appendix VI-2-D.
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information, Pisces was able to calculate the average annual impingement at Indian

Point, which is reproduced below:75

Number of Fish Impinged
American Shad 12,894
Bay Anchovy 116,372
River Herring 64,354
Striped bass 46,305
Tomcod 239,441
White Perch 760,275
Total 1,239,624

Notably, Pisces notes that Indian Point "kill[s] individuals from several species that

are in decline.",
76

Before 1990, fish impinged on Indian Point's cooling water filter screens

would invariably have been killed, due to the lack of mitigation technology such as

Ristroph screens and fish return systems.77 Therefore, impingement mortality prior to

1990 exceeded the million fish annually on average for the species considered in the

surveys. The installation of Ristroph screens and fish return systems at Indian Point

between 1990 and 1991, due in part to the efforts of Riverkeeper, reduced this

mortality for some species.78

Despite the implementation of these mitigation measures, Pisces concludes

that impingement levels remain well over I million fish a year, and impingement

mortality could be between two and five hundred thousand, depending upon the

74 Pisces' expert report explains that the only data available in the 1999 DEIS
regarding estimates of the numbers of organisms impinged at Indian Point is found in
the Appendix VI-2-D (1999 DEIS, Appendix VI-2-.
75 Id. § 4.1, Table 4; DEIS Appendix VI-2-D, Table 2. River herring includes
blueback herring and alewife.
76 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, Summary.77Id. § 4.1, at 11.
78Id. § 4.1, at 12.
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assumptions used in calculation. 79 Indeed, based on the available data, Pisces has

determined that, of the approximately 1.2 million fish being impinged at Indian Point,

average impingement mortality is about 200,000, using the most optimistic survival

figures, and approximately 500,000 using more conservative survival values.80 The

former estimate is based on a study published in 1990 (Fletcher, 1990), and used in

the 1999 DEIS;81 while the latter estimate is based on more recent impingement

survival estimates (LMS, 1997).

In any event, Pisces concludes that impingement mortality estimates~based on

the 1999 DEIS are unlikely to be a reliable estimate of current or future impingement,

as it is based on the number of fish impinged between 1981 and 1990. It is over 17

years since any impingement monitoring data has been published, and the fish

community of the Hudson has greatly changed during that, as discussed supra in

section 1. There is therefore a critical need to update estimates of the number of fish

impinged, and their survival rates. In sum, while it is evident that impingement

mortality is large, there is a need to update the information on this impact in order to

fully assess current and future effects resulting from the proposed action, as required

under NEPA.

It is important to underscore that Entergy's "Impingement Analysis" relies on

the same documents as the flawed "Entrainment Analysis": the 1999 DEIS; the Year

Class Reports for the Hudson River Estuary Monitoring Program; and, the

unpublished paper by Barnthouse et al.83 Contrary to Entergy's assertions, the 1999

DEIS and Year Class Reports reveal that impingement mortality levels at Indian Point

7 9 Id. Summary.
80 Id. § 4.2 (Table 8), § 4.4, at 16-19.81 Id. § 4.2.1, Table 5.
82 Id. §§ 4.2.4, 4.2.5, Tables 7-8.
83 Barnthouse et al., Status of Hudson River Fish Populations.
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are considerably higher than Entergy claims. Furthermore, the unpublished paper by

Barnthouse et al. predates the 2003 FEIS and thus is meaningless. Thus, it is evidently

clear that Energy's Environmental Report has failed to comply with NEPA with

respect to impingement.

Finally, as discussed in section E. below, Pisces states that closed cycle

cooling, required under the draft SPDES permit for Indian Point, represents about a 95

percent reduction in water use relative to the existing once-through system.84 With

closed cycle cooling, the smaller volumes of water pumped and the much lower

velocities involved would almost eliminate impingement on the station cooling water

intake screens.85 "We know of no alternative technology(s) that will result in

equivalent protection for aquatic resources to that which can be achieved by closed

cycle cooling."
86

5. Entergy's Heat Shock Analysis Fails to Comply with NEPA

Instead of assessing the impacts of the thermal discharge as required under

NRC regulations due to the lack of a thermal variance, Entergy simply states in the

Environmental Report that it is "complying with this [1987-1992 SPDES] permit,

including limits and conditions imposed by NYSDEC for thermal discharges."8 7

Entergy's Environmental Report also asserts that:

Compliance with the SPDES Permits over previous years has been
excellent. For example, there has never even been an exceedance
relative to thermal discharge limits as identified in the Station's
SPDES permit.88

84 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 4.4, at 19.
85 Id.

86 id.
87 ER, at 4-23.
" ER, at 9-2.
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Entergy's self-serving statements have been flatly contradicted in the 2003 FEIS.

Entergy's statements are also at odds with the available data on Indian Point's thermal

plume, which shows that the facility does not comply with New York water quality

standards for thermal discharges. As noted in the scoping comments recently filed by

the State of New York:

The available data -- generated from the applicant and the other
Hudson River power plant generators as part of the HRSA -- regarding
the thermal discharge at Indian Point demonstrates that state water
quality criteria are not being met. Specifically, 6 NYCRR Part 704
(Criteria Governing Thermal Discharges) requires that a minimum of
one-third of the surface as measured from water edge to water edge at
any stage of the tide, shall not be raised to more than 4 degrees
Fahrenheit over the temperature that existed before the addition of heat
of artificial origin. 6 NYCRR § 704.2(b)(5). The generator's own data
indicates that these criteria are not met under flood and ebb tidal
conditions.8 9

Accordingly, the 2003 draft SPDES permit for Indian Point would require Entergy to

conduct additional thermal studies at Indian Point, precisely to determine whether to

grant a variance from thermal criteria.90

a. Indian Point's thermal discharge often exceeds New
York State's thermal discharge criteria.

The Pisces Report on Entrainment, Impingement and Thermal Impacts also

shows that Entergy's analysis of thermal impacts is insufficient to satisfy NEPA. The

impact of a thermal discharge depends upon the background temperature of the water

body. The potential effects of thermal pollution become more serious as the

background temperature increases. As discussed in the Pisces Report, temperature

increases in the Hudson River caused by Indian Point's operation have had significant

effects on aquatic life.

89 NYS, Scoping Comments, at 8 (emphasis in original text).
90 NYSDEC, 2003 Draft SPDES Permit, Condition 7(b); NYSDEC, 2003 SPDES Fact

Sheet, § IV (B) (at 3) and Attachment B.
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The principal reason for establishing and enforcing thermal water quality

criteria is the impact of water temperature on aquatic organisms. The limits on

surface width and cross-sectional area in which elevated water temperatures are

permissible are designed to ensure zones of passage and regions of habitability

for aquatic organisms using the estuary. 6 NYCRR Part 704. Similarly, the

establishment of the 90 Fahrenheit (°F) maximum surface water temperature is in

recognition of the thermal tolerance limits of various resident and migratory species.

Id. An accurate assessment of Indian Point's large thermal footprint must encompass

both near field and far field effects. It is also important to emphasize that no mixing

zone has been defined for Indian Point's thermal discharge.

The thermal modeling prepared by the prior owners of Indian Point indicates

that the thermal discharge from Indian Point results in violations of applicable New

York State thermal criteria. As noted in the 2003 FEIS:

Indian Point: As of the 1987 - 1992 SPDES permit term, thermal
discharges from Indian Point did not meet applicable thermal criteria.
... These provisions alone [the 1987-1992 SPDES permit], however,
are not sufficient for Indian Point to meet thermal criteria. Thermal
modeling indicates that the thermal discharge from Indian Point causes
water temperatures to rise more than allowed, which is four degrees
(IF) over the temperature that existed before the addition of heat, or a
maximum of 83°F, whichever is less, in the estuary cross sections
specified in 6 NYCRR §704.2(b)(5).2 A mixing zone was not specified
in the previous SPDES permit for the Indian Point facility.91

Further, an infrared aerial image of the Indian Point 3 thermal plume in the

2003 FEIS highlights the degree to which the plume extends over the surface of the

river. The image shows the high proportion of the width of the river that is impacted

by the Unit 3 discharge of Indian Point, "even with Indian Point running at less than

its full capacity."92

" NYSDEC, 2003 FEIS, at 19.92 Id. at 71-72.
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The NYSDEC also expressed concern about the vertical distribution of the

thermal plume in the 2003 FEIS. In general, heated effluents are buoyant and thus the

impacts are mostly restricted to the surface waters and any area of bank which the

plume contacts. However, if the plume is sufficiently large then heated water will

penetrate to the bed of the river and impact bottom-living and deep-water species.

Such deeper water penetration of the thermal plume is always a matter for concern, as

it may lead to damage to the benthic food chain and also not allow migrating fish to

pass under the heated water plume. It is clear that almost the entire vertical water

column in the vicinity of Indian Point holds water heated above background

temperatures. 93 The 2003 FEIS stated this problem, as follows:

A study by HydroQual, Inc., examined passive particle movement and
also investigated thermal and salinity profiles in several river reaches,
including the portion of the Hudson River where the HRSA plants are
located. Figures 6 and 7 of this FEIS (following pages), excerpted from
that study, show two vertical temperature profiles of the Hudson River
from NYC to just above the northernmost of the HRSA plants, one
during a spring and the other during a neap tide. Based on these
representations, it appears that there may be times and conditions where
effluent-warmed waters occupy nearly the entire vertical water column.94

The 2003 FEIS also concluded that the thermal plume of Indian Point was

inadequately addressed by the prior owners of Indian Point in the 1999 DEIS.

Thermal discharges were inadequately addressed in the DEIS. The
DEIS asserts, with no supporting evidence, that "... [t]he surface water
orientation of the plume allows a zone of passage in the lower portions
of the water column, the preferred habitat of the indigenous species."
Other data and analyses cast doubt on this assertion.95

It goes on to say:

Given the extent of warming shown in the HydroQual graphs,
combined with the recent dramatic declines in tomcod and rainbow
smelt as discussed previously, the Department believes it prudent to

93 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 5.2.1, at 23.94 NYSDEC, 2003 FEIS, at 71 (emphasis provided).
95 id.
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seek additional thermal discharge data for each facility, including a
mixing zone analysis, and anticipates requiring triaxial thermal studies
as conditions to each of the SPDES renewals. Depending on the results
of those analyses, additional controls may be required to minimize
thermal discharges.96

Consequently, the 2003 draft SPDES permit for Indian Point required additional

thermal discharge data, including a mixing zone analysis and a triaxial thermal

study.
97

Pisces also considered the temperature of the discharge. The average

maximum temperatures for each calendar month for the years 2000 to 2007, as appear

in the facilities monitoring reports, were compiled and analyzed. Pisces notes that for

the summer months the maximum is regularly in excess of 90 degrees Fahrenheit (IF),

while the regulations clearly state "The water temperature at the surface of an estuary

shall not be raised to more than 90 degrees Fahrenheit at any point." 6 NYCRR §

704.2(b)(5)(i) (emphasis added)?. Further, there are occasions when the temperature

exceeds 100°F; this is a temperature at which many aquatic organisms living in the

estuary will suffer acute harm or death.

Indian Point's far field thermal predictions can be made using existing

temperature measurements or modeling methods. The Massachusetts Institute of

Technology (MIT) dynamic network model was used in the 1999 DEIS, where it is

referred to as the Far Field Thermal Model (FFTM). Using this model, the 1999 DEIS

revealed the appreciable effect of Indian Point, which was predicted to increase river

temperature by more than 1 F for more than 10 miles of estuary during the summer

1981.

96 Id. at 72.
97 NYSDEC, 2003 Draft SPDES Permit, Condition 7(b); NYSDEC, 2003 SPDES Fact
Sheet, § IV (B) (at 3) and Attachment B.
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b. The background temperature of the Hudson River
has changed significantly since Indian Point began
operating, and shows signs of extreme variation.

The Pisces report shows that the water temperatures in the Hudson River are

increasing.98 This is clearly demonstrated by the statistically significant increase in

mean average annual water temperature measured at Poughkeepsie Water Treatment

Facility. The mean annual temperature in recent years is about 2°C (3.6°F) above that

recorded in the 1960s.99 Examination of the daily temperatures for 2005 plotted

against the mean, minimum and maximum temperatures from 1951 to 2004 show that

the temperature for several summer months in 2005 was close to the maximum ever

recorded. However, in the winter, it also reached some of the lowest temperatures

recorded over a 53 year period. In summary, the temperature regime in the Hudson is

becoming more extreme, with severe effects to the fish populations and ecology of the

Hudson River.

c. Conclusion on thermal impacts

Thermal impacts from Indian Point are large, are likely to exceed the State's

thermal standards and criteria, and raise very serious concerns considering the

warming trend in river temperature. It is therefore complacent, to say the least, of

Entergy to state:

Entergy concludes that continued operation in the manner required by
the current [1982-1992] SPDES permit and the associated agreement to
continue implementation of the fourth Consent Decree ensures that
thermal impacts will satisfy the requirements of CWA 316(a) and will
thus remain SMALL during the license renewal term.10°

On the contrary, the 1999 DEIS and 2003 FEIS provide evidence of significant

adverse environmental impacts to Hudson River biota from Indian Point's thermal

98 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power

Station, § 5.3, at 27-29.
99 Id. Figures 15 & 16.
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plume. Further, it would be appropriate, when considering the proposed action, to

model scenarios with higher river temperatures than those observed in the recent past

or even the present. A thorough environmental assessment of Indian Point's thermal

impact is therefore warranted in order to comply with NEPA. Entergy's analysis

concluding that future thermal impacts of Indian Point will be small is simply

unsupported and must be rejected.

Finally, Pisces-noting that closed cycle cooling is required under the draft

SPDES permit for Indian Point-states that under the closed-cycle cooling alternative

the amount of heat injected into the river would be greatly reduced and thermal

impacts would be confined to the discharge canal' 0 'l Thus, closed-cycle cooling

would likely eliminate thermal pollution concerns at Indian Point, as discussed in

section E below.

E. Entergy has Failed to Provide a Complete Analysis of the Closed
Cycle Cooling Alternative

Entergy's Environmental Report violates NEPA and NRC implementing

regulations 10 C.F.R. § 51.45(b), (c), (d) because it fails to provide a complete

analysis of the closed cycle cooling alternative for reducing or avoiding adverse

environmental effects to aquatic resources at Indian Point.

In the Environmental Report, Section 8.1.1.2.1 Aquatic Ecology, Entergy

acknowledges that "[tihe closed-cycle cooling alternative would reduce entrainment

and impingement losses when compared with the existing once-through cooling

system ... representing a 93-95% reduction in water use relative to the existing once-

through system."'' 2 Entergy also states that "[u]nder the closed-cycle cooling

'00 ER, at 4-24.
101 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power

Station, § 5.6, at 36.
102 ER at 8-9, 8-10.
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alternative, most water discharged into the Hudson River would be unheated water.

Thus, it would be likely that any thermal impacts would be confined to a small part of

the discharge canal and the Hudson River,"'103 and concludes that the aquatic

ecological impacts from the construction and operation of the closed cycle cooling

alternative at Indian Point 3 would be small.1'4 But Entergy fails to address the

benefits to aquatic resources resulting from a closed cycle cooling system at Indian

Point.

Moreover, Entergy misleads, once again, stating that "although the DEIS

concludes that plant operations have not resulted in any negative trend in overall

Hudson River aquatic species populations, NYSDEC's draft SPDES permit would

require replacement of the existing once-through cooling systems with closed-cycle

cooling systems if certain pre-conditions are met." 105 As demonstrated in the previous

sections the environmental impacts from entrainment, impingement and heat shock at

Indian Point are large and require mitigation.

Pisces states that closed cycle cooling represents about a 95 percent reduction

in water use relative to the existing once-through system.1'6 This alone would also

reduce entrainment mortality by 95 percent and could, if needed allow other

entrainment reducing technologies to be used.10 7 Pisces also notes that, with closed

cycle cooling, the smaller volumes of water pumped and the much lower velocities

involved would almost eliminate impingement on the station cooling water intake

screens.108 Further, under the closed-cycle cooling alternative, the amount of heat

'03 Id. at 8-10.
104 id.
'0' Id. at 8-5.
106 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power
Station, § 3.4, at 11.
107 Id.
108 /Id.
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injected into the river would also greatly reduce thermal impacts. Thus, closed-cycle

cooling would likely eliminate thermal pollution concerns at Indian Point.1°9 Thus,

the benefit resulting from the closed cycle cooling alternative should be fully analyzed

in order to comply with NEPA and NRC implementing regulations 10 C.F.R. §

51.45(b), (c), (d).

CONTENTION EC-2: INADEQUATE ANALYSIS OF SEVERE ACCIDENT
MITIGATION ALTERNATIVES

Contention: Entergy's analysis of severe accident mitigation alternatives

("SAMAs") in its Environmental Report fails to satisfy NEPA, 42 U.S.C. § 4321-

4370f, because its analysis of the baseline of severe accidents is incomplete,

inaccurate, nonconservative, and lacking in the scientific rigor required by NEPA. In

particular:

1. Inadequate analysis of probability and scope of severe accidents.

In the first step of its analysis, i.e., establishing the baseline of severe accidents,

Entergy has failed to address several significant contributors to the costs of severe

accidents, which Entergy represents by a "present value of cost risk" indicator. To

determine that indicator, Entergy monetizes the estimated consequences of radioactive

releases, multiplies those monetized consequences by their estimated probabilities,

and sums the resulting values over time with discounting to the present. Entergy uses

that indicator to compare the economic costs of particular SAMAs with the benefits to

be derived from them (i.e., the averted costs of severe accidents). See ER at Section

4.21. In particular:

109 Pisces, Entrainment, Impingement and Thermal Impacts at Indian Point Power

Station, § 5.6, at 36.
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(a) Entergy has failed to properly consider the contribution to severe

accident costs from severe accidents involving reactor containment bypass via

induced failure of steam generator tubes.

(b) Entergy has failed to consider the contribution to severe accident

costs by a fire in either of the spent-fuel pools at Indian Point Units 2 and 3.

(c) Entergy has failed to consider the contribution to severe accident

costs by intentional attacks on the Indian Point Unit 2 or Unit 3 reactors or respective

spent fuel pools.

2. Inadequate consequence analysis for severe accidents. In the

radiological consequence calculations performed by Entergy in support of its SAMA

analysis, Entergy has significantly (by more than a factor of three) underestimated

population doses and other off-site costs resulting from a severe accident at Indian

Point. These underestimates are due in part to (a) Entergy's use of a source term that

results in unusually low mean off-site accident consequences in comparison to results

obtained with source terms vetted by independent experts and recommended for use

by NRC; (b) Entergy's failure to adequately consider the uncertainties in its

consequence calculations resulting from meteorological variations; and (c) Entergy's

inappropriate use of the $2,000/person-rem dose conversion factor. As a result of its

underestimate of mean population doses and other off-site costs, and its failure to

appropriately incorporate uncertainties due to meteorological variations into its

analysis, Entergy has significantly underestimated the off-site costs of severe

accidents. Entergy's erroneously low cost estimate has therefore led it to

underestimate the benefits of SAMAs that would mitigate or avoid the environmental

impacts of severe accidents. Entergy should be required to repeat its SAMA analysis
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by conducting a consequence assessment incorporating complete and accurate inputs

and based on rigorous scientific methods.

Basis:

A. Expert Support for Contention

This contention is supported by the expert declarations and expert reports of

Dr. Gordon Thompson and Dr. Edwin S. Lyman. Dr. Thompson's declaration is

attached as Exhibit I to Contention EC-2. His expert report, Risk-Related Impacts

from Continued Operation of the Indian Point Nuclear Power Plants (November 28,

2007) ("Thompson Report"), is Attachment 2 to his declaration. As stated in Dr.

Thompson's declaration, he assisted Riverkeeper in the preparation of Section 1 of the

contention and Section D. 1 of the contention's basis. The factual assertions in those

sections of the contention's basis are true and correct to the best of his knowledge,

and the expressions of opinion are based on his best professional judgment.

Dr. Lyman's declaration is attached as Exhibit 2 to Contention EC-2. His

expert report, A Critique of the Radiological Consequence Assessment Conducted in

Support of the Indian Point Severe Accident Mitigation Alternative Analysis

(November 2007) ("Lyman Report"), is Attachment 2 to his declaration. Another

report by Dr. Lyman, Chernobyl on the Hudson? The Health and Economic

Consequences of a Terrorist Attack at the Indian Point Nuclear Plant (September

2004), provides additional background information regarding Dr. Lyman's concerns

about the inadequacy of Entergy's analysis of severe accident consequences. It is

included as Attachment 3 to Dr. Lyman's declaration. As stated in Dr. Lyman's

declaration, he assisted Riverkeeper in the preparation of Section 2 of the contention

and Section D.2 of the contention's basis. The factual assertions in those sections of
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the contention are true and correct to the best of his knowledge, and the expressions of

opinion are based on his best professional judgment.

B. Requirements of NEPA and Implementing Regulations

NEPA is the "basic national charter for protection of the environment." 40

C.F.R. § 1500.1. Its fundamental purpose is two-fold:

It ensures that the agency, in reaching its decision, will have available, and
will carefully consider, detailed information conceming significant
environmental impacts; it also guarantees that the relevant information will be
made available to the larger audience that may also play a role in both the
decisionmaking process and the implementation of that decision.

Entergy Nuclear Generation Co. and Entergy Nuclear Operations, Inc. (Pilgrim

Nuclear Power Station), LBP-06-23, 64 NRC 257, 277 (2006) ("LBP-06-23"),

quoting Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 349 (1989). The

primary method by which NEPA ensures that its mandate is met is the "action-

forcing" requirement for preparation of an Environmental Impact Statement ("EIS"),

which assesses the environmental impacts of the proposed action and weighs the costs

and benefits of alternative actions. Marsh v. Oregon Natural Resources Council, 490

U.S. 360, 370-71 (1989). An EIS must be searching and rigorous, providing a "hard

look" at the environmental consequences of the agency's proposed action. Marsh,

490 U.S. at 374. Information about environmental impacts must be subject to a

"careful scientific analysis." Id. at 385. See also 40 C.F.R. § 1502.24 ("Agencies

shall insure the professional integrity, including scientific integrity, of the discussions

and analyses in environmental impact statements"); 10 C.F.R. § 51.71(d) (draft EIS

"considers and weighs the environmental effects of the proposed action). An EIS for

a nuclear power plant must also examine "altematives for reducing or avoiding

adverse effects." Id.
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The NRC has interpreted NEPA to require the preparation of an EIS for

decisions regarding whether to renew operating licenses for nuclear power plants. 10

C.F.R. § 51.95(d). The NRC requires the license renewal applicant to prepare the

initial environmental analysis in an Environmental Report ("ER"). 10 C.F.R. §

51.53(c).

In 1996, the NRC prepared a generic EIS for license renewal: NUREG-1437,

Generic Environmental Impact Statement for License Renewal of Nuclear Plants

("GELS"). NRC regulations adopting the GElS characterize environmental impacts as

either "Category 1" or "Category 2." See Table B-1 of Appendix B to 10 C.F.R. Part

50. The NRC applies Category 1 conclusions generically and allows license renewal

applicants to rely on those conclusions, generally forbidding challenges to the

conclusions in individual license renewal proceedings. Florida Power & Light Co.

(Turkey Point Nuclear Generating Plant, Units 3 and 4), CLI-01-17, 54 NRC 3, 12

(2001). Recognizing, however, that NEPA requires it to consider new and significant

information or changed circumstances bearing on the environmental impacts of its

licensing decision, the NRC makes provision for individual waivers or generic

changes to its environmental regulations. Id. The NRC also requires license renewal

applicants to address new and significant information or changed circumstances in

their ERs. 10 C.F.R. § 51.53(c)(3)(iv).

Category 2 environmental issues that must be addressed in each individual

license renewal proceeding include "alternatives to mitigate severe accidents" or

SAMAs. 10 C.F.R. Part 51, Appendix B, Table B-1. See also LBP-06-23, 64 NRC at

279. As an initial matter, the license renewal applicant must address SAMAs in its

ER. LBP-06-23, 64 NRC at 279, citing 10 C.F.R. § 51.53(c)(3)(ii)(L). A SAMA

analysis, i.e., the "determination of whether a SAMA may be worthwhile to
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implement," is "based upon a cost-benefit analysis - a weighing of the cost to

implement the SAMA with the reduction in risks to public health, occupational health,

and offsite and onsite property." Duke Energy Corp. (McGuire Nuclear Station, Units

I and 2; Catawba Nuclear Station, Units I and 2), CLI-02-17, 56 NRC 1, 8 (2002).

C. Entergy's SAMA Analysis

Entergy's SAMA analysis is presented in the ER in Appendix E, Sections 4.21

through 4.25 and Attachment E to Appendix E. According to Entergy, the SAMA

analysis follows five basic steps: (1) establishing the baseline impacts of a severe

accident with respect to off-site and on-site exposure and economic costs; (2)

identifying SAMA candidates; (3) conducting a preliminary screening of potential

SAMA candidates to determine their suitability for the Indian Point site; (4)

conducting a final screening and cost-benefit evaluation (measuring benefits in terms

of averted consequences against the estimated costs of installing a particular SAMA);

and (5) and performing sensitivity analyses on (a) the sensitivity of assuming a 26-

year period for the remaining life for IP2 and a 28-year period for the remaining life

of IP3, (b) the sensitivity of each analysis case to the discount rate of three percent,

and (c) impacts resulting from economic loss due to tourism and business. ER at 4-48

- 4-50.

In carrying out these analytical steps, Entergy estimated the value of averted

consequences (expressed as "estimated present dollar value equivalent of internal

events core damage frequency) as $1,337,939 for IP2 and $1,340,515 for IP3, before

considering external events and uncertainty. ER at 4-62. Entergy analyzed 231

SAMA candidates, eliminating 163 from further consideration in the third step of

screening candidates. ER at 4-72. For the remaining 68 candidates, Entergy

concluded that 61 did not merit consideration because their costs exceeded their
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benefits. Id. Entergy identified only seven SAMAs that are "potentially" cost-

beneficial. Id. Table 4-4 shows that the estimated economic cost of these SAMAs

ranges from $50,000 to $1,656,000.

D. Deficiencies in Entergy's SAMA Analysis

Entergy's analysis of SAMAs fails to satisfy NEPA because is incomplete,

inaccurate, non-conservative, and lacking in the scientific rigor required by NEPA.

As a result, Entergy has failed to demonstrate that it took a "hard look" at

environmental impacts and alternatives to avoid or mitigate those impacts, or

subjected those impacts to "careful scientific analysis." Marsh, 490 U.S. at 374, 385.

In particular, the SAMA analysis suffers from the following deficiencies:

1. Inadequate analysis of probability and scope of severe
accidents.

In the first step of its analysis, i.e., establishing the baseline of severe

accidents, Entergy has failed to address several significant contributors to the costs of

severe accidents:

(a) Entergy has not properly considered the contribution to severe accident

costs made by severe accidents involving reactor containment bypass via induced

failure of steam generator tubes. As discussed in Section 5 of the Thompson Report,

Entergy has substantially underestimated the potential for containment bypass during

a core-damage accident. In light of current knowledge about severe reactor accidents,

it is prudent to assume that (i) any High/Dry accident sequence (i.e., accident in which

the secondary side dries out due to unavailability of feedwater and the reactor coolant

system ("RCS") pressure remains high while primary coolant (i.e, water) is lost and

the core is uncovered) would involve induced failure of steam generator tubes, and (ii)

one or more of the secondary side safety valves downstream of the affected steam

generator(s) would remain open after tube failure. Thompson Report at 15-16.
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Taking these prudent assumptions into account, Entergy's estimates of the conditional

probabilities of atmospheric release categories (in the event of core damage) increase

significantly: the conditional probability of an Early High release rises from 3.6

percent to 51.8 percent for the IP2 reactor, and from 8.2 percent to 54.1 percent for

the IP3 reactor. Id. at 18. Correspondingly, the present value of cost risk associated

with atmospheric releases increases by a factor of 5.42 for IP2 and a factor of 3.18 for

IP3. Id.

As a result, Entergy has underestimated the potential value of relevant SAMAs

by $47.3 million for IP2 and $23.4 million for IP3. Thompson Report at 50. If the

economic benefit of averted containment bypass accidents were appropriately

considered, a number of SAMAs rejected by Entergy as too costly would be cost-

effective. Id.

(b) Entergy has not considered the contribution to severe accident costs by a

fire in either of the spent-fuel pools at Indian Point Units 2 and 3. See Thompson

Report, Section 6. Entergy has also failed to identify anySAMAs that would avoid or

mitigate these costs. Id. at 51. If the costs of pool fires were considered, the value of

SAMAs would be significant. Id. Even using unrealistically low probability

estimates in NUREG-] 353, Regulatory Analysis for the Resolution of Generic Issue

82, Beyond Design Basis Accidents in Spent Fuel Pools (1982), the offsite cost risk of

a pool fire is substantially higher than the offsite cost risk of an Early High release

from a core-damage accident. Thompson Report at 28. The present value of cost risk

for a conventional pool accident at Indian Point (i.e., an accident not caused by

intentional attack), using the unrealistically low probability assumptions in NUREG-

1353, is $27.7 million, a significant sum. Thompson Report at 49 and Table 7-7. If

more realistic assumptions about the likelihood of a pool fire were used, the cost
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would be considerably higher. See Thompson Report at 51. In addition, the present

value of costs risks ("PVCR") for a spent-fuel-pool fire would increase substantially

(i.e., from $27.7 million to $38.7 million) if the discount rate were changed from 7%

to 3%, a more appropriate rate for an analysis of the benefits of measures to prevent or

mitigate radiological accidents that Entergy uses to test the sensitivity of its SAMA

analysis. See Thompson Report at 51-52. If the discount rate were dropped to zero, a

rate that is justified in light of the catastrophic nature of the consequences involved,

the PVCR for a spent-fuel-pool fire would be even higher -- $51.5 million. Id. at 52.

Riverkeeper is aware that the NRC classifies the environmental impacts of

pool accidents and related SAMAs as "Category 1" issues that are not subject to

consideration in individual license renewal proceedings absent a waiver or change in

the regulations. Florida Power and Light, 54 NRC at 12. However, the NRC

currently is considering two petitions for rulemaking that seek revocation of that

prohibition, based on new and significant information showing that the environmental

impacts of pool fires are significant. Massachusetts Attorney General; Receipt of

Petition for Rulemaking, 71 Fed. Reg. 64,169 (November 1, 2006); State of

California; Receipt of Petition for Rulemaking, 72 Fed. Reg. 27,068 (May 14, 2007).

Riverkeeper endorses those petitions for rulemaking and agrees that the new and

significant information presented by the Massachusetts Attorney General and the

State of Califomia in their rulemaking petitions warrants a re-evaluation of the

environmental impacts of spent fuel storage. In fact, essentially the same new and

significant information is reviewed in Dr. Thompson's report in Section 6. Therefore

Riverkeeper requests that the Atomic Safety and Licensing Board ("ASLB") admits

this aspect of the contention and holds it in abeyance pending the outcome of those

rulemaking petitions. If and when the NRC changes its finding regarding the
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environmental impacts of'high-density pool storage of spent fuel, then Riverkeeper

will either challenge the merits of Entergy's failure to include pool-fire risks in its

SAMA analysis under the newly amended regulation, or seek a waiver of the

regulation under 10 C.F.R. 2.335(b).

(c) Entergy has not considered the contribution to severe accident costs made

by intentional attacks on the Indian Point Unit 2 or Unit 3 reactors or their spent-fuel

pools, although such attacks are reasonably foreseeable and indeed are anticipated by

the NRC. See Thompson Report, Section 7. The Indian Point reactors and spent fuel

pools are vulnerable to a range of attack scenarios for which conventional

probabilistic risk assessment ("PRA") techniques can be adapted by postulating an

initiating event (malicious act) and then examining the outcomes of that event. Id. at

42-45.

In adapting PRA techniques in this manner, it is reasonable and prudent to

assign a probability estimate of one per 10,000 reactor-years for purposes of

evaluating SAMAs. Id. at 45. As discussed in Table 7-7 and Section 9 of Dr.

Thompson's report, the present value of cost risks for an attack on an Indian Point

reactor and its pool exceeds half a billion dollars, warranting significant expenditures

on SAMAs. The present value of cost risks for an attack on a reactor alone are also

significant -- $62 million to $73 million. Id. at 49. Entergy has not considered

relevant SAMAs with a value of this magnitude.

Entergy's failure to address the environmental impacts of intentional attacks in

its SAMA analysis is inconsistent with the National Infrastructure Protection Plan

("NIPP"), which articulates principles for increasing the inherent robustness of

infrastructure facilities against attack. Thompson Report at 58-59. Entergy should

address the NIPP principles, especially in the context of storing spent fuel, because
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enhanced robustness of facilities at Indian Point could significantly reduce the

radiological and regulatory risk-related impacts of continued operation of the IP2 and

IP3 plants. Id. Neither Entergy nor the NRC has proffered any analysis or plan

regarding implementation of the NIPP principles at Indian Point. This failure to

address the NIPP is inconsistent with federal regulations requiring integration of

environmental studies with other environmental agencies. 40 C.F.R. § 1502.25.

While NIPP is not technically an environmental agency, its policies have tremendous

significance for protection of the environment from the effects of intentional attacks

on nuclear facilities.

Riverkeeper is aware that the NRC Commission has refused to consider the

environmental impacts of intentional attacks in its EISs for nuclear facilities, despite a

recent decision by the U.S. Court of Appeals for the Ninth Circuit that NRC's position

is unreasonable. Amergen Energy Company, L.L.C. (Oyster Creek Nuclear

Generating Station), CLI-07-08, 65 NRC 124 (2007), citing San Luis Obispo Mothers

for Peace v. NRC, 449 F.3d 1016 (9th Cir. 2006), cert. denied, 127 S.Ct. 1124 (2007).

Riverkeeper therefore requests that the ASLB refer this aspect of Contention EC-2 to

the Commission, with a request for reconsideration of the Amergen decision. For the

reasons set forth in San Luis Obispo Mothers for Peace, 449 F.3d at 1028-35, the

Commission's refusal to consider the environmental impacts of intentional attacks on

nuclear facilities is unreasonable. The Commission should also honor the request by

the U.S. Environmental Protection Agency ("EPA") to address the impacts of

intentional attacks in the EIS for license renewal at Indian Point. Letter from Grace

Musumeci, U.S. EPA, to Chief, NRC Rules and Directives Branch (October 10, 2007)

(ADAMS Accession No. ML 072960360).
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Riverkeeper also seeks Commission reconsideration of two other rationales

provided by the Commission for its refusal to consider the environmental impacts of

intentional attacks in its environmental review of license renewal applications. First,

the Commission should reconsider its rationale that:

in the case of a license renewal application, where reactor operation will
continue for many years regardless of the Commission's ultimate decision, it
is sensible not to devote resources to the likely impact of terrorism during the
license renewal period, but instead to concentrate on how to prevent a terrorist
attack in the near term at the already licensed facilities. As there appears to be
little practical benefit in conducting a license renewal terrorism review, the
Commission has no duty under NEPA to do so.

Duke Energy Corp. (McGuire Nuclear Station, Units I and 2; Catawba Nuclear Station,

Units I and 2), CLI-02-26, 56 NRC 358, 365 (2002) (footnotes omitted). The

Commission's reasoning amounts to a conclusion that the benefits of considering the

environmental impacts of attacks during a license renewal term would be marginal

because those impacts effectively are addressed in the current license term. As

discussed in the Thompson Report in Sections 7 and 9, however, the Commission's

reasoning is not supportable, because the level of defense required under the NRC's

Atomic Energy Act-based security regulations is lighter than the fundamental design

changes that may warrant consideration under NEPA if they are cost-effective.

In addition, even assuming for purposes of argument that the security measures

now taken by the NRC are equivalent to SAMAs that would be considered under

NEPA, the Commission's reasoning is inconsistent with NEPA, which imposes

mandatory obligations on the NRC in considering proposals for re-licensing of nuclear

plants. The NRC recognized as much in a 2001 decision denying a petition for

rulemaking by the Nuclear Energy Institute ("NEI") that would have eliminated the

requirement to consider SAMAs, Nuclear Energy Institute; Denial of Petition for

Rulemaking, 66 Fed. Reg. 10,834 (February 20, 2001). In response to a comment that
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"the costs of performing the SAMA reviews required by Part 51 are not justified when

compared to the small potential safety benefits that result from the reviews," the

Commission stated:

The NRC believes that it should continue to consider SAMAs for individual
license renewal applications to continue to meet its responsibilities under NEPA.
That statute requires NRC to analyze the environmental impacts of its actions
and consider those impacts in its decisionmaking. In doing so, Section
102(2)(C) of NEPA implicitly requires agencies to consider measures to
mitigate those impacts when preparing an impact statement. See Robertson v.
Methow Valley Citizens Council, 490 U.S. 332 (1989). NRC's obligation to
consider mitigation exists whether mitigation is ultimately found to be cost-
beneficial and whether or not mitigation ultimately will be implemented by the
licensee.

66 Fed. Reg. at 10,836 (emphasis added). The Commission also provided a detailed

rebuttal to NEI's argument that license renewal was a mere "continuation" of the

current operating term and therefore should not trigger NEPA obligations:

It would appear that the logical extension of many of the petitioner's
arguments go far beyond the mere elimination of SAMAs consideration from
license renewal reviews. Indeed, to the extent that license renewal involves a
continuation of impacts already experienced at the site under the current
operating license, the arguments made by the petitioner would appear to call
for the elimination of almost the entire environmental review of impacts from
operation during the license renewal term, a position clearly at odds with the
Commission's approach to the matter and also, as discussed below,
inconsistent with the case law related to relicensing.

The Commission does not dispute that a line of cases exists under NEPA law
which excuses agencies from preparing EISs (or considering certain
environmental impacts) where the Federal action does not change existing
environmental conditions. See for example, State of North Carolina v.
FederalAviation Administration, 957 F.2d 1125 (4th Cir. 1992); Cronin v.
Department ofAgriculture, 919 F.2d 439 (7th Cir. 1990). In most of these
cases, the Federal action taken does not itself create any additional impacts to
activities that are ongoing and will continue with or without the Federal action.
None of these cases appears to provide firm support for the petitioner's
argument that the NRC can ignore the impacts of its actions in the context of
license renewal. In fact, at least one circuit court squarely addressed the issue
of relicensing and concluded that there is the need to consider environmental
impacts in that context.

In Confederated Tribes and Bands of the Yakima Indian Nation v. Federal
Energy Regulatory Commission, 746 F.2d 466 (9th Cir. 1984), the Ninth
Circuit Court of Appeals considered whether the Federal Energy Regulatory
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Commission (FERC) was required to prepare an EIS for its relicensing
decision for the Rock Island Dam. In response to the FERC's argument that
there had been 'no change in the status quo' and thus no EIS was necessary,
the court found:

Relicensing *** is more akin to an irreversible and irretrievable
commitment of a public resource than a mere continuation of the status
quo. [Citation omitted]. Simply because the same resource had been
committed in the past does not make relicensing a phase in a
continuous activity. Relicensing involves a new commitment of the
resource, which in this case lasts for a forty-year period.

The court's statements here are consistent with NRC's position and its
practice in promulgating and implementing the license renewal rule.

66 Fed. Reg. at 10,836-37. Thus, the Commission's position in Duke Energy is

inconsistent with both NEPA and the Commission's previous interpretation of NEPA.

Finally, in Duke Energy the Commission found that even if NEPA required it

to consider the impacts of intentional attacks in license renewal decisions, it had

already done so in the 1996 GElS for license renewal. 56 NRC at 365 n.24. The

GElS contains the conclusion that:

Although the threat of sabotage events cannot be accurately quantified, the
commission believes that acts of sabotage are not reasonably expected.
Nonetheless, if such events were to occur, the commission would expect that
resultant core damage and radiological releases would be no worse than those
expected from internally initiated events.

GElS at 5-18. This conclusion has been outdated by the significant change in the

Commission's analysis of the potential for intentional attacks that has occurred since

September 11, 2001. See San Luis Obispo Mothers for Peace v. NRC, 449 F.3d at

1031 ("We find it difficult to reconcile the Commission's conclusion that, as a matter

of law, the possibility of a terrorist attack is 'remote and speculative,' with its stated

efforts to undertake a 'top to bottom' security review against this same threat.")

In addition, in stating that it would expect the core damage from an attack to

be the same as for a severe accident, the Commission overlooks the fact that SAMAs

designed to avoid or mitigate conventional accidents may be different than SAMAs
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designed to avoid or mitigate the effects of intentional attacks. Moreover, the

radiological consequences of a spent-fuel-pool fire are significantly different from the

consequences of a core-damage accident. Thompson Report at 9 n.9. Not only do

these impacts warrant independent consideration, but the SAMAs for a spent-fuel-

pool fire would be quite different from the SAMAs for a severe core-damage

accident. Id. at 52.

2. Inadequate consequence analysis for severe accidents.

In the radiological consequence calculations performed by Entergy in support

of its SAMA analysis, Entergy has significantly (by more than a factor of three)

underestimated mean population doses and.other off-site costs resulting from a severe

accident at Indian Point, and has ignored uncertainties that could increase its

consequence estimates by a factor, of ten or more. These underestimates are due in

part to (a) Entergy's use of a source term that results in unusually low mean off-site

accident consequences in comparison to results obtained with source terms vetted by

independent experts and recommended for use by NRC; (b) Entergy's failure to

adequately consider the uncertainties in its consequence calculations resulting from

meteorological variations; and (c) Entergy's inappropriate use of the $2,000/person-

rem dose conversion factor. As a result of these deficiencies in Entergy's analysis,

many SAMAs that were rejected on the basis that they were not cost-beneficial may

actually be justified when a more realistic and conservative consequence assessment

is considered.

In particular:

a) The source term used by Entergy to estimate the consequences of the most

severe accidents with early containment failure is based on radionuclide release

fractions generated by the MAAP code (a proprietary industry code that has not been
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validated by NRC), which are smaller for key radionuclides than the release fractions

specified in NRC guidance such as NUREG-1465, Accident Source Terms for Light-

Water Nuclear Power Plants (1995) and its recent reevaluation for high-bumup fuel,

ERI/NRC 02-202, Accident Source Terms for Light-Water Nuclear Power Plants:

High-Burmup and MOX Fuels (2002). The source term used by Entergy results in

lower consequences than would be obtained from NUREG-1465 release fractions and

release durations. See Lyman Report at 1.

For example, as Dr. Lyman points out, the IP2 cesium release fraction for the

"early high" scenario used by Entergy is 0.229, compared to a total of 0.75 for

NUREG-1465. Lyman Report at 3. It has been previously observed, however, that

MAAP generates lower release fractions than those derived and used by NRC in

studies such as NUREG-1 150. A Brookhaven National Laboratory study that

independently analyzed the costs and benefits of one SAMA in the license renewal

application for the Catawba and McGuire plants noted that the collective dose results

reported by the applicant for early failures:

seemed less by a factor between 3 and 4 than those found for NUREG-1 150
early failures for comparable scenarios. The difference in health risk was then
traced to differences between [the applicant's definitions of the early failure
release classes] and the release classes from NUREG-1 150 for comparable
scenarios ... the NUREG-I 150 release fractions for the important
radionuclides are about a factor of 4 higher than the ones used in the Duke
PRA. The Duke results were obtained using the Modular Accident Analysis
Package (MAAP) code, while the NUREG-1 150 results were obtained with
the Source Term Code Package and MELCOR. Apparently the differences in
the release fractions ... are primarily attributable to the use of the different
codes in the two analyses."

J. Lehner et al., Benefit Cost Analysis of Enhancing Combustible Gas Control

Availability at Ice Condenser and Mark III Containment Plants at 17 (Final Letter

Report, Brookhaven National Laboratory December 23, 2002) (ADAMS Accession

Number ML03170001 1). In light of the fact that Entergy's use of the MAAP code
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source term yields significantly lower consequences than use of the NRC's source

term, Entergy should be required to repeat its SAMA analysis using source terms that

are based on publicly available analysis, such as the one presented in NUREG-1465.

b) Entergy fails to consider the uncertainties in its consequence calculation

resulting from meteorological variations by only using mean values for population

dose and off-site economic cost estimates. Entergy applies an inconsistent approach

to its consideration of the uncertainties in its risk calculations. Entergy conducted an

uncertainty analysis for its estimate of the intemal events core damage frequency

(CDF). As a measure of the uncertainty inherent in the internal events CDF as

determined by the PRA, Entergy provides the ratio of the CDF at the 95th percentile

confidence level to the mean CDF, which it calculates to be 2.1 for IP2 and 1.4 for

IP3 (ER at 4-51). It then bases its SAMA cost-benefit evaluation on the 95th

percentile CDF (ER at E. 1-31), rather than the mean CDF. However, Entergy omits

consideration of the uncertainties associated with other aspects of its risk calculation.

In particular, it does not consider the impact of the uncertainties associated with

meteorological variations, which are found to be even greater than the CDF

uncertainties reported by Entergy. Lyman Report at 4.

As Dr. Lyman discusses in his report, the consequence calculation, as carried

out by the MACCS2 code, generates a series of results based on random sampling of a

year's worth of weather data. The code provides a statistical distribution of the

results. Dr. Lyman's MACCS2 calculations show that that the ratio of the 95th

percentile to the mean of this distribution is typically a factor of three to four for

outcomes such as early fatalities, latent cancer fatalities and off-site economic

consequences. Lyman Report at 4. Because these ratios are greater than the ones
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considered in Entergy's CDF uncertainty analysis, it is unreasonable for Entergy to

ignore them in the SAMA analysis.

For consistency, the "baseline benefit with uncertainty" that Entergy uses in the

SAMA cost-benefit evaluation should be based on the 95th percentile of the

meteorological distribution in addition to the 95th percentile of the CDF distribution.

c. By using a $2,000/person-rem conversion factor, Entergy underestimates

the population-dose related costs of a severe accident at Indian Point because the

conversion factor (i) does not take into account the significant loss of life associated

with early fatalities from acute radiation exposure that could result from some of the

severe accident scenarios included in Entergy's risk analysis; (ii) underestimates the

generation of stochastic health effects by failing to take into account the fact that

some members of the public exposed to radiation after a severe accident will receive

doses above the threshold level for application of a dose- and dose-rate reduction

effectiveness factor (DDREF). See Lyman Report at 5.

As Dr. Lyman explains, the $2,000/person-rem conversion factor is intended

to represent the cost associated with the harm caused by radiation exposure with

respect to the causation of "stochastic health effects," that is, fatal cancers, nonfatal

cancers, and hereditary effects. NUREG-1530, Reassessment of NRC's Dollar Per

Person-Rem Conversion Factor Policy (1995) ("NUREG-1530"). The value was

derived by NRC staff by dividing the Staffs estimate for the value of a statistical life,

$3 million (presumably in 1995 dollars, the year the analysis was published) by a risk

coefficient for stochastic health effects obtained from ICRP 60, 1990

Recommendations of the International Commission on Radiological Protection.

The use of the $2,000/person-rem conversion factor in Entergy's SAMA

analysis is inappropriate in two significant respects:
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First, the $2000/person-rem conversion factor is specifically intended to

represent only stochastic health effects, and not deterministic health effects.

"including early fatalities which could result from very high doses to particular

individuals." NUREG-1530 at I. However, for some of the severe accident scenarios

evaluated by Entergy at IP, large numbers of early fatalities (hundreds to thousands)

could occur, representing a significant fraction of the total number of projected

fatalities, both early and latent.. Therefore it is inappropriate to use a conversion

factor that does not include deterministic effects. According to NRC's guidance, "the

NRC believes that regulatory issues involving deterministic effects and/or early

fatalities would be very rare, and can be addressed on a case-specific basis, as the

need arises." NUREG-1530 at 13. The evaluation of severe accident consequences at

Indian Point is certainly a case where this need exists.

Second, the $2000/ person-rem factor, as derived by NRC, underestimates the

total cost of the latent cancer fatalities that would result from a given population dose

because it assumes that all exposed persons receive doses below the threshold at

which the dose and dose-rate reduction factor ("DDREF") should be applied.' 10

However, as Dr. Lyman points out, for certain severe accident scenarios at IP

evaluated by Entergy, considerable numbers of people would receive doses high

enough so that the DDREF should not be applied. Lyman Report at 5. Thus a single

cost conversion factor, based on a DDREF of 2, is not appropriate when some

110 The DDREF is a factor that reflects the reduced potency of radiation to cause

cancer at low doses or low dose rates. The default MACCS2 model will reduce the
likelihood that an individual receiving a dose of radiation will develop a fatal cancer
by a factor of 2 (the DDREFO if the total effective dose equivalent for that individual
is below 20 rem. This factor is not applied if the total effective dose equivalent is 20
rem or greater and is delivered within a relatively short period of time. D.I. Chanin
andM.L. Young, Code Manual for MACCS2: Volume 1, User's Guide, SAND97-
0594, Sandia National Laboratories, March 1997.
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members of an exposed population receive doses for which a DDREF would not be

applied. Lyman Report at 6.

As a result of its inappropriate use of the $2,000/person-rem conversion factor,

Entergy underestimates the health-related costs associated with severe accidents. As

Dr. Lyman explains, a more accurate and reliable way to evaluate the cost equivalent

of the health consequences resulting from a severe accident is simply to sum the total

number of early fatalities and latent cancer fatalities, as computed by the MACCS2

code, and multiply by the $3 million figure. This method would eliminate the

unreasonable distinction between the loss of a "statistical" life and the loss of a

"deterministic" life when calculating the cost of health effects. Lyman Report at 6.

Dr. Lyman has estimated the impact of the above deficiencies in Entergy's

methodology by performing an independent assessment, using the MACCS2 code, of

the consequences of the highest-impact release scenario (the "early, high" release

category) considered by Entergy in its SAMA analysis. Lyman Report at 6. Among

other results, Dr. Lyman finds a mean population dose more than three times the value

calculated by Entergy and a 95th percentile dose more than ten times Entergy's value.

Lyman Report at 8. Dr. Lyman's results for off-site economic impacts of the "early,

high" release are more than 20 and more than 70 times greater than Entergy's result

for the mean and 95th percentile, respectively. Lyman Report at 10.

These results suggest that Entergy has significantly underestimated the

consequences of severe accidents at Indian Point and hence has also significantly

underestimated the benefit of certain SAMAs. Entergy should revise the consequence

assessmentand SAMA analysis by using more credible and conservative source

terms, should consider the 95th percentile consequence values of the distribution with

respect to weather variations, and should use a methodology for calculating the cost
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equivalent of off-site health impacts that properly accounts for individuals who

receive acute radiation doses above the threshold for early fatalities and for those who

receive chronic doses above the threshold for application of a DDREF.

CONTENTION EC-3: FAILURE TO ADEQUATELY ANALYZE IMPACTS
OF SPENT FUEL POOL LEAKS

Contention: Entergy's ER fails to satisfy the requirements of NEPA, 42 U.S.C.

§4332 et seq., and NRC regulations implementing NEPA, including 10 C.F.R.

§51.45(c), and (e), because the ER does not adequately assess new and significant

information regarding the environmental impacts of the radioactive water leaks from

the Indian Point I and Indian Point 2 spent fuel pools on the groundwater and the

Hudson River ecosystem.

1. Entergy's claim that the Indian Point 2 ("IP2") spent fuel pool is no longer

leaking is unsupported by the facts. Entergy and the NRC have failed to

visually inspect nearly half the surface of the pool liner, due to the density of

fuel in the pool and the minimal amount of clearance between the fuel racks

and the bottom and lower sides of the liner. As a result, Entergy cannot say

with reasonable certainty that the remaining, uninspected portions of the pool

liner do not contain one or more pinhole leaks that may be contributing to the

groundwater contamination. In addition, groundwater sample results indicate

that significant tritium contamination of the groundwater in the vicinity of

Indian Point 2 occurred between 2000 and 2005, thereby negating Entergy's

claim that the current contamination is merely a remnant of historic leakage.

Determining the status and duration of the IP2 leak is critical to developing an

accurate assessment of the current and future onsite and offsite impacts of the

IP2 groundwater contamination.
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2. Entergy's claim that only "low concentrations" of certain radionuclides have

been detected in onsite groundwater samples is flatly contradicted by the facts.

Strontium-90 and cesium-137 have been detected in the groundwater at

concentrations many times the maximum contaminant level allowed by the

Environmental Protection Agency ("EPA") in drinking water. In fact,

Entergy's own internal status reports indicate the presence of at least two

groundwater plumes containing highly contaminated water underlying the site,

one of tritium, primarily from IP2, and the other of strontium-90 and cesium-

137 from Indian Point I ("IPI"). An accurate description of the degree of

onsite groundwater contamination is critical to determining both the

environmental impacts and the future costs of remediation required for

decommissioning Indian Point. Entergy has failed to provide sufficient

accurate information regarding the degree of groundwater contamination in the

ER.

3. Entergy failed to include any assessment of either current or future impacts of

the groundwater contamination on Hudson River fish and shellfish in the ER,

despite recent sample results showing elevated levels of strontium-90 in

several fish samples collected by Entergy from the Hudson River. Entergy

only began analyzing fish samples for strontium-90 in 2006, and has publicly

released the results of only a single set of fish samples, collected in 2006.

Based on the lack of such an assessment in the ER, Entergy cannot say with

reasonable certainty that the migration of contaminated groundwater to the

Hudson River has not caused an increase in the level of radionuclides such as

strontium-90 and cesium-137 in Hudson River fish, shellfish and vegetation.
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- For the foregoing reasons, the conclusions contained in the ER regarding the

significance of the groundwater contamination are misleading, incomplete and legally

insufficient for purposes of satisfying the basic tenets of NEPA and NRC regulations.

As a result, Entergy's LRA is incomplete and must be rejected.

This contention is supported by the March 16, 2006 NRC Special Inspection

Report for Indian Point, the September 1, 2006 NRC Liquid Radioactive Release

Lessons Learned Task Force Final Report, internal Entergy memoranda and e-mail

correspondence, and groundwater monitoring well sample results obtained by

Riverkeeper through Freedom of Information Act (FOIA) requests filed between

August 2005 and October 2007.

Basis:
A. Entergy Assessment of Groundwater Contamination

Section 5.0 of the ER contains Entergy's response to the NRC requirement

that an applicant for license renewal assess any new and significant information

regarding environmental impacts of a plant's operation during the extended license

term. 10 C.F.R. §51.53(c)(3)(iv). Entergy identifies groundwater contamination as

"one potential issue that could be classified as new information, but not necessarily

significant." ER, at 5-2. Section 5.1 contains the assessment of the impacts of

groundwater contamination at Indian Point, and refers to both NUREG-1437 and the

Supplemental EIS for the D.C. Cook Nuclear Plant renewal as support for its assertion

that impacts to groundwater quality have generally been found to be "SMALL," and

therefore not significant for purposes of NEPA. Id. at 5-4, 5-6.

Entergy then concludes that "the NRC and Entergy have not found any condition

that indicates that occupational or public health and safety have been, or likely will be,

affected by the current onsite groundwater contamination. Id. at 5-5 (emphasis

added). Entergy bases this assertion on information and sampling data collected as of
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the date of the application. Id. To support this conclusion, Entergy posits that

contamination caused by the IP2 spent fuel pool is merely a result of "historical pool

leakage in the 1990s which has since been repaired." Id. at 5-6. In addition, Entergy

claims that "Strontium-90, Cesium-137, and Nickel-63 have been detected in low

concentrations in some onsite groundwater monitoring well samples." Id. at 5-4.

Finally, Entergy concludes that "The radionuclide release is not anticipated to change

environmental considerations, such as water usage, land usage, terrestrial or aquatic

ecological conditions, or air quality.. .as a result of license renewal activities." Id. at

5-6.

B. NEPA and NRC Requirements for Assessing New and Significant
Information

NRC regulations implementing NEPA require an applicant for license renewal

to assess any "new and significant" information regarding the environmental

impacts of the plant's operation during the renewal period. 10 C.F.R.

§51.53(c)(3)(iv). NRC regulations do not specifically define "significant."

However, the Council on Environmental Quality ("CEQ") regulations

implementing NEPA contain a lengthy definition of "significantly" that requires

consideration of the context in which the proposed action is situated, and the

intensity of the impacts. 40 C.F.R. § 1508.27. See also Sierra Club v. Bosworth,

496 F.Supp. 2d 931, 2006 U.S. Dist. LEXIS 67086 (N.D. CaL, 2006)(Court found

Forest Service violated NEPA when it failed to require a supplemental EIS despite

significant new information on impacts of timber projects.) When considering the

context of a site-specific action, "[S]ignificance would usually depend upon the

effects in the locale rather than in the world as a whole. Both short term and long

term effects are relevant." § 1508.27(a). Analysis of intensity focuses on the
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severity of the impacts, and the regulation lists ten factors to be assessed in

determining significance."'

11 The ten factors that must be considered in evaluating the intensity of the impact
are:

1. Impacts that may be both beneficial and adverse. A significant effect
may exist even if the Federal agency believes that on balance the effect
will be beneficial.

2. The degree to which the proposed action affects public health or safety.

3. Unique characteristics of the geographic area such as proximity to
historic or cultural resources, park lands, prime farmlands, wetlands,
wild and scenic rivers, or ecologically critical areas.

4. The degree to which the effects on the quality of the human
environment are likely to be highly controversial.

5. The degree to which the possible effects on the human environment are
highly uncertain or involve unique or unknown risks.

6. The degree to which the action may establish a precedent for future
actions with significant effects or represents a decision in principle
about a future consideration.

7. Whether the action is related to other actions with individually
insignificant but cumulatively significant impacts. Significance exists
if it is reasonable to anticipate a cumulatively significant impact on the
environment. Significance cannot be avoided by terming an action
temporary or by breaking it down into small component parts.

8. The degree to which the action may adversely affect districts, sites,
highways, structures, or objects listed in or eligible for listing in the
National Register of Historic Places or may cause loss or destruction of
significant scientific, cultural, or historical resources.

9. The degree to which the action may adversely affect an endangered or
threatened species or its habitat that has been determined to be critical
under the Endangered Species Act of 1973.

10. Whether the action threatens a violation of Federal, State, or local law
or requirements imposed for the protection of the environment.

40 C.F.R. §1508.27(b).
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NRC requirements for the preparation of an ER are found in 10 C.F.R. §51.45.

The ER "should contain sufficient data to aid the Commission in its development of

an independent analysis." §51.45(c). In addition, the ER must not be limited to

information supporting the proposed action, but should include adverse information.

§51.45(e). The Supplemental EIS prepared by the NRC, and based initially on

Entergy's ER, must also include a recommendation as to whether the plant's license

should be renewed. Section 51.95(c)(4) states

The supplemental environmental impact statement must contain the
NRC staffs recommendation regarding the environmental acceptability
of the license renewal action. In order to make its recommendation and
final conclusion on the proposed action, the NRC staff, adjudicatory
officers, and Commission shall integrate the conclusions, as amplified
by the supporting information in the generic environmental impact
statement for issues designated Category I (with the exception of
offsite radiological impacts for collective effects and the disposal of
spent fuel and high level waste) or resolved Category 2, information
developed for those open Category 2 issues applicable to the plant in
accordance with § 51.53 (c)(3)(ii), and any significant new information.
Given this information, the NRC staff, adjudicatory officers, and
Commission shall determine whether or not the adverse environmental
impacts of license renewal are so great that preserving the option of
license renewal for energy planning decisionmakers would be
unreasonable. (emphasis added).

Entergy's assessment of new and significant information must be

accurate and complete enough to enable the Commission to make such

a determination. Riverkeeper's challenge to the adequacy of Entergy's

assessment is therefore material to the findings the NRC must make in

this proceeding. See 10 C.F.R. 2.309(f)(iv).
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C. Inadequacy of Entergy's Assessment of
Groundwater Contamination

1. Entergy's claim that the Indian Point 2 spent fuel
pool is no longer leaking is unsupported by the
facts

In Section 5.1 of the ER, Entergy claims that "no leaks have been identified in

the IP2 fuel pool liner and the contamination in that area is not consistent with active

leakage. This would indicate that the contamination related to the IP2 fuel pool is the

result of historical pool leakage in the 1990s which has since been repaired." ER at

pg. 5-6. This claim is completely at odds with the following facts, which suggest the

IP2 leak source remains unknown and the leak is continuing to contribute to

groundwater contamination.

First, Entergy and the NRC have been unable to inspect nearly forty percent of

the stainless steel spent fuel pool liner for IP2, due to the density of fuel in the pool

and the minimal amount of clearance between the fuel racks and the bottom and lower

sides of the liner.1 2 Neither Entergy nor the NRC have stated publicly or described in

the ER whether it is feasible to inspect the remaining portion. Nor have they

explained how or even if they will be able to determine whether a leak is present in

the uninspected portions of the pool in the absence of a comprehensive visual

inspection. Given these facts, Entergy cannot state with any reasonable certainty that

no additional leaks exist.

The lack of accurate information regarding the scope and status of the IP2 pool

leakage was reinforced in September 2007, when Entergy reported the discovery of a

112 Entergy's description of the groundwater investigation can be found on the New

York State Emergency Management website at
http://jic.semo.state.nv.us/PlantStatus/PlantStatusMain.aspx, last accessed November
29, 2007. See also NRC's website on the Indian Point leaks at
http://wxvw.nrc.eov/reactors/pXlant-specific-items/indian-point/on-goinQ-activities.htmi
, last accessed May 30, 2007.
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pinhole leak in the IP2 fuel transfer canal that is thought to be contributing to the

groundwater contamination.'1 3 This new evidence undermines Entergy's claim in

Section 5.1 of the ER regarding the status of the IP2 tritium leak and reinforces the

need for Entergy and the NRC to complete their examination of the IP2 spent fuel

pool.

Second, groundwater sample results indicate that significant tritium

contamination of the groundwater in the vicinity of Indian Point 2 occurred between

2000 and 2005, thereby negating Entergy's claim that the current contamination is

merely a remnant of historic leakage.

The 2006 NRC Special Inspection Report assessing the groundwater contamination at

Indian Point describes this factual discrepancy.' 4 Page 1 of the report states

Entergy sampled existing "Due Diligence" wells that were developed
in 2000. One of these wells, MW- 111 (last sampled for tritium in 2000
with no activity detected) was sampled on September 29, 2005. The
analytical result, reported on October 5, 2005, indicated 211,000 pCi/l,
tritium. 115

Monitoring Well- 111 ("MW-1 ll") is located in the IP2 transformer yard, near

the IP2 fuel storage building.116 These results clearly indicate that additional

tritiated water leaked from the IP2 facility into the groundwater between 2000

and 2005. Neither NRC nor Entergy has suggested that there could be another

source of tritium leakage at IP2 besides the IP2 spent fuel pool. These facts

simply do not support Entergy's assertion that the IP2 pool is no longer

113 Indian Point Energy Center Status Report (September 6, 2007), included here as

Exhibit 1. See also Brian J. Howard, Westchester County Journal News, Leak Found
in Pipe at Indian Point, September 7, 2007.
114 Indian Point Nuclear Generating Unit 2-Special Inspection Report No.
05000247/2005011 (March 16, 2006), ADAMS Accession No. ML060750842.
115id. atI.

81



leaking or has not leaked since the 1990s. NRC staff involved in the Indian

Point groundwater investigation indicated their disagreement with Entergy on

this issue, at the NRC Annual Assessment Meeting for Indian Point held on

April 26, 2007.117

2. Entergy's claim that only low concentrations of certain
radionuclides have been detected in onsite groundwater
samples is incorrect.

Strontium-90 and Cesium-137 have been detected in the groundwater at

concentrations many times the Maximum Contaminant Level ("MCL") allowed by

the EPA in drinking water.118 In fact, Entergy's own internal status reports indicate

the presence of at least two groundwater plumes underlying the site, one of tritium,

primarily from IP2, and the other of strontium-90 from IPI.1 19

Recent monitoring well sample results show that the levels of contamination in

some areas have remained well above the EPA drinking water limits for both

strontium-90 and cesium-137. For example, extremely high levels of cesium-137

have been found in MW-42, a well located near the IPI fuel storage building. In

April 2006, cesium-137 was detected in MW-42 at 51,400 pCi/l, 250 times the

116 For monitoring well locations, please refer to the Indian Point site map included

here as Exhibit 2, Monitoring Well Location and Function Zones, obtained by
Riverkeeper through FOIA/PA-2007-0324.
117 Based on conversation between James D. Noggle, Senior Health Physicist,
Division of Reactor Safety, NRC, and Phillip Musegaas, Staff Attorney, Riverkeeper,
Inc., during the NRC public meeting, held at Colonial Terrace in Cortlandt, New York
on April 26, 2007.
118 EPA limits for radionuclides in drinking water are as follows; Tritium, 20,000
pCi/l. Strontium-90, 8 pCi/l. Cesium-137, 200 pCi/1. Information on MCLs and
health effects of radionuclides can be found on the EPA website at
http://vww.epa.gov/rpdweb00/radionuclides/index.html, last accessed November 29,
2007. MCLs are also listed in Radionuclides in Drinking Water, A Small Entity
Compliance Guide, U.S. EPA (February 2002).
119 E-mail from James Noggle, NRC, to Timothy Rice and Larry Rosenmann of the
New York State Department of Environmental Conservation ("DEC") (November 6,
2006), included here as Exhibit 3.
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drinking water limit of 200 pCi/l.' 2 ° Cesium-137 was also detected above the EPA

limit in MW-65, located east and uphill from the IP1 fuel storage building, and in the

IPI Containment Spray Sump, an underground, unlined concrete tank located west of

the IPI reactor towards the Hudson River.121

Strontium-90 continues to be detected well above the EPA limit in a number

of onsite monitoring wells, including the following; MW-42, MW-49, MW-65, and

MW-54.122 These wells are generally located near the IPI reactor on both the east and

west sides.123 MW-49 is located on the westem side of the discharge canal near the

Hudson River.124 These results are consistent with Entergy's description of a large

groundwater plume extending from the IPI reactor, west to the Hudson River.

These examples of sample results clearly show that extremely high levels of

both strontium-90 and cesium-137 are present in the groundwater at Indian Point, as a

result of leakage from the IP1 spent fuel pools. Entergy's claim in the ER that only

low concentrations of these highly toxic radionuclides are present in the groundwater

is clearly erroneous and misleading, because it attempts to portray the environmental

impacts of the IP1 leaks as negligible. On the contrary, the groundwater at Indian

Point is highly contaminated with toxic levels of several long-lived radionuclides, as

evidenced by these results.

The presence of such high levels of radioactive contamination near the Hudson

River also contributes to negative public perceptions regarding the degree of

environmental harm caused by these leaks. Inaccurate and misleading information,

220 E-mail from James Noggle, NRC to Timothy Rice, DEC with attached NRC Data

from Indian Pt. Split Monitoring Well Samples (August 23, 2007), included here as
Exhibit 4.
121 id.
122 id.

123 See Exhibit 2 for Monitoring well locations.
121 Id. at Note 13.
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such as that contained in the ER, exacerbates the public's fears regarding radioactive

contamination. The heightened level of public concern surrounding these leaks was

addressed by the NRC in its Task Force Report of September 2006.125 The report

commented on the widespread media coverage and concern voiced by State and local

officials.126 Referring to the incidences of leakage at Braidwood and Indian Point, the

report noted that "Public meetings in the vicinity of the plants were widely attended,

and the opinion expressed by the audiences was generally negative toward both the

plant operator and the NRC."'127 Radioactive contamination of any degree is

inherently controversial, and no less so when it is occurring unseen and undetected for

long periods of time, as the Indian Point leaks were before Entergy "discovered" them

in 2005. The inaccuracies found in the ER regarding the degree of contamination

further degrade public confidence, and inhibit the public's ability to fully participate

in the environmental review process under NEPA.

The long-term impacts of this contamination must be accurately assessed in

order to comply with NEPA, and to provide for an accurate assessment of the future

costs of remediation, whether during the plant's operation or after decommissioning.

Entergy's attempt to deliberately downplay the significance of the groundwater

contamination at the expense of factual accuracy violates both the spirit and the letter

of NEPA.

3. Entergy failed to include any assessment of either current
or future impacts of the groundwater contamination on
Hudson River fish and shellfish in the ER.

125 Liquid Radioactive Release Lessons Learned Task Force Final Report, U.S.

Nuclear Regulatory Commission (September 1, 2006), ADAMS Accession No.
ML062650312.
126 Id. at ii.
127 id.
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The ER does not contain any analysis regarding the potential contamination of

Hudson River fish and shellfish with strontium-90 as a result of the unmonitored leak

from the IPI spent fuel pool. On January 16, 2007 the Westchester County Journal

News reported that fish samples taken by Entergy in Fall of 2006 showed slightly

elevated levels of strontium-90 in their flesh, raising concerns that this radionuclide

could potentially bioaccumulate in the Hudson River ecosystem.128 Out of twelve

individual fish and shellfish collected for analysis, four showed detectable levels of

strontium-90.129 The bones of the fish were not sampled for strontium-90, despite the

fact that this type of radionuclide mimics calcium and concentrates in bones and teeth.

Entergy launched its own internal investigation in response to these findings

which specifically suggests that further studies of Hudson River fish are warranted. In

a January 2007 internal Entergy memorandum discussing preliminary dose

Assessments from Sr-90 in Hudson River fish and invertebrates, the author concludes

that following a conservative analysis of fish consumption based on the 24.5 pCi/kg

of Sr-90 in the white perch sample from Roseton, the maximum individual annual

dose would equal 44% of the annual allowable bone dose to an Adult male.130 The

memorandum concludes by suggesting that "While we should not discount the value

originally determined by AREVA, this evaluation indicates that we must perform

additional investigation in an attempt to validate and understand the 25 pCi/L recently

128 "Hudson River Fish Found to Contain Radioactive Isotope," Greg Clary, January

16, 2007 Westchester County Journal News.129 id.
130 IPEC-CHM-07-002, Memorandum from S. Sandike, Sr. Chemistry Specialist to T.

Bums, NEM Supervisor, re: "Dose Assessments from Sr-90 in the Hudson River for
Fish and Invertebrates-January 2007 Results" (January 17, 2007), included here as
Exhibit 5.
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identified at our control location in Roseton."' 3' Despite this recommendation, no

mention of the dose assessment or need for further studies is included in the ER.

Entergy also neglects to include any information regarding historic strontium-

90 levels in fish and shellfish at Indian Point, before the NRC discontinued the

requirement that licensees test for strontium-90 in the offsite environment. In January

2007, Entergy shared historic data with NRC staff which shows that both fish and

shellfish showed detectable levels of not only strontium-90, but strontium-89, a

shorter lived isotope that is not usually found in background radiation resulting from

nuclear weapons testing. 132 While this is not definitive evidence of adverse impacts, it

supports the need for further assessment of the effect that strontium-90 may have on

Hudson River biota. This is particularly critical given the close proximity of Indian

Point to Haverstraw Bay, a New York State designated Essential Fish Habitat and

Significant Coastal Fish and Wildlife Habitat.' 33 Haverstraw Bay certainly qualifies as

an "ecologically critical area" for purposes of satisfying the definition of

"significantly" under NEPA.134

Entergy has failed to provide the NRC with sufficient data to enable the

agency to conduct an accurate, independent analysis of all potential future impacts.

The omission of any assessment regarding the impact of the groundwater

contamination on Hudson River fish and shellfish fails to satisfy NEPA and NRC

regulations, in particular 10 C.F.R. 51.45(c) and (e).

131 Id. at pg. 2

132 E-mail from Dara Gray, Entergy to James Noggle, NRC, with attached table

entitled "Historic Strontium Tritium Results" (January 24, 2007), included here as
Exhibit 6.
133 Information on designated habitats can be found at the New York State
Department of State website at
http://nvswaterfronts.com/waterfront natural narratives.aspftHudsonRiver last
accessed November 29, 2007.
134 Id. at Note 1, Factor 3.
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V. CONCLUSION

For the foregoing reasons, the Atomic Safety and Licensing Board should

grant Riverkeeper's hearing request and admit its contentions.

Respectfully submitted,

iane Curran
Harmon, Curran, Spielberg, & Eisenberg, L.L.P.
1726 M Street N.W., Suite 600
Washington, D.C. 20036
202/328-3500
FAX 202/328-6918
dcurran(Thharmoncurran.com

Phillip IAIusegaas
Staff Attorney
Riverkeeper, Inc.
828 South Broadway
Tarrytown, NY 10591
914-478-4501 (ext. 224)
Fax 914-478-4527
phillipchriverkeeper.org
www.riverkeeper.or2

Victor M. Tafur
Senior Attorney
Riverkeeper, Inc.
828 South Broadway
Tarrytown, NY 10591
914-478-4501 (ext. 224)
Fax 914-478-4527
vtaffirnariverkeeper.org

November 30, 2007
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Standing Exhibit I

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

In the Matter of

Docket Nos. 50-247,
50-286

ENTERGY NUCLEAR INDIAN POINT 2, LLC,
ENTERGY NUCLEAR INDIAN POINT 3, LLC and
ENTERGY NUCLEAR OPERATIONS, INC.

(Indian Point Nuclear Power Station)

DECLARATION OF STELLA LIROSI
DIRECTOR OF OPERATIONS

RIVERKEEPER, INC.

Under penalty of perjury, Stella LiRosi declares as follows:

1. My name is Stella LiRosi. I am the Director of Operations for Riverkeeper, Inc.
("Riverkeeper").

2. Riverkeeper is headquartered at 828 South Broadway, Tarrytown, New York, 10591,
approximately 22 miles from the Indian Point Nuclear Power Station ("Indian Point").

3. Riverkeeper is a 501(c)(3) non-profit, membership organization incorporated in the state
of New York. Riverkeeper has been actively involved in raising environmental concerns
regarding Indian Point's operation for at least twenty years, and has taken a lead role in
raising public concerns regarding security and emergency planning issues at Indian Point
since shortly after the terrorist attacks of September 11, 2001.



4. As a senior manager at Riverkeeper in charge of the organization's daily operation, I
hereby authorize the signatories of the petition which this declaration supports to
represent Riverkeeper as an affected entity in this proceeding, separate and apart from
representative and individual members, who will also be represented by Riverkeeper.

5. Riverkeeper's offices house the organization's records and archives dating back 2-O
years. They also house the organization's computer network and servers, Riverkeeper
membership database, and the office furnishings and equipment required for the
organization to function on a daily basis.

6. Riverkeeper is concerned that the proposed license renewal of Indian Point increases the
risk of an accident or terrorist attack on Indian Point that could result in a catastrophic
offsite release of radiation. Riverkeeper is concerned that such a release would result in
radiological contamination that would negatively impact the value of the organization's
property, and interfere with the organization's ability to conduct operations in an
undisturbed and uninterrupted manner.

7. For example, Riverkeeper is concerned that critical plant systems needed for safe
operation and shutdown of the plant are poorly maintained and degraded after thirty five
years of operation. If the plant continues to operate into an extended license term, the
likelihood of a severe accident increases. In addition, the vulnerability of Indian Point's
spent fuel pools to sabotage presents an unacceptable risk to public health and safety and
to the economic well-being of the NewYork Metropolitan region, of which Riverkeeper
is a part. A severe accident or attack that resulted in the radiological contamination of
Riverkeeper's offices would force the organization to abandon its tangible assets,
described in #5 above, and suspend operations.

8. If the Nuclear Regulatory Commission grants Riverkeeper a hearing in the above
captioned proceeding, Riverkeeper will have an opportunity to advocate for the rejection
or modification of Indian Point's license renewal in order to address safety and
environmental concerns. This would serve to protect Riverkeeper's property and
operations from the risks presented by the proposed license renewal of Indian Point.

Stella LiRosi
Director of Operations

Dated: \k -(.0- 0



Standing Exhibit 2

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

In the Matter of

Docket Nos. 50-247,
50-286

ENTERGY NUCLEAR INDIAN POINT 2, LLC,
ENTERGY NUCLEAR INDIAN POINT 3, LLC and
ENTERGY NUCLEAR OPERATIONS, INC.

(Indian Point Nuclear Power Station)

DECLARATION OF ALAN A. HEMBERGER

Under penalty of perjury, Alan A. Hemberger declares as follows:

1. My name is Alan A. Hemberger. I am a member of Riverkeeper, Inc.
("Riverkeeper").

2. I live at 16 Garden Street, Cold Spring, New York, 10516. I own my own home with
my wife Hope Turino, and my two daughters, Raina (age 5) and Matisse (age 2). My
home is approximately 13 miles from the Indian Point nuclear generating station (Indian
Point) located in Buchanan, New'York. Indian Point Units 2 and 3 are each owned by
separate limited liability corporations (LLC), and are operated by Entergy Nuclear
Operations, Inc. (Entergý). Entergy has recently applied to the Nuclear Regulatory
Commission (NRC) for twenty year license extensions of the operating licenses for Unit
2 and 3.

3. I also own my own business, the Loft Recording Studios, Hemberger Productions,
Inc., located at 84 Kraft Avenue, Bronxville, New York, 10708. My business is located
approximately 29 miles from Indian Point.

4. I am very concerned about the continued operation of Indian Point during a twenty
year license extension term, and believe the plant poses a grave risk to the health and



safety of myself and my family, as well as to the economic interests I possess in my home
and business.

5. I believe that in the event of an accident or attack on Indian Point that results in a
release of radiation, my family and I could become ill or die from radiological
contamination. If such an event required evacuation, I fear that I would not be able to
move my family to safety in time, due to the population density and traffic congestion in
the ten-mile emergency planning zone which makes a successful evacuation virtually
impossible. In addition, my home and business could be destroyed or rendered
uninhabitable, thereby losing all economic value.

6. I am also concerned that the leaks of radioactively contaminated water from Indian
Point's spent fuel pools are polluting the Hudson River and the groundwater, causing
long-term environmental damage to the natural environment. This pollution of the
Hudson adversely effects my aesthetic enjoyment of this precious natural resource.

7. I am also concerned about the accumulation of deadly, toxic nuclear waste at Indian
Point. I don't believe the waste will ever be moved from the site, and I know it will be
dangerous for thousands of years. I think it is a bad idea for Indian Point to be allowed to
produce additional nuclear waste which can never be safely disposed of.

8. Therefore, I hereby authorize Riverkeeper to represent my interests by intervening in
the license renewal proceeding for Indian Point 2 and 3, Docket Nos. 50-247, 50-286.

A& A. Hemberger

Dated:_ Z/,
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Standing Exhibit 3

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

In the Matter of

ENTERGY NUCLEAR INDIAN POINT 2, LLC,
ENTERGY NUCLEAR INDIAN POINT 3, LLC and
ENTERGY NUCLEAR OPERATIONS, INC.

(Indian Point Nuclear Power Station)

Docket Nos. 50-247,
50-286

DECLARATION OF ANDRE P. MELE

Under penalty of perjury, Andre P. Mele declares as follows:

1. I am Andre P. Mele, of 10 West 15th St., New York, NY 10011 and 2091 Glasco
Turnpike, Woodstock, NY 12498. The apartment I own at 10 West 1 5 th St. in
New York City is almost exactly 36 miles from Indian Point, as the crow flies.
Indian Point Units 2 and 3 are each owned by separate limited liability
corporations ("LLC"), and are operated by Entergy Nuclear Operations, Inc.
("Entergy"). Entergy has recently applied to the Nuclear Regulatory Commission
("NRC") for twenty year license extensions of the operating licenses for Unit 2
and 3.

2. I am 58 years of age, and a citizen of the United States.

3. I am a member of Riverkeeper, Inc. ("Riverkeeper").

4. I am gravely concerned about the potential for human health impacts and property
damage and loss to myself and my family posed by the continued operations of
Indian Point and the risk of an accident or attack at the plant that would result in a
major release of radioactivity. I am also very concerned about the presence of
illegal radioactive discharges into the Hudson River, upon which I regularly sail,
swim, fish, and kayak. These illegal discharges negatively affect my aesthetic
enjoyment of the river.

5. I have abiding concerns about (1) the age and reliability of the generating
equipment at Indian Point 2 and 3, (2) radioactive water leaks, (3) the training and
capabilities of reactor staff, (4) security of the site, (5) spent fuel storage, (6)
human health risks, (7) ongoing fish kills and (8) the evacuation plan for the
facilities under consideration for an additional twenty years of operation.



6. I rely upon Riverkeeper to present a detailed technical analysis of Indian Point's
design flaws and safety record, and I wish to add the following brief comments:

a. Indian Point 2 and 3 have a record of reliability that has placed those
facilities at or among the lowest of 103 U.S. nuclear generating facilities.
As the plants age further, more, and more significant equipment-related
failures can be expected. These failures must not be regarded as a series
of unanticipated anomalies. Equipment failures will occur, inevitably,
with more severity and greater frequency.

b. Tritium and Strontium-90, both relics of the cold-war era atmospheric
nuclear bomb tests, are once again being released into the environment
from leaks somewhere in the Indian Point spent fuel storage system. I find
the NRC's and Entergy's reassuring statements about the safety of these
discharges to be utterly lacking in credibility, disingenuous, and in flagrant
disrespect of public safety and well-being.

c. The nuclear industry has been in decline for decades, and the pool of
potential engineers and operators has been dwindling. Realistically, will
there be people capable of safely operating Indian Point for another twenty
years?

d. Site security has been a topic of grave concern since 9/11. The NRC has
traditionally treated the issue of security at nuclear plants with a grotesque
caricature of legitimate concern by notifying the operators of an
impending "force-on-force" exercise, and arriving at the appointed hour to
go through the charade. Even so, Indian Point has a history of failure in
those exercises. With the recent example of a guard found to be soundly
asleep at his post, can we really expect any better?

e. The United States has yet to formulate a coherent policy for dealing with
spent nuclear fuel that is expected to remain a grave danger to human life
for 300,000 years. There is no certainty whatsoever that Yucca Mountain
will ever open, and 100-year concrete "casks" will be accumulating at
Indian Point and other facilities around the country. In Indian Point's
particular case, which has been complicated by spent-fuel pool leaks, the
issue of these fuels has become almost unmanageable under any scenario.
Furthermore, the pool structures are not designed with safety in mind, but
primarily to keep the elements out, and as such the pools are vulnerable to
attack from the air. If a plane were to plunge into one of the pools, an
unquenchable "nuclear fire" could result, one that would bring about the
nightmare scenario of mass evacuations, widespread deaths, and trillions
of dollars in property damage without so much as a scratch on the reactors
themselves.

f. There are some 20 million people within 50 miles of Indian Point, all of
whom are in effect subsidizing Entergy by exposing themselves,
knowingly or not, to the risk of injury from exposure to radiation without
appropriate remuneration. The effects of exposure to radiation vary by the
type of radiation, the amount and time of exposure, and the individual's
ability to absorb radiation. Impacts range from near-term death to a



gradual breakdown of organ functions due to cancer, leading to premature
death. Small releases of radiation are suspected of causing spikes in infant
mortality.

g. Analyses of data provided by the Hudson River power plant operators
themselves demonstrate that as many as a billion fish eggs and larvae are
killed each year by impingement and entrainment in Indian Point's archaic
and possibly illegal cooling system. Those billion eggs and larvae are the
economic and ecological future of an already-stressed ecosystem plagued
by invasive species, thermal pollution, low oxygen levels, and degraded
habitat. The use of closed-cycle cooling at Indian Point and the other
Hudson River power plants could slow or even halt the decline in critical
species such as the shad and Atlantic sturgeon. Cessation of Indian Point
operations on the original timetable would of course have an even more
salubrious effect on the fabled Hudson River fisheries.

h. There is no credible prospect that any sort of effective evacuation can be
expected in the event of a major incident at Indian Point. In the now-
famous Witt Report, former FEMA director James Lee Witt and his
analysts exposed the Indian Point evacuation plan for a stunning,
breathtaking fraud. None of the four counties around Indian Point have
endorsed the evacuation plan, as required by law, nor has the State of New
York. Instead, FEMA and the NRC have thumbed their noses at the
people of New York State and approved the plan from the safety of
Washington, DC.

i. Therefore, I respectfully state my opposition to the relicensing of Indian
Points 2 and 3 for any length of time.

7. I hereby authorize Riverkeeper to represent my interests by intervening in the
license renewal proceeding for Indian Point 2 and 3, Docket Nos. 50-247, 50-286.

Andre P. Mele

Dated: ///o



Standing Exhibit 4

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

In the Matter of

Docket Nos. 50-247,
50-286

ENTERGY NUCLEAR INDIAN POINT 2, LLC,

ENTERGY NUCLEAR INDIAN POINT 3, LLC and

ENTERGY NUCLEAR OPERATIONS, INC.

(Indian Point Nuclear Power Station)

DECLARATION OF NANCY SYROP

Under penalty of perjury, Nancy Syrop declares as follows:

1. My name is Nancy Syrop. I am a member of Riverkeeper, Inc. ("Riverkeeper")

2. I live at 36 Aldridge Road, Chappaqua, New York, 10514. I own my own homewith my

husband Steve and my children. My home is 18 miles from the Indian Point Nuclear

PowerStation ("Indian Point"). Indian Point Units 2 and 3 are each owned.by~separate

limited liability corporations ("LLC"), and are operated by Entergy Nuclear.Operations,

Inc. ("Entergy"). Entergy has recently applied to the Nuclear Regulatory Commission
("NRC") for twenty year license extensions of the operating licenses for Unit 2 and 3.

3, I am very concerned about the continued operation of Indian Point during an additional

twenty year license term, and believe that Indian Point's future operation presents a grave

risk to the health and safety of I ily, as well as to the economic property interest in

my.home. I know that in the eve of a release of radiation from Indian Point that

contaminates my community, the federal government's insurance against nuclear

accidents will not be enough to cover the billions of dollars in damages that would result.

I also know that no private insurance company will insure members of the public against

damage from a nuclear power plant accident or terrorist attack.



4. I believe that if there is an accident or attack on Indian Point that results in radiological
contamination of the Hudson Valley region, my family and I could become ill or die
because of it. I am concerned that my local hospital, the Northern Westchester Hospital
in Mount Kisco, would not be able to handle a major radioactive emergency. If such an
emergency arose, I am doubtful there would be adequate immediate medical care for
myself and my family if we were contaminated with radiation.

5. I do not believe the emergency evacuation plans for Indian Point would work in an actual
emergency. For example, several Chappaqua schools are located within the ten-mile
emergency planning zone for Indian Point. However, the relocation center for students is
less than a mile from these schools, at the Horace Greeley High School in Chappaqua. I
do not believe this short distance would make a difference in protecting my children from
radiological contamination if a release occurs. I do not believe I could evacuate quickly
enough from Chappaqua to avoid being contaminated, due to the daily traffic congestion.
In addition, I am concerned that many of the emergency bus drivers who would be
responsible for evacuating schoolchildren from the emergency zone live in other
counties, and will see to their own children's' safety first before showing up to evacuate
local children.

6. I am also negatively impacted by the requirement that I keep doses of potassium iodide in
my home, which I am supposed to take and give to my family to protect us temporarily
from the effects of ionizing radiation in the event of a radiological release from Indian
Point. This requirement is a daily reminder of the significant risk involved in living near
a nuclear power plant that I do not believe is being operated safely, either now or in the
future.

7. I am concerned that a severe accident at Indian Point could contaminate the nearby
Croton Reservoir, which provides unfiltered drinking water to millions of New Yorkers.
If this public water supply is unusable, I am concerned about the impact this could have
on my family.

8. I enjoy kayaking, swimming and occasionally fishing in the Hudson River, and am
concerned that the ongoing radioactive water leaks are contaminating the Hudson and the
plants, animals and fish that live in or near the river. These leaks are negatively affecting
my aesthetic enjoyment of the Hudson River.

9. I am also opposed to Indian Point continuing to produce nuclear waste in the form of
spent nuclear fuel while the federal government has failed to come up with a permanent
place to dispose of it. If Indian Point is relicensed, the two reactors will produce an
additional one thousand tons of nuclear waste, which will probably remain at Indian Point
for years to come. I believe this shortsighted approach could result in environmental and
public health impacts on my children and grandchildren, if this waste is not properly
disposed of and leaks into the environment.



10. Therefore, I hereby authorize Riverkeeper to represent my interests in this matter by.
intervening in the license renewal proceeding for Indian Point 2 and 3, Docket Nos. 50-
247, 50-2$6.

Nancy Syrop

Dated: 710



Standing Exhibit 5

UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

In the Matter of

Docket Nos. 50-247, 50-286

ENTERGY NUCLEAR INDIAN POINT 2,
LLC, ENTERGY NUCLEAR INDIAN
POINT 3, LLC and ENTERGY NUCLEAR
OPERATIONS, INC.

(Indian Point Nuclear Power Station)

DECLARATION OF GLENN RICKLES

Under penalty of perjury, Glenn Rickles declares as follows:

1. My name is Glenn Rickles. I am a member of Riverkeeper, Inc. ("Riverkeeper")

2. I live at 106 Benedict Boulevard, Croton-on-Hudson, New York, 10520. My home
lies within 6 miles of the Indian Point nuclear generating station ("Indian Point"). Indian
Point Units 2 and 3 are each owned by separate limited liability corporations ("LLC"),
and are operated by Entergy Nuclear Operations, Inc. ("Entergy"). Entergy has recently
applied to the Nuclear Regulatory Commission ("NRC") for twenty year license
extensions of the operating licenses for Unit 2 and 3.

3. I am concerned about the numerous deleterious effects arising from the operation of
Indian Point 2 and 3 that will continue if the reactor licenses are renewed for an
additional twenty years, as well as the potentially severe adverse impacts on my health,
the health of my family and the economic value of my home that would result if there
were an accident or attack on Indian Point that resulted in a radiological release. I am
concerned that the continued operation of these two aging reactors less than ten miles
from my home poses a risk to the economic value of my home and poses a risk to my



health and safety given the fact of the ongoing radioactive leaks, radioactive emissions,
nonradioactive leaks and emissions, lack of a workable evacuation plan, continued onsite
accumulation of nuclear waste, threat of a terrorist attack, unpropitious accidents and
other safety and health hazards. Indian Point also has a deleterious effect on my aesthetic
enjoyment of the Hudson River valley by visually blighting the landscape.

4. Therefore, I hereby authorize Riverkeeper to represent my interests by intervening in
the license renewal proceeding for Indian Point 2 and 3, Docket Nos. 50-247, 50-286.

Glenn Rickles

Dated: X/ -/ 6 .



CONTENTIONS TC-1 AND TC-2

EXHIBIT

Declaration of Dr. Joram Hopenfeld in Support of Riverkeeper's
Contentions TC-1 and TC-2

Attachment: Curriculum Vitae



uontentions
TC-1 and TC-2

Exhibit 1

November 28, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
Lawrence G. McDade, Chairman

Dr. Richard E. Wardwell
Dr. Kaye D. Lathrop

)
Entergy Nuclear Operations, Inc. )
(Indian Point Nuclear Generating )
Units 2 and 3) )

Docket Nos.
50-247-LR
and 50-286-LR

DECLARATION OF DR. JORAM HOPENFELD
IN SUPPORT OF RIVERKEEPER'S

CONTENTIONS TC-1 AND TC-2

1, Dr. Joram Hopenfeld, declare as follows:

1 I am an expert in fields relating to nuclear power plant aging management. I am a
mechanical engineer and hold a doctorate in engineering. I have 45 years of professional
experience in the fields of thermal-hydraulics, material/environment interaction
instrumentation, design, project management, and nuclear safety regulation, including 18
years in the employ of the U.S. Nuclear Regulatory Commission (NRC). My curriculum
vitae is attached.

2. I have been retained by Riverkeeper, Inc. (Riverkeeper) to review Entergy
Nuclear Operations, Inc.'s (Entergy's) April 23, 2007, application for renewal of the
operating licenses for the Indian Point nuclear power plant, and to assist Riverkeeper with
the preparation of contentions regarding inadequacies in the application.

3. I am familiar with the aspects of Entergy's license renewal application that
discuss Entergy's plans for detection and management of aging of plant components. I
am also familiar with NRC regulations and regulatory guidance regarding nuclear power
plant operation, including the renewal of nuclear power plant operating licenses.

4. I assisted Riverkeeper with the preparation of contentions TC- 1 (Inadequate Time
Limited Aging Analyses and Failure to Demonstrate That Aging Will be Managed
Safely) and TC-2 (Failure to Provide for Adequate Management of Flow-Accelerated



Corrosion). The factual statements in those contentions are true and correct to the best of
my knowledge, and the expressions of opinion in the contentions are based on my best
professional judgment.

Dr. Joram Hopenfel~

November 28, 2007
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Curriculum Vitae for Dr. Joram (Joe) Hopenfeld

1724 Yale P1., Rockville, MD 20850

Tel: 301 340 1625

A. Professional Expertise:

a. Nuclear Safety and Licensing (design basis/severe accidents)

b. Thermal/Hydraulics ( Transient Boiling, Jet Mixing, Reentry Heat transfer, molten

metal/coolant interactions, pool fires, computer code developments)

c. Materials/Environment Interaction (corrosion, erosion, stress corrosion, fatigue,.

cavitation, fouling)

d. Radioactivity Transport (10 CFR Part 100)

e. Industrial Instrumentation and Environmental Monitoring.

B. Current Position - CEO, Noverflo, Inc

C. Education - Engineering- University of California at Los Angeles: BS 1960, MS 1962,

Ph.D 1967.

D. Summary of Work Experience

1. Nuclear Plant Related Experience

I have 45 years of experience in industry and government primarily in the areas of thermal hydraulics,

materials, corrosion, radioactivity transport, instrumentation, PWR steam generator transient testing and

accident analysis. I have managed major international programs on steam generator performance during

steam generator tube ruptures, steam line and feed line breaks. Following a decade of studies and

several Advisory Committee on Reactor Safety hearings, the Nuclear Regulatory Commission, ("NRC")

adopted my position regarding the safety consequences of operating with degraded steam generator



tubes. In 2001 the NRC initiated a major program on the effects of steam generator tube degradation

on plant safety ( see NRC website). I have consulted to law firms and citizen groups regarding Steam

Generators, Thermal Hydraulics, Corrosion, and Material Fatigue in connection with license renewals

and a power upgrades.

2. Non Nuclear Related Experience

I am the owner and the CEO of a small Maryland company, Noverflo, Noverflo is developing advanced

fiber optic sensors for the oil & gas and the environmental monitoring industries. In 2004 Noverflo has

completed a three year program which was sponsored by the U.S. Department of Energy. The program

produced a new system for automatic tank gauging, which will be presented at the 2006 National

Petrochemicals and Refiners Association Maintenance Conference.

In 1994-1996 Noverflo has developed and commercialized a shutoff valve for fuel tanks to comply with

new EPA regulations.

E. Brief Employment History

A. Recent Consulting

1. Winston & Strawn, 1400 L St. Washington D.C

2001

Provided assistance in connection with the February 2000 steam generator event at Indian Point.

2. C-10 Research and Education Foundation, Inc. 44Merrimac St. Newburyport, MA

2002-2003

Provided assistance in the preparation of a 2.206 petition to the NRC and other matters in connection

with steam generator problems at the Seabrook Station

3. California Earth Corps (Sabrina D. Venskus, Attorney at Law, Santa Monica, CA)
2005



Provided testimony to the Public Utility Commission of the State of California on behalf of California Earth

Corps in connection with the San Onofre steam generator replacement project.

4. New England Coalition ( Raymond Shadis, Edgecomb, Maine 04556)

2005-2006

Technical consultant and expert witness in connection with Vermont Yankee power uprate and life extension

hearings before the Atomics Safety and Licensing Board. Prepare contentions and testify before the Board.

B. Industry and Government Employment

1962- 1971 -Corrosion testing of materials for the design and operation of liquid metal cooled nuclear

reactors. Modeling Transient Boiling in water and sodium. Modeling Sodium Fires. Modeling

destruction of SNAP fuel rods on reentry into the earth atmosphere. Atomics International, Canoga

Park, Calif.

1971- 1973- Participated in the resolution of design issues as related to material behavior in the Breeder

reactor environment. Atomic Energy Commission

1973 - 1978 Project Manager for the safety evaluation and testing of steam generators for liquid metal

reactors. Managed the development of thermal -hydraulic computer codes such as COBRA.

ERDA/Department of Energy. Responsible for testing material compatibility and cavitation damage in

sodium. Development of acoustic leak detection systems for sodium/water reactions.

1978 - 1982 Project Manager for the development of materials and instrumentation for high

temperature steam generators for fossil plants. Responsible for the resolution of issues relating to

corrosion/erosion and NOx /SOx emissions, Department of Energy.

1982 - 2001 Program manager for the resolution of various, thermal hydraulics, material corrosion and

safety issues primarily in relation to PWR steam generators. Nuclear Regulatory Commission.

Publications



In addition to numerous reports, I have published 15 papers in peer-reviewed technical journals in the

areas of thermal-hydraulics, corrosion/ erosion, steam generator dose releases during accidents, steam

explosions, sensors and ECM machining.

Peer Reviewed

1 "New Fiber Optic Based Technology for Automatic Tank Gauging", Sensors ,December

2006

2. "Distributed Fiber Optic Sensors for Leak Detection In Landfills", Proceeding of SPIE Vol

3541 (1998)

3. "Continuous Automatic Detection of Pipe Wall Thinning", ASME Proceedings of the 9th,

International Conference on Offshore Mechanics and Arctic Engineering. Feb. 1990

4 "Iodine Speciation and Partitioning in PWR Steam Generators", Nuclear Technology,

March 1990

5. Comments on "Assessment of Steam Explosion Induced Containment Failures" Letter to the

Editor, Nuclear Science and Engineering, Vol. 103, Sept. 1989

6. "Experience and Modeling of Radioactivity Transport Following Steam Generator Tube

Rupture", Nuclear Safety, 26,286, 1985

7. "Simplified Correlations for the Predictions of Nox Emissions from Power Plants". AIAA

Journal of Energy, Nov.-Dec., 1979

8. "Grain Boundary Grooving of Type 304 Stainless Steel in Armco Iron Due to Liquid

Sodium Corrosion", Corrosion, 27, No.11, 428, 1971

9. "Corrosion of Type 316 Stainless Steel with Surface Heat Flux in 1200 Flowing Sodium",

Nuclear Engineering and Design, 12; 167-169, 1970

10. "Prediction of the One Dimensional Cutting Gap in Electrochemical Machining", ASME

Transaction, J. of Engineering for Industry, p 100 (1969)

11. "Electrochemical Machining- Prediction and Correlation of Process Variables", ASME

Transactions, J. of Engineering for Industry, 88:455-461, (1966)

12. "Laminar Two-Phase Boundary Layers in Subcooled Liquids", J. of Applied Mathematics and

Physics (ZAMP), 15, 388-399 (1964)



13. "Onset of Stable Film Boiling and the Foam Limit", International j. of Heat Transfer and Mass

Transfer, 6; 987-989 (1963) ) (co-author)

14 "Operating Conditions of Bubble Chamber Liquids", The Review of Scientific Instruments, 34,

308-309. (1963); co-author

15. "Similar Solutions of the Turbulent Free Convention Boundary Layer for an Electrically

Conducting Fluid in the Presence of a Magnetic Field," AIAA J. 1:718-719 (1965)

Not Peer Reviewed (Recent Publications Only )

1. New Fiber Optic Based Technology for Automatic Tank Gauging (ATG), NPRA - 2006

Reliability and Maintenance Conference, May 23-26, San Antonio, TX

2. Automatic Tank Gauging: A New Level of Accuracy; A New Device Promises Greater

Accuracy for Custody Transfer by Combining Fiber- Optic Sensing with a Pressure.

Sensors Magazine, 12/01/06

3. PlasticOptical Fibers Sensors for Industrial Process Controls and Environmental Monitoring, POF

World West 2007, June 25-27. 2007

List of Patents

1. Automatic Shut-Off Valve for Liquid Storage Tanks, 5,522,415
2. Method and Apparatus for Detecting the Presence of Fluids, 5,200,615
3. Sensors For Detecting Leaks, 5,187,366
4. Method for Monitoring Thinning of Walls and Piping Components 4,922,74
5. Method for Monitoring Thinning of Pipe Walls, 4,779,453
6. Looped Fiber Optic Sensor for the Detection of Substances (5,828,798)
7. Coated Fiber Optic Sensor for The Detection of Substances (5,982,959)
8. Method and Apparatus for Analyzing Information of Sensors Provided Over Multiple

Waveguides (6,870,607)



Honors

1. Engineer of Distinction - Published by Engineers Joint Council

2. American men and Women in Science

3. The Blackwall Award for Machine Tools

4.. Member Sigma-Xi

Professional Activities

1. Reviewed papers for the ASME Journal and the Journal of Sensors and Actuators

2. Taught a class on Diesel Engines at Montgomery College, Rockville, MD.

3. Served as a member of a Railroad Committee that development a standard for locomotive Fueling

4. Funded and sponsored research and development work at the Engineering Department of the

University of Virginia. The research produced a novel method of measuring pipe wall thinning

from erosion/corrosion
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Contention EC-1
Exhibit 1

November 27, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSJNG BOARD

Berore Administrative Judges:
Lawrence G. MeDadc. Chairman

Dr. Richard E. Wardwell
Dr. Kaye D. Lathrop

)
Entergy Nuclear Operations, Inc. )
(Indian Point Nuclear Generating )
Units 2 and 3) )

Docket Nos.
50-247-LR
and 50-286-LR

DECLARATION OF DR. PETER HENDERSON
IN SUPPORT OF RIVERKEEPER'S CONTENTION EC-1.

I. Peter Henderson, declare as follows:

1. I am a director of Pisces Conservation Ltd., ("Pisces"), a corporation based in
Great Britain. Our office is located in Pennington, Lymington, Hampshire. Pisces
provides expert consulting services In the United States, Great Britain, and other
countries on a range of aquatic environmental issues, including cffects of power plant
impingement, entrainment, and thcrmail effluent discharge.

2. 1 am also a senior research associate at the University of Oxford where I lecture in
population dynamics and ecological methods. I have extensively published on the
subject of ecology and I am the co-author of the standard text book "Ecological
Methods".

3. I am an expert in the effects of power plants on the aquatic environment, the
population dynamics of fish and crustaceans, and the modeling of ecological impacts.
I rcceivcd an undergraduate education in zoology at Imperial College, University of
London where I obtained a 1J' class Honours degree and the governors' prize for
zoology. Subsequently, I pursued graduate studies at Imperial College and received a
Doctorate of Philosophy in 1975, for a thesis on the analysqis of population control
mechanisms in crustaceans. Currently, I lecture and hold a position as a senior
research associate in the dcpartment of Zoology. University of Oxford.

4. 1 have worked as an ecological consultant and research scientist for 28 years on
theoretical, applied and ficld research. I have wide experience in the effects of power
plant cooling water systems, including the preparation and presentation of evidence at
public inquires and the writing of environmental impact assessments. I also have
extensive experience of the management of major ecological assessment projects,
including preparation and presentation of material for public enquires and liaising
with conservation bodies and engineers. Projects undcrtaken include conscrvation

1
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planning for large tropical. nature reserves, ecological effects studies of nuclear power
station intakes, conservation studies of rare freshwater life and effects of climate
change and drought.

5. My Curriculum Vitae is provided here as Attachment 1.

6. In support of.Riverkeeper's request for a hearing and petition to intervene with
respect to the license renewal proceeding for the Indian Point Nuclear Power Station,
I co-authored., with Dr. Richard Seaby, the following reports: "Status of Fish
Populations and the Ecology of the Hudson River" and "Analysis of Entrainment,
Impingement and Themrial Impacts at indian Point Power Station. Copies of these
reports are provided as Attachmentq 2 and 3, respectively, The technical factual
statements in the reports are true and correct to the best of my knowledgo, and the
opinions expressed th-rin arm based on my best professional judgment.

7. I also assisted in the preparation of Riverkeeper's Contention EC-1, regarding the
adverse impacts on aquatic resources by heat shock, impingement and entrainment of
fish caused by Indian Point's once through cooling system. The factual assertions in
these contentions are true and correct to the best of my knowledge and belief. and the
opinions expressed therein are based on my best professional judgment.

g. In preparing my reports and Contention EC-1, I reviewed Entergy Nuclear
Operations, Inr.'s April 23, 2007, license renewal application for the Indian Point
nuclear power plant, including the Environmental Report.

Peter lendcrsnr, Ph.D

November 27, 2007

2



nenuerson
Attachment 1

CURRICULUM VITAE

Dr Peter Alan Henderson

17 Hursley Drive, Blackfield, Southampton, Hants. S045 1ZU
e-mail peter@irchouse.demon.co.uk

ACADEMIC QUALIFICATIONS
BSc 1st Class Honours Zoology and Applied Entomology: Imperial College, London.

PhD, DIC, University of London, Thesis :- Population Studies and Behaviour of
Cypridopsis vidua (Muller), (Crustacea, Ostracoda)

EXPERTISE AND EXPERIENCE
An ecological consultant and research scientist with 26 years experience combining
theoretical, applied and field research. Extensive experience of the management of
major ecological assessment projects including preparation and presentation of
material for public enquires and liasing with conservation bodies and engineers.
Projects undertaken include conservation planning for large tropical nature reserves,
ecological effects studies of nuclear power station intakes, conservation studies of rare
freshwater life and effects of climate change and drought. I lecture and hold a position
as a senior research associate in the department of Zoology, University of Oxford.

Main areas of expertise and experience are summarised below.

a) Industrial ecology.
Wide experience in power plant cooling water engineering including the preparation
and presentation of evidence at public inquires and the writing of environmental
impact assessments. Studies in the USA for Riverkeeper have included work on the
effectiveness of Gunderbooms for minimising entrainment, analysis of the DEIS for
Indian Point, Bowline 1, 2 & 3, Lovett, Roseton and Albany power plants. Work for
the Natural Resources Defence Council include assessment of the impact of the
Astoria Repowering Project in New York. Considerable recent experience working on
fisheries issues linked to power plant proposals in the Hudson River, New York and
Morro Bay, California. Extensive work has been carried out for Riverkeeper on the
US Environmental Protection Agency's (EPA) 316b legislation on cooling water
intakes.

Project management of major UK environmental impact studies including Sizewell B,
Hinkley C and Fawley B power stations, the Severn tidal barrage scheme and the Usk
Barrage. Other projects have included marina developments and ecological issues of
importance to ports. I have acted as a fish and fisheries expert witness on the London
Gateway Project for Pacific & Orient Shipping Company with respect to the London
Gateway port proposal and as an advisor for the Bristol Port Company. I have also
acted as an expert witness on the effects of aggregate dredging and the effects of
outfalls on salmon movement.

A particular area of expertise is on the impingement and entrainment of fish and
crustaceans at coastal and estuarine intakes in the British Isles. I have worked on this

I



field for more than 26 years and hold the largest data set on impingement of fish in
existence.

b) Tropical ecology.
Fisheries research manager and ODA consultant on fisheries and aquatic ecosystems
for Project Mamiraua in the upper Amazon. Tropical research has been varied and
includes work on the taxonomy of Amazonian fish, behaviour of electric eels and the
community structure found around leaf litter and floating meadow habitats.

c) British estuarine and riverine communities. More than 26 years of study of
British estuarine fish and crustacean population dynamics. Studies undertaken of
community dynamics, wood webs, climatic effects and predator-prey interactions.
Recent work has concentrated on the effects of climate change on fish. I have
particular expertise in the Bristol Channel/ Severn Estuary and the Thames Estuary.

d) Conservation management planning. Wide range of projects undertaken
including a senior role in the planning of one of the world's major freshwater
reserves, the Mamiraud reserve in Brazil. Responsible for the development of the
aquatic strategic management plan for an area of 1,124,000 ha of Amazonian flooded
forest holding diverse habitats including lakes, varzea forest, rivers, stream and
floating meadows. The project has developed many novel ways of conserving fish and
other aquatic species and is recognised as one of the great success stories of
international conservation.

e) Invertebrate taxonomy. Author of the Freshwater Ostracods book in the series
Synopsis of the British Fauna series. Taxonomic studies also undertaken on mysids,
shrimps and fish.

f) Biological and Statistical Software. The designer and developer of computer based
expert systems, including the commercial software packages E3 (for environmental
effects evaluation which is available from The Stationery Office), Species Richness
and Diversity (available from PISCES), Community Analysis Package (available
from PISCES) and Dynamica (available from Chapman & Hall). I designed and
developed PISCES, an expert system used to predict fish and crustacean impingement
and entrainmnet at power station intakes. Most recently, I designed and wrote with Dr
Richard Seaby QED Statistics, which is a general statistic package.

g) Population biology, including the study of fish, ostracod, crustacean and insect
populations in many diverse habitats. I lecture in population dynamics at the
University of Oxford. I published with Sir Richard Southwood on long-term changes
in insect populations.

h) Experienced supervisor of post-graduate students. Lecturer and tutor on the
climatic change masters coarse at the University of Oxford.
i) Writing and broadcasting. Freelance writer for British Wildlife and other
magazines. Occasionally working as a scientific advisor for the BBC and other
television companies. Lecturer to natural history clubs and societies on rain forests,
tropical fish and British wildlife.

2



PROFESSIONAL HISTORY
Present positions: Director PISCES Conservation Ltd. &

Senior Research Associate, Dept. of Zoology, University of
Oxford

Employer: Department of Zoology, University of Oxford.
Position : Research Associate and lecturer(1994-1999).
Lecturing on ecological methods and population dynamics. Research undertaken on;
(1) the limnology of Amazonian floodplain systems with particular emphasis on micro
crustaceans and floating meadow fish communities and population; (2) Population
dynamics of fish and crustaceans the Bristol Channel; (3) Population and community
dynamics theory with Professor W. D. Hamilton. During my time at Oxford I also
completed a revision of the standard textbook Ecological Methods with Professor Sir
Richard Southwood.

Employer Projeto Mamiraua
Position Fisheries and Aquatic ecology consultant (1989-1997)
Responsible for management and creation of the initial research and development plan
for the reserve and subsequent research on biodiversity.

Employer : Fawley Aquatic Research Laboratories Ltd.
Position : Director (1991-1994)
Responsible for software development, mathematical modeling, statistics and marine
and estuarine impact assessments of power stations.

Employer: Central Electricity Research Laboratory and National Power PLC
Position : Research Scientist (1978-1991).
Working on the development of mathematical models of natural systems. Major
research areas were (i) population biology of marine fish and crustaceans: (ii) the
modeling of water movement and cooling water discharges: (iii) the causes of red
tides: (iv) freshwater community structure in relation to water chemistry changes
caused by acid rain.

Other Positions Held

1998-2001 Council of the Fisheries Society of the British Isles.
1984-1990. Assistant editor of the Journal of Fish Biology
1987 - 2001. Director of Biological Computing Systems Ltd.
1987-1990. Council of the Linnean Society.
1988 - Associate with John Grimes Partnership - consulting engineers.
1985 -Visiting research fellow for the International Atomic Research Agency.
1983- Research professor for BIDS project Brazil.

C. EXTERNAL PUBLICATIONS
Books
Henderson & Margetts (Eds), 1989. Fish in Estuaries. Fisheries Society of the British

Isles.

Henderson (1990). Freshwater ostracods. Synopsis of the British Fauna (New Series)
No. 42. Universal book services, Oegstgeest, Netherlands.

3



Henderson, P. A. & Southwood, T. R. E. (2000) Ecological Methods. 3rd Edition

Blackwell Scientific. 590 pp

Henderson, P. A. (2002) Practical Methods in Ecology. Blackwell Scientific.

Papers

Hamilton, Henderson & Moran (1981). Fluctuation of environment and convolved
antagonist polymorphism as factors in the maintenance of sex. Natural selection
and social behaviour: recent research and new theory. Chiron press. New York.

Tumpenny, Bamber & Henderson (1981). Biology of the sand smelt (Atherina
presbyter) around Fawley Power Station. J. Fish. Biol. 18, 417-427.

Henderson & Bamber (1983) A new species of mysid (Crustacean: Mysidacea) from
the Amazon Basin. J. Nat. Hist. 17,139-143.

Bamber,Glover, Henderson & Turnpenny (1983). Diplostomiasis in the sand smelt
population at Fawley Power Station. J. Fish Biol. 23, 201-210.

Bamber & Henderson (1983). Meristic and biological variation in British Atherinids.
Porcupine Newsletter 2, 224-227.

Bamber & Henderson (1983). Epifaunal arthropods from tide pools at Rhosneiger.
Porcupine Newsletter 2, 196-199.

Henderson & Whitehouse (1984). The growth and mortality of larval herring Clupea
harengus L in the Blackwater estuary, Essex. J. Fish Biol. 24, 613-622.

Henderson, Turn penny & Bamber (1984). Long-term stability of a sand smelt
population subject to power station cropping. J. Appl. Ecol. 21, 1-10.

Bamber & Henderson (1985). Morphological variation in British Atherinids, and the
status of Atherinapresbyter Cuvier (Pisces: Atherinidae). Biol. J. Linn. Soc. 25,
61-76.

Bamber & Henderson (1985). The early life history of the sand smelt (Atherina
presbyters.) J. Mar. Biol. Ass. UK. 65, 697-706.

Bamber & Henderson (1985). Diplostomiasis in the sand smelt from the Fleet, Dorset
and its use as a population indicator. J. Fish Biol. 26, 223-229.

Henderson & Holmes (1985). Shrimp and prawn populations at Hinkley Point, N.
Somerset. Porcupine Newsletter 3, 110-117.

Henderson (1985). An approach to the prediction of temperate freshwater fish
communities. J. Fish Biol. 27 (sups. A), 279-291.

Henderson (1986). Cypridopsis bamberi sp nov. a new species of ostracod (Crustacean:
Podocopida) from England. J. Nat. Hist. 20,

Henderson & Walker (1986). On the leaf-litter community of the Amazonian
blackwater stream Tarumazinho. J. Trop. Ecol. 2, 1-17.

Henderson (1987). The vertical and transverse distribution of larval herring in the
Blackwater estuary, Essex. J. Fish Biol. 31, 281-290.

Henderson (1987). On the population biology of the common shrimp Crangon crangon
in the Severn estuary and Bristol Channel. J. Mar. Biol. UK. 67, 825-847.

Henderson & Bamber (1987). On the reproductive strategy of the sand smelt Atherina
boyeri Risso and its evolutionary potential. Zool. J. Linn. Soc. 32, 395-415.
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Henderson & Bamber (1988). The rediscovery and redescription of the freshwater
ostracod Candonopsis scourfieldi (Crustacean: Podocopida). J. Nat. Hist. 22,
465-471.

Henderson (1988). Size-selective over wintering mortality in the sand smelt, Atherina
boyeri Risso, and its role in population regulation. J. Fish Biol. 33, 221-233.

Henderson (1988) The structure of estuarine fish communities. J. Fish Biol. 33(sups.
A), 223-225.

Henderson (1989). On the structure of the inshore fish community of England and
Wales. J. Mar. Biol. Ass. UK. 69, 145-163.

Henderson & Holmes (1989) Whiting migration in the Bristol Channel: a predator-prey
relationship. J. Fish Biol. 34, 409-416.

Henderson, Seaby & Marsh (1990). The population zoo geography of the common
shrimp (Crangon crangon) in British waters. J. Mar. Biol. UK. 70, 89-97.

Bamber & Henderson (1990) A new freshwater mysid from the Amazon, with a
reassessment of Surinamysis Bowman (Crustacean: Mysidacea). Zool. J. Lian.
Soc. 100, 393-401.

Holmes & Henderson (1990) High fish recruitment in the Severn Estuary: the effect of
a warm year? J. Fish Biol. 36, 961-963.

Henderson & Walker (1990). Spatial organisation and population density of the fish
community of the litter banks within a central Amazonian blackwater stream. J.
Fish Biol. 37, 401-411.

Henderson & Holmes (1990). Population stability over a ten year period in the short-
lived fish Liparis liparis. J. Fish Biol. 37, 605-615.

Henderson (1990). Fish of the Amazonian Igapo: stability and conservation in a high
diversity-low biomass system. J. Fish Biol. 37(sups. A), 61-66.

Walker, Henderson & Sterry (1991). On the patterns of biomass transfer in the benthic
fauna of an Amazonian black-water river, as evidenced by 32P label experiment.
Hydrobiologia 215, 153-162.

Henderson & Holmes (1991). On the population dynamics of dab, sole and flounder in
the lower Severn estuary, England. Neth. J. Sea Res. 27 (3/4), 337-344.

Henderson, James & Holmes (1992). Trophic structure within the Bristol Channel:
seasonality and stability in Bridgwater Bay. J. Mar. Biol. Ass. UK. 71, 675-690.

Bamber, R.N. & Henderson, P. A. (1994). Seasonality of caridean decapod and mysid
distribution and movements within the Severn Estuary and Bristol Channel. Biol.
J. Lin. Soc. 51, 83-91.

Henderson, P. A. & Seaby, R. M. H. (1994). On the factors influencing juvenile flat fish
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Summary

" The fish community of the Hudson Estuary has been continuously changing
since systematic recording began in the 1980s.

* There are clear indications both at the community and individual population
level that the populations of fish in the estuary are becoming less stable and
showing greater year to year variation in abundance.

* Of the 13 key species subject to intensive study, three species, striped bass,
blue fish and spottail shiner have shown a trend of increasing abundance
since the 1980s. The other 10 species have declined in abundance, some
greatly.

* Many other important species of fish are also showing long-term declines in
abundance. For example, the American eel has greatly declined.

" There has been a recent increase in average water temperature and a
decrease in dissolved oxygen levels. This may be influencing some of the
changes observed and will increase the impact of thermal discharges.

* All the evidence points to the Hudson ecosystem presently being in a state of
change, with declining stability. Neither the ecosystem as a whole, nor many
of the individual species' populations, are in a healthy state.
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The Status of Fish Populations and the Ecology of the Hudson

I Introduction
Riverkeeper asked Pisces Conservation to assess the state of the fish in the Hudson,
using the latest available data. This report reviews the fish populations and ecology
of the Hudson using the 2005 Year Class Report for the Hudson River Estuary
Monitoring Program, reports and assessments prepared by the New York State
Department of Environmental Conservation (NYSDEC) and the Atlantic States
Marine Fisheries Commission (ASMFC), as well as recently published materials and
other literature.

2 Large scale and synoptic features

As we will describe below, the fish community is not stable in the Hudson. The
ecosystem appears to be declining in terms of stability. The estuary is in a state of
flux, with temperatures increasing, dissolved oxygen decreasing, invasive species,
including diseases, expanding their range, and indigenous species both increasing
and decreasing.

Because the physical environment is the foundation upon which the biological world
is built, we first consider recent changes in temperature and oxygen levels in the
estuary. Both these variables are influenced by the power plant discharges. The
natural temperature regime in the Hudson is notably extreme for a temperate
estuary, with one of the largest known seasonal ranges for a large estuarine habitat.
This in turn influences the fish community, and makes the species present
particularly vulnerable to changes in temperature, or the local effects of a power plant
cooling water discharge.

2.1 Temperature in the Hudson
Water temperature in the Hudson is increasing. This is clearly demonstrated by the
statistically significant increase in mean average annual water temperature measured
at Poughkeepsie Water Treatment Facility (Figure 1). The mean annual temperature
in recent years is about 2 °C (3.6 OF) above that recorded in the 1960s.
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Figure 1: Average Annual Water Temperature (°C) as Measured at Poughkeepsie's
Water Treatment Facility, 1951 to 2005.
(a = 0.0146, b =-16.32, F =11.1157, p = 0.0016) - Data from 2005 Year Class Report -

Appendix B Table B - 6

Examination of the daily temperatures for 2005 plotted against the mean, minimum
and maximum temperatures from 1951 to 2004, show that the temperature for
several summer months in 2005 was close to the maximum ever recorded. However,
in the winter, it also reached some of the lowest temperatures recorded over a 53-
year period. In summary, the temperature regime is becoming more extreme.
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Figure 2: Poughkeepsie's Water Treatment Facility Data, Mean, Minimum, And
Maximum Temperature (°C) for Each Day of the Year, 1951 to 2004, with 2005 data
plotted in red.
Data from 2005 Year Class Report - Appendix B Table B - 5

2.2 Thermal tolerance of fish species found in the Hudson
The effects of temperature on the biology and ecological requirements of fish have
been extensively studied and reviewed. Temperature can affect survival, growth and
metabolism, activity, swimming performance and behaviour, reproductive timing and
rates of gonad development, egg development, hatching success, and morphology.
Temperature also influences the survival of fishes stressed by other factors such as
toxins, disease, or parasites. Many of these effects-will occur well belOw the upper lethal
temperature, which are tabulated below for a range of common Hudson fish. In Table 1, the
upper temperature that a range of Hudson River fish can tolerate is given, together with the
acclimation temperature. When no size is given, the values are for adults. Generally, young
and small fish are more vulnerable to elevated water temperatures than adults. Maximum
summer water temperatures in the Hudson are about 81 IF (27.2 °C), which the table
shows most fish can just tolerate. For some, such as the tomcod, it is too hot and
they must seek cooler waters (for example head towards the ocean).

The least temperature-tolerant of the species in Table 1 are tomcod, alewife, rainbow
smelt, yellow perch and American shad. As will be discussed later, this list includes species
that have seen recent large declines in abundance.

© Pisces Conservation Ltd., 2007 3
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Table 1: The upper tolerance limit for common Hudson estuary fish. The temperature at
which the fish were acclimated prior to testing is also given.

Species Latin Name Acclimatization Upper tolerance limit
temperature 0C 0C

,Carp Cyprinus carpio 20 31-34
Large mouth bass Micropterus salmoides 20 32.5

30 36.4
Blue gill Lepomis macrochirus 15 30.7
3-spined Gasterosteus 25-26 30.6
stickleback aculeatus
Yellow perch Perca flavescens 15 27.7
Alewife Alosa pseudoharengus 15 23
Rainbow smelt Osmerus mordax 21
Sea lamprey Petromyzon marinus 34
Tomcod Microgadus tomcod 19-20.9

2 cm
14-15 cm 23.5-26.1
22-29 cm 25.8-26.1

Common shiner Notropis cornutus 15 30.3
Brown bullhead Ictalurus nebulosus 15 31.8
Striped bass Morone saxatilis Mortalities start at 26

yolk sac
Post yolk sac Mortalities start at 30

Early juveniles Mortalities start at 34
American shad Alosa sapidissima 28
White perch Morone americana 32-34

2.3 Oxygen in the Hudson
The temperature of water has a direct effect on the dissolved oxygen (DO)
concentration, which declines with increasing water temperature. This results in
many fish and other aquatic organisms living in below-optimal oxygen levels during
hot summer periods. As would be predicted, the significant upward trend in
temperature has resulted in a statistically significant downward trend in DO (Figure 3)
and (Figure 4). The sharp decline in DO in 2004 and 2005 is particularly notable.
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Figure 3: Average Annual Dissolved Oxygen (mg/I) from Long River/Fall Juvenile
Surveys, 1974 to 2005 - (a =-0.01 61, b = 39.7804, F = 6.4047, p = 0.0169)
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Figure 4 Average Annual Dissolved Oxygen (mg/I) from Beach Seine Surveys, 1974 to
2005 - (a =-0.0322, b = 71., F =9.5142, p = 0.0044)
Data from 2005 Year Class Report - Appendix B Table B - 16

Given the considerable efforts that have been taken to reduce organic pollution, and
the great improvement in water quality in the vicinity of New York City, these declines
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in DO are disappointing, and potentially important indictors of a decline in water
quality for fish.

The distribution of DO within the water column is complex. It can be affected by many
factors including tidal flow, riverine metabolism, stratification and atmospheric
diffusion. A typical profile of DO versus depth is shown in Figure 5.

:tjitcn P - 7Y3-4, 1,T05

. . . .E4

-- - --- -- - --- - -- -- -- -- . ... .... ..... ... .... .... .... ... . .... ...

DO (r'n!g F')

Figure 5: Typical depth profiles of DO measured on 3-4 July 1995 at Haverstraw Bay.
Profiles for three sample times are shown for each station. (Swaney et al 1999)

This figure shows that the amount of oxygen in the water is often higher at the
surface, and is increased during daylight hours as result of oxygen released by
photosynthesis. The levels of DO are often reduced overnight as oxygen is
metabolised by the organisms in the river.

3 The abundance of fish

3.1 The Annual Year Class Index
Since 1973, data have been collected from the Hudson in an attempt to quantify the
size the populations of 16 species of fish that are found in the Hudson. The 16
species of fish were identified by the New York State Department of Environmental
Conservation (NYSDEC) as being of interest in relation to the Hudson Settlement
Agreement power plant's environmental impact. The data collection changed
significantly in 1988, when a new area (Battery) was introduced to the sampling.

The fish of the Hudson live in many different parts of the river, in many different
habitats. No single method of surveying fish can adequately represent this variation.
The Year Class is therefore estimated from three separate studies (Table 2).
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Table 2: Names and lengths of the three surveys that make up the Annual Year Class
Index
Name Dates Known as
Long River Ichthyoplankton Survey 1974-2005 LRS or Long River Survey
Fall Juvenile Survey 1979-2005 FJS or Fall Shoals Survey,
Beach Seine Survey 1974-2005 BSS

3.1.1 Brief descriptions of each survey.

3.1.1.1 Longitudinal River Ichthyoplankton Survey
Sampling encompassed the entire length of the Hudson River estuary, from River
Mile (RM) 1 at the Battery in Manhattan to RM 152 at the Federal Dam in Troy.

The LRS is designed to estimate the numbers, and distribution of eggs, larvae and
post yolk sac larvae for selected Hudson River fish species - it also catches some
juveniles. The primary species were Atlantic tomcod (Microgadus tomcod), American
shad (Alosa sapidissima), striped bass (Morone saxatilis), white perch (M.
americana) and bay anchovy (Anchoa mitchilli). LRS sampling is undertaken during
the peak period for the young life stages of the fish, which is spring, summer, and
early fall.

The survey is undertaken using a lm tucker trawl towed upstream. The tucker trawl
is mounted on an epibenthic sled to sample the deeper waters. 3,647 trawls of 5
minutes' duration were collected in 2005, of which 2,433 were analysed (where
multiple trawls were available for the same area and week only a subset are
analysed).

3.1.1.2 Fall Juvenile Survey

Samples are collected every other week from the Battery to the Troy Dam in mid-
summer and fall.

The FJS is designed to estimate the number of Young of the Year (YOY) fish in the
Estuary and their distribution. The target species are Atlantic tomcod, American
shad, striped bass, and white perch.

The survey is undertaken using a 1m tucker trawl and a 3m beam trawl towed
upstream. 2,002 5-minute trawls were collected in 2005.

3.1.1.3 Beach Seine Survey (BSS)

Samples were collected in alternate weeks to those of the FJS, using a beach seine
from mid-June through October. The samples are taken from George Washington
Bridge (RM 12) to the Troy Dam.

The BSS is designed to estimate the number of Young of the Year (YOY) fish in the
Estuary and their distribution. The target species are American shad, Atlantic
tomcod, striped bass, and white perch during periods when these species were
concentrated primarily in the shallow, near-shore areas.

The survey is undertaken using a 30.5m beach- seine. The area sampled was
approximately 450m2 per haul. 1000 hauls were collected in 2005.

© Pisces Conservation Ltd., 2007 7
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The methods and scope of the survey are summarised in Table 3.

Table 3: Summary of 2005 Hudson river surveys (2005 Year Class Report Table 2-2).
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3.1.2 Where in the river is sampled
The 13 sections of the river (Figure 6), were divided into four habitat types:

* Shore - That portion of the Hudson River estuary extending from the shore to
a depth of 10 ft (the stratum defined only for BSS).

* Shoal - That portion of the Hudson River estuary extending from the shore to
a depth of 20 ft at mean low tide.

* Bottom - That portion of the Hudson River estuary extending from the bottom
to 10 ft above the bottom where river depth is greater than 20 ft at mean low
tide.

" Channel - That portion of the Hudson River estuary not considered bottom
where river depth is greater than 20 ft at mean low tide.

Sampling is spread among the different habitats and river sections, throughout the
year. Table 4 shows where the samples were taken from for each survey type.
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Table 4: Habitat samples in the 13 regions of the Hudson in 2005 ( - indicates no
sampling scheduled)

River 2005 Surveys

Region Abbreviation River Miles Kilometers Shore Shoal Channel Bottom

Battery BT 1-11 1-19 - - X X

Yonkers YK 12-23 19-39 X X X X

Tappan Zee TZ 24-33 39-55 X X X X

Croton-Haverstraw CH 34-38 55-63 X X X X

Indian Point IP 3946 63-76 X X X X

West Point WP 47-55 76-90 X - X X

Cornwall CW 56-61 90-100 X X X X

Poughkeepsie PK 62-76 100-124 X - X X

Hyde Part HP 77-85 124-138 X - X X

Kingston KG 86-93 138-151 X - X X

Saugerties SG 94-106 151-172 X - X X

Catskill CS 107-124 172-201 X - X X

Albany AL 125-152 201-246 X - X X

© Pisces Conservation Ltd., 2007 9,
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Hudson River Surveys.
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3.1.3 What ages of fish are sampled
During the sampling, several different life stages of fish are caught: The definitions
for each stage are given in Table 5.

Table 5: Life stages of fish sampled
Egg Embryonic stage from spawning to hatching
Yolk Sac Larvae (YSL) From hatching to development of a complete and

I_ _ _ I functional digestive system
Post Yolk Sac Larvae From development of a complete digestive system to
(PYSL) transformation to juvenile form
Young of Year (YOY) From completed transformation to Age 1.

An index is calculated separately for each of the life stages. For some species only
some life stages are well-sampled. For example, bay anchovy breeds at the mouth of
the estuary and therefore an index is only calculated for YOY.

3.1.4 How the fish are counted

Each of the three surveys used slightly different methods to catch the fish. Each
method has advantages and disadvantages, and a direct one-to-one comparison of
the results is not meaningful: Therefore, a series of indices derived from the catch
data are used to combine the data into a single value, indicating the population size.

3.1.5 Calculations of the index

Gathering fish sampling data, and processing that information, is not a
straightforward procedure. To obtain a reasonable estimation of how many fish of
what age are in the Hudson in any year requires three separate surveys, which are
undertaken over several months. Combining the data from these surveys is complex,
as the efficiency of the fishing gear, effort used in each survey, and the age of the
fish is different.

In a survey that is carried out over many years, it is inevitable that some factors will
change between years. This can occur in several ways. For example, each year the
total number of samples and volume sampled will vary (Figure 7 and Figure 8) due to
gear failure, weather and management decisions. In addition, sample sites may be
added or removed from the survey, altering the coverage of fish species; for instance
the introduction of sampling in the Battery area in the mid-1980s improved the
estimate of Bay Anchovy numbers.
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Figure 7: The number of samples per year for the three Hudson River surveys
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Figure 8: The volume of water sampled in the Long River Survey and the Fall Juvenile
Survey.

To cope with the variations in the sampling between years, and also the sampling
effort in different areas, an index needs to be calculated that indicates how many fish
are present in each year. The actual calculation is complex, but in essence the
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number of fish actually caught is adjusted in each life stage to a number representing
the number caught under some standardized sampling effort.

As a simple example, if 200 fish were caught in a survey of 50 samples in one year,
and 100 fish were caught in 10 samples the next year, the index might be
standardised at 25 samples, giving an index of 100 for year one and 250 in year two.

Full explanations are given in the 2005 Year Class Report Pages 2-11 to 2-17.

3.2 Changes in community structure
The extensive data sets produced by the Long River, Fall Juvenile and Beach Seine
Surveys allow a general analysis of the change in fish community structure since the
1980s.

Since 1985, there is no evidence for an appreciable change in total fish species
number in the estuary. However, this apparent stability hides great changes in the
actual species present and their relative abundances. To compare the structure of
the communities through time the annual abundance data from all three surveys
were analysed, using a number of multivariate statistical methods. As all the methods
investigated lead to the same conclusion, we use here Principal Components
Analysis, which is a standard technique familiar to most scientists.

Figure 9 clearly shows that there has been a progressive change in the fish
community sampled by all three surveys. Samples collected in the 1980s form a
relatively tight group, indicating that the community during this period changed little
from year to year. In comparison, the community post 1997 is considerably different
and shows increased between year variability. For example, the plot for the beach
seine survey shows that the cluster of points for the 1980s (red points and
perimeter), 1990s up to 1997 (blue points and perimeter) and post 1997 to present
(green points and perimeter) form clearly different clusters and the area enclosed by
their perimeters is gradually increasing in size. It can be concluded that the fish
community has been changing rapidly since 1985 and is showing clear signs of
increased instability.
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Figure 9: Principal Components Analysis of fish survey data show the change in the
community from the 1980s to the present.
In each plot the 1980s are in red, later years are plotted in blue or green. - Data from 2005
Year Class Report - Appendix C Tables C-1 to 3
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3.3 Trends in abundance of the 13 key species

As an index.of total fish abundance trends, the average change in the abundance
index of the 13 key species reported in the river survey, was calculated (Figure 10).
To calculate this index, each species index was rescaled to a maximum of 1. This
was done by dividing all the indices for a species by the maximum index for that
species. This gives equal weighting to all species and allowing a general trend in
abundance to be summarised. If the data had not been standardized the trend would
have simply reflected the trend in the most abundant species.

Figure 10 shows a statistically significant downward trend, indicating that the majority
of the 13 key species are in long-term decline. Around this declining trend there is
considerable variability so that little can be inferred from an examination of. a few
isolated observations.

Figure 10: Plot of the average standardised abundance index of the'13 key species
recorded in the long river survey - Juvenile data
All species standardized so maximum value = 1 Data from 1979 - 2005. (a = -0.0062, b =
12.60, F = 8.647, p = 0.007) - Data from 2005 Year Class Report - Appendix D Table D - 2
to 14

In terms of the trend in abundance, the 13 key species can be divided into those with
an increasing trend, and those showing a decline. The three increasing species are
striped bass, spottail shiner and bluefish (Figure 11). All the other 10 species show
declining trends (Figure 12).
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Figure 11: Three positive trends of species - indices standardised to 1
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Figure 12: Ten species with negative relationships - indices standardized to 1.

4 Hudson River Fish Populations

4.1 Striped Bass (Morone saxatilis)
Striped bass are anadromous (marine fish that breed in freshwater) members of the
temperate bass family. They are found from the St Lawrence River in Canada to
Florida. The species has been introduced successfully into several freshwater
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systems. The Hudson is one of the main breeding rivers for this species. They breed
from 4 years old and can live for many years. In the Hudson, spawning occurs from
mid May to mid June in the middle reaches of the river. As adults they. are top
predators.

Striped bass populations are known to be doing well in the north east coast of the
USA, and the population has shown a steady increase from the early 1980s (Figure
13). This improvement is shown in the Hudson River Data (Figure 14). The Hudson's
population increase is possibly linked to a number of factors, including the reduction
of fishing pressure and the improvement in water quality in the vicinity of New York
harbour and Long Island Sound increasing the available nursery habitat.
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Figure 13: Striped Bass population abundance estimates, from 2004 ADAPT model.
(Committee for the Atlantic Striped Bass Management Board 2005)
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Figure 14: The juvenile index for Striped Bass in the Hudson showing a increasing
trend though time.
Data from 2005 Year Class Report - Appendix D Table D - 2

In addition to the Year Class Reports, data is collected by the NYSDEC (2006) on the
status of the striped bass in the New York. This data again shows a large increase in
the numbers of the young of year Figure 15), and correlates well with the juvenile
index from the Year Class Report (Figure 16).
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Figure 15: The NY State Hudson River Index of Relative Abundance for YOY Striped
Bass (NYSDEC 2006 - table 20)
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Figure 16: The relationship between the NY State Hudson River Index of Relative
Abundance for YOY Striped Bass and the Utilities Striped bass juvenile index.

4.2 Spottail Shiner (Notropis hudsonius)
The spottail shiner is a small minnow, which lives in freshwaters in many parts of
Canada and the United States. In the Hudson it lives in the middle and upper
reaches of the estuary. They are opportunistic predators feeding on a wide range of
foods.

The spottail shiner has generally increased in abundance, but has also become far
more variable in abundance (Figure 17). This fish particularly favours vegetated
shallows, and Strayer et al. (2004) showed that species in the Hudson which
preferred vegetated habitat have done well since the invasion of zebra mussel,
Dreissena polymorpha. This mussel is a highly efficient filter feeder, and has made
great changes to the ecosystem, increasing light penetration and increasing plant
grow. Strayer et al. (2004) suggests that this has resulted in both an increased
population of spottail shiner, and a change in their distribution.
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Figure 17: The juvenile index for Spottail Shiner in the Hudson showing a increasing
trend though time.
Data from 2005 Year Class Report - Appendix D Table D - 11

4.3 Bluefish (Pomatomus saltatrix)
The bluefish is a predaceous oceanic fish, which is found in the western Atlantic. It
comes inshore from May to November. Juvenile fish migrate into estuaries and bays,
which they use as nursery grounds. In the Hudson they are commoner in the higher
salinity regions of the estuary.

The index of juvenile bluefish shows a slight increase over the sampling period
(Figure 18). The species population was particularly large in 1999, 2001 and 2002.
However, abundance has now declined to levels similar to those observed in the
1980s, suggesting that there is no sustainable long-term increase in abundance.
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Figure 18: The juvenile index for Bluefish in the Hudson
though time.
Data from 2005 Year Class Report - Appendix D Table D - 8.
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showing a increasing trend

The biomass of bluefish is estimated in the Atlantic each year by the Atlantic States
Marine Fisheries Commission. The numbers of fish dropped from 1982 to 1994, but
have subsequently been slowly recovering (Figure 19). The juvenile numbers in the
Hudson show a similar decline in the mid 1990s but seem to have recovered faster.

Esffinated Bl3efsh Biomassý 1982 - 2005
Source: AMSFC Bluefish Technial Comfl•iee, 2006
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Figure 19: Estimated bluefish biomass -from the 65th Annual Report of the Atlantic
States Marine Fisheries Commission 2006 (2007)

4.4 White Perch (Morone americana)
White perch are similar to striped bass, but only grow to a fraction of the size. White

perch are estuarine, and are found from Canada to Carolina, and in fresh waters
near the coast. They over-winter in the lower estuary, and migrate upstream to
freshwater to breed. In the Hudson, breeding usually occurs between mid May and
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early July, primarily north of Croton Bay. In the Hudson, some fish mature at 2 but
most at 3 to 4 years old.

White perch are showing a decreasing trend in the adjusted index over time (Figure
20). The species reached a particularly low point in the late 1990s, though
subsequently it has staged a mild recovery. This species appears to be becoming
more variable in abundance since the mid 1990s. In the last 10 years, the white
perch abundance index holds the 3 lowest as well as 2 of the highest abundance
indices. Increased variation in a population can be an indicator of a species under
stress.
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index for White Perch in the Hudson showing a decreasingFigure 20: The juvenile
trend though time.
Data from 2005 Year Class Report - Appendix D Table D - 3

The recent decline in white perch abundance is much more clearly shown in the
changing abundance of yearling and older age classes (Figure 21). As was the case
for juvenile abundance, the between-year variability is highest in the latter part of the
time series. As a population becomes dependent on only one or only a few year
classes to reproduce, it is inevitable that the between-year variation will become
larger. For example, in an extreme case, where there is only a single age class
reproducing, say at 5 years old, there will only be recruits after 5 years.
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Figure 21: The index for yearling White Perch in the Hudson showing a decreasing
trend though time. The trend is significant (a = -0.1264, b = 253.81, F = 17.72, p =
0.0002).
Data from 2005 Year Class Report - Appendix D Table D - 3

It is widely accepted that white perch are in decline and the present population size is
probably 50% or less of that present in the 1970s and 1980s (See FEIS page 62,
NYSDEC 2007).

4.5 Atlantic tomcod (Microgadus tomcod)
The Atlantic tomcod is an inshore species that ranges from Labrador to the
Chesapeake Bay. It is anadromous, and reaches its southern spawning limit in the
Hudson. Tomcod enter estuaries in mid winter to spawn in brackish water. The main
spawning area in the Hudson is between West Point and Poughkeepsie. They are
unusual in that their growth slows and stops as the water temperature rises.

There are no reliable records of tomcod abundance before the 1970s. The Atlantic
tomcod population is showing considerable year-to-year variation, but appears to be
in long-term decline (Figure 22). The average standardised index from 1975 until
1995 is 0.158, in comparison the index for the last ten years of sampling (1996-2005)
is only 0.0617. In the last 10 years only 2001 produced a good recruitment, although
there are signs of a recent slight improvement in Atlantic tomcod numbers.
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Figure 22: The juvenile index for Atlantic Tomcod in the Hudson showing a decreasing
trend though time.
Data from 2005 Year Class Report - Appendix D Table D - 4

There is also an annual survey of the tomcod to estimate its breeding population
(Normandeau Associates, 2007). This survey uses a range of techniques to look at
the structure and size of the tomcod population. These data are used to estimate the
size of the breeding population each year. Figure 23 shows a similar decline in
numbers as seen in the juvenile index, above.
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estimates of the Hudson River Atlantic tomcod spawning
population, winters of 1982-1983 through 2004-2005 (From Normandeau Associates,
2007)

The fate of tomcod may be related to river water temperature. The tomcod is a small,
short-lived member of the cod family. Because it is at the southern extremity of its
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geographical range within the Hudson Estuary, sensitivity to climatic factors,
particularly temperature would be anticipated.

4.6 Bay Anchovy (Anchoa mitchilli)
The bay anchovy is a small fish of inshore waters, found along the whole of the
United States coast. It is tolerant of a range of salinities, and will remain in estuaries
the whole year. Bay anchovy are a shoaling fish that feed on plankton. They are
short lived, rarely living for more than 2 years. They spawn in the lower part of the
Hudson, with each female spawning many times in a single year.

Bay anchovy populations can occasionally reach high abundances, as was observed
in 1988, 1989 and 1995 (Figure 24), but this cannot hide a long-term declining trend
in abundance. The present population abundance is lower than those observed pre-
2000. Schultz et al (2006) noted that the abundance of adults in the Hudson has
declined 10-fold from the peak levels observed in the late 1980s.
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Figure 24: The juvenile index for Bay Anchovy in the Hudson showing a decreasing
trend though time.
Data from 2005 Year Class Report - Appendix D Table D - 5

Schultz et al (2006) noted a negative correlation of anchovy abundance with that of
PYSL striped bass, and a positive correlation with PYSL and juvenile tomcod
abundance. They suggest that the positive correlation between tomcod and bay
anchovy is probably due to both having negative correlations with striped bass. Thus,
the observed decline may be linked to the increase in abundance of the predatory
striped bass.

4.7 American Shad (Alosa sapidissima)
American shad are the largest of the North American species of anadromous
herrings. They may live to 13 years and usually become sexually mature after 2-6
years at sea. They have a well-developed homing ability. They are found from
Newfoundland to Florida. They return to sea after spawning. Most spawning occurs
in May in the upper estuary in the Hudson.
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The American shad shows a significant decreasing trend in juvenile abundance
(Figure 25). Three of the five lowest indices have been in the last 5 years. The
notable exception is 2001, with one of the highest recruitments since regular
sampling began.
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Figure 25: The juvenile index for American Shad in the Hudson showing a decreasing
trend though time. The trend ,is significant (a = -0.2593, b = 527.872, F = 5.8069, p =
0.0223).
Data from 2005 Year Class Report - Appendix D Table D - 6

American shad has been declining in the Hudson for many years because of
overfishing, pollution and other anthropomorphic effects (Figure 26). Even in the
1970s and 1980s, the population was a small fraction of historical abundance (see
Figure 26 for the trend in commercial landings). In an attempt to allow the shad
population to recover, the ocean intercept fishery was closed in 2005, and further
restriction on river fishing introduced (Atlantic States Marine Fisheries Commission
2007).
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Figure 26: Catches of American shad in New York State. Most of the catches are from

teHudson. Top panel: trends since 1880. Bottom panel: trends since 1950.
Note differences in scale. Sources: National Marine Fisheries Statistics, Walburg and Nichols
(1967). Taken from Limburg et a1 2006.

The Atlantic States Marine Fisheries Commission (2007) also indicates that the
American shad is not doing well. The juvenile abundance index showed an increase

in the early 1980s: It has since declined and reached its lowest ever value in 2001. It
presently remains at this low level (Figure 27).
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Figure 27: The juvenile abundance indices -American Shad, (beach seine and post-
yolk sac larval).
From Atlantic States Marine Fisheries Commission, 2007.

4.8 Alewife (Alosa pseudoharengus)
Alewife is similar to but smaller than the American shad, and is indistinguishable from
blueback herring when young. Alewife spawn most actively when the water is 51-
71'F. They prefer slow moving waters, spawning in the upper estuary and spreading
to the middle portion of the Hudson as they grow. It is an anadromous species found
from Newfoundland to South Carolina, which starts spawning at 3-4 years old and
can live for around 9 year. It feeds on plankton but will take small fish and fish eggs.

The Alewife juvenile index shows a declining trend in the Hudson (Figure 28).
However, this trend is far from clear and possibly the more important feature has
been the increase in between-year variability in juvenile abundance. Alewife had very
low abundance indices in 1998 and 2002, and high indices in 1999 and 2001. This
suggests a population that is becoming destabilised and more dependent on
occasionally good recruitment years.

Daniels et al 2005, state that

There is a negative correlation between the number of
alewife larvae exiting Hudson River tributaries and the
degree of watershed urbanization (Limburg and Schmidt
1990). Overfishing of stocks has led to the decline of once
abundant commercially important species (e.g., Bain et al.
2000; Limburg.et al. in press)
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Figure 28: The juvenile index for Alewife in the Hudson showing a decreasing trend
though time.
Data from 2005 Year Class Report - Appendix D Table D - 7

4.9 Blueback Herring (Alosa aestivalis)
Blueback herring is also similar to but smaller than the American shad, and is
indistinguishable from Alewife when young. Blueback herring spawn in May,
preferring fast flowing waters in the tributaries. They spawn in the upper estuary and
spread to the middle portion of the Hudson as they grow. Blueback can be found
from Nova Scotia to Florida.

The Blueback herring juvenile index has decreased over the study period (Figure 29),
with a particularly marked decline post 1999. Strayer et al (2004) suggest that the
zebra mussel (Dreissena polymorpha) has changed the food web within the Hudson,
and that this may have reduced herring food resources. Blueback herring used to
feed extensively on planktonic crustaceans, however the changes in primary
production caused by the zebra mussels appears to have caused them to switch their
diet to littoral and benthic macroinvertebrates (Daniels, 2005). Note that at the
threshold to the collapse in population abundance, blueback herring had their largest
juvenile abundance.
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Figure 29: The juvenile index for Blueback Herring in the Hudson showing a
decreasing trend though time.
Data from 2005 Year Class Report - Appendix D Table D - 8

4.10 Rainbow Smelt (Osmerus mordax)
The rainbow smelt is a salmon-like fish which is found from the northern part of the
western Atlantic and in many naturally land-locked populations. They can spend most
of the year within estuaries. The rainbow smelt spawns in the lower reaches of
tributaries at night. They mature at 1 to 5 years old. Historically, juvenile fish were
found in mid June to August in the middle and lower estuary.

Juvenile Rainbow smelt have disappeared from the survey since the mid 1990s
(Figure 30). This may to be due to a change in their distribution, possibly due to the
invasion of zebra mussels, which occurred from 1992 onward (Strayer 2004).
However, as shown in Table 1, rainbow smelt has one of the lowest upper
temperature tolerances of Hudson fish. It is therefore possible that the species has
declined because of rising water temperatures.
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Figure 30: The juvenile index for Rainbow Smelt in the Hudson showing a decreasing
trend though time.
Data from 2005 Year Class Report - Appendix D Table D - 9

4.11 Hogchoker (Trinectes maculatus)
The hogchoker is a small flatfish, maturing at around 4.5 in. and growing to about 8
in., which tolerates a wide range of salinities and is found from Massachusetts Bay to
Panama. They overwinter in low salinity areas of estuaries, and spawn in the lower
reaches of the estuary in. spring and summer. The young move upstream after
hatching.

The hogchoker has shown little trend in
there were some large recruitments
abundance has been low and it is now 11

abundance since the 1970s (Figure 31) and
in the 1980s and 90s. However, recent
years since the last large recruitment.
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Figure 31: The juvenile index for Hogchoker in the Hudson showing a slight decreasing
trend though time.
Data from 2005 Year Class Report - Appendix D Table D - 10

4.12 White Caffish (Ameiurus catus)
White Catfish are naturally found in freshwater, and are found in all the estuaries
along the Atlantic coast from the Hudson to Florida. They are slow growing, maturing
at 3-4 years old. They move into freshwater to breed, building nests on sand or
gravel. They breed in late June and July when the water temperature reaches 70'F.
Young fish eat insects, while larger fish are piscivorous.

White caffish have been in steep decline in abundance from 1990 onwards (Figure
32). The reasons for this loss are unknown.
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Figure 32: The juvenile index for White Catfish in the Hudson showing a decreasing
trend though time. The trend is significant (a = -0.0017, b = 3.3476, F = 14.0414, p
0.0008).
Data from 2005 Year Class Report - Appendix D Table D - 12

4.13 Weakfish (Cynoscion regalis)
Weakfish are found from New York to North Carolina, offshore in the winter, moving
inshore during the spring. Spawning occurs inshore, with larvae rarely being found
north of the George Washington Bridge. From June to October the juveniles use the
Hudson, with the greatest numbers being found in July

Weakfish have been in steep decline in abundance from 1990 onwards (Figure 33).
The reasons for this loss are unknown.
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Figure 33: The juvenile index for Weakfish in the Hudson showing a decreasing trend
though time. The trend is significant (a = -0.0246, b = 49.2626, F = 7.0811, p = 0.0134).
Data from 2005 Year Class Report - Appendix D Table D - 13

5 Comment on the 2005 Year Class Report.

Section 4 of the 2005 Year Class Report (ASA, 2006), section 4.1.2, examines the
overall heath of the estuary. At the end of the section the report states:

In all, it appears that the Hudson River estuary has a healthy and
robust fish population.

This assertion conflicts with paragraph 5, which mentions that several freshwater fish
species have disappeared, and others been found:

When the individual species in the freshwater assemblage are
examined, there are several species that occurred consistently in
the early years and not in the later years, such as cutlips minnow,
common shiner, blacknose dace, redfin pickerel, Iongnose dace,
and trout perch. Conversely, there are several species that were not
present in the early years but have been recorded recently, such as
brook silverside, channel catfish, and freshwater drum.

The Year Class Report also note increases in the number of marine species found,
attributing it to water quality and sampling changes, and several changes in the
estuarine species. For anadromous fish, the report again noted declines - this time
attributing the decline to effects outside of the Hudson River:

Declines h the abundance of this anadromous species appear to
have occurred to all stocks throughout their geographic range and
appear a result of factors outside of the Hudson River, including
overfishing in open ocean waters.
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The report describes many changes in the fish population of the estuary, with several
species disappearing, new species being found, major declines and increases in the
fish species monitored, and yet still summarises the results as:

There -is no evidence. of any substantial long-term changes in
composition or abundance of the fish community over the 32-year
period, 1974-2005

It seems difficult to reach such a conclusion, using the analysis presented in the 2005
Year Class Report. Thereport notes several significant changes, yet always finds
some other potential cause.

The impact of Indian Point is the largest of several impacts from once-through
cooling on the Hudson. When all the power plants are considered, the impact is
large. Indeed the NYSDEC Water Quality 2006 Report (2007) states

Tens- to hundreds-of-millions of eggs, larvae, and juvenlle fishes of
several species are killed per year for once-through users. The
cumulative impact of multiple facilities substantially reduces the
young-of-year (YOY) population for the entire river.

The NYSDEC go on to state that in some years these effects have been very large,
and provide examples, shown in Table 6. All the species show between 33 - 79%
reductions in Young of Year population.

Table 6: Percentage reduction in selected years in the number of September I st Young
of Year fish attributable to the operation of the power plants in the Hudson (NYSDEC.
2007)

Species Year % reduction - % reduction -
no through- power plants estimated

plant survival through-plant survival
Spottail shiner 1977 79 25
Striped bass 1986 63 27
American Shad 1992 60 52
Atlantic tomcod 1985 53 44
Alewife, and blueback 141992 45 39
herring combined
White perch 1983 44 30
Bay anchovy 1990 . 33 33

6 Summary
The fish community of the Hudson Estuary has been Wiell-studied from the mid
1980s. It has been continuously changing since systematic recording began in the
1980s. There have been many environmental changes during the sampling, with
significant improvements in water quality in some parts of the estuary.

There are clear indications, both at the community and individual population levels,
that the populations of fish in the estuary are becoming less -stable and showing
greater year to year variation in abundance.

Of the 13 key species subject to intensive study, three species, striped bass, bluefish
and spottail shiner, have shown a trend of increasing abundance since the 1980s.
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The other 10 species have declined in abundance, some greatly. There were
significant negative trends between yearling white perch, and juvenile American
shad, white catfish and weakfish. Many other important species of fish are also
showing long-term declines in abundance. For example, the American eel has greatly
declined.

There has been a recent increase in average water temperature and a decrease in
dissolved oxygen levels. This may be influencing some of the changes observed and
will increase the impact of thermal discharges. It is important to factor in potentially
increasing water temperatures in any discussion of Hudson River fishl Small rises in
the background temperature could have a significant effect on the impacts of thermal
discharges into the river.

Power companies states that there are not any negative trends in the Hudson River
fish populations attributable to the plant operation, this despite the NYSDEC (2007)
firfding that the power plants can reduce several of the common fish species
recruitment by between 33 and 79% in a year. Even if the power companies are not
the sole cause of degradation of the Hudson River fish community, the loss of such
high proportions of the fish populations must be important.

All the evidence points to the Hudson ecosystem presently being in a state of
change, with declining stability. Neither the ecosystem as a whole nor many of the
individual species populations are in a healthy state.
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Entrainment, Impingement and Thermal Impacts at
Indian Point Nuclear Power Station.

Pisces Conservation Ltd, November 2007

1. Summary
* The entrainment and impingement mortality of fish caused by the Indian Point

power plant is reviewed and quantified.
* Entrainment and impingement mortality each year is in the order of billions

and hundreds of thousands of fish respectively.
* The data used recently by Entergy to assess this impact are old, having been

gathered between 1980 and 1990. Since then, the estuary has changed
considerably, with several species declining in abundance, and some
species, most notably striped bass, increasing. There have been large
changes in the river environment and important biological invasions.

* For the 6 fish species for which data are available-American shad, bay
anchovy, river herring (comprising 2 species alewife and blueback herring),
striped bass, and white perch-the station entrain 1.2 billon eggs and larvae a
year.

* Entrainment data for Atlantic tomcod are not available, but are likely to be
significant, with an estimated conditional mortality rate (CMR) indicating that
12% of the tomcod population are being killed by Indian Point each year.

" Entrainment occurs from February to September, with peaks in March for
tomcod, and June for the other species.

* Modern data suggest that striped bass entrainment is likely to have increased
by over 750% from the level at the time when the data was gathered.

" The Indian Point stations impinge over 1 million fish a year, and kill between
two and five hundred thousand, dependent upon the assumptions used in
calculation. They kill individuals from several species that are in decline.

* Peak impingement occurs in over winter, in December and January, and in
mid summer.

" The impingement of only eight species has been considered in detail:
American shad, Atlantic tomcod, bay anchovy, alewife, blueback herring,
spottail shiner, striped bass, and white perch.

" The temperature regime in the Indian Point cooling water discharge and the
receiving waters of the Hudson River are reviewed.

" In recent years (2000 to 2007), the discharge temperature regularly exceeded
90°F, and in summer frequently exceeded 1000F. A temperature exceeding
100°F will produce lethal conditions for aquatic life of all. kinds, including
algae, crustaceans and fish.

* Fish can perceive small differences in temperature, and show behavioural
avoidance of even mildly stressful temperatures.

* The spatial and vertical extent of the Indian Point plume is sufficient to raise
concerns about the passage of fish and impacts on the benthic life of the
river.

* The background temperature of the river is increasing, and this will result in
increased harm from thermal pollution if present levels of heat discharge
continue into the future.

" Absolute temperatures of riverine heated effluents of 26°C (780F) or more are
potentially lethal to rainbow smelt and Atlantic tomcod.

* There are no data on the movement or migration of fish in the vicinity of the
Indian Point plume. It is therefore not possible to quantify the effect of this
discharge on fish movement or passage.
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* The impact of the mortalities caused by impingement and entrainment and
thermal discharges on the fish populations of the Hudson is large.

" Entergy's assessment of entrainment and impingement and thermal
discharge is inadequate.

* The impacts that Indian Point is having on the Hudson River fish species are
not quantified fully.

" When considering all aspects of the impact of Indian Point on the aquatic
ecology of the Hudson estuary, Entergy's reliance on old data results in an
inadequate quantification of the impact that Indian Point currently has on the
aquatic environment. Further, the use of such old analyses to project into the
future would be a serious error.
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2. Introduction
The use of direct cooling at power stations kills fish in several ways, most directly
through impingement and entrainment. Water taken into the station for cooling is
screened to remove large objects, including fish. Fish can sustain injury or death by
entering intakes with the cooling water flow and then making physical contact with
screens or filters; the death of fish in this way is termed impingement mortality. Water
that passes through the screens, and then through the cooling system to be
discharged back into the environment, holds small fish, fish eggs and larvae, and
other microscopic organisms. These suffer injury or death through physical contact,
rapid pressure or temperature change, and chemical poisoning from biocides and
other chemicals introduced into the water. The death caused by passage through.a
power station is termed entrainment mortality.

A heated discharge released to surface waters also has damaging effects. Animals in
the receiving water can be suddenly exposed to hot water and biocides in the mixing
zone, resulting in death or injury. In addition, the heating of the local environment can
influence the distribution and movement of fish and other organisms. Finally, there is
the risk that the temperature of the receiving water is raised to a level that excludes
some fish and other organisms from living in the area. This is becoming more likely
as average summer water temperatures increase.

This document examines the estimates of the numbers of fish impinged and
entrained at Indian Point power plant, on the Hudson River. A previous report, The
status of fish populations and the ecology of the Hudson (Pisces Conservation 2007)
gives supporting information.

Indian Point 2 has six two-speed circulating water pumps, designed to pump 140,000
gpm (US gallons per minute) at full speed and 84,000 gpm at reduced speed. Indian
Point 3 has six variable-speed circulating water pumps, designed to pump between
64,000 and 140,000 gpm.'.

This gives the station the ability to intake 2.4 billion gallons of cooling water per day.
This is the largest intake on the Hudson estuary and produces the largest plume of
heated effluent.

3. Entrainment
Very large numbers of fish are entrained at Indian Point; calculations for five fish
species estimate over I billion individuals of those species alone to be entrained
each year (Table 1). The figures given in Table 1 are the total numbers of entrainable
life stages, including eggs, yolk-sac larvae, post-yolk-sac larvae (PYSL), and some
juveniles, for the species studied. These data come from utility-sponsored studies on
entrainment. (DEIS Appendix VI-1-D-2). Data were collected from 1972 to 1987, with
the exception of 1982. The data used in the Draft Environmental Impact Statement
(DEIS), prepared by the prior owners of Indian Point, were collected from 1981-1987.
The calculations in Table 1 are the average number of fish entrained per year from
1981-87. The original data are in DEIS appendix VI-1-D-2. The Draft Environmental
Impact Statement (FEIS), prepared by the prepared by the New York State
Department of Environmental Conservation (NYSDEC) included this calculation of
annual number of fish entrained at Indian Point to assess the magnitude of the
impact (FEIS, Table 1, page 2)
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Number of Fish entrained
American shad 13,380,000
Bay anchovy 326,666,667
River herring 466,666,667
Striped bass 158,000,000
White perch 243,333,333
Total of 5 species 1,208,046,667

Table 1: The annual number of fish entrained at Indian Point - based on in-plant
sampling 1981-1987; no Atlantic tomcod were sampled, as sampling started too late for
young Atlantic tomcod to be caught (From FEIS page 2).

The species for which entrainment mortality has been quantified form only a very
small proportion of the total species present in the estuary. As was noted in the FEIS
(page 53):

Finally, although impingement and entrainment mortality is measured, it
is typically measured only for several of the 140 species of fishes found
in the Hudson. Information about the impact on the full suite of aquatic
organisms is limited.

The impact on other species is un-quantified and may be significant.

3.1. Numbers of fish entrained
Considerable ecological changes have taken place over the last 20 years, so that
entrainment numbers derived from the DEIS can no longer give a reliable guide to
present entrainment. In this section, we attempt to estimate recent numbers
entrained. Table 2 gives the total entrainment estimates given in the DEIS (DEIS
Appendix VI-1 -D-2, Table 2).

Species. Eggs Yolk-sac PYSL Juveniles Total Years Average

River herring 1,955,720 935,220,000 1,865,420,000 2,083,000 2,804,678,720 6 467,446,453

Bay anchovy 309,750,000 160,080,000 1,482,500,000 5,799,200 1,958,129,200 6 326,354,867

White perch 8,235,740 46,979,000 1,398,400,000 9,284,500 1,462,899,240 6 243,816,540

Striped bass 1,518,500 89,866,000 850,000,000 6,229,000 947,613,500 6 157,935,583
American shad 119,400 7,290,000 59,000,000 465,190 66,874,590 5 13,374,918

Total 1,208,928,361

Table 2: The number and stage of some of the main species entrained at Indian Point
between 1981 and 1987.

The numbers in Table 1 are slightly different from those in Table 2, since the data in
the earlier table have been rounded to three significant figures during the calculation
of the averages. For example, for striped bass the total would be 948,000,000 / 6
giving 158,000,000 rather than 947,613,500 / 6 which gives 157,935,583).

4 © Pisces Conservation Ltd, 2007
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The data available do not include Atlantic tomcod, which breeds earlier in the year
than the other species. The estimated Conditional Mortality Rate (CMR)1 for this
species is high, at over 12% (Indian Point Energy Center Applicant's Environmental
Report Operating License Renewal Stage). This species is already in decline in the
-estuary (Pisces 2007).

3.2. Annual pattern of entrainment and the conditional
mortality rate

There are two main periods of fish entrainment, spring/summer when most species
breed and have larvae in the water, and February/March when the tomcod breed
(Figure 1). When assessing the impact of any pumping regime on entrainment
reduction, it is important to consider the annual pattern of entrainment. Conditional
mortality rates (CMR) measure the proportion of the available population living in the
Hudson Estuary that is killed by entrainment or impingement (Table 3). In the DEIS,
CMR were used instead of simple estimates of the number of animals killed, because
they allow insight into the level of impact on the population.

60.00

50.00

40.00

M 30.00
U 00

20.00

10.00

0.00
1 11 21 31 41 51

Week

-*-- White perch -a- Striped bass * River herring --*-Bay anchovy --- Atlantic tomcod - Total

Figure 1: Plot showing the seasonal pattern in entrainment. From Table 3.

1 CMR - is the probability of a fish dying due to the power plant. It is expressed as a percentage and

measures how many fewer Hudson River fish exist at the end of their first year of life (actually at
September 1) than would exist if not for the loss to entrainment.
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Entrainment CMR x 1000
Starting
date of
week
5-Jan
12-Jan
19-Jan
26-Jan
2-Feb
9-Feb
16-Feb
23-Feb
1-Mar
8-Mar
15-Mar
22-Mar
29-Mar
5-Apr
12-Apr
19-Apr
26-Apr
3-May
10-May
17-May
24-May
31-May
07-Jun
14-Jun
21-Jun
28-Jun
5-Jul
12-Jul
19-Jul
26-Jul
2-Aug
9-Aug
16-Aug
23-Aug
30-Aug
6-Sep
13-Sep
20-Sep
27-Sep
4-Oct
11 -Oct
18-Oct
25-Oct
I-Nov
8-Nov
15-Nov
22-Nov
29-Nov
6-Dec
13-Dec
20-Dec
27-Dec
Total

Week
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

SPDES White
Permit perch
Flow (gpm)

1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.08
1008 0.22
1008 0.53
1024 0.96
1152 2.34
1344 4.21
1440 5.83
1616 8.90
1680 6.67
1680 5.85
1680 5.43
1680 5.42
1680 2.15
1680 1.12
1680 0.41
1680 0.10
1680 0.00
1680 0.00
1680 0.00
1680 0.00
1680 0.00
1680 0.00
1680 0.00
1584 0.00
1456 0.00
1456 0.00
1456 0.00
1456 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00
1008 0.00

50.22

Striped
bass

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.07
1.09
4.53
8.50
16.16
25.32
24.13
26.26
13.62
4.30
1.23
0.61
0.31
0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

126.32

River
herring

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.15
1.19
0.73
0.64
0.71
0.58
0.44
0.99
1.85
1.03
0.31
0.10
0.10
0.20
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.12

Bay
anchovy

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.26
0.14
1.07
2.03
7.22
10.47
21.13
22.63
28.75
21.36
15.00
10.20
8.26
6.01
3.36
1.63
1.02
0.71
0.51
0.20
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

162.08

Atlantic Total
tomcod

0.00
0.00
0.00
0.00
0.00
0.00
0.00

13.33
19.22
25.75
23.80
15.21
7.65
3.18
5.91
3.67
5.56
4.01
5.39
5.03
7.84
6.62
2.97
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

155.15

0.00
0.00
0.00
0.00
0.00
0.00
0.00
13.33
19.22
25.75
23.80
15.21
7.65
3.18
5.91
3.90
6.97
5.34
8.34
12.75
22.21
31.08
45.39
43.13
54.26
41.97
38.57
24.83
16.94
11.02
8.56
6.01
3.36
1.63
1.02
0.71
0.51
0.20
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

502.89

Table 3: Conditional mortality rates (CMR) of fish entrained at Indian Point, from DEIS

In the Indian Point Energy Center Applicant's Environmental Report Operating
License Renewal Stage (page 4 - 12) it is noted that entrainment impacts are large:

The estimated average annual CMR due to entrainment for American
shad is 0.64%, for Atlantic tomcod is 12.04%, for bay anchovy is
10.38%, for river herring is 1.20%, for striped bass is 7.82%, and for
white perch is 4.94%.
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First it should be noted that in the FEIS (Fish populations 3 - page 62) the CMR
figure for white perch is stated as 21%. In general, these numbers are notably high,
especially when it is remembered that several of the species under consideration are
showing long-term declines in abundance in the Hudson. The CMR numbers indicate
that Indian Point is killing an appreciable proportion of the Atlantic tomcod, white
perch and bay anchovy populations in the estuary. These deaths will be contributing
to the decline of these species.

In the DEIS, it was argued that even mortality rates of this magnitude were unlikely to
have any impact on the adult population. In an unpublished report by Barnthouse et
al (2002), it is stated:

As long as key populations are relatively stable, the mix of species
present remains relatively constant, and important functional
relationships continue, the river can be said to be healthy and can
continue to persist in spite of the deaths of individuals

In this statement, the key populations are presumably common species, and as
shown in Pisces (2007), many of these species are showing long term trends. With
many species in decline, it is unclear how the observation of a general trend is to be
shown to be unrelated to the power plants, if there are direct observational data
demonstrating that the power plants are killing the species. For example, it is clear
that tomcod are killed by cooling water systems. The Atlantic tomcod population is in
decline. It would be almost certain that if these individuals were not killed, the
population would be larger.

What is clear, from these data and analyses presented in the DEIS, is that
entrainment and impingement, primarily the former, are eliminating a significant
portion of the most abundant species in their egg and larval stages. It is probable that
similar levels of impact will be felt by the many rarer species that spawn or spend
part of their life stages in the lower Hudson River. (see FEIS p. 59).

3.3. Adjusting entrainment estimates with new data
A number of approaches were taken to estimate current entrainment at Indian Point.
The 2005 Year Class Report for the Hudson River Estuary Monitoring Program (ASA
2007) estimates the abundance of various species in the Hudson for each year, from
the mid 1970s until 2005. To examine the changes in entrainment that must have
occurred since 1987, these data were used in conjunction with the estimates of
entrainment from 1981-7 (DEIS Appendix VI-1-D-2, Table 2). No more recent
entrainment data were available.

The 2005 Year Class Report calculates an index for each of the entrainable stages
(egg, larvae, post yolk sac larvae and juvenile fish) for each year. This is an index
calculated for the whole Hudson estuary. As the number of fish entrained at Indian
Point must be related to the number of fish in the estuary, it is possible to make an
estimate of how the number of selected entrained species has changed over time.
Details of some of the trends are given in the Pisces Conservation report The status
of fish populations and the ecology of the Hudson (Pisces 2007).

Of the 5 taxa of fish whose entrainment data are presented in the DEIS, only three
could be analysed. River herring is a combination of two fish species, blueback
herring and alewife, precluding calculation without further information. Bay anchovy
are only recorded as juveniles in the river survey. Since most of the animals
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entrained at Indian Point are eggs or larvae, this index was unsuitable to estimate
entrainment.

The three species for which estimates could be made were American shad, striped
bass and white perch. To make the estimate of entrainment in each year, the
average number of fish entrained for each life stage for 1981•87 (only including
sampled years) was calculated. The average index for each life stage, for the
appropriate years, was then calculated. The average number entrained, divided by
the average index, gives the number of fish entrained per index unit.

The indices for each life stage and year were multiplied by this factor to estimate the
entrainment. The results are given in Figure 2 and Figure 3.

100,000,000

10,000,000

E
z

1,000,000

100,000

10,000
1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005

Year

-a-- Estimated Sum A*- Actual Sum

Figure 2: The actual and
Indian Point. Log scale.

estimated number of all life stages for American shad at
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Figure 3: The actual and estimated number of all life stages for white perch at Indian
Point. Log scale.
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Figure 4: The actual and estimated number of all life stages for striped bass at Indian
Point. Log scale.

The fit of the American shad (Figure 2) relationship is poor. American shad breed in
the upper regions of the estuary and the numbers found at Indian Point may be
related to river flows and vary greatly between years. White perch (Figure 3) also
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release eggs in the upper estuary, but spread steadily throughout the estuary as they
grow. The relationship is better than that for American shad, but is still poor. The
relationship for striped bass (Figure 4) is good, as the bass breed close to Indian
Point. This is demonstrated in Figure 5, which shows the river regions where various
striped bass life stages are found in the estuary.

ov:!

' ' `4-11ý 1: kN;94 M

eu-lq WK'!ý-ý

-0~ t" 01c~, FT.!T, N: ~ .. ~~Z .;

- Si-

Figure 5: Spatio-temporal distribution of egg, yolk-sac and post yolk-sac larval striped
bass in the Hudson River, based on the 2005 Long River Survey. From 2005 year class
report figure 4-1.
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The striped bass calculations demonstrate that present entrainment estimates based
on the old estimates in the DEIS would be underestimated. The average number of
striped bass entrained in 1981-7 was 46 million. Using the estimates presented in
Figure 4, the average number entrained between 1987 and 2005 was 366 million, an
increase of Over 750%.

To analyse the relationships fully, data are needed on the density of the fish in the
vicinity of the power plant. The year class reports do give the densities of each life
stage in each part of the estuary for each week. We believe that these data are
gathered for the year class reports; if so, a much more detailed and accurate
calculation could be made of the number of fish entrained. We conclude that the
entrainment impact has not been quantified to the best extent possible.

3.4. Entrainment - Conclusions
The data used recently by Entergy to assess this impact are old, having been
gathered between 1980 and 1990. Since then, the ecology of the estuary has
changed considerably, with several species declining in abundance, and some
species, most notably striped bass, increasing. There have been large changes in
the river environment, and important biological invasions.

For the five fish species for which data are available, the Indian Point stations entrain
over 1.2 billon eggs and larvae a year. Entrainment data for Atlantic tomcod are not
available, but are likely to be significant, with an estimated conditional mortality rate
(CMR) indicating that 12% of the Atlantic tomcod population are being killed by
Indian Point each year.

Efforts have not been made to assess current entrainment levels, using the year
class reports and existing entrainment data. A rough approximation of the number of
striped bass entrained indicates that the number may have increased by 750% over
old estimates. Reliance on 20-year old data, in an estuary that has undergone many
significant environmental and ecological changes, makes any prediction of the impact
highly imprecise. The data were collected before many significant recent ecological
changes in the Hudson had occurred, including the arrival of zebra mussels, the
closure of several fisheries and the recovery in striped bass numbers.

In a system that is under stress from many sources, the entrainment of 1.2 billion fish
attributable to Indian Point is significant. With CMR for Indian Point as high as 12%
for Atlantic tomcod, 10% for bay anchovy, 1% for river herring, 8% striped bass and
5% for white perch, the mortalities caused by Indian Point are large.

Closed-cycle cooling, required under the draft SPDES permit for Indian Point,
represents about a 95% reduction in water use relative to the existing once-through
system. This alone would also reduce entrainment mortality by 95% and could, if
needed, allow other entrainment reducing technologies to be used. We know of no
alternative technology(s) that will result in equivalent protection for aquatic resources
to the level which can be achieved by closed cycle cooling.

4. Impingement

4.1. Numbers impinged at Indian Point power station
Before 1990, fish impinged on the cooling water filter screens would invariably have
been killed. The installation of Ristroph screens and fish return systems at Indian
Point between 1990 and 1991 reduced this mortality for some species.
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Surveys of the impingement at Indian Point were undertaken from 1981 to 1990, and
the number of fish impinged was known with good accuracy for this period. Only data
for the top 8 species were presented in the DEIS in detail. Because the sampling was
undertaken regularly throughout the year, estimates of the total annual catch for the
common species were made (Table 4).

American shad

Alewife

Tomcod

Bay anchovy

Spottail shiner

White perch

Blueback herring

Striped bass

Totals

1981

94,529

26,656

377,320

605,163

2,267

1,315,592

248,616

47,719

1982

1,131

1,565

84,314

111,301

1,032

1,113,621

1,091

20,841

1983 1984

8,670 782

7,715 8,427

142,717 139,136

193,056 107,527

1,237 2,604

362,652 614,593

83,450 15,872

28,011 13,838

1985

2,630

5,741

84,581

19,711

2,148

780,545

28,050

77,953

1986

7,746

3,170

65,841

59,187

1,588

756,219

19,146

8,833

1987

3,186

3,488

1,356,287

28,065

3,310

647,111

77,992

31,302

1988

479

1,652

18,046

29,299

1,793

747,660

26,141

234,229

1989

9,755

1,633

14,525

10,408

7,906

759,042

59,477

326

1990 Average

32 12,894

2,415 6,246

111,647 239,441
- 116,372

- 2,389

505,537 760,257

21,248 .58,108

- 46,305

2,717,862 1,334,896 827,508 902,779 1,001,359 921,730 2,150,741 1,059,299 863,072 640,879 1,242,013

Table 4: The number of fish impinged annually at Indian Point from 1981 to 1990 for 8
species. Data from DEIS V1 -2-D.

Impingement numbers can still be calculated after the installation of fish return
systems, by intercepting the impinged fish before they are returned to the estuary.

4.2. Estimates of the number killed by impingement

4.2.1. Survival rates - Indian Point estimates
Once Ristroph screens and a fish return system were added to the station in 1990-1,
some of the impinged fish survived. A key aspect to consider when analysing fish
survival data from Ristroph screens is the time after impingement and handling when
survival was measured (see section 4.2.2). Some early studies quoted high survival
after 10 to 15 minutes in a holding tank. This is clearly of little interest, as most
injured fish will take considerably longer to die.

The minimum time at which survival rates are likely to give a fair indication of the
eventual survival of the impinged fish will be after 8 hours; Fletcher (1990) gives
estimates for the survival of common species at Indian Point in the Hudson Estuary
after this time period (Table 5).

Fish species Survival %
Bay anchovy 77
American shad 65
Blueback herring 74
Striped bass 91
White perch 86
Atlantic tomcod 83
Alewife 38

Table 5: Eight-hour survival rates for Indian Point (Fletcher, 1990).

4.2.2. Survival rates - effects of timing of measurement
The survivals presented in Table 5, and similar results, have been highly influential in
guiding the EPA to the conclusion that Ristroph screens could achieve reductions in
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mortality of at least 70 to 80%. However, there are a number of factors that will likely
reduce. eventual survival below that observed after 8 hours. It has been found that
stressed and damaged fish can take a number of days to die. Experiences in angling
and fish farming demonstrate that quite minor damage may lead to bacterial and
fungal infections, resulting in eventual death. For example, in an experiment where
fish were simply caught from a tank using different types of netting, and returned to a
lake, Barthel et al (2003) found that the fish often took 2 or 3 days to die.
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(Barthel et al, 2003)

There is also the problem with all fish return systems that exhausted, disorientated
and damaged individuals can be picked off by predators on their return to the main
water body. It is normal to observe large predatory fish and piscivorous birds
patrolling and feeding at water discharges.

The progressive decline in survival with time following impingement is demonstrated
in data collected at Roseton Generating Station in the Hudson estuary (Table 6).
Apart from spottail shiner, all other species showed a marked decline in the rate of
survival between 2.5 and 96 hours after impingement. This clearly indicates the need
to use survival estimates over periods of at least 96 hrs if the post- impingement
survival is to be correctly estimated.
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Species Number Survival Rate through time
0hr 2.5hr 8hr 24hr 48hr 96hr

American shad 575 0.689 0.252 0.123 0.080 0.071 0.068
Alewife 1839 0.662 0.229 0.151 0.096 0.073 0.060
Bayanchovy 1093 0.282 0.169 0.110 0.032 0.014 0.004
Blueback herring 8973 0.753 0.335 0.204 0.110 0.090 0.071
Striped bass 899 0.889 0.740 0.578 0.494 0.405 0.345
Spottail shiner 331 0.958 0.931 0.915 0.897 0.873 0.831
White perch 899 0.950 0.909 0.828 0.727 0.648 0.583

Table 6: Data from 1994 impingement mortality studies at Roseton (dualflow screens)
(NAI 1995).

When the Roseton survival rates are plotted against time, it can be seen how many
individuals are likely to die after 8 hours of survival (Figure 7). A dotted red line has
been added to the graph to show the time at which the survival of impinged fish at
Indian Point is used in the DEIS. (Note, these are not the survival figures used for
Indian Point in the DEIS - but are presented to show the effect of the passage of
time on the survival rate).
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Figure 7: The proportion of fish surviving after 0, 2.5, 8, 24, 48 and 92 hours after
impingement at Roseton. (NAI 1995)
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4.2.3. Environmental factors affecting survival rates
Temperature and salinity can also change survival rates after impingement. Injured
fish are more likely to die at low temperatures and salinities (Muessig et al. 1988;
Figure 8). Salinity is probably important because damage to the skin results in a loss
of osmotic control. While these studies were carried out on conventional, rather than
Ristroph, screens, this will not detract from the insight gained into the effects of
salinity and temperature upon injured individuals.

FRouin 66.-Eioteded iurvotwi mcdwh F19Un 67.-4bM0dad moivivof TiIIpiad wlitc
pefcemd Liii banpoi LuuAtbed w~ spwaccatoniuamcc, porcb iaidiiipM h nhao ei1d to wow0f tcilpanaml R
&V teupenm abon 4.MC ~ 1 0e t~ncdmr91 IOm don 4-M.

Figure 8: The survival of white perch in relation to water temperature and salinity
following impingement. Reproduced from Muessig et al. (1988)

The results of Muessig et afs studies in Figure 8 above indicate that short-term
survival rates at intermediate water temperatures and salinities are unlikely to fully
reflect the eventual mortality rate for species that are easily injured. For example, for
both striped bass and white perch, the survival is much lower at low water
temperatures than at high

4.2.4. Survival rates - the PSEG estimates
As only 8-hour survival figures for the Ristroph screens are given in the DEIS, data
from other sources were examined. The most recent review of likely survival rates
appeared in PSEG Power New York Inc's Bethlehem Energy Center SPDES
Modification, Alternative Cooling Systems Study for Ristroph screens, (PSEG (from
LMS 1998a)); the post-impingement survival rates presented there are given in Table
7 below. This gives the best available survival estimates for American east coast
estuarine and marine fish.
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Family Species

Acipenseridae Atlantic sturgeon
Shortnose sturgeon

Anguillidae American eel
Bothidae Summer flounder
Catostomidae White sucker
Centrarchidae Black crappie

Bluegill
Largemouth bass
Longear sunfish
Pumpkinseed
Redbreast sunfish
Rock bass
Smallmouth bass
White crappie

Clupeidae Alewife
American shad
Blueback herring
Gizzard shad
AW/BBH

Cyprinidae Bluntnose minnow
Carp
Common shiner
Creek chub
Emerald shiner
Fallfish
Golden shiner
Goldfish
Rosyface shiner
Silvery minnow
Spotfin shiner
Spottail shiner
Unidentified shiner

Cyprinodontidae Banded killifish
Mummichog

Engraulidae Bay anchovy
Esocidae Chain pickerel

Northern pike
Redfin pickerel

Gadidae Atlantic tomcod
Gasterosteidae Fourspine stickleback

Threespine stickleback
Ictaluridae Brown bullhead

Channel catfish
Tadpole madtom
White catfish
Yellow bullhead

Osmeridae Rainbow smelt
Percichthyidae Striped bass

White bass
White perch

Percicidae Logperch
Tessellated darter
Walleye
Yellow perch

Percopsidae Trout-perch
Petromyzontidae Lamprey spp.
Salmonidae Brown trout
Sciaenidae Freshwater drum
Soleidae Hogchoker
Umbridae Central mudminnow

Percent Survival
Conventional Ristroph type

60 80
60 80
70 95
70 95
50 70
30 40
80 80
75 90
70 80
75 80
70 80
70 80
75 90
30 40
0 10
0 10
0 10
5 10
0 10

50 90
50 80
50 90
50 90
50 90
50 90
45 90
50 80
50 90
50 90
50 90
50 90
50 90
85 90
85 90
0 80

70 90
70 90
70 90
10 70
70 90
70 90
65 90
70 90
70 90
75 90
70 90
0 85

25 70
25 70
25 70
65 80
90 100
65 80
65 80
15 20
70 95
60 80
20 25
90 95
60 80

Table 7: The post-impingement survival of fish on conventional and Ristroph screens
Used at Bethlehem Energy Centre (BEC). From PSEG.
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4.2.5. Using survival rates to estimate Indian Point
impingement mortality

To quantify the impact of impingement at Indian Point, the estimates for impingement
in the 1980s were used. By applying mortality rates (1-survival) for each species, the
number of individuals of the common fish species killed were computed (see Table
8). Both the mortality rates used in the DEIS and those used in the PSEG Bethlehem
power plant were used for the calculations.

DEIS Mortality Rates PSEG Mortality Rates

Impinged Mortality Rate Killed Mortality Rate Killed

American shad 12,894 0.35 4,513 0.90 11,605
Alewife 6,246 0.62 3,873 0.90 5,622
Tomcod 239,441 0.17 40,705 0.30 71,832
Bay anchovy 116,372 0.23 26,765 0.90 104,735

Spottail shiner 2,389 0.16 370 0.10 239
White perch 760,257 0.14 106,436 0.30 228,077

Blueback herring 58,108 0.26 15,108 0.90 52,297
Striped bass 46,305 0.09 4,167 0.30 13,892
Total 1,242,013 201,938 488,298

Table 8: The mean number impinged and killed using the estimates of mortality of
Ristroph screen for Indian Point. Mortality rates from Fletcher (1990) (see Table 5) and
PSEC (LMS) (see Table 7). Impingement data from DEIS V1 -2-D and VI-2-B.

While the number of fish impinged and killed is large, irrespective of the survival rate
applied, the estimate using 8 hr survival rates is less than half that using the rates
from the PSEG report. The biggest difference in mortality rates is for the bay
anchovy, which is estimated at only 23% in the DEIS and 90% in the PSEG report.

4.3. Seasonality
The impingement of fish at Indian Point is seasonal, with two peaks per year, one in
winter (December and January) and second in summer (June and July). This is true
for both the total number impinged and for the estimate of the number killed when
survival is taken into account (Figure 9 and Figure 10).
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Figure 9: The difference from mean number of fish killed by impingement each month
at Indian Point. Data for 8 species (see text) - 8 hr survival DEIS VI-2-D and VI-2-B.
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Figure 10: The difference from mean number of fish killed by impingement each month
at Indian Point. Data for 8 species (see text) - DEIS VI-2-D and BEC (PSEG) hr survival
(Table 7)

4.4. Impingement - Conclusions
The number of fish impinged at Indian Point, as estimated in the DEIS, is large, at
over 1.2 million fish. Not all these fish die, but even so, the average number that do
die exceeds 200,000, using the most optimistic survival figures, and 400,000 using
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more conservative survival values. The DEIS' impingement mortality estimate is
unlikely to be a reliable estimate of current or future impingement, as it is based on
the number of fish being impinged between 1981 and 1990. It is over 17 years since
any impingement monitoring data have been published, and the fish community of
the Hudson has greatly changed over this time. For further information see The status
of fish populations and the ecology of the Hudson (Pisces 2007). The data presented
by the power plant concentrate on a few abundant species. The impact of
impingement on less abundant species is unknown. There is therefore a need to
obtain new estimates of the number of fish impinged, and their survival rates.

Closed-cycle cooling, required under the draft SPDES permit for Indian Point,
represents about a 95% reduction in water use relative to the existing once-through
system. With closed-cycle cooling, the smaller volumes of water pumped and the
much lower velocities involved would almost eliminate impingement on the station
cooling water intake screens. We know of no alternative technology(s) that will result
in equivalent protection for aquatic resources to the level which can be achieved by
closed cycle cooling.

5. Thermal Issues

5.1. Introduction
This section describes the thermal impact of the Indian Point generating station
cooling water discharge, and briefly reviews the impact of heated water on aquatic
life. The impact of a thermal discharge is related to the background temperature of
the water body, and the potential effects of thermal pollution become more serious as
the background temperature increases. We therefore also briefly review the
background temperature of the Hudson River and the recent increase in water
temperatures.

The principal reason for establishing and enforcing thermal water quality criteria is to
limit the impact of water temperature on aquatic organisms. The limits on surface
width and cross-sectional area in which elevated water temperatures are
permissible are designed to ensure zones of passage and regions of
habitability for aquatic organisms using the estuary. Similarly, the establishment
of the 90'F maximum surface water temperature is in recognition of the thermal
tolerance limits of various resident and migratory species.

The relevant criteria governing thermal discharges are summarised below:

704.1 Water quality standards for thermal discharges.

(a) All thermal discharges to the waters of the State shall assure the
protection and propagation of a balanced, indigenous population of
shellfish, fish, and wildlife in and on the body of water.

704.2 Criteria governing thermal discharges.

(a) General criteria. The following criteria shall apply to all waters of the State
receiving thermal discharges, except as provided in section 704.6 of this
Part:
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(1) The natural seasonal cycle shall be retained.

(2) Annual spring and fall temperature changes shall be gradual.

(3) Large day-to-day temperature fluctuations due to heat of artificial origin
shall be avoided.

(4) Development or growth of nuisance organisms shall not occur in
contravention of water quality standards.

(6) For the protection of the aquatic biota from severe temperature
changes, routine shut down of an entire thermal discharge at any site
shall not be scheduled during the period from December through March.

(b) There are also criteria for specific water bodies:

(5) Estuaries or portions of estuaries.

(i) The water temperature at the surface of an estuary shall not be
raised to more than 90 degrees Fahrenheit at any point.

(ii) At least 50 percent of the cross sectional area and/or volume of the
flow of the estuary including a minimum of one-third of the surface as
measured from water edge to water edge at any stage of tide, shall
not be raised to more than four Fahrenheit degrees over the
temperature that existed before the addition of heat of artificial origin
or a maximum of 83 degrees Fahrenheit whichever is less.

(iii) From July through September, if the water temperature at the
surface of an estuary before the addition of heat of artificial origin is
more than 83 degrees Fahrenheit an increase in temperature not to
exceed 1.5 Fahrenheit degrees at any point of the estuarine
passageway as delineated above, may be permitted.

(iv) At least 50 percent of the cross sectional area and/or volume of.
the flow of the estuary including a minimum of one-third of the surface
as measured from water edge to water edge at any stage of tide, shall
not be lowered more than four Fahrenheit degrees from the
temperature that existed immediately prior to such lowering.

704.3 Mixing zone criteria.

The following criteria shall apply to all waters of the State receiving thermal
discharges, except as provided in section 704.6 of this Part.

(a) The department shall specify definable, numerical limits for all mixing
zones (e.g., linear distances from the point of discharge, surface area
involvement, or volume of receiving water entrained in the thermal plume).

(b) Conditions in the mixing zone shall not be lethal in contravention of
water quality standards to aquatic biota which may enter the zone.
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(c) The location of mixing zones for thermal discharges shall not interfere
with spawning areas, nursery areas and fish migration routes.

Under Section*316(a) of the Clean Water Act, and Part 704 of the NYSDEC water
quality regulations, regulators are permitted to allow thermal discharges in excess
of the established criteria if it can be demonstrated that such a discharge will assure
"the protection and propagation of a balanced, indigenous population of shellfish,
fish, and wildlife in and on the body of water receiving the thermal discharge."

As noted in the FEIS, it seems clear that Indian Point's thermal discharge does not
meet applicable thermal criteria. Furthermore, as the FEIS points out from the DEIS
there is no mixing zone definition for Indian Point generating station discharges.

Indian Point: As of the 1987 - 1992 SPDES permit term, thermal
discharges from Indian Point did not meet applicable thermal criteria.
... These provisions alone [in the SPDES permit based on the Hudson
River Settlement Agreement and Consent Orders], however, are not
sufficient for Indian Point to meet thermal criteria. Thermal modelling
indicates that the thermal discharge from Indian Point causes water
temperatures to rise more than allowed, which is four degrees (F.)
over the temperature that existed before the addition of heat, or a
maximum of 830 F, whichever is less, in the estuary cross sections
specified in 6 NYCRR §704.2(b)(5).2 A mixing zone was not specified
in the previous SPDES permit for the Indian Point facility.

(FEIS page 19).

5.2. The thermal footprint of Indian Point

5.2.1. The near field
The term "Near field" is used here to describe the area in the vicinity of the outfall
where there is a discrete thermal plume.

Infrared images highlight the surface extent of the thermal plume released from
Indian Point (Figure 11). The image below, taken from the FEIS, shows the high
proportion of the width of the river that is impacted by the Unit 3 discharge of Indian
Point. The following quotation describes the concern:

"The surface extent of thermal discharges from the HRSA plants is also
a concern. Figure 8 is an aerial thermal image of the plume from Indian
Point, Unit 3 only, on the east side of the Hudson plus the smaller
plume from Lovett on the west bank. In this image, the two plumes
came very close to meeting on the surface, even with Indian Point
running at less than its full capacity."

(FEIS, Chapter 5 p 71)

In summary, the surface extent of the thermal plume produced by Indian Point covers
a high proportion of the width of the river.
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Figure 11: The extent of the thermal plume from the cooling water discharge of Indian
Point Unit 3, and the Lovett generating station.

The FEIS also expresses concern about the vertical distribution of the thermal plume.
In general, heated effluents are buoyant, and thus the impacts are mostly restricted
to the surface waters and any area of bank which the plume contacts. However, if the
plume is sufficiently large then heated water will penetrate to the bed of the river and
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impact bottom-living and deep-water species. Such deeper water penetration of the
thermal plume is always a matter for concern, as it may lead to damage to the
benthic food chain and also not allow migrating fish to pass under the heated water
plume. It is clear that almost the entire vertical water column in the vicinity of Indian
Point holds water heated above background temperatures (Figure 12). The FEIS
states:

"A study by HydroQual, Inc., examined passive particle movement and
also investigated thermal and salinity profiles in several river reaches,
including the portion of the Hudson River where the HRSA plants are
located. Figures 6 and 7 of this FEIS (following pages), excerpted from
that study, show two vertical temperature profiles of the Hudson River
from NYC to just above the northernmost of the HRSA plants, one
during a spring and the other during a neap tide. Based on these
representations, it appears that there may be times and conditions
where effluent-warmed waters occupy nearly the entire vertical water
column."

(FEIS, Chapter 5 p 71)
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tide. From the FEIS and originally HydroQual, 1999.

24 © Pisces Conservation Ltd, 2007



Entrainment, Impingement, and Thermal Impacts at Indian Point Nuclear Power Station.
November 2007

In any event, the FEIS states on page 71:

Thermal discharges were inadequately addressed in the DEIS. The
DEIS asserts, with no supporting evidence, that "... [t]he surface water
orientation of the plume allows a zone of passage in the lower
portions of the water column, the preferred habitat of the indigenous
species." Other data and analyses cast doubt on this assertion.

The FEIS goes on to say, on page 72:

Given the extent of warming shown in the HydroQual graphs,
combined with the recent dramatic declines in tomcod and rainbow
smelt as discussed previously, the Department believes it prudent to
seek additional thermal discharge data for each facility, including a
mixing zone analysis, and anticipates requiring triaxial thermal studies
as conditions to each of the SPDES renewals. Depending on the
results of those analyses, additional controls may be required to
minimize thermal discharges.

Having briefly introduced evidence on the spatial extent of the thermal plume, we
now move on to consider the temperature of the discharge. The average maximum
temperatures for each calendar month for the years 2000 to 2007 are given in Table
9. Note that for the summer months the maximum is regularly in excess of 90
degrees Fahrenheit, while the regulations clearly state "The water temperature at the
surface of an estuary shall not be raised to more than 90 degrees Fahrenheit at any
point'. Further, there are occasions when the temperature exceeds 100°F; this is a
temperature at which many aquatic organisms living in the estuary will suffer acute
harm or death.

Figure 13 shows a plot of the maximum daily discharge temperatures at Indian Point,
with the 90' and 100'F reference temperatures shown in red. Note that 90'F has
been exceeded for extended periods every summer since 2001. Furthermore, 100°F
has been exceed in 3 of the 7 summers for which data are plotted.

Month 2000 2001 2002 2003 2004 2005 2006 2007

1 66.38 57.35 70.53 68.45 70.78 70.74 74.78 70.25
2 63.63 67.61 69.76 65.41 69.57 71.88 71.39 67.76
3 64.08 70.57 69.91 65.20 70.46 69.17 69.59 63.29
4 70.05 71.52 74.75 66.00 71.89 72.86 75.54 69.90
5 77.01 78.07 79.85 79.20 82.64 81.92 79.82 83.80
6 79.40 88.82 86.41 84.40 91.81 92.08 89.17 93.30
7 88.66 97.27 98.29 96.68 97.21 87.89 96.95
8 89.19 100.01 101.29 96.45 97.21 103.58 101.20
9 86.83 96.11 94.91 94.38 90.27 99.66 94.24
10 80.62 83.70 85.24 82.56 81.88 83.89 85.34
11 75.87 77.70 68.06 78.00 76.52 77.68 81.20
12 64.05 76.80 73.23 74.30 73.95 75.50 77.25

Table 9: The average maximum discharge temperature (OF) of the Indian Point cooling
water discharges for the years 2000 to 2007. Missing numbers are months for which no
data are available. (Indian Point Daily Temperature Reports 2000-07)

© Pisces Conservation Ltd, 2007 25



Entrainment, Impingement, and Thermal Impacts at Indian Point Nuclear Power Station.
November 2007

The maximum daily dischargetemperature at
Indian Point Generating Station 2000 2007

t

U-
Cn
a)

a)
2.

0,

_0
2!,

E

110

100

90

80

70

60

50

40 4-
00 01 02 03 04 05 06 07

Year

Figure 13: Plot of the maximum daily discharge temperatures at
2007. The 900 and 100°F reference levels are shown in red.

Indian Point 2000-

5.2.2. The far field
Far field predictions can be made using existing temperature measurements or
modelling methods. The Massachusetts Institute of Technology dynamic network
model was used in the DEIS for Indian Point, Bowline and Roseton generating
stations. In the DEIS this far field model is referred to as the FFTM (Far Field
Thermal Model).

There are a variety of natural and anthropogenic heat inputs into the Hudson
Estuary, and to assess the far field impact of Indian Point we need to be able to
distinguish the impact of Indian Point from these other sources. Fortunately, this is
possible and we can give a reasonable estimate of the increase in the far field
temperature caused by the Indian Point discharge. The table below is copied from
the DEIS, and gives the heat loads from the principal anthropogenic sources. Note
that Indian Point at this time injected considerably more heat into the system than the
other sources considered at this time.
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FACIUTY CAPACIY HEAT LOAD (DB1hMday)

Albany Steam Station 67.7
Dazwiammcr Point 343
Roeton 136.0
peekiill WHIR 11-
Indian Point 32&0
Lovcf 71.A
Bowline Pomin 120.0
World Trade Centcr 19.9

Table 10: Capacity Heat Loads (Table 23 from DEIS appendix VI-3-A).

The Massachusetts Institute of Technology dynamic network model was reported in
the DEIS for a range of power plant discharge scenarios. A typical output is
presented in Figure 14. A comparison of lines 3 and 5 show the appreciable effect of
Indian Point generating station, which was predicted to increase river temperature by
> 1 *F for more than 10 miles of estuary.

I

Figure 80
Far Fleld Model Temperature Forecasts

RosetOn. Bowlne, Indian Point and Ba*gound CaPatY Heat Loads
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Figure 14: A sample of the results presented for the far field temperature effects of the
Hudson Estuary power plants. From the DEIS for Roseton, Bowline and Indian Point
generating stations.

5.3. The change in the background temperature of the
Hudson River

Water temperatures in the Hudson are increasing. This is clearly demonstrated by
the statistically significant increase in mean average annual water temperature

© Pisces Conservation Ltd, 2007 27



Entrainment, Impingement, and Thermal Impacts at Indian Point Nuclear Power Station.
November 2007

measured at Poughkeepsie Water Treatment Facility (Figure 15). The mean annual
temperature in recent years is about 2°C (3.6'F) above that recorded in the 1960s.
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Figure 15: Average annual water temperature (°C) as measured at Poughkeepsie's
Water Treatment Facility, 1951 to 2005. (a = 0.0146, b = -16.32, F = 11.1157, p = 0.0016)-
Data from 2005 Year Class Report - Appendix B Table B - 6.

Examination of the daily temperatures for 2005 plotted against the mean, minimum
and maximum temperatures from 1951 to 2004, show that the temperature for
several summer months in 2005 was close to the maximum ever recorded. However,
in the winter, it also reached some of the lowest temperatures recorded over a 53
year period. In summary, the temperature regime is becoming more extreme.
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Figure 16: Poughkeepsie Water Treatment Facility data; mean, minimum, and
maximum temperature (0C) for each day of the year, 1951 to 2004, with 2005 data
plotted in red. - Data from 2005 Year Class Report - Appendix B Table B - 5.

5.4. The effects of heated water on river life
While the term entrainment is commonly used to describe the process in which
planktonic animals are drawn into and pass through the condenser circuits of power
plants, the term can also be used to describe the capture of organisms in an effluent
discharge. When Indian Point discharges warm water into the river, it mixes with the
receiving waters. Any small organisms in the receiving water with which it mixes will
also be subjected to sudden changes in temperature that are potentially harmful. The
importance of these impacts will be in part determined by both the temperature and
volume of the discharge. Other factors may also become important. For example, in
a tidal body of water, some organisms or populations may be repeatedly exposed to
the discharge as the water body in which they live oscillates with the tide past the
discharge point.

5.4.1. The temperature sensitivity of aquatic life
Almost all aquatic life is affected by thermal discharges. Below is presented a
summary of the impacts on aquatic life in general, and rather more detailed data on
thermal tolerance of fish.

5.4.1.1. Thermal impacts on plants
Several studies have shown that species diversity of phytoplankton decreases in
areas consistently heated to over 30 0C (mid 80s F). The available data indicate that
phytoplankton productivity, as measured by carbon assimilation rates, declines with
increasing temperatures above about 30°C. Figure 17 from Langford (1990) shows
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the rapid decline for phytoplankton in lakes. It is likely that a similar response would
occur with Hudson River phytoplankton.
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Figure 17: The effect of discharge temperature on the photosynthetic activity of
phytoplankton. From Langford (1990).

5.4.1.2. Thermal effects on small crustaceans - zooplankton
When water temperatures reach 35 - 38°C (95 - 1000F) zooplankton abundance
declines and mortalities occur (Langford, 1990). Effects on benthic invertebrate life
have also been noted, but at Indian Point, the main effect of the discharge will be on
planktonic life, because of the depth of the water, since the buoyant plume of heated
water remains towards the surface.

5.4.1.3. The thermal tolerance of Hudson fish species
The effects of temperature on the biology and ecological requirements of fish have
been extensively studied and reviewed. Temperature can affect survival, growth and
metabolism, activity, swimming performance and behaviour, reproductive timing and
rates of gonad development, egg development, hatching success, and morphology.
Temperature also influences the survival of fishes stressed by other factors such as
toxins, disease, or parasites. Many of these effects will occur well below the upper lethal
temperature which is given below.

The published information on the temperature requirements of freshwater fishes is
found in thousands of documents. It is convenient that several authors have
condensed this information into reviews of the literature. The general reviews of
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fisheries biology by Carlander (1969, 1977) and Scott and Crossman (1973) include
some temperature data. Several reviewers have focused on thermobiology,
specifically, lethal and/or preference temperatures (Coutant 1977a; Cherry et al
1977; Kowalski et al 1978; Houston 1982). Others have widened their reviews to
include data on growth, preference and lethal temperatures (Leidy and Jenkins 1977;
McCauley and Casselman 1980; Jobling 1981). Comprehensive reviews on the
whole range of temperature requirements for fishes (i.e., lethal, preference, growth,
reproductive) were given by EPA (1974) and Brown (1974).

A summary of thermal effects literature is published each year for aquatic organisms
in the June issue of the Journal of the Water Pollution Control Federation (Talmage
and Coutant 1978, 1979, 1980; Cravens 1981, 1982; Cravens et a 1983; Harrelson
et al 1984). The temperature requirements of Great Lakes fishes have been reviewed
by a number of authors. Firstly, Reutter and Herdendorf (1976) presented lethal and
preference temperatures for 46 species of Lake Erie fishes. Secondly, Spotila et al
(1979) reviewed 80 species covering: thermal requirements for survival, temperature
preference, growth, reproduction and early development. Finally, Wismer & Cristie
(1988) made a general compilation of the available data.

Below, the upper temperature that a range of Hudson River fish can tolerate is tabulated.
When no size is given, the values are for adults. Generally, young and small fish are more
vulnerable to elevated water temperatures than adults. A temperature of 81°F (27.2°C) is
the highest that most fish can withstand, indicating that they can just tolerate the
maximum summer temperature. However, for some fish,. such as the tomcod, it is too
hot, and they must seek cooler waters (for example, head towards the ocean). The
maximum temperature for the outfall can be 1000F, which is 37.8°C. As can be seen
from the table below, this is well above the upper temperature that almost all species
can tolerate.

Species Latin Name Acclimatization Upper tolerance limit 'C
temperature 'C

Carp Cyprinus carpio 20 31-34
Large mouth bass Micropterus salmoides 20 32.5

30 36.4
Blue gill Lepomis macrochirus 15 30.7
3 spined stickleback Gasterosteus aculeatus 25-26 30.6
Yellow perch Perca flavescens 15 27.7
Alewife Alosa pseudoharengus 15 23
Rainbow smelt Osmerus mordax 21
Sea lamprey Petromyzon marinus 34
Tomcod Microgadus tomcod (2 cm) 19-20.9

(14-15 cm) 23.5-26.1
(22-29 cm) 25.8-26.1

Common shiner Notropis cornutus 15 30.3
Brown bullhead Ictalurus nebulosus 15 31.8
Striped bass Morone saxatilis - yolk sac Mortalities start at 26

- Post yolk sac Mortalities start at 30
- Early juveniles Mortalities start at 34

American shad Alosa sapidissima 28
White perch Morone americana 32-34
Table 11: The upper temperature that a range of Hudson River fish can tolerate - for sources,
see text.

When considering the effect of a heated outfall, we must take into account both the
temperature and the exposure time. It is quite likely that larger fish will simply avoid
entering the warm water plume, and thus will not suffer direct harm. However, these
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animals will be denied access to warmed areas. The thermal impacts will likely be felt
most severely by the eggs and weakly swimming early life stages. Maximum
temperatures in the discharge may exceed 35°C. It therefore seems inevitable that
the heated discharge will result in the death of, or harm to, any American shad,
Atlantic tomcod and river herring early life stages in the region of the discharge.

5.4.2. The influence of the discharge on fish migration.
One of the reasons for the limitation on the cross sectional area and surface width
that can be thermally polluted is because of long-held concerns that thermal pollution
can interfere with fish migration.

5.4.2.1. The response of fish to temperature
Water has a relatively high thermal capacity, and a fish will gain (or lose) heat quite
rapidly by conduction across its entire body surface. Moreover, it must pass this fluid
over its gills, in considerable volumes, since the concentration of oxygen in water is
comparatively low. Gills are richly supplied with blood and have a substantial surface
area to optimize gas exchange. These features also make for efficient heat exchange,
and the blood rapidly distributes heat throughout the body (Crawshaw, 1979).

Most organisms can acclimate (i.e. metabolically adjust) to temperatures above or
below those to which they are normally subjected. Baldwin and Hochachka (1970)
correlated thermal acclimation and the switch to alternative metabolic pathways with
changes in the proportions of iso-enzymes. However, as the temperature of the fish
rises, coordination in the central nervous system can break down, which eventually
manifests itself as "distress" symptoms; ultimately "heat death" will ensue. It was
recognised many years ago that various reflexes disappear in a consistent sequence
(e.g. Fisher, 1958).

As early as the 1930s, Bull (1936) demonstrated, from a range of marine species
covering a number of taxa (not salmonids) and ecotypes, that fish could detect and
respond to a temperature front of 0.03 to 0.07'C. Fish will therefore attempt to avoid
stressful temperatures by actively seeking water at the preferred temperature, but this
becomes increasingly a matter of chance once coordination begins to break down. If an
uncoordinated fish is moved to cooler water it may recover, but the chances of recovery
decrease with duration of exposure.

At less than stressful levels, increasing temperatures allow increased rates of
metabolism, and (notably with regard to migratory activity) increased swimming speeds,
but decreased endurance (Turnpenny & Bamber, 1983; Beach, 1984). The temperature
at which locomotory activity becomes disorganized, and thus the fish loses its ability to
escape from adverse conditions, has been termed the Critical Thermal Maximum
(CTM).

Once temperatures exceed 40'C (1 04'F), heat death ensues: enzymes are inactivated,
proteins denature or coagulate and fats melt. The last comprehensive review of this
subject, from the molecular to whole organism level, was that of Rose (1967).

The response of fish to temperature is complex. Fish have natural thermal niches
(preferenda) and in the temperate zone, freshwater species are either:

cold water species, such as salmon, trout, tomcod & smelt;
cool water species;
warm water species, such as carp;

This categorization tends to fall along taxonomic lines, in that related species and
genera have similar thermal niches (Hokanson, 1977).
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Superimposed upon this thermal selectivity are temporal variations in preferenda that
can be correlated with the age or developmental stage of the fish, its physiological
condition, or with various environmental variables. Young fish generally have higher
thermal preferences and greater tolerances than do older fish. Feeding activity,
reproductive or migratory behaviour and stress (anoxia, turbidity, salinity changes and
chemical pollutants) might substantially alter normal thermal responses.

Some species are better than others at adapting their physiology or behaviour: in
general, estuarine species are fairly resilient, since they are subject to regular
environmental fluctuation.

For any fish there are temperatures that it prefers, temperatures to which it can
acclimate, temperatures that it would seek to avoid but at which it can survive for
various periods of time, and temperatures that are lethal. Moreover the ability of
individuals to survive is not the same as the ability of the species to continue; increased
temperatures may advance or delay breeding seasons, encourage breeding in the
wrong place, or inhibit fish migration.

5.4.2.2. Temperature and dissolved gases
Indirect effects of temperature on fish include reduced solubility of gases, particularly of
oxygen, an effect which can be exacerbated by the elevated temperature
simultaneously increasing the rate of oxygen removal by pollutants such as sewage.
The sort of temperature elevations that are encountered outside the immediate vicinity
of a power station discharge are of between 1' and 3C, which would decrease the
solubility of oxygen by only about 0.5 ppm. Were the water to be 100% saturated with
oxygen then this reduction in solubility would lead to outgassing. However most rivers
are by no means fully saturated and so this slight decrease in solubility has no effect.
On the other hand, the rate at which flowing water absorbs oxygen increases with
temperature (Truesdale and Vandyke, 1958) whilst the rate of outgassing is sufficiently
slow that any slight supersaturation is redissolved as the temperature decreases
through mixing.

As would be predicted, the significant upward trend in temperature of the Hudson
River has resulted in a statistically significant downward trend in Dissolved Oxygen
(DO) (Figure 18 and Figure 19). The sharp decline in DO in 2004 and 2005 is
particularly notable.
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Figure 18: Average annual dissolved oxygen (mg/I) from Long River/Fall Juvenile
Surveys, 1974 to 2005 - (a =-0.0161, b = 39.7804, F = 6.4047, p = 0.0169) - Data from
2005 Year Class Report - Appendix B Table B - 14.
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Figure 19: Average annual dissolved oxygen (mg/I) from beach seine surveys, 1974 to
2005 -(a =-0.0322, b = 71., F =9.5142, p = 0.0044) - Data from 2005 Year Class Report -
Appendix B Table B - 16.

Given the considerable efforts that have been taken to reduce organic pollution, and
the great improvement in water quality in the vicinity of New York City, these declines
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in DO are disappointing, and potentially important indicators of a decline in water
quality for fish.

The distribution of DO within the water column is complex. It can be affected by many
factors including tidal flow, riverine metabolism, stratification and atmospheric
diffusion. A typical profile of DO versus depth is shown in Figure 20.
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Figure 20: Typical depth profiles of DO measured on 3-4 July 1995 at Haverstraw Bay.
Profiles for three sample times are shown for each station. (Swaney et al 1999)

This figure shows that the amount of oxygen in the water is often higher at the
surface, and is increased during daylight hours as result of oxygen released by
photosynthesis. The levels of DO are often reduced overnight as oxygen is
metabolised by the organisms in the river.

5.4.2.3. Temperature and migration
Many of the studies of the effects of temperature on migration have been on
salmonids, and as such are not relevant to the Hudson. However, shad species
which do migrate though the Hudson show similar temperature responses to
salmonids. For example the temperature preferences of American shad in Canada
are characterised as follows:

"The American shad lives for several years at sea before returning to
spawn in the stream or river where it hatched. Shad avoid cold
temperatures, preferring to stay in water that is 8°C or warmer. Much of
their migration and behaviour is determined by water temperature and
currents. Each spring, schools of shad, using their sense of smell, begin
to migrate up coastal rivers and tributaries when water temperatures
reach 12'C. Spawning in the Maritimes occurs during June and July in
water temperatures of 13-20'C. Migration stops in temperatures over
200C."
Source http://www.gov.ns.calfish/sportfishing/species/shad.shtml

Almost all migratory fish are suspected of using temperature as a trigger to initiate
migration. Once migrating, the degree to which they are responsive to temperatures
they experience en route is more difficult to determine. However, it is clear that fish
such as striped bass are sensitive to water temperature at almost all stages in their
life-cycle, including both up-stream and down-stream migrants.
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5.5. Heat Shock
Thermal issues are likely to become ever more important over the coming years as
we are clearly following a warming trend in river temperature (see Figure 15). It is
therefore complacent of Entergy to state on p 4-24:

"Entergy concludes that continued operation in the manner required by
the current SPDES permit and the associated agreement to continue
implementation of the fourth Consent Decree ensures that thermal
impacts will satisfy the requirements of CWA 316(a) and will thus
remain SMALL during the license renewal term."

It is appropriate for Entergy, when considering the future, to model scenarios with
higher river temperatures than those observed in the recent past or even the present.
We have not been presented with an analysis sufficient to prove that future thermal
impacts will be small.

5.6. Thermal issues - Conclusions
The cooling water discharge is large and affects the receiving waters of the Hudson
River. In recent years (2000 to 2007), the discharge temperature regularly exceeded
90OF and in summer frequently exceeded 1000F. A temperature exceeding 100°F will
produce lethal conditions for aquatic life of all kinds, including algae, crustaceans and
fish.

Indian Point's thermal discharge does not meet applicable thermal criteria.
Furthermore, there is no mixing zone definition for Indian Point generating station
discharges. The plume can spreads over a large proportion of the river.

There is an upward trend in the background temperature of the river, and a
corresponding trend down in dissolved oxygen. This will result in increased harm
from thermal pollution, if present levels of heat discharge continue into the future.
Absolute temperatures of riverine heated effluents of 26°C (78 0F) or more are
potentially lethal to smelt and tomcod. The spatial and vertical extent of the Indian
Point plume is sufficient to raise concerns about the passage of fish and impacts on
the benthic life of the river.

Fish can perceive small differences in temperature, and show behavioural avoidance
of even mildly stressful temperatures. However there are no data on the movement
or migration of fish in the vicinity of the Indian Point plume. It is therefore not possible
to quantify the effect of this discharge on fish movement or passage.

The changes in the flora and fauna of the Estuary indicate that it would be unwise to
allow the statutory temperature limits to be exceeded.

Closed-cycle cooling, required under the draft SPDES permit for Indian Point. Under
the closed-cycle cooling alternative, the amount of heat injected into the river would
be greatly reduced, and thermal impacts would be confined to the discharge canal.
Thus, closed-cycle cooling would likely eliminate thermal pollution concerns at Indian
Point. We know of no alternative technology(s) that will result in equivalent protection
for aquatic resources to the level which can be achieved by closed cycle cooling.
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6. Critique of Entergy analysis given in Indian Point Energy
Center Applicant's Environmental Report Operating
License Renewal Stage

We discuss below the sections of the Environmental Report relevant to aquatic
ecology.

6.1. Section 2.2 - Aquatic and Riparian Communities
This section starts with a standard description of the general physical environment.
There can be no doubt that temperature issues (page 2-6) are becoming more
important because of climate change. It was therefore notable that the report quotes
average water temperatures between 1951 and 1997. This part of the report is
therefore 10 years out of date. Further, there is no consideration at all of temperature
trends over the last 50 years. Trends become important when considering the future
impacts of the thermal plume. It is legitimate to ask how much higher the background
temperature of the river is likely to get over the next 10 to 15 years and what effect
this could have on the temperature of the plume.

In the section 2.2.2 - Plankton Communities, it is again apparent how out of date this
document is. In the final paragraph of page 2-10 Entergy quote work on the
phytoplanktonic species present in 1972. Given the large-scale changes in water
quality since this time, such data cannot be considered reliable. As a general point,
this document both relies on old data and notes the considerable changes that have
occurred. The switch from using old data to stating that the system is under rapid
change is not justified in the text. The viewpoint is picked for convenience to support
their argument.

In the paragraph which follows, at the bp of page 2-11, a reference is made to the
1972 FES. What is so striking is the complete lack of reference to the far more recent
FEIS.

6.2. Section 2.2.3 - Macroinvertebrate Communities

Page 2-12 states:

"Recent studies have shown that the zebra mussel invasion is
associated with a decline in open-water shad and herring (pelagic
particle feeders), while the littoral fish such as sunfish (benthic feeders)
have prospered [IES]."

This type of statement is a standard way of asserting that declines in species are due
to agents other than the power plants. It is an assertion without any underlying
empirical or theoretical support.

There is another point of importance here. The zebra mussel is a filter feeder and is
well know to radically change the ecosystems it invades. One of the first impacts is
on the phytoplankton (which it consumes) and the zooplankton, which it affects by
competing for their food. We therefore find here one of the classic inconsistencies
that runs through this document, in that it quotes and uses data on the phytoplankton
from the 1970s but notes that there have been major changes in the macro-
invertebrates which feed on these phytoplankton. It is self-evident that if the zebra
mussel has become abundant, then the phyto- and zooplankton must have changed.
There are in fact studies which state exactly this. Below is an account of the recent
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changes linked to zebra mussel. The important point to note is that zebra mussels
have changed the system, and data pre-1992 are now of historical-interest only.

6.2.1. The arrival of the Zebra mussel
Prior to 1992, the nutrient-rich Hudson River estuary supported abundant
phytoplankton populations that constituted a ready food supply for large populations
of freshwater zooplankton, including rotifers, cladocerans, and copepods, on a
seasonal basis. The introduction and population explosion of zebra mussel
(Dreissena polymorpha) has depleted the standing stock of phytoplankton and has
impacted other components of the food chain. Benthic invertebrates are relatively
abundant but the species diversity is low, primarily oligochaetes and chironomids.

In 1986, the Zebra mussel, an .inhabitant of fresh and brackish Eurasian waters,
arrived via the Great Lakes in the ballast water of ships. First seen in the Hudson at
Catskill in May 1991, Zebra mussels now inhabit the Mohawk River and the Hudson
River from Albany to Haverstraw Bay. Within little more than a year of their arrival the
biomass of the mussels was greater than that of all other heterotrophic animals in the
Hudson, and reached an estimated 550 billion individuals, at an average density of
4,000 / mn2 over the freshwater tidal river. A secondary estimate was that, as filter
feeders, the mussel population could filter the entire volume of the- freshwater
Hudson in 1 to 3 days. Their presence poses a number of very considerable threats
to the ecosystem of the Hudson:

• Zebra mussels tend to colonize on rocky substrates in shoal areas, replacing
or smothering any existing community that is in these habitats. Taxa of
particular concern include Unionid and Sphaeriid clams. They also out-
compete native mussel species for food and space, leading to a decline in
native mussel populations.

" Phytoplankton and detritus are major food sources for lake and river food
webs. Excessive removal of the phytoplankton by zebra mussels reduces the
zooplankton species that feed upon them and can result in fisheries-related
impacts.

" Mussels can filter large amounts of water and reduce the available food in the
water column. Their filtering activity increases water clarity and hence light
penetration. This, too, can dramatically change the benthic community
structure.

* Zebra mussels cause significant biofouling in water intakes. This requires
higher levels of biocide to combat the problem and this could lead to
secondary effects in relation to the biocide chemical being released in to the
environment.
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Figure 21: The estimated population of Zebra mussels in the Hudson (from Strayer and
Malcom 2006).

Given their considerable numbers and their ecological effects, (lakes and rivers
colonized by the mussels often see 50-75% declines in phytoplankton and small
zooplankton biomass, rise in water clarity of 50-100%, drop of more than 50% in
filter-feeding zooplankton and native bivalves, and increase in macrophyte beds and
animals associated with mussels), it is inevitable that their presence will have a
profound effect on the food web of the Hudson. This is illustrated in Figures 21a and
21b below (from Pisces Conservation, 2003), which represent a very simplified
Hudson river food web, before and after the introduction of Zebra mussels. In Figure
21b, elements of the food web increased by the changes are shown in shades of
magenta; and elements suffering a decrease in abundance or strength by shades of
light blue.

Long-term reduction of zebra mussels by natural predators has yet to be
demonstrated, but at least 17 species of North American fish have been documented
to consume attached zebra mussels and quagga mussels (Dreissena bugenis).
Additional species are likely to consume zebra mussels (particularly fish in the
sturgeon, sucker, and catfish families), but cases remain undocumented. Although
numerous and widespread, the efficacy of molluscivorous fish as a control
mechanism for zebra mussels is unclear. However, zebra mussels are more
susceptible to fish rpredation than native unionids or Corbicula spp. because
Dreissena shells are weaker, adults are smaller in size, and most individuals are
exposed to predators. (Kirk, et al, 2001).
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6.3. Section 2.2.5 Fish Communities
This section is misleading. There is continued reference to the DEIS, and not the
FEIS, and furthermore, there is almost no reference to data collected after 1997. This
use of data more than 10 years old is unacceptable when more recent data have
been collected and circulated.

For example, p 2-15 states: "The DEIS emphasized an examination of long-term
trends (1974-1997) primarily for the following two life stages of fish representative of
impingement (YOY) and entrainment (PYSL)."

There is an attempt to mislead on the health of fish populations. Yet again this is
based on old data and carefully crafted statements. In fact, many species have been
in decline. An example of a serious decline is Atlantic tomcod - there are many other
species that have also declined. Below is a graph for tomcod abundance.
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Figure 23: The change in estimated abundance of Atlantic tomcod at age 1. A linear
regression has been fitted to the data to show the trend of declining number.

An example of a misleading statement of this type is on p 2-16:

"During the 24-year monitoring period from 1974 to 1997, species
richness and overall abundance of PYSL increased in most areas of the
estuary. Analysis of the long-term trends in the larval fish community in
both the marine brackish regions and the freshwater zone revealed an
overall increase in the total number of taxa collected. Increases in
overall abundance were due to increases in the abundance of larval
striped bass in all areas of the estuary and increases in the abundance
of larval bay anchovy in brackish areas. [CHGEC, Section V.D.3.if'
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When more recent work is quoted, no specifics are given, but rather general,
misleading and inaccurate statements are made. For example at the bottom of 2-16:

"The recent 2004 annual year class report continues to confirm that the
conclusions developed in the DEIS are still relevant and supported
[A SA]."

This statement is gives the reader the impression that the DEIS assertion that
populations are healthy and flourishing is supported by recent studies. The opposite
is in fact the case.

The fish community of the Hudson Estuary has been continuously changing since
systematic recording began in the 1980s. There are clear indications both at the
community and individual population level that the populations of fish in the estuary
are becoming less stable and showing greater year to year variation in abundance. In
the report on the status of fish population in the Hudson (Pisces Conservation 2007),
of the 13 key species subject to intensive study, three species, striped bass, blue fish
and spottail shiner have shown a trend of increasing abundance since the 1980s.
The other 10 species have declined in abundance, some greatly. Apart from the
species that have been intensively studied in the estuary many other important
species of fish are also showing long-term declines in abundance. For example, the
American eel has greatly declined.

There has been a recent increase in average water temperature and a decrease in
dissolved oxygen levels. This may be influencing some of the changes observed, and
will increase the impact of thermal discharges. All the evidence points to the Hudson
ecosystem presently being in a state of change, with declining stability. Neither the
ecosystem as a whole, nor many of the individual species populations, are in a
healthy state.

6.4. Section 4.1 - Water Use Conflicts
When considering entrainment there is clearly an attempt to justify once through
cooling. On p 4-13 appears a typical statement:

"The results of the studies performed from 1974 to 1997, the period of
time covered in the DEIS, are referenced and summarized in the DEIS,
and have not shown any negative trend in overall aquatic river species
populations attributable to plant operations."

The important point to note is the phrase "attributable to plant operations". There
have been many negative trends in aquatic life, but rather than address these issues,
they avoid them by simply claiming they are not attributable to the plant. It is clear
that species losses are multi-factorial. If more are killed than are produced, then the
population of an animal will decline. When this happens, every unnatural activity that
is contributing to the mortality must take on some of the responsibility. Further, those
that kill the most must take on more of the responsibility. Indian Point kills members
of the species that are in decline so it must bear some guilt; since it kills more than
most other agents, it must bear a high proportion of the guilt and the responsibility for
remedial action.

Exactly the same approach is taken with respect to impingement. On p 4-19 it is
stated:
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"Therefore, withdrawal of water from the Hudson River for the purposes of once-
through cooling at the site does not have any demonstrable negative effect on
representative Hudson River fish populations, nor does it warrant further mitigation
measures."

This is an extraordinary statement, and contradicts the conclusions of the FEIS that
the system and many of its fish are in serious trouble. Species such as the American
shad are demonstrably in decline. These declines are clearly because the fish have
been unable to produce sufficient young to replace the dying adults. It is known that
fish are killed by Indian Point, yet the declines are held to be nothing to do with the
station.

7. Discussion
Indian Point has the largest water intakes and discharges on the Hudson. It is known
that it killed billions of fish by entrainment and hundreds of thousands by
impingement when these were last measured in the 1980s. Since then the ecology of
the Estuary has altered, with many species showing large changes in abundance.

Quantifying the impact of entrainment and impingement at Indian Point by simply
looking at the numbers of fish killed is not fully quantifying the effect. NYSDEC's
position in the FEIS is that the fish kills at a power plant cannot be compared to
selective cropping (i.e. removal by fishing or hunting). Instead of one or two species
being affected, the entire community is impacted. Indeed, even the thermal impact
can be considered in this way. NYSDEC state:

These "once-through cooling" power plants do not selectively harvest
individual species. Rather, impingement and entrainment and warming
of the water impact the entire community of organisms that inhabit the
water column.

For example, these impacts diminish a portion of the forage base for
each species that consumes plankton (drifting organisms in the water
column) or nekton (mobile organisms swimming through the water
column) so there is less food available for the survivors. In an intact
ecosystem, these organisms serve as compact packets of nutrients and
energy, with each trophic (food chain) level serving to capture a diffuse
resource and make it more concentrated. Ichthyoplankton (fish eggs,
larvae and very small fish which drift in the water column) and small fish
feed on a base of zooplankton (drifting animal life) and phytoplankton
(drifting plant life). The loss of these small organisms in the natural
community may be a factor that leads to harmful algal blooms. The
small fish themselves serve as forage for the young of larger species,
which serve as forage for larger individuals, and so on up the food
chain, more correctly understood as a "trophic pyramid".

Once-through cooling mortality "short-circuits" the trophic pyramid and
compromises the health of the natural community. For example, while
an individual bay anchovy might ordinarily serve as food for a juvenile
striped bass or even for a common tern, entrainment and passage
through a power plant's cooling system would render it useful only as
food to lower trophic level organisms. It could no longer provide its other
ecosystem functions of consuming phytoplankton, digesting and
concentrating it into its tissues, and ranging over a wide area,
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distributing other nutrients as manure. This is just a single example from
a very complex natural system, where the same basic impact is
multiplied millions of times over more than one hundred fish species.
(FEIS page 53-54.)

When considering all aspects of the impact of Indian Point on the aquatic ecology of
the Hudson estuary, the reliance by Entergy on old data in their recent reports results
in an inadequate quantification of the impact that Indian Point currently has on the
aquatic environment. Further, the use of such old analyses to project into the future
would be a serious error.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
Lawrence G. McDade, Chairman

Dr. Richard IE. Wardwell
Dr. Kaye D. Lathrop

)
Entergy Nuclear Operations, Inc. )
(Indian Point Nuclear Generating )
Units 2 and 3)

Docket Nos.
50-247-LR
and 50-286-LR

DECLARATION OF DR. RICHARD SEABY
IN SUPPORT OF RIVERKEEPER'S CONTENTION EC-1

I, Richard Seaby, declare as follows:

1., I am a managing director of Pisces Conservation Ltd., ("Pisces"), a corporation
based in Great Britain. Our office is located in Pennington, Lymnington, Hampshire.
Pisces provides expert consulting services in the United States, Great Britain, and
other countries on a range of aquatic environmental issues, including effects of power
plant impingement. entrainment, and thermal effluent discharge,

2. I received an undergraduate education in zoology at Goldsmiths College,
University of London where I obtained a 2.1 Honors degree. Subsequently, I pursued
graduate studies at Liverpool University and received a Doctorate of Philosophy in
1992, for a thesis on the coexistence of lake-dwelling triclads and leeches.

3. 1 have worked as an ecological consultant and research scientist for 15 years. I am
an expert in the effects of power plants on the aquatic environment, the population
dynamics of fish and crustaceans and the modeling of ecological impacts.

4. My Curriculum Vitae is provided here as Attachment 1.

5. In support of Riverkeeper's request for a hearing and petition to intervcnc with
.respect to the license rcncwal proceeding for the Indian Point Nuclear Power Station,
I co-authored, with Dr. Peter Henderson, the following reports: "Status of Fish
Populations and the Ecology of the Hudson River" and "Analysis of Entrainment.
Impingement and Thcrmal Impacts at Indian Point Power Station. Copies of these
reports are attached to Dr. Henderson's declaration as Attachments 2 and 3,
respectively. The technical factual statements in the reports are true and correct to the
best of my knowledge, and the opinions expressed therein are based on my best
professional judgment.

I
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6. 1 also assistcd in the preparation of Riverkeeper's Contention BC-1, regarding the
adverse impacts on aquaic resources by heat shock, impingement and entrain.ment of
fish caused by Indian Point's once through cooling system. The factual assertions in
thfes contentions arc truc and correct to the best of my knowledge and belief, and the
opinions expressed therein are based on my best professional judgment.

7. In preparing my reports and Contention EC-1, I reviewed Entergy Nucleor
Operations, Inc.'s April 23, 2007, license renewal application for the Indian Point
nuclear power plant, including the Environmental Rcport.

Richard Scaby, Ph,.D

November 27, 2007



Attachment I

CURRICULUM VITAE I

Dr Richard Miles Harrington Seaby

30 Grebe Close, Milford on Sea, S041 OXA, UK
e-mail richard@ipisces-conservation.com

ACADEMIC QUALIFICATIONS
B.Sc. 2:1 Hons Biology (1984-1987). Goldsmiths College, University of London.

Ph.D. Aquatic Ecology (1988-1992). University of Liverpool. Thesis: - Coexistence
of Lake-Dwelling Triclads and Leeches.

EXPERTISE AND EXPERIENCE
An ecological consultant specialising in the aquatic habitat, with over 15 years of
experience in the ecological effect of industrial and engineering projects. Projects
undertaken have included the ecological impacts of power stations, both nuclear and
conventional, the impact of thermal outfalls on migratory fish, the mortality of entrained
fish and crustaceans, the efficiency of various methods of reducing impingement and
entrainment mortality, the impacts of dredging on fish and the long term monitoring of
estuarine fish and crustacean populations. I have worked extensively in both freshwater
and marine environments, and have held licences to handle Red Data Book species.

I also have expertise in computer simulation and modelling, and program development.
Recent projects include the development of the JNCC's Marine Biotope matching
program.

PROJECT INVOLVEMENT

Power Station/Industrial Ecology

A wide range of power station and industrial projects including work in both the UK
and the USA. Work has included examination of the effects of FGD plants in both fresh
and marine environments, entrainment and impingement studies, the effects of the US
Environmental Protection Agency's (EPA) 316b legislation on cooling water intakes.
Recent studies on marine ecology impacts in the UK include the effects of dredging for
sand in the Severn estuary, reports on the London Gateway container port proposal, the
ecological impact of FGD plants on the Thames and in the Severn estuary. In the USA,
I have worked on the fishery issues related to several power stations in the Hudson
river, NY, power station re-powering issues in the Great Lakes and desalination plants
in California. Some example projects are summarised below.

The effect of thermal effluents on the migration of salmon.
Projects have been undertaken in the Southampton Water SAC and in Milford Haven,
modelling the impact of thermal plumes on the migration behaviour of Salmon.
Undertaken for the EA.
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Long term population studies in the Severn Estuary
I have been involved with this study for 16 of its 26 years. This project has become
particularly important in recent years with the Estuary becoming a special area of
conservation (SAC). This work has involved liaising with MAFF, English Nature,
WWF, EA and Nuclear Electric. This work has produced a dataset that is now regarded
as internationally important in the understanding of fish populations.

Survivorship trial of the fish-return system at Sizewell 'B' Power Station
Project management of a study of the efficiency of fish return systems at Sizewell B
Nuclear Power Station. The work was undertaken for Nuclear Electric Plc.

Desalination plants
The impact of high temperature and high salinity plumes on the Californian coast.

Flue Gas Desulphurisation
Reports on the likely impact of proposed two proposed FGD plants on the Thames
and the Severn estuary.

The effect of water abstraction on the salmon migration in the River Itchen
As part of ongoing work on the effects of water extraction on the movement of salmon
I, with others in PISCES, have produced several reports for the NRA and latterly EA.
This work has included creating Markov chain models for the movement of fish from
the estuary to the river, and analysis of the transfer probabilities of the salmon in
relation to flow.

Gunderboom fouling and permeability studies in the Hudson river, New York, USA
Investigations into fouling organism growth on a permeable membrane used to reduce
fish impingement at power stations. Studies of the bacterial, fungal and
macroinvertebrate were undertaken over 2 months. The permeability was examined in
relation to the degree of fouling found.

Gravel extraction in the Severn estuary and its effect on the whelk fishery
Samples were taken from within the whelk fishing grounds, and the area of sand and
gravel extraction were shown not to contain significant whelk numbers.

The effects of low flows on invertebrate communities.
Several studies have been undertaken on the effects of low flows to streams and rivers
around Britain. The invertebrates have been identified to species level and LIFE
scores calculated.

Weymouth Bay:fish and fisheries review.
A review of the economic and social importance of the fisheries in Weymouth Bay.
This project involved liaison with MAFF, Southern Sea Fisheries and local fishing
organisations. Related to Oil exploration.
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Ecological

Salmon Status in Wales
A review of the status in salmon in Wales, looking at the population parameters of the
species in the SAC (Special Areas of Conservation), and presented the status of the
populations using GIS.

Bexhill - Hastings relief road
Survey for fish and white-clawed crayfish in stretches of several rivers affected by the
proposed development.

The impact of a housing estate on a lake
The investigation of a lake where a large housing development was built. The
investigation focused on the likely impact and the possible spread of invasive species.

Infill of chalk and gravel pits and the development of wildlife habitats
Advice on the ecological quality of the habitats, the plans and improvements required
to satisfy the regulatory bodies.

Report on water quality in the Keyhaven Reserve
Water quality data for Keyhaven stream and two other small streamsflowing into
Keyhaven reserve indicated that these streams were receiving ground water inputs. As
this water was derived from a gravel pit in the vicinity of a rubbish dump, there was a
high risk that Keyhaven pond was receiving elevated heavy metal inputs. This threat
to the reserve and the problem of a reduction in dissolved oxygen concentration
caused by the discharge of iron-rich ground water were discussed.

A study of the aquatic habitats of Hyde and Gorley Commons.
As part of a major environmental review of a new nature reserve, we performed a
baseline study of the habitat. This revealed the presence of the Fairy shrimp
Cheirocephalus diaphanus. The report detailed a management plan for the aquatic
habitats and creative conservation ideas for improving the reserve.

Molluscan fauna of the Chitterne Brook, Wiltshire.
Analysis of molluscs living in a small stream, undertaken for Wessex Water. The
work required identification to the species level.

Invertebrates in Lincolnshire springs and streams.
A quantitative study of the freshwater invertebrate fauna undertaken for Anglia
Water. All major invertebrate groups were identified to the species level.

The impact of a managed retreat on the invertebrate fauna of a saltmarsh.
A study of the invertebrates in marshland bordering the Severn estuary.
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Computer Programs

Species Diversity and Richness IV
This is a commercially available Windows program that has been developed to
simplify the use of diversity indices and richness estimators. It calculates all the
commonly used diversity indices and richness estimators. In addition, it also can
calculate diversity ordering graphs, which is probably the most powerful methodology
available for establishing differences in diversity between samples, fit data models
simulate data and perform specialist analysis.

Dynamica II
A program which allows the investigation of community of fish and crustaceans in the
Severn Estuary. Program is based on a 19 year time series of 75 species of fish and 8
species of macro crustaceans collected from Hinkley Point Power station.

Community Analysis Package and ECOM
Two programs to perform the commonly used community analysis methods. CAP
calculates TWINSPAN, PCA, DECORANA, Cluster analysis, MDS, association
analysis and many more. ECOM performs Canonical Correspondence analysis. All
methods are easy to use and presented in a familiar Windows environment. These
programs are used all over the world.

Fuzzy Grouping
A program using fuzzy logic to create groups in ecological data.

QED Statistics
A general statistics program aimed at the teaching market.

Butterfly transect programs
A suite of programs for Butterfly Conservation to hold and analyse the data from
hundreds of volunteers.

* Radionuclide Dispersal Modelling
A training module for Royal Navy engineers at HMS Sultan

Marine Biotope Matching Program for the JNCC
A major project to identify samples to their biotope for the Joint Nature Conservation
Council.

Other programs include
Growth, Axis, Simply Tagging, Density from Distance, Community Sequence
Analysis, Simply Probit, Removal Sampling, Hedgerow Assistant

4



Selected publications

Henderson, P A, Seaby, R, and Marsh, S J. 1990. The zoogeography of the Common
Shrimp (Crangon crangon) in British waters. Journal of Marine Biology 70:
89-97.

Seaby, R M H, Spelling, S M and Young J 0. 1991. The duck leech Theromyzon
tessulatum (0 F Muller) in Crose Mere, Shropshire. Naturalist 116: 61-64.

Young, J 0, Martin, A J, and Seaby, R M H. 1993. Competitive interactions between
lake-dwelling leeches Glossiphonia complanata and Helobdella stagnalis: an
experimental investigation of the significance of a food refuge. Oecologia 93:
156-161.

Bamber, R. N., Seaby, R. M. H., Fleming, J. M. and Taylor, C. J. L. 1994. The
effects of entrainment passage on embryonic development of the Pacific oyster
Crassostrea gigas. Nuclear Energy 33. 353-357.

Martin, A J, Seaby, R M H and Young, J 0. 1994. Food limitation in lake-dwelling
leeches: field experiments. Journal of Animal Ecology 63: 93-100.

Martin, A J, Seaby, R M H and Young, J 0. 1994. Does body size differences in the
leeches Glossiphonia complanata (L.) and Helobdella stagnalis (L.) contribute
to co-existence. Hydrobiologia 273: 67-75.

Henderson, P A and Seaby, R M H. 1994. On the factors influencing juvenile flatfish
abundance in the lower Severn estuary, England. Netherlands Journal of Sea
Research. 33; 321-330.

Martin, A J, Seaby, R M H and Young, J O. 1994. The consequence of a food refuge
collapse on a guild of lake-dwelling triclads and leeches. Hydrobiologia 277:
187-195.

Pickett G.D., Eaton D.R., Seaby R.M.H. & Arnold G.P., 1994. Results of bass
tagging in Poole Bay during 1992. MA FF Laboratory Leaflet No. 74; l2pp.

Seaby R.M.H., Martin A.J.& Young J.O., 1995. The reaction time of leaches and
triclads to crushed prey and the significance of this for their coexistence in
British lakes. Freshwater Biology 43: 21-28

Young J.O., Seaby R.M.H..& Martin A.J., 1995. Contrasting mortality in young fresh
water leeches and triclads. Oecologia 101:317-323

Seaby R.M.H., Martin A.J.& Young J.O., 1996. Food partitioning by lake-dwelling
triclads and glossiphoniid leeches: field and laboratory experiments.
Oecologia 106: 544-550

Seaby R.M.H., Martin A.J.& Young J.O., 1996. Inter relationships between lake
dwelling triclads and leaches: field and Laboratory experiments. Oecologia.

Seaby, R.M.H & Henderson, P A, 1996 The Dynamic patterns of fish and crustacean
populations in the Severn Estuary, England, Oceanologica Acta,

Henderson, P. A. & Seaby, R.M H., 1999. Population stability of the sea snail at the
southern edge of its range. J. Fish Biol. 54, 1161-1176.

Bamber, R. N. and Seaby, R.M.H., 2004. The effects of power station entrainment
passage on three species of marine planktonic crustacean, Acartia tonsa
(Copepoda), Crangon crangon (Decopoda) and Homarus gammarus
(Decapoda). Marine Environmental Research 57: 281-294

5



Henderson, P. A. & R. M. Seaby. (2005) The role of climate in determining the
temporal variation in abundance, recruitment and growth of sole Solea solea
(L) in the Bristol Channel. J. Mar. Biol. Ass. UK. 85 197-204..

P. A. Henderson, Seaby, R. M. & Somes, J. R, 2006. A 25-year study of climatic and
density-dependent population regulation of common shrimp, Crangon
crangon, in the Bristol Channel. J. Mar. Biol. Ass. UK. 86, 287-298.

Non Scientific publications

Bass catches not hit by surveys. Fishing news 26 August 1994.

6



CONTENTION EC-2

EXHIBITS

Declaration of Dr. Gordon R. Thompson in Support of Riverkeeper's
Contention EC-2

Attachment 1: Curriculum Vitae

Attachment 2: Risk-Related Impacts from Continued Operation of
The Indian Point Nuclear Power Plants
(28 November 2007)

2. Declaration of Dr. Edwin S. Lyman in Support of Riverkeeper's
Contention EC-2

Attachment 1: Curriculum Vitae

Attachment 2: A Critique of the Radiological Consequence
Assessment Conducted in Support of the Indian Point
Severe Accident Mitigation Alternatives Analysis
(November 2007).

Attachment 3: Chernobyl on the Hudson? The Health and Economic
Consequences of a Terrorist Attack at the Indian Point
Nuclear Plant (September 2004)



Contention EC-2
Exhibit 1

November 28, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
Lawrence G. McDade, Chairman

Dr. Richard E. Wardwell
Dr. Kaye D. Lathrop

)
Entergy Nuclear Operations, Inc. )
(Indian Point Nuclear Generating )
Units 2 and 3) )

Docket Nos.
50-247-LR
and 50-286-LR

DECLARATION OF DR. GORDON R. THOMPSON
IN SUPPORT OF RIVERKEEPER'S

CONTENTION EC-2

I, Dr. Gordon R. Thompson, declare as follows:

1. I am the executive director of the Institute for Resource and Security Studies (IRSS), a
nonprofit, tax-exempt corporation based in Massachusetts. Our office is located at 27
Ellsworth Avenue, Cambridge, MA 02139. IRSS was founded in 1984 to conduct technical
and policy analysis and public education, with the objective of promoting peace and
international security, efficient use of natural resources, and protection of the environment. I
am an expert in the technical analysis of safety, security and environmental issues related to
nuclear facilities. A copy of my curriculum vitae is included as Attachment 1 to this
declaration.

2. I received an undergraduate education in science and mechanical engineering at the
University of New South Wales, in Australia. Subsequently, I pursued graduate studies
at Oxford University and received from that institution a Doctorate of Philosophy in
mathematics in 1973, for analyses of plasmas undergoing thermonuclear fusion. During
my graduate studies I was associated with the fusion research program of the UK Atomic
Energy Authority. My undergraduate and graduate work provided me with a rigorous
education in the methodologies and disciplines of science, mathematics, and engineering.

3. Since 1977, a significant part of my work has consisted of technical analyses of safety,
security and environmental issues related to nuclear facilities. These analyses have been
sponsored by a variety of nongovernmental organizations and local, state and national
governments, predominantly in North America and Western Europe. Drawing upon
these analyses, I have provided expert testimony in legal and regulatory proceedings, and



have served on committees advising US government agencies. To illustrate my expertise,
I provide in the following paragraphs some details of my experience.

4. I have conducted, directed, and/or participated in a number of studies that evaluated
aspects of the design and operation of nuclear facilities with respect to severe accident
probabilities and consequences. These include generic studies and studies of individual
facilities. For instance, with respect to generic studies on the potential for severe
accidents at nuclear power plants, I was co-investigator in a study by the Union of
Concerned Scientists on the "source term" issue - the potential for release of radioactive
material to the environment.1 Also, I was one of a team of four scientists who prepared,
for Greenpeace International, a comprehensive critique of the state of the art of
probabilistic risk assessment (PRA) for nuclear power plants.2 Our report noted that acts
of malice, such as sabotage and acts of war, are not considered in PRAs, despite a history
of malicious acts at many nuclear facilities. In addition, I conducted analysis on the
relevance of PRA to emergency response planning, as part of a study on emergency
planning for nuclear power plant accidents. 3 All of these studies required me to be highly
familiar with the design'and operation of nuclear power plants, as well as the
characteristics of probabilistic risk assessment.

5. I have also done considerable work on the risks posed by individual nuclear facilities.
In addition to performing the studies described elsewhere in this declaration, I have
studied the risks posed by the Seabrook, Pilgrim, Vermont Yankee, Diablo Canyon, and
Three Mile Island plants (USA), the Darlington and Pickering stations (Canada), the
Sizewell B station (UK) and the Dukovany plant (Czech Republic). All of these studies
required me to become familiar with the relevant details of the design and operation of
the facilities involved.

6. To a significant degree, my work has been accepted or adopted by relevant
governmental agencies. During the period 1978-1979, for example, I served on an
international review group commissioned by the government of Lower Saxony (a state in
Germany) to evaluate a proposal for a nuclear fuel cycle center at Gorleben. I led the
subgroup that examined accident risks and identified alternative options with lower risk.4

One of the risk issues that I identified and analyzed was the potential for self-sustaining,
exothermic oxidation reactions of fuel cladding in a high-density spent fuel pool if water
is lost from the pool. Hereafter, for simplicity, this event is referred to as a "pool fire".5

Steven Sholly and Gordon Thompson, The Source Term Debate (Cambridge, Massachusetts: Union of

Concerned Scientists, January 1986).
2 H. Hirsch et al, IAEA Safety Targets and Probabilistic Risk Assessment (Hannover, Germany:

Gesellschaft fuir Okologische Forschung und Beratung mbH, August 1989).
3 D. Golding et al, Preparing for Nuclear Power Plant Accidents (Boulder, Colorado: Westview Press,
1995).
4 Jan Beyea, Yves Lenoir, Gene Rochlin and Gordon Thompson (subgroup chair), Report of the Gorleben
International Review, Chapter 3: Potential Accidents and their Effects, submitted (in German) to the
Government of Lower Saxony, March 1979.
5 At water-cooled reactors, such as those at Indian Point, the fuel cladding is made from a zirconium alloy
that can enter into a vigorous exothermic oxidation reaction with either air or steam. For simplicity, this
reaction can be referred to as a "fire".
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In examining the potential for a pool fire, I identified partial loss of water as a more
severe condition than total loss of water. I identified a variety of events that could cause
a loss of water from a pool, including aircraft crash, sabotage, and acts of war. Also, I
identified and described alternative fuel storage options with lower risk; these lower-risk
options included design features such as spatial separation, natural cooling and
underground vaults. The Lower Saxony government accepted my findings about the risk
of a pool fire, and ruled in May 1979 that high-density pool storage of spent fuel was not
an acceptable option at Gorleben. As a direct result, policy throughout Germany has
been to use dry storage in casks, rather than high-density pool storage, for away-from-
reactor storage of spent fuel.

7. My work has also influenced decision making by safety officials in the U.S.
Department of Energy (DOE). During the period 1986-1991, I was commissioned by
environmental groups to assess the safety of the military production reactors at the
Savannah River Site, and to identify and assess alternative options for the production of
tritium for the US nuclear arsenal. Initially, much of the relevant information was
classified or otherwise inaccessible to the public. Nevertheless, I addressed safety issues
through analyses that were recognized as accurate by nuclear safety officials at DOE. I
eventually concluded that the Savannah River reactors could not meet the safety
objectives set for them by DOE.6 DOE subsequently reached the same conclusion, and
scrapped the reactors. The current national policy for tritium production is to employ
commercial reactors, an option that I had concluded was technically attractive but
problematic from the perspective of nuclear weapons proliferation.

8. In 1977, and again during the period 1996-2000, I examined the safety of nuclear fuel
reprocessing and liquid high-level radioactive waste management facilities at the
Sellafield site in the UK. My investigation in the latter period was supported by consortia
of local governments in Ireland and the UK, and I presented my interim findings at
briefings in the UK and Irish parliaments in 1998. I identified safety issues that were not
addressed in any publicly available literature about the Sellafield site.7 As a direct result
of my investigation, the UK Nuclear Installations Inspectorate (NII) required the operator
of the Sellafield site -- British Nuclear Fuels (BNFL) -- to conduct extensive safety
analyses. These analyses confirmed the significance of the safety issues that I had
identified, and in January 2001 the NII established a legally binding schedule for
reduction of the inventory of liquid high-level radioactive waste at Sellafield.8 The NII
took this action in recognition of the grave offsite consequences of a release to the
environment from the tanks in which liquid high-level waste is stored. I had identified a
variety of events that could cause such a release, including acts of malice or insanity.

6 Gordon Thompson and Steven C. Sholly, No Restart for K Reactor (Cambridge, Massachusetts: Institute

for Resource and Security Studies, October 1991).
7 Gordon Thompson, High Level Radioactive Liquid Waste at Sellafield: Risks, Alternative Options and
Lessons for Policy (Cambridge, Massachusetts: Institute for Resource and Security Studies, June 1998).
8 Nuclear Installations Inspectorate, "Specification Issued under Licence Condition 32(4) for the Limitation
of the Accumulation or Storage of Liquid High Level Radioactive Waste in B215. Licence Instrument 343.
January 2001."
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9. In May 2000 1 completed a study for Greenpeace International on the hazard potential
of the La Hague site in France. 9 Nuclear fuel reprocessing and related activities are
conducted at this site. The operator of the site - COGEMA - was authorized to store
14,000 tonnes of spent fuel in high-density pools at La Hague, and proposed to increase
the capacity of these pools to 17,600 tonnes. My study described the potential for a pool
fire at La Hague, and identified events - including acts of malice or insanity - that could
lead to a pool fire. One of the findings of my study was that neither COGEMA nor the
French government had a thorough understanding of La Hague's hazard potential,
including the potential for a pool fire. Subsequent to the attacks of 11 September 2001 in
New York and Washington, media exposure brought La Hague's hazard potential to the
attention of the French government. During October 2001 the French government
deployed anti-aircraft missiles at La Hague.

10. As stated in paragraph .6, I determined in the period 1978-1979 that partial loss of
water from a high-density spent fuel pool is a more severe condition than total loss of
water. This is because convective heat transfer is suppressed by the presence of residual
water at the base of the fuel assemblies. During any scenario for loss of water from a
spent fuel pool, there will be a period of time during which residual water is present. As
a result, comparatively old fuel - potentially including fuel aged 10 or more years after
discharge from a reactor - can ignite if water is lost from a high-density spent fuel pool.
The NRC Staff failed, for more than two decades, to understand this point. An
illustration of the Staffs lack of understanding was provided by its statements during a
license amendment proceeding in regard to the expansion of spent fuel pool capacity at
the Harris nuclear power plant. I served as an expert witness for Orange County, North
Carolina, the intervenor in this proceeding. In filings during March and April 2000, the
Staff repeatedly disparaged my statements that comparatively old fuel can ignite. A few
months later, however, the Staff adopted my position. In a report dated October 2000,
but not published until January 2001, the Staff recognized that the flow of air to exposed
fuel assemblies could be blocked by the presence of collapsed structures - which might
be attributable, for example, to a cask drop or an earthquake - or by the presence of
residual water.10 The Staff analyzed the heat transfer implications of flow blockage and
concluded:1"

"While the February 2000 [draft] study indicated that for the cases analyzed a
required decay time of 5 years would preclude a zirconium fire, the revised
analyses show that it is not feasible, without numerous constraints, to define a
generic decay heat level (and therefore decay time) beyond which a zirconium fire
is not physically possible."

11. On numerous occasions, I have drawn attention in my writings and oral presentations
to the vulnerability of nuclear facilities to acts of malice or insanity. I have pointed out

9 Gordon Thompson, Hazard Potential of the La Hague Site: An Initial Review (Cambridge, Massachusetts:
Institute for Resource and Security Studies, May 2000).
10 Timothy Collins et al (authors are all from the NRC Staff), Technical Study of Spent Fuel Pool Accident

Risk at Decommissioning Nuclear Power Plants, October 2000.
11 Collins et al, October 2000 (op cit), page 2-1.
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that PRAs do not address acts of malice or insanity, with the result that a PRA can, at
best, provide a lower bound to the probability of a release of radioactive material.12 In
1996 1 wrote a generic report on war and terrorism as risk factors for nuclear power
plants.' 3 Among other findings, this report noted that an act of war or terrorism at a
nuclear power plant might have as its primary target the spent fuel stored at the plant,
rather than the reactor. The report concluded with a statement that:

"Public debate about the future operation of existing nuclear power plants, and the
construction of new plants, should be broadened to encompass the possible
involvement of nuclear plants in war or terrorism."

12. I am familiar with the License Renewal Application and Environmental Report
submitted to the NRC by Entergy Nuclear Operations, Inc. in support of its application to
renew the operating licenses for the Indian Point nuclear generating units Nos. 2 and 3. I
am also familiar with publicly availably supporting documents such as the IPEs and the
IPEEEs. I am generally familiar with NRC technical studies of accident risks posed by
nuclear power plants and their spent fuel, as well as NRC policies and regulations with
respect to the protection of nuclear facilities against intentional attack.

13. I have prepared a report that includes an analysis of the deficiencies in the
Environmental Report's evaluation of severe accident mitigation alternatives
("SAMAs"): Risk-Related Impacts from Continued Operation of the Indian Point
Nuclear Power Plants (28 November 2007). A copy of my report is included as
Attachment 2 to this declaration.

14. I assisted Riverkeeper with the preparation of a portion of Contention EC-2
(Inadequate Analysis of Severe Accident Mitigation Alternatives). The factual
statements in Section 1 of Contention EC-2 and its basis are true and correct to the best of
my knowledge, and the expressions of opinion attributed to me in the contention are
based on my best professional judgment.

Dr. Gordon R. Thompson

November 28, 2007

12 The strengths and weaknesses of PRA methodology are discussed in Hirsch et al, August 1989 (op cit).

13 Gordon Thompson, War, Terrorism and Nuclear Power Plants (Canberra: Peace Research Centre,

Australian National University, October 1996).
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Attachment 1

Curriculum Vitae for Gordon R. Thompson
October 2007

Professional expertise

- Technical and policy analysis in the fields of energy, environment, sustainable
development, human security, and international security.

Current appointments

* Executive director, Institute for Resource & Security Studies (IRSS), Cambridge,
Massachusetts (since 1984).
• Research Professor, George Perkins Marsh Institute, Clark University, Worcester,
Massachusetts (since 2002).

Education

" D.Phil., applied mathematics, Oxford University (Balliol College), 1973.
" B.E., mechanical engineering, Univ. of New South Wales, Sydney, Australia, 1967.
" B.Sc., mathematics & physics, Univ. of New South Wales, 1966.

Project sponsors and tasks (selected)

- World Health Organization, 2006-2007: conducted policy analysis on the potential for
"health-bridge" programs to improve cooperation within and between nations.
- Various sponsors, 2005-2007: co-convened the Working Group on US-Iran Health
Science Cooperation.
- Sierra Club of Canada, 2006-2007: prepared a strategy for development of planning and
public-engagement tools to facilitate action on climate change.
• Mothers for Peace, California, 2002-2007: analyzed risk issues and prepared expert
testimony associated with the Diablo Canyon nuclear power plants.
• Riverkeeper, New York, 2007: analyzed risk issues and prepared expert testimony
associated with the Indian Point nuclear power plants.
- Attorney General of Massachusetts, 2006-2007: analyzed risk issues and prepared
expert testimony associated with the Pilgrim and Vermont Yankee nuclear plants.
- Minnesota Center for Environmental Advocacy, and Minnesotans for an Energy
Efficient Economy, 2005-2006: conducted technical analysis and provided expert
testimony regarding management of spent fuel from the Monticello nuclear power plant.
- California Energy Commission, 2005: conducted technical analysis and participated in
an expert workshop regarding safety and security of commercial nuclear facilities.
- Committee on Radioactive Waste Management (a committee appointed by the UK
government), 2005: provided expert advice and technical analysis on long-term safety
and security of radioactive waste management.
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* Legal Resources Centre, Cape Town, South Africa, 2004-2007: conducted technical
analysis regarding the proposed South African pebble bed modular nuclear reactor.
- STAR Foundation, New York, 2002-2004: reviewed planning and actions for
decommissioning of research reactors at Brookhaven National Laboratory.
- Attorney General of Utah, 2003: conducted technical analysis and provided expert
testimony regarding a proposed national storage facility for spent nuclear fuel.
- Citizens Awareness Network, Massachusetts, 2002-2003: conducted analysis on robust
storage of spent nuclear fuel.
- Tides Center, California, 2002-2004: conducted analysis for the Santa Susana Field
Laboratory (SSFL) Advisory Panel regarding the history of releases of radioactive
material from the SSFL.
* Orange County, North Carolina, 1999-2002: assessed risk issues associated with the
Harris nuclear power plant, identified risk-reduction options, and prepared expert
testimony.
- William and Flora Hewlett Foundation and other sponsors, 1999-2007: performed
research and project development for conflict-management projects, through IRSS's
International Conflict Management Program.
• STAR Foundation, New York, 2000-2001: assessed risk issues associated with the
Millstone nuclear power plant, identified risk-reduction options, and prepared expert
testimony.
• Massachusetts Water Resources Authority, 2000: evaluated risks associated with water
supply and wastewater systems that serve greater Boston.
- Canadian Senate, Energy & Environment Committee, 2000: reviewed risk issues
associated with the Pickering Nuclear Generating Station.
- Greenpeace International, Amsterdam, 2000: reviewed impacts associated with the La
Hague nuclear complex in France.
- Government of Ireland, 1998-2001: developed framework for assessment of impacts
and alternative options associated with the Sellafield nuclear complex in the UK.
- Clark University, Worcester, Massachusetts, 1998-1999: participated in confidential
review of outcomes of a major foundation's grants related to climate change.
- UN High Commissioner for Refugees, 1998: developed a strategy for conflict
management in the CIS region.
- General Council of County Councils (Ireland), W. Alton Jones Foundation (USA), and
Nuclear Free Local Authorities (UK), 1996-2000: assessed environmental and economic
issues of nuclear fuel reprocessing in the UK; assessed alternative options.
• Environmental School, Clark University, Worcester, Massachusetts, 1996: session
leader at the Summer Institute, "Local Perspectives on a Global Environment".
• Greenpeace Germany, Hamburg, 1995-1996: a study on war, terrorism and nuclear
power plants.
- HKH Foundation, New York, and Winston Foundation for World Peace, Washington,
DC, 1994-1996: studies and workshops on preventive action and its role in US national
security planning.
* Carnegie Corporation of New York, Winston Foundation for World Peace, Washington,
DC, and others, 1995: collaboration with the Organization for Security and Cooperation
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in Europe to facilitate improved coordination of activities and exchange of knowledge in
the field of conflict management.
- World Bank, 1993-1994: a study on management of data describing the performance of
projects funded by the Global Environment Facility (joint project of IRSS and Clark
University).
- International Physicians for the Prevention of Nuclear War, 1993-1994: a study on the
international control of weapons-usable fissile material.
* Government of Lower Saxony, Hannover, Germany, 1993: analysis of standards for
radioactive waste disposal.
• University of Vienna (using funds supplied by the Austrian government), 1992: review
of radioactive waste management at the Dukovany nuclear power plant, Czech Republic.
- Sandia National Laboratories, 1992-1993: advice to the US Department of Energy's
Office of Foreign Intelligence.
- US Department of Energy and Battelle Pacific Northwest Laboratories, 1991-1992:
advice for the Intergovernmental Panel on Climate Change regarding the design of an
information system on technologies that can limit greenhouse gas emissions (joint project
of IRSS, Clark University and the Center for Strategic and International Studies).
- Winston Foundation for World Peace, Boston, Massachusetts, and other funding
sources, 1992-1993: development and publication of recommendations for strengthening
the International Atomic Energy Agency.
* MacArthur Foundation, Chicago, Illinois, W. Alton Jones Foundation, Charlottesville,
Virginia, and other funding sources, 1984-1993: policy analysis and public education on
a "global approach" to arms control and disarmament.
- Energy Research Foundation, Columbia, South Carolina, and Peace Development Fund,
Amherst, Massachusetts, 1988-1992: review of the US government's tritium production
(for nuclear weapons) and its implications.
- Coalition of Environmental Groups, Toronto, Ontario (using funds supplied by Ontario
Hydro under the direction of the Ontario government), 1990-1993: coordination and
conduct of analysis and preparation of testimony on accident risk of nuclear power plants.
- Greenpeace International, Amsterdam, Netherlands, 1988-1990: review of probabilistic
risk assessment for nuclear power plants.
- Bellerive Foundation, Geneva, Switzerland, 1989-1990: planning for a June 1990
colloquium on disarmament and editing of proceedings.
- Iler Research Institute, Harrow, Ontario, 1989-1990: analysis of regulatory response to
boiling-water reactor accident potential.
- Winston Foundation for World Peace, Boston, Massachusetts, and other funding
sources, 1988-1989: analysis of future options for NATO (joint project of IRSS and the
Institute for Peace and International Security).
- Nevada Nuclear Waste Project Office, Carson City, Nevada (via Clark University),
1989-1990: analyses of risk aspects of radioactive waste management and disposal.
- Ontario Nuclear Safety Review (conducted by the Ontario government), Toronto,
Ontario, 1987: review of safety aspects of CANDU reactors.
• Washington Department of Ecology, Olympia, Washington, 1987: analyses of risk
aspects of a proposed radioactive waste repository at Hanford.
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• Natural Resources Defense Council, Washington, DC, 1986-1987: preparation of expert
testimony on hazards of the Savannah River Plant, South Carolina.
• Lakes Environmental Association, Bridgton, Maine, 1986: analysis of federal
regulations for disposal of radioactive waste.
- Greenpeace Germany, Hamburg, 1986: participation in an international study on the
hazards of nuclear power plants.
• Three Mile Island Public Health Fund, Philadelphia, Pennsylvania, 1983-1989: studies
related to the Three Mile Island nuclear power plant and emergency response planning.
* Attorney General, Commonwealth of Massachusetts, 1984-1989: analyses of the safety
of the Seabrook nuclear power plant, preparation of expert testimony.
• Union of Concerned Scientists, Cambridge, Massachusetts, 1980-1985: studies on
energy demand and supply, nuclear arms control, and the safety of nuclear installations.
- Conservation Law Foundation of New England, Boston, Massachusetts, 1985:
preparation of expert testimony on cogeneration potential at a Maine paper mill.
- Town & Country Planning Association, London, UK, 1982-1984: coordination and
conduct of a study on safety and radioactive waste implications of the proposed Sizewell
nuclear power plant, testimony to the Sizewell Public Inquiry.
• US Environmental Protection Agency, Washington, DC, 1980-1981: assessment of the
cleanup of Three Mile Island Unit 2 nuclear power plant.
- Center for Energy & Environmental Studies, Princeton University, Princeton, New
Jersey, and Solar Energy Research Institute, Golden, Colorado, 1979-1980: studies on the
potentials of renewable energy sources.
• Government of Lower Saxony, Hannover, Federal Republic of Germany, 1978-1979:
coordination and conduct of studies on safety and security aspects of the proposed
Gorleben nuclear fuel cycle center.

Other experience (selected)

• Principal investigator, project on "Exploring the Role of 'Sustainable Cities' in
Preventing Climate Disruption", involving IRSS and three other organizations, 1990-
1991.
* Visiting fellow, Peace Research Centre, Australian National University, 1989.
• Principal investigator, Three Mile Island emergency planning study, involving IRSS,
Clark University and other partners, 1987-1989.
• Co-leadership (with Paul Walker) of a study group on nuclear weapons proliferation,
Institute of Politics, Harvard University, 1981.
• Foundation (with others) of an ecological political movement in Oxford, UK, which
contested the 1979 Parliamentary election.
- Conduct of cross-examination and presentation of expert testimony, on behalf of the
Political Ecology Research Group, at the 1977 Public Inquiry into proposed expansion of
reprocessing capacity at Windscale, UK.
• Conduct of research on plasma theory (while a D.Phil candidate), as an associate staff
member, Culham Laboratory, UK Atomic Energy Authority, 1969-1973.
• Service as a design engineer on coal-fired power plants, New South Wales Electricity
Commission, Sydney, Australia, 1968.
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Publications (selected)

- Assessing Risks of Potential Malicious Actions at Commercial Nuclear Facilities: The
Case of a Proposed Independent Spent Fuel Storage Installation at the Diablo Canyon
Site, a report for San Luis Obispo Mothers for Peace, 27 June 2007.
• Health as a Bridge for Peace. Achievements, Challenges, and Opportunities for Action
by WHO (with Paula Gutlove), a report for the Department for Health Action in Crises,
World Health Organization, 31 December 2006.
- "Using Psychosocial Healing in Postconflict Reconstruction" (with Paula Gutlove), in
Mari Fitzduff and Chris E. Stout (eds), The Psychology of Resolving Global Conflicts:
From War to Peace, Praeger Security International, 2006.
0 "What Role for Nuclear Power in a Sustainable Civilization?", The Green Cross
Optimist, Spring 2006, pp 28-30.
* Radiological Risk of Homeport Basing of a Nuclear-Propelled Aircraft Carrier in
Yokosuka, Japan, a report for the Citizens Coalition Concerning the Homeporting of a
CVN in Yokosuka, 29 June 2006.
- Risks and Risk-Reducing Options Associated with Pool Storage of Spent Nuclear Fuel
at the Pilgrim and Vermont Yankee Nuclear Power Plants, a report for the Attorney
General, Commonwealth of Massachusetts, 25 May 2006.
* Reasonably Foreseeable Security Events., Potential threats to options for long-term
management of UK radioactive waste, a report for the UK Committee on Radioactive
Waste Management, 2 November 2005.
• "Plasma, policy and progress", The Australian Mathematical Society Gazette, Volume
32, Number 3, 2005, pp 162-168.
- "A Psychosocial-Healing Approach to Post-Conflict Reconstruction" (with Paula
Gutlove), Mind & Human Interaction, Volume 14, Number 1, 2005, pp 35-63.
- "Designing Infrastructure for New Goals and Constraints", Proceedings of the
conference, Working Together: R&D Partnerships in Homeland Security, Boston,
Massachusetts, 27-28 April 2005, sponsored by the US Department of Homeland
Security. (A version of this paper has also been published as CRS Discussion Paper
2005-02, Center for Risk and Security, George Perkins Marsh Institute, Clark University,
Worcester, Massachusetts.)
• "Potential Radioactive Releases from Commercial Reactors and Spent Fuel",
Proceedings of the conference, Working Together. R&D Partnerships in Homeland
Security, Boston, Massachusetts, 27-28 April 2005, sponsored by the US Department of
Homeland Security. (A version of this paper has also been published as CRS Discussion
Paper 2005-03, Center for Risk and Security, George Perkins Marsh Institute, Clark
University, Worcester, Massachusetts.)
- Safety of the Proposed South African Pebble Bed Modular Reactor, a report for the
Legal Resources Centre, Cape Town, South Africa, 12 January 2005.
- Decommissioning of Research Reactors at Brookhaven National Laboratory: Status,
Future Options and Hazards, a report for STAR Foundation, East Hampton, New York,
April 2004.
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* "Psychosocial Healing and Post-Conflict Social reconstruction in the Former
Yugoslavia" (with Paula Gutlove), Medicine, Conflict and Survival, Volume 20, Number
2, April-June 2004, pp 136-150.
- "Reducing the Hazards from Stored Spent Power-Reactor Fuel in the United States"
(with Robert Alvarez, Jan Beyea, Klaus Janberg, Jungmin Kang, Ed Lyman, Allison
Macfarlane and Frank N. von Hippel), Science and Global Security, Volume 11, 2003, pp
1-51.
• "Health, Human Security, and Social Reconstruction in Afghanistan" (with Paula
Gutlove and Jacob Hale Russell), in John D. Montgomery and Dennis A. Rondinelli
(eds), Beyond Reconstruction in Afghanistan, Palgrave Macmillan, 2004.
- Psychosocial Healing. A Guide for Practitioners, based on programs of the Medical
Network for Social Reconstruction in the Former Yugoslavia (with Paula Gutlove), IRSS,
Cambridge, Massachusetts and OMEGA Health Care Center, Graz, Austria, May 2003.
* A Callfor Action to Protect the Nation Against Enemy Attack on Nuclear Power Plants
and Spent Fuel, and a Supporting Document, Mothers for Peace, San Luis Obispo,
California, April 2003 and May 2003.
- "Human Security: Expanding the Scope of Public Health" (with Paula Gutlove),
Medicine, Conflict and Survival, Volume 19, 2003, pp 17-34.
- Social Reconstruction in Afghanistan through the Lens of Health and Human Security
(with Paula Gutlove and Jacob Hale Russell), IRSS, Cambridge, Massachusetts, May
2003.
* Robust Storage of Spent Nuclear Fuel: A Neglected Issue of Homeland Security, a
report for Citizens Awareness Network, Shelburne Falls, Massachusetts, January 2003.
- Medical Network for Social Reconstruction in the Former Yugoslavia: A Survey of
Participants' Views on the Network's Goals and Achievements, IRSS, Cambridge,
Massachusetts, September 2001.
- The Potentialfor a Large, Atmospheric Release of Radioactive Materialfrom Spent
Fuel Pools at the Harris Nuclear Power Plant: The Case of a Pool Release Initiated by a
Severe Reactor Accident, a report for Orange County, North Carolina, 20 November
2000.
- A Review of the Accident Risk Posed by the Pickering 'A' Nuclear Generating Station, a
report for the Standing Committee on Energy, Environment and Natural Resources,
Canadian Senate, August 2000.
- High-Level Radioactive Liquid Waste at Sellafield: An Updated Review, a report for the
UK Nuclear Free Local Authorities, June 2000.
- Hazard Potential of the La Hague Site: An Initial Review, a report for
Greenpeace International, May 2000.
- A Strategy for Conflict Management., Integrated Action in Theory and Practice (with
Paula Gutlove), IRSS, Cambridge, Massachusetts, March 1999.
- Risks and Alternative Options Associated with Spent Fuel Storage at the Shearon
Harris Nuclear Power Plant, a report for Orange County, North Carolina, February 1999.
- High Level Radioactive Liquid Waste at Sellafield. Risks, Alternative Options and
Lessons for Policy, IRSS, Cambridge, Massachusetts, June 1998.
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"Science, democracy and safety: why public accountability matters", in F. Barker (ed),
Management of Radioactive Wastes.: Issues for local authorities, Thomas Telford,
London, 1998.
- "Conflict Management and the OSCE" (with Paula Gutlove), OSCE/ODIHR Bulletin,
Volume 5, Number 3, Fall 1997.
* Safety of the Storage of Liquid High-Level Waste at Sellafield (with Peter Taylor),
Nuclear Free Local Authorities, UK, November 1996.
• Assembling Evidence on the Effectiveness of Preventive Actions, their Benefits, and
their Costs. A Guide for Preparation of Evidence, IRSS, Cambridge, Massachusetts,
August 1996.
• War, Terrorism and Nuclear Power Plants, Peace Research Centre, Australian National
University, Canberra, October 1996.
- "The Potential for Cooperation by the OSCE and Non-Governmental Actors on Conflict
Management" (with Paula Gutlove), Helsinki Monitor, Volume 6 (1995), Number 3.
* "Potential Characteristics of Severe Reactor Accidents at Nuclear Plants", "Monitoring
and Modelling Atmospheric Dispersion of Radioactivity Following a Reactor Accident"
(with Richard Sclove, Ulrike Fink and Peter Taylor), "Safety Status of Nuclear Reactors
and Classification of Emergency Action Levels", and "The Use of Probabilistic Risk
Assessment in Emergency Response Planning for Nuclear Power Plant Accidents" (with
Robert Goble), in D. Golding, J. X. Kasperson and R. E. Kasperson (eds), Preparing for
Nuclear Power Plant Accidents, Westview Press, Boulder, Colorado, 1995.
- A Data Manager for the Global Environment Facility (with Robert Goble),
Environment Department, The World Bank, June 1994.
• Preventive Diplomacy and National Security (with Paula Gutlove), Winston
Foundation for World Peace, Washington, DC, May 1994.
* Opportunities for International Control of Weapons- Usable Fissile Material,
International Physicians for the Prevention of Nuclear War, Cambridge, Massachusetts,
January 1994.
- "Article III and IAEA Safeguards", in F. Barnaby and P. Ingram (eds), Strengthening
the Non-Proliferation Regime, Oxford Research Group, Oxford, UK, December 1993.
- Risk Implications of Potential New Nuclear Plants in Ontario (prepared with the help
of eight consultants), a report for the Coalition of Environmental Groups, Toronto,
submitted to the Ontario Environmental Assessment Board, November 1992 (3 volumes).
- Strengthening the International Atomic Energy Agency, IRS S, Cambridge,
Massachusetts, September 1992.
- Design of an Information System on Technologies that can Limit Greenhouse. Gas
Emissions (with Robert Goble and F. Scott Bush), Center for Strategic and International
Studies, Washington, DC, May 1992.
- Managing Nuclear Accidents.- A Model Emergency Response Plan for Power Plants
and Communities (with six other authors), Westview Press, Boulder, CO, 1992.
- "Let's X-out the K" (with Steven C. Sholly), Bulletin of the Atomic Scientists, March
1992, pp 14-15.
• "A Worldwide Programme for Controlling Fissile Material", and "A Global Strategy for
Nuclear Arms Control", in F. Barnaby (ed), Plutonium and Security, Macmillan Press,
UK, 1992.
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• No Restart for K Reactor (with Steven C. Sholly), IRSS, Cambridge, Massachusetts,
October 1991.
• Regulatory Response to the Potential for Reactor Accidents. The Example of Boiling-
Water Reactors, IRSS, Cambridge, Massachusetts, February 1991.
• Peace by Piece. New Options for International Arms Control and Disarmament, IRS S,
Cambridge, Massachusetts, January 1991.
• Developing Practical Measures to Prevent Climate Disruption (with Robert Goble),
CENTED Research Report No. 6, Clark University, Worcester, Massachusetts, August
1990.
• "Treaty a Useful Relic", Bulletin of the Atomic Scientists, July/August 1990, pp 32-33.
• "Practical Steps for the 1990s", in Sadruddin Aga Khan (ed), Non-Proliferation in a
Disarming World, Proceedings of the Groupe de Bellerive's 6th International
Colloquium, Bellerive Foundation, Geneva, Switzerland, 1990.
• A Global Approach to Controlling Nuclear Weapons, IRS S, Cambridge, Massachusetts,
October 1989.
• IAEA Safety Targets and Probabilistic Risk Assessment (with three other authors),
Greenpeace International, Amsterdam, August 1989.
* New Directions for NATO (with Paul Walker and Pam Solo), published jointly by IRSS
and the Institute for Peace and International Security (both of Cambridge,
Massachusetts), December 1988.
• "Verifying a Halt to the Nuclear Arms Race", in F. Barnaby (ed), A Handbook of
Verification Procedures, Macmillan Press, UK, 1990.
• "Verification of a Cutoff in the Production of Fissile Material", in F.Barnaby (ed), A
Handbook of Verification Procedures, Macmillan Press, UK, 1990.

" 'Severe Accident Potential of CANDU Reactors," Consultant's Report in The Safety of
Ontario's Nuclear Power Reactors, Ontario Nuclear Safety Review, Toronto, February
1988.
* Nuclear-Free Zones (edited with David Pitt), Croom Helm Ltd, Beckenham, UK, 1987.
• Risk Assessment Review For the Socioeconomic Impact Assessment of the Proposed
High-Level Nuclear Waste Repository at Hanford Site, Washington (edited; written with
five other authors), prepared for the Washington Department of Ecology, December
1987.
• The Nuclear Freeze Revisited (with Andrew Haines), Nuclear Freeze and Arms Control
Research Project, Bristol, UK, November 1986. Variants of the same paper have
appeared as Working Paper No. 18, Peace Research Centre, Australian National
University, Canberra, February 1987, and in ADIU Report, University of Sussex,
Brighton, UK, Jan/Feb 1987, pp 6-9.
• International Nuclear Reactor Hazard Study (with fifteen other authors), Greenpeace,
Hamburg, Federal Republic of Germany (2 volumes), September 1986.
• "What happened at Reactor Four" (the Chernobyl reactor accident), Bulletin of the
Atomic Scientists, August/September 1986, pp 26-31.
• The Source Term Debate: A Report by the Union of Concerned Scientists (with Steven
C. Sholly), Union of Concerned Scientists, Cambridge, Massachusetts, January 1986.
- "Checks on the spread" (a review of three books on nuclear proliferation), Nature, 14
November 1985, pp 127-128.
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Editing of Perspectives on Proliferation, August 1985, published by the Proliferation
Reform Project, IRSS.
- "A Turning Point for the NPT ?", ADIU Report, University of Sussex, Brighton, UK,
Nov/Dec 1984, pp 1-4.
- "Energy Economics", in J. Dennis (ed), The Nuclear Almanac, Addison-Wesley,
Reading, Massachusetts, 1984.
- "The Genesis of Nuclear Power", in J. Tirman (ed), The Militarization of High
Technology, Ballinger, Cambridge, Massachusetts, 1984.
• A Second Chance: New Hampshire's Electricity Future as a Modelfor the Nation (with
Linzee Weld), Union of Concerned Scientists, Cambridge, Massachusetts, 1983.
- Safety and Waste Management Implications of the Sizewell PWR (prepared with the
help of six consultants), a report to the Town & Country Planning Association, London,
UK, 1983.
* Utility-Scale Electrical Storage in the USA: The Prospects of Pumped Hydro,
Compressed Air, and Batteries, Princeton University report PU/CEES # 120, 1981.
- The Prospects for Wind and Wave Power in North America, Princeton University report
PU/CEES # 117, 1981.
- Hydroelectric Power in the USA: Evolving to Meet New Needs, Princeton University
report PU/CEES # 115, 1981.
* Editing and part authorship of "Potential Accidents & Their Effects", Chapter III of
Report of the Gorleben International Review, published in German by the Government of
Lower Saxony, FRG, 1979; Chapter III published in English by the Political Ecology
Research Group, Oxford, UK.
• A Study of the Consequences to the Public of a Severe Accident at a Commercial FBR
located at Kalkar, West Germany, Political Ecology Research Group, 1978.

Expert presentations and testimony (selected)

* Abt Associates, Cambridge, Massachusetts, 2007: presentation, "Creating Informed
Action on Climate Change".
- Universities of Medical Science in Tabriz and Isfahan, Iran, 2007: presentation,
"Healthy Design of the Built Environment".
- Minnesota Public Utilities Commission, 2006: testimony regarding trends, risks and
costs associated with management of spent fuel from the Monticello nuclear power plant.
* Presentation, "Are Nuclear Installations Terrorist Targets?", at the conference, Nuclear
Energy: Does it Have a Future?, Drogheda, County Louth, Ireland, 10-11 March 2005.
- Presentation at the session, "UN Security Council Resolution 1244 and Final Status for
Kosovo", at the conference, Lessons Learned from the Balkan Conflicts, Boston College,
Chestnut Hill, Massachusetts, 16-17 October 2004.
- California Public Utilities Commission, 2004: testimony regarding the nature and cost
of potential measures for enhanced defense of the Diablo Canyon nuclear power plant.
- European Parliament, 2003: invited presentation to EP members regarding safety and
security issues at the Sellafield nuclear site in the UK, and broader implications.
- US Congress, 2002 and 2003: invited presentations at member-sponsored staff briefings
on vulnerabilities of nuclear-power facilities to attack and options for improved defenses.
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• Numerous public forums in the USA, 2001-2006: invited presentations to public
officials and general audiences regarding vulnerabilities of nuclear-power facilities to
attack and options for improved defenses.
• UK Consensus Conference on Radioactive Waste Management, 1999: invited testimony
on information and decision-making.
• Joint Committee on Public Enterprise and Transport, Irish Parliament, 1999: invited
testimony on nuclear fuel reprocessing and international security.
• UK and Irish Parliaments, 1998: invited presentations to members on risks and
alternative options associated with nuclear fuel reprocessing in the UK.
• Center for Russian Environmental Policy, Moscow, 1996: invited presentation at a
forum in parallel with the G-7 Nuclear Safety Summit.
• Lacey Township Zoning Board, New Jersey, 1995: testimony regarding radioactive
waste management.
• Ontario Court of Justice, Toronto, Ontario, 1993: testimony regarding Canada's Nuclear
Liability Act.
• Oxford Research Group, seminar on "The Plutonium Legacy", Rhodes House, Oxford,
UK, 1993: invited presentation on nuclear safeguards.
• Defense Nuclear Facilities Safety Board, Washington, DC, 1991: testimony regarding
the proposed restart of K-reactor, Savannah River Site.
• Conference to consider amending the Partial Test Ban Treaty, United Nations, New
York, 1991: presentation on a global approach to arms control and disarmament.
• US Department of Energy, hearing on draft EIS for new production reactor capacity,
Columbia, South Carolina, 1991: testimony on tritium need and implications of tritium
production options.
• Society for Risk Analysis, 1990 annual meeting, New Orleans, special session on
nuclear emergency planning: presentation on real-time techniques for anticipating
emergencies.
• Parliamentarians' Global Action, 11 th Annual Parliamentary Forum, United Nations,
Geneva, 1990: invited presentation on the potential for multilateral nuclear arms control.
• Advisory Committee on Nuclear Facility Safety, Washington, DC, 1989: testimony on
public access to information and on government accountability.
• Peace Research Centre, Australian National University, seminar on "Australia and the
Fourth NPT Review Conference", Canberra, 1989: invited presentation regarding a
universal nuclear weapons non-proliferation regime.
• Carnegie Endowment for International Peace, Conference on "Nuclear Non-
Proliferation and the Role of Private Organizations", Washington, DC, 1989: invited
presentation on options for reform of the non-proliferation regime.
* US Department of Energy, EIS scoping hearing, Columbia, South Carolina, 1988:
testimony on appropriate scope of an EIS for new production reactor capacity.
- International Physicians for the Prevention of Nuclear War, 6th and 7th Annual
Congresses, Koln, FRG, 1986 and Moscow, USSR, 1987: invited presentations on
relationships between nuclear power and the threat of nuclear war.
* County Council, Richland County, South Carolina, 1987: testimony on implications of
severe reactor accidents at the Savannah River Plant.
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* Maine Land Use Regulation Commission, 1985: testimony on cogeneration potential at
facilities of Great Northern Paper Company.
- Interfaith Hearings on Nuclear Issues, Toronto, Ontario, 1984: invited presentations on
options for Canada's nuclear trade and Canada's involvement in nuclear arms control.
• Sizewell Public Inquiry, UK, 1984: testimony on safety and radioactive waste
implications of the proposed Sizewell nuclear power plant.
• New Hampshire Public Utilities Commission, 1983: testimony on electricity demand
and supply options for New Hampshire.
- Atomic Safety & Licensing Board, US Nuclear Regulatory Commission, 1983:
testimony on use of filtered venting at the Indian Point nuclear power plant.
- US National Advisory Committee on Oceans and Atmosphere, 1982: testimony on
implications of ocean disposal of radioactive waste.
- Environmental & Energy Study Conference, US Congress, 1982: invited presentation
on implications of radioactive waste management.

Miscellaneous

• Married; two children.
" Extensive experience in public speaking and interviews by representatives of print and
electronic media.
- Author of numerous essays and letters in newspapers and magazines.

Contact information

Institute for Resource and Security Studies
27 Ellsworth Avenue, Cambridge, Massachusetts 02139, USA
Phone: 617-491-5177 Fax: 617-491-6904
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Abstract

Entergy has submitted an application to the US Nuclear Regulatory Commission (NRC)
for 20-year extensions of the operating licenses of the Indian Point 2 (IP2) and Indian
Point 3 (IP3) nuclear power plants. This report discusses potential adverse impacts on
the environment from continued operation of the IP2 and IP3 plants. Relevant impacts
relate in various ways to the risk of radiological harm from unplanned releases of
radioactive material to the environment. Unplanned releases of radioactive material from
the IP2 or IP3 reactors or their spent fuel could arise as a result of conventional accidents
- incidents caused by human error, equipment failure or natural events - or deliberate,
malicious actions. Entergy and the NRC have identified some of the risk-related impacts
of continued operation of the IP2 and IP3 plants. This report shows that neither party has
provided a complete and accurate assessment of those impacts.- Deficiencies in the risk
analyses provided by Entergy and the NRC are illustrated here by examining four issues:
(i) containment bypass during a core-damage accident due to induced failure of steam
generator tubes; (ii) a fire in a spent-fuel pool; (iii) attack on a reactor and/or its spent
fuel; and (iv) adverse impacts of the NRC's regulatory approach.
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1. Introduction, Terminology and Scope

Entergy, a corporate group, has submitted an application to the US Nuclear Regulatory
Commission (NRC) for 20-year extensions of the operating licenses of the Indian Point 2
(IP2) and Indian Point 3 (IP3) nuclear power plants. The current operating licenses
expire in 2013 (IP2) and 2015 (IP3). Each plant features a Westinghouse pressurized-
water reactor (PWR) with a dry containment. Three nuclear power plants were built at
the Indian Point site, which is on the bank of the Hudson River. The Indian Point 1 plant
has been shut down and is in SAFSTOR mode.

This report discusses potential adverse impacts on the environment arising from
continued operation of the IP2 and IP3 plants through the periods of their current or
extended operating licenses. Here, the term "environment" includes humans, human
society and property, as well as other features and attributes of the biosphere. The
adverse impacts that are considered here can be reasonably foreseen but will not
necessarily occur.'

This report focuses on adverse impacts that are related to the risk of radiological harm
from unplanned releases of radioactive material to the atmosphere, surface water or
ground water. The radioactive material would be released from the IP2 or IP3 reactor or
from the spent (i.e., no longer usable) fuel discharged from these reactors. Unplann6d
releases are distinct from the comparatively small, planned releases that occur during
operation of a nuclear power plant. Here, the term "risk" encompasses the type and scale
of potential adverse outcomes together with the probabilities of occurrence of those
outcomes.2 Two categories of risk-related impacts are addressed here. The first category
consists of direct radiological harm (radiation-induced human illnesses, etc.) and the
indirect social and economic impacts arising from that direct harm. The second category
consists of regulatory impacts that arise from the NRC's general approach to the licensing
of nuclear power plants. Both categories of impact are discussed further in Section 3,
below.

Unplanned releases of radioactive material

Unplanned releases of radioactive material from the IP2 or IP3 reactors or their spent fuel
could arise as a result of two types of accident. The term "conventional accidents" is

t An event can be reasonably foreseen even if there is no statistical basis to support a quantitative estimate

of the event's probability. The NRC accepted that point when it promulgated a rule requiring protection of
nuclear power plants against vehicle bombs. See: NRC, 1994.
' Some analysts define "risk" as the arithmetic product of two quantitative indicators: a consequence
indicator; and a probability indicator. That definition is simplistic and can be misleading, and is not used in
this report. That definition is especially inappropriate for risks associated with malicious actions, because
there is usually no statistical basis to support quantitative estimates of the probabilities of such actions. In
this report, the risk of an activity is defined as a set of quantitative and qualitative information that
describes the potential adverse outcomes from the activity and the probabilities of occurrence of those
outcomes.
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used here to refer to incidents caused by human error, equipment failure or natural
events. 3 By contrast, "malice-induced accidents" are incidents caused by deliberate,
malicious actions. The parties taking those malicious actions could be national
governments or sub-national groups.4 In considering malicious actions, this report
focuses on actions by sub-national groups.

Risk analyses by NRC, Entergy and IRSS

The NRC has discussed some of the risk-related impacts of operating a nuclear power
plant for an extended period, in the Generic Environmental Impact Statement for License
Renewal of Nuclear Plants (NUREG-1437). 5 The NRC has discussed some of the risk-
related impacts associated with storage of spent fuel, in documents including the Generic
Environmental Impact Statement on Handling and Storage of Spent Light Water Power
Reactor Fuel (NUREG-0575).6 Entergy has discussed some of the risk-related impacts
of continued operation of the IP2 and IP3 plants, in the Environmental Report that is
provided as Appendix E of Entergy's License Renewal Application. 7 Neither the NRC
nor Entergy has provided a complete and accurate assessment of the risk-related impacts
of continued operation of the IP2 and IP3 plants.

This report demonstrates the deficiencies in NRC's and Entergy's analyses by examining
four neglected risk issues, as discussed below. IRSS's examination does not purport to
provide a comprehensive assessment of risk-related impacts for operation of the IP2 and
IP3 plants. Such an assessment would require financial support at a much higher level
than was available for our examination. Preparation of such an assessment is a duty of
Entergy and the NRC, a duty that neither party has performed. Section 10, below,
describes the assessments that Entergy and the NRC should perform. In the absence of a
comprehensive assessment, this report provides illustrative analyses of selected issues.
Assumptions of IRSS's analyses are stated, and the author would be pleased to engage in
open technical debate regarding these analyses.

Protection of sensitive information

One of the neglected risk issues examined in this report is the potential for deliberate
attack on one or more of the IP2 and IP3 reactors and the adjacent pools for storage of
spent fuel. Any responsible analyst who discusses the potential for an attack on a nuclear
power plant is careful about making statements in public settings. The author of this
report exercises such care. The author has no access to classified information, and this

3 The NRC's Glossary, accessed at the NRC web site (www.nrc.gov) on 25 June 2007, contains no
definition of "accident". The terms "conventional accident" and "malice-induced accident" are used in this
report. Both types of accident can be foreseen, and a licensee should be able to maintain control of a
facility if either type of accident occurs.
' Relevant sub-national groups could be based in the USA or in other countries.
' NRC, 1996.
6 NRC, 1979.
7 Entergy, 2007a, Appendix E.
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report contains no such information. However, a higher standard of discretion is
necessary. An analyst should not publish sensitive information, defined here as detailed
information that could substantially assist an attacking group to attain its objectives, even
if this information is publicly available from other sources. On the other hand, if a plant's
design and operation leave the plant vulnerable to attack, and the vulnerability is not
being addressed appropriately, then a responsible analyst is obliged to publicly describe
the vulnerability in general terms.

This report exemplifies the balance of responsibility described in the preceding
paragraph. Vulnerabilities of the IP2 and IP3 plants are described here in general terms.
Detailed information relating to those vulnerabilities is withheld here, although that
information has been published elsewhere or could be re-created by many persons with
technical education and/or military experience. For example, this report does not provide
cross-section drawings of the IP2 and IP3 plants, although such drawings have been
published for many years and are archived around the world.

NRC license proceedings provide potential forums at which sensitive information could
be discussed without concern about disclosure to potential attackers. Rules and practices
are available so that the parties to a license proceeding could discuss sensitive
information in a protected setting.

Structure of this report

The remainder of this report has eleven sections. Section 2 describes selected
characteristics of the IP2 and IP3 plants and their spent fuel. Section 3 outlines the
categories of risk-related impacts that are relevant to continued operation of the IP2 and
1P3 plants. Then, Section 4 discusses the risk assessments proffered by the NRC in
NUREG-1437 and by Entergy in its License Renewal Application.

Sections 5 through 8 examine four selected risk issues that have been neglected by the
NRC and Entergy. These issues are: reactor containment bypass via induced failure of
steam generator tubes (Section 5); fire in a spent-fuel pool (Section 6); attack on a reactor
and/or its spent fuel (Section 7); and the wider context of nuclear-facility risk (Section 8).
Section 9 summarizes IRSS's findings regarding these issues, and discusses options for
reducing risk. The discussion in Sections 5 through 9 identifies major deficiencies in the
risk assessments proffered by the NRC and Entergy. Section 10 describes the analyses
required from Entergy and the NRC to correct these deficiencies in the context of a
license extension application for the IP2 and IP3 plants.

Conclusions are set forth in Section 11, and a bibliography is provided in Section 12. All
documents cited in the text of this report are listed in the bibliography. Tables are
provided at the end of the report.
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2. Selected Characteristics of the Indian Point Nuclear Power Plants and their Spent
Fuel

During operation, each of the IP2 and IP3 reactors accumulates a large inventory of
radioactive material inside the fuel assemblies that make up the reactor core.
Periodically, some of the fuel assemblies are discharged from the reactor because they are
"spent" in the sense that they are no longer suitable for power generation. Each spent fuel
assembly contains a substantial amount of radioactive material, and is stored for a period
of years in a rack that sits on the floor of a water-filled pool. A pool of this type is
located immediately outside the containment of each reactor. After each of these pools
has received spent fuel to near its full capacity, batches of previously-discharged fuel
assemblies will be periodically removed from the pool and transferred to an independent
spent fuel storage installation (ISFSI) located on the Indian Point site, in order to clear
space in the pool for fuel assemblies newly discharged from the adjacent reactor. 8 At the
ISFSI, the spent fuel will stored dry, within air-cooled modules. The IP2 and IP3 spent-
fuel pools contribute significantly to the potential for unplanned releases of radioactive
material at the Indian Point site, as discussed later in this report.

The radiological risk posed by a nuclear facility is determined by two factors: the
facility's inventory of radioactive material; and the potential for release of that material to
the environment. At the Indian Point site, all but a small fraction of the site's inventory of
radioactive material is contained within fuel assemblies at six facilities: the IP2 and IP3
reactors; the IP1, IP2 and IP3 spent-fuel pools; and the ISFSI when that facility is
operational. The IPI pool is not discussed in this report.

Active or spent fuel assemblies contain a variety of radioactive isotopes. 9 One isotope,
namely cesium-137, is especially useful as an indicator of the potential for radiological
harm. Cesium-137 is a radioactive isotope with a half-life of 30 years. This isotope
accounts for most of the offsite radiation exposure that is attributable to the 1986
Chernobyl reactor accident, and for about half of the radiation exposure that is
attributable to fallout from the testing of nuclear weapons in the atmosphere.'1 0 Cesium is
a volatile element that would be liberally released during conventional accidents or attack
scenarios that involve overheating of nuclear fuel.

Table 2-1 shows estimated amounts of cesium-137 in nuclear fuel in the IP2 and IP3
reactors and spent-fuel pools, and in one of the spent-fuel storage modules of the Indian

8 The Indian Point ISFSI has been established, but has not yet received spent fuel. Loading of spent fuel
into storage modules at the ISFSI could commence in Spring 2008 or subsequently.
9 In an operating reactor, an active fuel assembly contains radioactive isotopes with half-lives ranging from
seconds to millennia. After the reactor is shut down or a fuel assembly becomes spent (i.e., it is discharged
from the reactor), the assembly's inventory of each isotope declines at a rate determined by the isotope's
half-life. Thus, an atmospheric release from an operating reactor would contain short- and longer-lived
isotopes, while a release from a spent-fuel-storage facility would contain only longer-lived isotopes. That
difference has implications for the emergency response that would be appropriate for each release.
10 DOE, 1987.
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Point ISFSI when that facility is operational.11 Table 2-2 compares these amounts with
atmospheric releases of cesium- 137 from detonation of a 10-kilotonne fission weapon,
the Chernobyl reactor accident of 1986, and atmospheric testing of nuclear weapons.
These data show that release of a substantial fraction of the cesium-137 in an Indian Point
nuclear facility would create comparatively large radiological consequences.

In the IP2 and IP3 spent-fuel pools, as at nuclear power plants across the USA, spent fuel
is stored in high-density racks. This configuration has significant implications for risk
because loss of water from such a pool would, over a wide range of scenarios, lead to
spontaneous ignition of the hottest spent fuel and a fire that would spread across the pool.
That fire would release to the atmosphere a substantial fraction of the pool's inventory of
cesium-137, together with other radioactive isotopes. The potential for this event at
Indian Point is discussed further in Section 6, below.

3. Categories of Risk-Related Impacts from Continued-Operation of the IP2 and IP3
Plants

As explained in Section 1, above, two categories of risk-related impacts are addressed
here. The first category consists of direct radiological harm (radiation-induced human
illnesses, etc.) and the indirect social and economic impacts arising from that direct harm.
The second category consists of regulatory impacts that arise from the NRC's general
approach to licensing of nuclear power plants.

Direct and indirect radiological impacts

This report addresses the direct radiological harm, and the associated indirect impacts,
that would result from an unplanned release of radioactive material to the environment.
More specifically, the report focuses on the potential for an unplanned atmospheric
release. Such a release could cause radiological consequences at the Indian Point site and
at downwind, offsite locations. The released material would travel in a plume of gases
and small particles. The particles would settle on the ground and other surfaces at
downwind locations, and would then be re-distributed by rain, wind, etc. Humans could
be irradiated through various pathways including inhalation, external exposure, and
ingestion of contaminated food and water. Types of radiological consequences could
include:

(i) "early" human fatalities or morbidities (illnesses) that arise during the first
several weeks after the release;
(ii) "latent" fatalities or morbidities (e.g., cancers) that arise years after the
release;
(iii) short- or long-term abandonment of land, buildings, etc.;
(iv) short- or long-term interruption of agriculture, water supplies, etc.; and

"The estimates shown in Table 2-1 employ the best information available to the author. Entergy could
supply information that could be used to improve the accuracy of these estimates.
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(v) social and economic impacts of the above-listed consequences.

An unplanned atmospheric release of radioactive material from the IP2 or IP3 reactors or
their spent fuel could arise as a result of a conventional accident or a malice-induced
accident. In this report, a conventional accident is a sequence of events initiated by
human error, equipment failure, or natural forces. The potential for a conventional
accident at a nuclear facility can be examined using the techniques of probabilistic risk
assessment (PRA). In the PRA field, accident-initiating events are typically categorized
as "internal" events (human error, equipment failure, etc.) or "external" events
(earthquakes, fires, strong winds, etc.). A malice-induced accident would involve a
deliberate attack at the Indian Point site. Such an attack could be mounted by a variety of
actors, in a variety of ways, for various motives. The potential for an attack is discussed
further in Section 7, below. That discussion shows how PRA techniques can be adapted
to examine the risks of malice-induced accidents.

Regulatory impacts

The NRC's general approach to licensing of nuclear power plants creates regulatory
impacts that adversely affect the environment. Granting of license extensions for the IP2
and IP3 plants would increase this burden of adverse impacts.

The potential for regulatory impacts is recognized in Executive Order 12866. That Order
requires Federal agencies to "assess all costs and benefits of available regulatory
alternatives". It further requires that "in choosing among alternative regulatory
approaches, agencies should select those approaches that maximize net benefits".12 The
NRC argues that it is not required to comply with Executive Order 12866, but states that
its regulatory analysis guidelines reflect the intent of that Order.13 Moreover, the NRC
sets forth Principles of Good Regulation in five categories: (i) independence, (ii)
openness; (iii) efficiency; (iv) clarity; and (v) reliability.14

This report addresses two respects in which the NRC's regulatory approach does not
reflect the intent of Executive Order 12866 and does not uphold the NRC's Principles of
Good Regulation. First, the NRC's approach to the licensing of nuclear power plants
contributes to an inappropriate, counterproductive approach by the Federal government to
protection of the nation's critical infrastructure. Second, the NRC has adopted a policy of
excessive secrecy that yields various adverse impacts, including suppression of clear-
headed discussion of the risk posed by nuclear plants. These issues are discussed further
in Section 8, below.

12 Clinton, 1993, Section 1.

"3 NRC, 2004, page 1.
14 Principles of Good Regulation, accessed at the NRC web site (www.nrc.gov) on 20 November 2007.
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4. Consideration of Risk by the NRC and Entergy

From the earliest years of the nuclear-technology era, analysis and experience have
shown that a nuclear reactor can undergo an accident in which the reactor's fuel is
damaged. This damage can lead to a release of radioactive material within the reactor
and, potentially, from the reactor to the external environment. An early illustration of
this accident potential occurred in the UK in 1957, when an air-cooled reactor at
Windscale caught fire and released radioactive material to the atmosphere. At that time,
spent fuel was not perceived as a significant hazard.

When the IP2 and IP3 plants received their construction permits in 1966 and 1969,
respectively, there was limited technical understanding of the potential for severe
accidents at commercial reactors. In this context, "severe" means that the reactor core is
severely damaged, which typically involves melting of some fraction of the core
materials. Analysts in the PRA field typically refer to such an event as a "core-damage"
accident. That term is used here. Knowledge about the potential for core-damage
accidents was substantially improved by completion of the Reactor Safety Study
(WASH-1400) in 1975.15 That study, although deficient in various respects, established
the basic principles for a reactor PRA. More knowledge has accumulated from analysis
and experience since 1975.16

The NRC has discussed some of the risk-related impacts of continued operation of a
nuclear power plant, in its Generic Environmental Impact Statement for License Renewal
of Nuclear Plants (NUREG-1437).17 Entergy has discussed some of the risk-related
impacts of continued operation of the IP2 and IP3 plants, in the Environmental Report
that is provided as Appendix E of the License Renewal Application.18

Chapter 5 of NUREG-1437 discusses the radiological risk of conventional accidents at
various commercial reactors in the USA. In that discussion, the NRC claims that the risk
attributable to earthquakes and other external initiating events is "adequately addressed
by a generic consideration of internally initiated severe accidents".19 NUREG-1437 also
provides a brief discussion of the potential for a deliberate attack on a reactor,
concluding:

20

"Although the threat of sabotage events cannot be accurately quantified, the
commission believes that acts of sabotage are not reasonably expected.
Nonetheless, if such events were to occur, the commission would expect that

'5 NRC, 1975.

16 Relevant experience includes the Three Mile Island reactor accident of 1979 and the Chernobyl reactor

accident of 1986.
17 NRC, 1996.
18 Entergy, 2007a, Appendix E.
19 NRC, 1996, page 5-18.
20 NRC, 1996, page 5-18.
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resultant core damage and radiological releases would be no worse than those
expected from internally initiated events."

The merit of that statement is discussed in Section 7, below. NUREG-1437 also provides
a brief discussion of the potential for a fire in a spent-fuel pool, concluding:21

"NRC has also found that, even under the worst probable cause of a loss of spent-
fuel pool coolant (a severe seismic-generated accident causing a catastrophic
failure of the pool), the likelihood of a fuel-cladding fire is highly remote (55 FR
38474)."

The merit of that statement is discussed in Section 6, below.

Entergy's Environmental Report assesses the risks of core-damage events at the IP2 and
IP3 reactors. Only conventional accidents are considered. Spent-fuel-pool fires are not
considered. For each reactor, risk is framed in terms of the monetized offsite and onsite
costs of a set of potential atmospheric releases of radioactive material, multiplied for each
release by its estimated annual probability, summed (with discounting) over the 20-year
period of license extension. The resulting indicator is a "present value of cost risks" for
the reactor. A variety of assumptions and approximations are used during the estimation
of this indicator.

The Environmental Report examines a variety of Severe Accident Mitigation Alternatives
(SAMAs) that could reduce risks. For each SAMA, a "benefit" is determined by
estimating the amount by which this SAMA would, if adopted, reduce the present value
of cost risks of reactor operation. The cost of implementing the SAMA is also estimated.
If the benefit exceeds the cost, the SAMA is determined to be "cost effective". The
Environmental Report does not reach a final verdict on the cost-effectiveness of the
SAMAs that it considers. Instead, it selects, from an initial set of postulated SAMAs, a
subset of SAMAs that are potentially cost-effective. Entergy states that SAMAs in that
subset "have been submitted for detailed engineering cost-benefit analysis".22

In the 1990s, each of the IP2 and IP3 plants was subjected to an Individual Plant
23Examination (IPE). Those studies examined the potential for a reactor core damage

event initiated by internal initiating events. Each plant was subsequently subjected to an
Individual Plant Examination of External Events (IPEEE), which considered external

24initiating events. The IPEs, IPEEEs and supporting information, including independent
reviews commissioned by the NRC, are publicly available through the NRC. Entergy's
current knowledge of risk derives, according to the Environmental Report, from
probabilistic safety assessments (PSAs) that update the IPEs and IPEEEs. The PSAs are
cited in the Environmental Report but are not regarded by the NRC staff as part of the

21 NRC, 1996, pp 6-72 to 6-75.
22 Entergy, 2007a, Appendix E, page 4-73.
23 Consolidated Edison, 1992; NYPA, 1994.
24 Consolidated Edison, 1995; NYPA, 1997.



Risk-Related Impacts from Continued Operation of the IP2 and IP3 Plants
A Report by IRSS, November 2007

Page 14

License Renewal Application, and are not available to the public.25 Thus, the PSAs
cannot be independently reviewed in a public forum. The same is true of Entergy's
SAMA analyses, which are only partially published and which rest upon the PSAs. Yet,
the NRC has tasked a contractor with reviewing Entergy's SAMA analyses for the IP2
and IP3 plants.26 It is not clear how this contractor can provide a credible review.

Sections 5 through 8, below, examine four selected risk issues that have been neglected
by the NRC and Entergy. In part, that examination adopts the methodology that Entergy
uses to discuss SAMAs. IRSS's use of that methodology is not a general endorsement of
Entergy's SAMA analyses, their methodology or their assumptions. IRSS uses the
methodology to illustrate the significance of the neglected risk issues.

5. Neglected Risk Issue #1: Reactor Containment Bypass via Induced Failure of
Steam Generator Tubes

During a core-damage accident at a reactor, radioactive material would be released from
the damaged fuel to the reactor coolant system (RCS). A portion of that material would
then travel from the RCS to the interior of the reactor containment building. Some of that
portion may then travel from the interior of the containment to the external environment,
through pathways that existed prior to the accident or were created during the accident.
Alternatively, radioactive material may travel directly from the RCS to the external
environment through pathways that bypass the containment. Core-damage scenarios
involving containment bypass deserve careful consideration in a reactor risk assessment,
because the release of radioactive material to the environment could be comparatively
large during such a scenario. Entergy's Environmental Report does not provide an
adequate examination of this issue for the IP2 and IP3 reactors. As discussed below, the
Environmental Report does not properly address the potential for containment bypass via
induced failure of steam generator tubes.

The IP2 and IP3 reactors have large, dry containment structures. Containments of this
type have some capability to withstand destructive phenomena that accompany core-
damage accidents, such as hydrogen explosions or steam explosions. 27 Thus, if
containment bypass does not occur, the fraction of the radioactive material released from
damaged fuel that reaches the environment might be comparatively small. Many studies
have been done in the PRA field to estimate this fraction across a range of core-damage
scenarios. Entergy's Environmental Report finds that the fraction is comparatively small
for a majority of core-damage sequences. IRSS does not examine that finding directly.
Instead, this report shows that Entergy has substantially under-estimated the potential for
containment bypass. If bypass occurs, the strength of the containment is irrelevant.

25 Communications between Diane Curran and staff of the NRC Public Document Room, August 2007.
26 Letter (and attachments) from Joyce Fields, NRC Contracting Officer, to James Meyer, Information
Systems Laboratories, Rockville, Maryland, 22 June 2007.
27 No US commercial reactor has a containment that was specifically designed to withstand all of the
destructive phenomena that could accompany a core-damage accident.
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The IP2 and IP3 reactors are PWRs. This type of reactor has a potential containment-
bypass pathway that requires especially careful consideration. The pathway involves
failure of one or more of the tubes in one or more of the reactor's four steam generators.
There are 3,200 tubes in each steam generator at the IP2 and IP3 reactors. Each tube has
a diameter of 0.9 inches and a wall thickness of 0.05 inches.28 They are, therefore,
comparatively fragile. Yet, the thin walls of these tubes form part of the containment
boundary. The tube walls separate the RCS from the secondary side of the steam
generators, where water is boiled to generate steam that is fed to the plant's
turbogenerator.

29

A 28-inch-diameter steam pipe leaves each steam generator and passes through the
containment wall. Outside the containment, each pipe is equipped with an isolation valve
that can block the flow of steam. Upstream of the isolation valve, but outside the
containment, each pipe is connected to five safety valves that exhaust to the atmosphere.
These valves are set to open at pressures ranging from 1,065 to 1,120 psig, consistent
with the steam system's design pressure of 1,085 psig. That pressure is substantially
lower than the RCS design pressure of 2,485 psig. 30 Thus, if steam generator tubes fail
while the RCS is at or near its design pressure, fluid from the RCS would enter the
secondary side via the failed tubes, water in that fluid would flash to steam, and a pulse
of pressure would occur in the steam pipes, causing one or more of the safety valves to
open. Then, if a safety valve sticks open, a pathway would be created that connects the
RCS to the external atmosphere. That pathway would bypass the containment, could not
be blocked, and would remain open for the duration of the accident. 31 The release of
radioactive material through this pathway could be substantial. In this manner, the steam
generator tubes would function as an "Achilles' heel" in the containment boundary.

Tube failure during a High/Dry accident sequence

Failure of steam generator tubes could be an initiating event for a core-damage accident,
or could be induced by phenomena that accompany such an accident. The scenario of
greatest risk significance is one in which failure is induced by heating of the steam
generator tubes while there is a high differential pressure between the RCS and the
secondary side. Those conditions would be most severe during "High/Dry" core-damage
scenarios (accident sequences) in which the secondary side dries out due to unavailability
of feedwater and the RCS pressure remains high while primary coolant (i.e., water) is lost
and the core is uncovered. During such a scenario, there would be a period when the
upper portions of the RCS are occupied by steam and by hydrogen generated from steam-
zirconium reaction in the core, while the lower portions of the RCS are occupied by
residual water. Convective circulation of the steam-hydrogen mixture would transfer

28 Entergy, 2007b, Table 4.1-4. This source describes the IP2 plant; the IP3 plant has a similar design.
29 The RCS is the "primary side" of the steam generators.
30 Entergy, 2007b, Table 4.1-4, Section 10.2.1. This source describes the IP2 plant; the IP3 plant has a
similar design.
31 At the IP2 and IP3 plants, there is no valve that can close the pathway from the core to the secondary side

safety valves if steam generator tubes are ruptured.
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heat to the steam generator tubes and other portions of the RCS boundary, increasing
their temperature. The ability of the affected areas to withstand the high pressure inside
the RCS would decrease correspondingly. The temperature of the steam generator tubes
would rise comparatively quickly because the tubes have thin walls. That effect would
offset the fact that convective circulation into the interior of the tubes would be
comparatively weak unless a reactor coolant pump were restarted or the "loop seal" of
residual water in the cold legs of the RCS were lost in other ways.

The potential for containment bypass due to induced failure of steam generator tubes has
been known for two decades. During the first half of that period, NRC and licensee
analysts asserted that the likelihood of this event is low.32 The NRC adopted that position
in its NUREG-1150 study.33 However, a subsequent study at Idaho National Engineering
Laboratory (INEL) determined that the NUREG-l 150 position "was based on expert
opinion with little supporting analysis". 34 The INEL study was followed by an NRC
Staff study of the risk of induced failure of steam generator tubes. 35 The latter two
studies showed the complexity of this issue and the need for further research.

The NRC has continued to support analysis on the issue. Findings from a computer
modeling exercise sponsored by the NRC, using the SCAD/RELAP5 model, were
released in August 2006.36 The exercise simulated a "station blackout" event at a
Westinghouse 4-loop PWR. The IP2 and IP3 reactors are in this category. A station
blackout event represents many of the potential High/Dry sequences of interest here.

In the modeled event, the core is uncovered when the accident has proceeded for about
10,000 seconds (2.8 hours). Then, steam and hydrogen circulate convectively through
the upper portions of the RCS, transferring heat to structures in the RCS boundary.
Failure of those structures is predicted to occur during the period 13,500 to 14,600
seconds. The structures fail because they are weakened by rising temperature to the point
where they can no longer sustain the high pressure inside the RCS. Modeling shows that
the hottest steam generator tube fails 155 seconds prior to the next most vulnerable
portion of the RCS boundary (the hot leg), even if the tube is pristine. Similar results
were found in four of six sensitivity cases. 37 The hottest tube would fail earlier if that
tube is degraded, and some degree of tube degradation will always be present in practice.
Also, a number of tubes, typically in proximity to each other, would be in the "hottest"
category, and would therefore fail at about the same time. Moreover, hot gas released
from the first rupture would impinge on surrounding tubes, promoting their failure. Thus,
it can reasonably be assumed that the breach in the RCS boundary would involve a
number of tubes.

32 Thompson, 2000, Section 4.2.
3' NRC, 1990b, Volume 2, page C-66.
34 Ellison et al, 1996, page 7-6.
" NRC, 1998.
36 Fletcher and Beaton, 2006a; Fletcher and Beaton, 2006b.
37 Fletcher and Beaton, 2006b, Table 13.
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The above-described modeling exercise assumed, based on PRA analysis, that leakage
through secondary side safety valves would depressurize the secondary side of each
steam generator.38 Thus, a pathway to the atmosphere from the secondary side would be
open prior to and after tube failure. Sticking open of one or more of the 20 safety valves
(5 for each of the 4 steam pipes) is likely because valves could lift 50 or more times as
the secondary side boils dry.39 These valves could lift again as a result of RCS pressure
pulses during the accumulator-discharge phase of the accident sequence. 40 The potential
for valves to stick open at that time would be enhanced by the presence of small particles
,of fuel in the fluid passing through the valves.41

These modeling results do not provide the final word regarding the potential for induced
failure of steam generator tubes. They are, however, a key source of guidance for a risk
assessment conducted in 2007. In light of these results, it is currently prudent to assume
that: (i) any High/Dry sequence would involve induced failure of steam generator tubes;
and (ii) one or more of the secondary side safety valves downstream of the affected steam
generator(s) would remain open after tube failure. In other words, any High/Dry
sequence would involve a bypass of the containment and a substantial release of
radioactive material to the atmosphere. Such a release would be comp:arable to the "Early
High" release category discussed in Entergy's Environmental Report. Entergy's
estimates of the magnitude of an Early High release are used here, without any
implication that IRSS accepts those estimates as definitive.43

Risk implications of induced tube failure

The next step in addressing this issue is to estimate, for the IP2 and IP3 reactors, the
probability of a core-damage accident featuring induced failure of steam generator tubes.
Table 4-1 shows Entergy's estimates of the core damage frequency (CDF) for these
reactors. Those estimates are used here, without any implication that IRSS accepts them
as definitive. Tables 5-1 and 5-2 show various estimates of the share of CDF that is
attributable to accident sequences in the High/Dry category. In two instances (the first
two rows of Table 5-2), that share is taken directly from a table in the cited document, by
summing relevant entries in the table. In other instances, the share is inferred from the
cited document in the manner described in Tables 5-1 and 5-2. All of the cited
documents were prepared by Entergy or preceding licensees. From the overall picture
provided by Tables 5-1 and 5-2, it is reasonable to assume that High/Dry sequences
account for 50 percent of CDF for the IP2 and IP3 reactors.

38 Fletcher and Beaton, 2006a, Section 2.2.
'9 NRC, 1998, Section 2.3.3.
40 NRC, 1998, Section 2.1.2.
4 1 Thompson, 2000, Section 4.2.
42 Entergy, 2007a, Appendix E, Tables E.1-10 and E.3-10.
13 Consideration of the effects of high bumup of fuel could lead to a higher estimate for the release of
radioactive material. See: Thompson, 2000, Section 4.2.



Risk-Related Impacts from Continued Operation of the IP2 and IP3 Plants
A Report by IRSS, November 2007

Page 18

That assumption should be considered in combination with the above-stated assumption
that all High/Dry sequences would lead to an atmospheric release equivalent to the Early
High release described by Entergy. The combined assumptions are used here to correct
Entergy's estimates of the conditional probabilities of atmospheric release categories,
given the occurrence of core damage. Tables 5-3 and 5-4 show those corrections. It can
be seen that the conditional probability of an Early High release rises from 3.6 percent to
51.8 percent for the IP2 reactor, and from 8.2 percent to 54.1 percent for the IP3 reactor.
In Tables 5-5 and 5-6, IRSS applies the same correction to Entergy's estimates of
population dose risk (PDR) and offsite economic cost risk (OECR). Table 5-7 carries the
correction through to the estimation of the present value of cost risks associated with
atmospheric releases from the IP2 or IP3 reactor. It can be seen that the estimated
present value of cost risks rises, in comparison with Entergy's estimate, by a factor of
5.42 for the IP2 reactor and 3.18 for the IP3 reactor. Note that the estimated values
shown in Table 5-7 consider only those core-damage sequences that arise from internal
initiating events. Also, uncertainty is not considered in Table 5-7. Entergy's practice is
to use multipliers, as shown in Table 4-1, to account for external initiating events and
uncertainty.

To summarize, IRSS has shown that Entergy has substantially under-estimated (by
factors of 5.42 and 3.18, respectively) the present value of cost risks for 20 years of
extended operation of the IP2 and IP3 reactors. The under-estimation derives from
Entergy's lack of proper consideration of the potential for containment bypass via
induced failure of steam generator tubes. Deliberate, malicious acts could be relevant to
that issue, but IRSS has not considered such acts in the analysis described above. A
major consequence of Entergy's under-estimation of the present value of cost risks is that
Entergy's SAMA analyses are incorrect and must be redone. Revised analyses would
require consideration of a range of SAMAs, including SAMAs that Entergy has
previously determined to be not cost effective. That matter is discussed further in Section
9, below.

6. Neglected Risk Issue #2: Fire in a Spent-Fuel Pool

6.1 Recognition of the Spent-Fuel Hazard

Until 1979 it was widely assumed that stored spent fuel did not pose risks comparable to
those associated with reactors. This assumption arose because a spent fuel assembly does
not contain short-lived radioactivity, and therefore produces less radioactive decay heat
than does a similar fuel assembly in an operating reactor. However, that factor was
counteracted by the introduction of high-density, closed-form storage racks into spent-
fuel pools, beginning in the 1970s. The pools at the present generation of US nuclear
plants were originally designed so that each held only a small inventory of spent fuel,
with the expectation that spent fuel would be stored briefly and then taken away for
reprocessing. Low-density, open-frame storage racks were used. Cooling fluid can
circulate freely through such a rack. When reprocessing was abandoned in the United
States, spent fuel began to accumulate in the pools. Excess spent fuel could have been
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offloaded to other storage facilities, allowing continued use of low-density racks.
Instead, as a cost-saving measure, high-density racks were introduced, allowing much
larger amounts of spent fuel to be stored in the pools.

The potential for a poolfire

Unfortunately, the closed-form configuration of the high-density racks would create a
major problem if water were lost from a spent-fuel pool. The flow of air through the
racks would be highly constrained, and would be almost completely cut off if residual
water or debris were present in the base of the pool. As a result, removal of radioactive
decay heat would be ineffective. Over a broad range of water-loss scenarios, the
temperature of the zirconium fuel cladding would rise to the point (approximately 1,000
degrees C) where a self-sustaining, exothermic reaction of zirconium with air or steam
would begin. Fuel discharged from the reactor for 1 month could ignite in less than 2
hours, and fuel discharged for 3 months could ignite in about 3 hours.44 Once initiated,
the fire would spread to adjacent fuel assemblies, and could ultimately involve all fuel in
the pool. A large, atmospheric release of radioactive material would occur. For
simplicity, this potential disaster can be described as a "pool fire".

Water could be lost from a spent-fuel pool through leakage, boiling, siphoning, pumping,
displacement by objects falling into the pool, or overturning of the pool. These modes of
water loss could arise from events, alone or in combination, that include: (i) acts of
malice by persons within or outside the plant boundary; (ii) an accidental aircraft impact;
(iii) an earthquake; (iv) dropping of a fuel cask; (v) accidental fires or explosions; and
(vi) a severe accident at an adjacent reactor that, through the spread of radioactive
material and other influences, precludes the ongoing provision of cooling and/or water
makeup to the pool.

These events have differing probabilities of occurrence. None of them is an everyday
event. Nevertheless, they are similar to events that are now routinely considered in
planning and policy decisions related to commercial nuclear reactors. To date, however,
such events have not been given the same attention in the context of spent-fuel pools.

Some people have found it counter-intuitive that spent fuel, given its comparatively low
decay heat and its storage under water, could pose a fire hazard. This perception has
slowed recognition of the hazard. In this context, a simple analogy may be helpful. We
all understand that a wooden house can stand safely for many years but be turned into an
inferno by a match applied in an appropriate location. A spent-fuel pool equipped with
high-density racks is roughly analogous, but in this case ignition would be accomplished
by draining water from the pool. In both cases, a triggering event would unleash a large
amount of latent chemical energy.

44 This sentence assumes adiabatic conditions.
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The sequence of studies related to poolfires

Two studies completed in March 1979 independently identified the potential for a fire in
a drained spent-fuel pool equipped with high-density racks. One study was by members
of a scientific panel assembled by the German state government of Lower Saxony to
review a proposal for a nuclear fuel cycle center at Gorleben.45 After a public hearing,
the Lower Saxony government ruled in May 1979, as part of a broader decision, that
high-density pool storage of spent fuel would not be acceptable at Gorleben. The second
study was done by Sandia Laboratories for the NRC.46 In light of knowledge that has
accumulated since 1979, the Sandia report generally stands up well, provided that one
reads the report in its entirety. However, the report's introduction contains an erroneous
statement that complete drainage of the pool is the most severe situation. The body of the
report clearly shows that partial drainage can be a more severe case, as was recognized in
the Gorleben context. Unfortunately, the NRC continued, until October 2000, to employ
the erroneous assumption that complete drainage is the most severe case.

The NRC has published various documents that discuss aspects of the potential for a
spent-fuel-pool fire. Several of these documents are discussed below. Only three of the
various documents are products of processes that provided an opportunity for formally
structured public comment and, potentially, for in-depth analysis of risks and alternatives.
One such document is the August 1979 generic environmental impact statement (GEIS)
on handling and storage of spent fuel (NUREG-0575). 47 The second document is the
May 1996 GEIS on license renewal (NUREG-1437). 48 These two documents purported
to provide systematic analysis of the risks and relative costs and benefits of alternative
options. The third document is the NRC's September 1990 review (55 FR 38474) of its
Waste Confidence Decision.49 That document did not purport to provide an analysis of
risks and alternatives.

NUREG-0575 addresses the potential for a spent-fuel-pool fire in a single sentence that
cites the 1979 Sandia report. The sentence reads:50

"Assuming that the spent fuel stored at an independent spent fuel storage
installation is at least one year old, calculations have been performed to show that
loss of water should not result in fuel failure due to high temperatures if proper
rack design is employed."

Although this sentence refers to pool storage of spent fuel at an independent spent fuel
storage installation, NUREG-0575 regards at-reactor pool storage as having the same

4' Thompson et al, 1979.
46 Benjamin et al, 1979.
47 NRC, 1979.
48 NRC, 1996.
49 NRC, 1990a.
'0 NRC, 1979, page 4-21.
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properties. This sentence misrepresents the findings of the Sandia report. The sentence
does not define "proper rack design". It does not disclose Sandia's findings that high-
density racks promote overheating of exposed fuel, and that overheating can cause fuel to
self-ignite and burn. The NRC has never corrected this deficiency in NUREG-0575.

NUREG-1437 also addresses the potential for a spent-fuel-pool fire in a single sentence,
which in this instance states:51

"NRC has also found that, even, under the worst probable cause of a loss of spent-
fuel pool coolant (a severe seismic-generated accident causing a catastrophic
failure of the pool), the likelihood of a fuel-cladding fire is highly remote (55 FR
38474)."

The parenthetic citation is to the NRC's September 1990 review of its Waste Confidence
Decision. Thus, NUREG-1437's examination of pool fires is totally dependent on the
September 1990 review. In turn, that review bases its opinion about pool fires on the
following four NRC documents:52 (i) NUREG/CR-4982;53 (ii) NUREG/CR-5176;54 (iii)
NUREG-1353;55 and (iv) NUREG/CR-5281.6 These documents are discussed in Section
6.2, below. That discussion reveals substantial deficiencies in the documents' analysis of
the potential for a pool fire.

Thus, neither of the two GEISs (NUREG-0575 and NUREG-1437), nor the September
1990 review of the Waste Confidence Decision, provides a technically defensible
examination of spent-fuel-pool fires and the associated risks and alternatives. The
statements in each document regarding pool fires are inconsistent with the findings of
subsequent, more credible studies discussed below.

The most recent published NRC technical study on the potential for a pool fire is an NRC
Staff study, originally released in October 2000 but formally published in February 2001,
that addresses the risk of a pool fire at a nuclear power plant undergoing
decommissioning. 57 This author submitted comments on the study to the NRC
Commissioners in February 2001 .58 The study was in several respects an improvement
on previous NRC documents that addressed pool fires. It reversed the NRC's
longstanding, erroneous position that total, instantaneous drainage of a pool is the most
severe case of drainage. However, it did not consider acts of malice. Nor did it add
significantly to the weak base of technical knowledge regarding the propagation of a fire
from one fuel assembly to another. Its focus was on a plant undergoing

" NRC, 1996, pp 6-72 to 6-75.
52 NRC, 1990a, page 38481.
53 Sailor et al, 1987.
14 Prassinos et al, 1989.
55 Throm, 1989.
56 Jo et al, 1989.
-7 Collins and Hubbard, 2001
58 Thompson, 2001 a.
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decommissioning. Therefore, it did not address potential interactions between pools and
operating reactors, such as the interactions discussed in Section 6.3, below.

In 2003, eight authors, including the present author, published a paper on the risks of
spent-fuel-pool fires and the options for reducing these risks. 59 That paper aroused
vigorous comment, and its findings were disputed by NRC officials and others. Critical
comment was also directed to a related report by this author.60 In an effort to resolve this
controversy, the US Congress requested the National Academy of Sciences (NAS) to
conduct a study on the safety and security of spent-fuel storage. The NAS submitted a
classified report to Congress in July 2004, and released an unclassified version in April

612005. Press reports described considerable tension between the NAS and the NRC
regarding the inclusion of material in the unclassified NAS report.62

Since September 2001, the NRC has not published any document that contains technical
analysis related to the potential for a pool fire. The NRC has claimed that it is conducting
further analysis in a classified setting. The scope of information treated as secret by the
NRC is highly questionable. Much of the relevant analysis would address issues such as
heat transfer and fire propagation. Calculations and experiments on such subjects should
be performed and reviewed in the public domain. Classification is appropriate for other
information, such as specific points of vulnerability of a spent-fuel pool to attack.

6.2 Technical Understanding of Pool Fires

Section 6.1, above, introduces the concept of a pool fire and describes the history of
analysis of pool-fire risks. There is a body of technical literature on these risks,
containing documents of varying degrees of completeness and accuracy. Current
opinions about the risks vary widely, but the differences of opinion are more about the
probabilities of pool-fire scenarios than about the physical characteristics of these
scenarios. In turn, differing opinions about probabilities lead to differing support for
risk-reducing options. This situation is captured in a comment by Allan Benjamin on a
paper (Alvarez et al, 2003) by this author and seven colleagues.63 Benjamin's comment isquoted in the unclassified NAS report as follows:64

"In a nutshell, [Alvarez et al] correctly identify a problem that needs to be
addressed, but they do not adequately demonstrate that the proposed solution is
cost-effective or that it is optimal."

The "proposed solution" to which Benjamin refers is the re-equipment of spent-fuel pools
with low-density, open-frame racks, transferring excess spent fuel to onsite dry storage.

'9 Alvarez et al, 2003.
60 Thompson, 2003.
.61 NAS, 2006.
62 Wald, 2005.
63 Allan Benjamin was one of the authors of: Benjamin et al, 1979.
64 NAS, 2006, page 45.
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In fact, however, the [Alvarez et al] authors had not claimed to complete the level of
analysis, especially site-specific analysis, that risk-reducing options should receive in an
Environmental Report or environmental impact statement (EIS). These authors stated:65

"Finally, all of our proposals require further detailed analysis and some would
involve risk tradeoffs that also would have to be further analyzed. Ideally, these
analyses could be embedded in an open process in which both analysts and policy
makers can be held accountable."

The paper by Alvarez et al is consistent with current knowledge of pool-fire phenomena,
including the findings set forth in the unclassified NAS report. The same cannot be said
for all of the NRC documents that were cited in the NRC's September 1990 review of its
Waste Confidence Decision. As discussed in Section 6.1, above, four NRC documents
were cited to support that review's finding regarding the risks of pool fires. 66 In turn, the
May 1996 GEIS on license renewal (NUREG-1437) relied on the September 1990 review
for its position on the risks of pool fires. The four NRC documents are discussed in the
following paragraphs.

NUREG/CR-4982 was prepared at Brookhaven National Laboratory to provide "an
assessment of the likelihood and consequences of a severe accident in a spent fuel storage
pool". 67 The postulated accident involved complete, instantaneous loss of water from the
pool, thereby excluding important phenomena from consideration. The Brookhaven
authors employed a simplistic model to examine propagation of a fire from one fuel
assembly to another. That model neglected important phenomena including slumping
and burn-through of racks, slumping of fuel assemblies, and the accumulation of a debris
bed at the base of the pool. Each of these neglected phenomena would promote fire
propagation. The study ignored the potential for interactions between a pool fire and a
reactor accident. It did not consider acts of malice. Overall, this study did not approach
the completeness and quality needed to support consideration of a pool fire in an EIS.

NUREG/CR-5176 was prepared at Lawrence Livermore National Laboratory. 68 It
examined the potential for earthquake-induced failure of the spent-fuel pool and the
pool's support systems at the Vermont Yankee and Robinson Unit 2 plants. It also
considered the effect of dropping a spent-fuel shipping cask on a pool wall. Overall, this
study appears to have been a competent exercise within its stated assumptions. With
appropriate updating, NUREG/CR-5176 could contribute to the larger body of analysis
that would be needed to support consideration of a pool fire in an EIS.

NUREG-1353 was prepared by a member of the NRC Staff to support resolution of NRC
Generic Issue 82.69 It postulated a pool accident involving complete, instantaneous loss

65 Alvarez et al, 2003, page 35.
66 NRC, 1990a, page 38481.
67 Sailor et al, 1987.
68 Prassinos et al, 1989.
69 Throm, 1989.
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of water from the pool, thereby excluding important phenomena from consideration. It
relied on the fire-propagation analysis of NUREG/CR-4982. As discussed above, that
analysis is inadequate. In considering heat transfer from boiling water reactor (BWR)
fuel after water loss, NUREG-1353 assumed that a high-density rack configuration would
involve a 5-inch open space between each row of fuel assemblies. That assumption is
inappropriate and non-conservative. Modem, high-density BWR racks have a center-to-
center distance of about 6 inches in both directions. Thus, NUREG-1353 under-
estimated the potential for ignition of BWR fuel. Overall, NUREG-1353 did not
approach the completeness and quality needed to support consideration of a pool fire in
an EIS.

NUREG/CR-5281 was prepared at Brookhaven National Laboratory to evaluate options
for reducing the risks of pool fires.70 It took NUREG/CR-4982 as its starting point, and
therefore shared the deficiencies of that study.

Clearly, these four NRC documents do not provide an adequate technical basis for an EIS
that addresses the risks of pool fires. The knowledge that they do provide could be
supplemented from other documents, including the unclassified NAS report, the paper by
Alvarez et al, and the NRC Staff study (NUREG- 1738) on pool-fire risk at a plant
undergoing decommissioning. 71 However, this combined body of information would be
inadequate to support the preparation of an EIS. For that purpose, a comprehensive,
integrated study would be required, involving analysis and experiment. The depth of
investigation would be similar to that involved in preparing the NRC's December 1990
study on the risks of reactor accidents (NUREG- 1150).72

A pool-fire "source term"

The incompleteness of the present knowledge base is evident when one needs a "source
term" to estimate the radiological consequences of a pool fire. The concept of a source
term encompasses the magnitude, timing and other characteristics of an atmospheric
release of radioactive material. Present knowledge does not allow an accurate theoretical
or empirically-based prediction of the source term for a postulated pool-fire scenario.
Available information indicates that, for a broad range of scenarios, the atmospheric
release fraction of cesium-137 would be between 10 and 100 percent. This report
assumes a cesium-137 release fraction of about 50 percent. Table 2-1 shows that the
inventory of cesium-137 in the IP2 or IP3 pool during the period of license extension
would be about 70 MCi. Thus, a release of 35 MCi of cesium-137 is used here to
examine the consequences of a pool fire at the IP2 or IP3 plant.

70 Jo et al, 1989.
71 Collins and Hubbard, 2001.
72 NRC, 1990b.
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6.3 Initiation of a Pool Fire

The initiation of a pool fire would require the loss of water from a pool, and the absence
of water makeup or spray cooling of the exposed fuel during the period while it heats up
to the ignition temperature. As stated above, that period would be just a few hours if fuel
has been recently discharged from the reactor. After ignition, water spray would be
counterproductive, because it would feed a steam-zirconium reaction.

Water could be lost from a spent-fuel pool through leakage, boiling, siphoning, pumping,
displacement by objects falling into the pool, or overturning of the pool. These modes of
water loss could arise from events, alone or in combination, that include: (i) acts of
malice by persons within or outside the plant boundary; (ii) an accidental aircraft impact;
(iii) an earthquake; (iv) dropping of a fuel cask; (v) accidental fires or explosions; and
(vi) a severe accident at an adjacent reactor that, through the spread of radioactive
material and other influences, precludes the ongoing provision of cooling and/or water
makeup to the pool.

Given the major consequences of a pool fire, analyses should have been performed to
examine pool-fire scenarios across a full range of initiating events. The NRC has
devoted substantial attention and resources to the examination of reactor-core-damage
scenarios, through studies such as NUREG-1 150.73 Neither the NRC nor the nuclear
industry has conducted a comparable, comprehensive study of pool fires. In the absence
of such a study, this report provides illustrative analysis of selected issues.

The NUREG-1353 estimate ofpool-fire probability

As discussed above, the NRC document NUREG-1353 was deficient in various respects.
It did, however, provide an estimate for the probability of a pool fire at a PWR plant.
That estimate is 2 per million reactor-years. The NRC has not issued a revised estimate
for that probability. Thus, it is appropriate to examine the implications of the NUREG-
1353 estimate for pool-fire risk at the IP2 or IP3 plant. IRSS performs such an
examination, as described below. It does not follow that IRSS accepts the NUREG-1353
probability estimate as definitive.

A poolfire accompanied by a reactor accident

At the IP2 and IP3 plant, the pool is outside but immediately adjacent to the reactor
containment, and shares some essential support systems with the reactor. Thus, it is
important to consider potential interactions between the pool and the reactor in the
context of accidents. There could be at least three types of interaction. First, a pool fire
and a core-damage accident could occur together, with a common cause. For example, a

" NRC, 1990b.
74 Throm, 1989, Table 4.7.1.
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severe earthquake could cause leakage of water from the pool, while also damaging the
reactor and its supporting systems to such an extent that a core-damage accident occurs.
Second, the high radiation field produced by a pool fire could initiate or exacerbate an
accident at the reactor by precluding the presence and functioning of operating personnel.
Third, the high radiation field produced by a core-damage accident could initiate or
exacerbate a pool fire, again by precluding the presence and functioning of operating
personnel. Many core-damage sequences would involve the interruption of cooling to the
pool, which would call for the presence of personnel to provide makeup water or spray
cooling of exposed fuel.

The third type of interaction was considered in a license-amendment proceeding in regard
to expansion of spent-fuel-pool capacity at the Harris nuclear power plant. There were
three parties to the proceeding - the NRC Staff, Carolina Power and Light (CP&L), and
Orange County. The Harris plant has one reactor and four pools. The reactor - a PWR -
is in a cylindrical, domed containment building. The four pools are in a separate,
adjacent building that was originally intended to serve four reactors. Only one reactor
was built. Two pools were in use at high density prior to the proceeding, and the
proceeding addressed the activation of the two remaining pools, also at high density.

During the proceeding, the Atomic Safety and Licensing Board (ASLB) determined that
the potential for a pool fire should be considered, and ordered the three parties to analyze
a single scenario for such a fire. 75 In the postulated scenario, a severe accident at the
Harris reactor would contaminate the Harris site with radioactive material to an extent
that would preclude actions needed to supply cooling and makeup to the Harris pools.
Thereafter, the pools would boil and dry out, and fuel within the pools would bum.
Following the ALSB's order, Orange County submitted a report by this author. 76 The
NRC Staff submitted an affidavit by members of the Staff.77 CP&L - the licensee -
submitted a document prepared by ERIN Engineering.78

Orange County's analysis found that the minimum value for the best estimate of a pool
fire, for the ASLB's postulated scenario, is 1.6 per 100 thousand reactor-years. That
estimate did not account for acts of malice, degraded standards of plant operation, or
gross errors in design, construction or operation. The NRC Staff estimated, for the same
scenario, that the probability of a pool fire is on the order of 2 per 10 million reactor-
years. The ASLB accepted the Staffs estimate, thereby concluding that, for the particular
configuration of the Harris plant, the postulated scenario is "remote and speculative"; the
ASLB then terminated the proceeding without conducting an evidentiary hearing. 79

Elsewhere, the author has described deficiencies in the ASLB's ruling. 80

7' ASLB, 2000.
76 Thompson, 2000.
77 Parry et al, 2000.
78 ERIN, 2000.
79 ASLB, 2001.
80 Thompson, 200lb.
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One reason for the difference in the probability estimates proffered by Orange County
and the NRC Staff was their differing assessments of the spread of radioactive material
from the reactor containment building to the separate, adjacent pool building. The Staff
agreed with Orange County on some other matters. For example, the Staff reversed its
previous, erroneous position that comparatively long-discharged fuel will not ignite in the
event of water loss from a high-density pool. NRC Staff members stated that loss of
water from pools containing fuel aged less than 5 years "would almost certainly result in
an exothermic reaction", and also stated: "Precisely how old the fuel has to be to prevent
a fire is still not resolved.",81 Moreover, the Staff assumed that a fire would be inevitable
if the water level fell to the top of the racks.

Most importantly for present purposes, the technical submissions of all three parties
agreed that the onset of a pool fire in two of the pools in the Harris pool building would
preclude the provision of cooling and water makeup to the other two pools. This effect
would arise from the spread of hot gases and radioactive material throughout the pool
building, which would preclude access by operating personnel. Thus, the pools not
involved in the initial fire would boil and dry out, and their fuel would burn. The parties'
agreement on this point established that the radiation field created by an accident at one
part of a nuclear plant could, by precluding access by personnel, cause an accident at
another part of the plant. Whether or not this effect would occur in a particular scenario
would depend on the specific configuration of the plant and the characteristics of the
scenario.

IRSS does not, at present, offer an analysis of the potential for a conventional accident at
the IP2 or IP3 reactor to initiate a fire in the adjacent pool, or vice versa. That analysis
would be part of any comprehensive assessment of the risks posed by continued
operation of the IP2 and IP3 plants. The analysis would need to be done specifically for
the Indian Point site, and could not rely on findings for the Harris plant.

Interactions between a core-damage accident and a pool fire could be especially'
important in the context of an attack on the Indian Point site. Attackers could, either
deliberately or inadvertently, release radioactive material from one facility (e.g., a
reactor) that precludes personnel access to other facilities (e.g., a pool), thereby initiating
accidents at those facilities. This matter is discussed in Section 7, below.

IRSS is aware of one instance in which the NRC published an analysis of the impacts of
deliberate, malicious actions at a spent-fuel pool. Such an analysis was provided in
NUREG-0575, the August 1979 GEIS on handling and storage of spent fuel. That
analysis is discussed further in Section 7, below.

81 Parry et al, 2000, paragraph 29.
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6.4 Consideration of Pool Fires in SAMA Analyses

Entergy has not considered pool fires in its SAMA analyses for the IP2 and IP3 plants.
IRSS provides an illustrative analysis to show the significance of Entergy's neglect of
pool fires. The results are shown in Tables 6-1 through 6-3.

Table 6-1 shows estimated offsite costs from potential atmospheric releases of
radioactive material. Two categories of release are addressed. The first category consists
of Early High releases from the IP2 and IP3 reactors. Entergy estimates the offsite costs
of such releases to be $66 billion for the IP2 reactor and $56 billion for the IP3 reactor.
The second category consists of a fire in a spent-fuel pool at the IP2 or IP3 plant. IRSS
assumes that the release from such a fire would include 35 MCi of cesium-137, as
discussed above. A study by Beyea et al estimates the offsite costs of a 35 MCi release
of cesium-137 from the Indian Point site to be $461 billion. 82 In that study, the authors
identify a number of factors that, if considered, could increase their estimate. A further
increase would occur if indirect impacts of the release were considered. Indirect
economic impacts would include: (i) loss of market share for products from the region
and across the US, due to stigma effects; (ii) loss of tourist revenue in the region and
across the US, due to stigma effects; (iii) prolonged, costly litigation that retards recovery
from the event; and (iv) loss of confidence in regional and national stability and
governance, causing outflow of capital and skilled labor.

Table 6-2 shows estimated offsite cost risks for the two categories of atmospheric release
discussed in the preceding paragraph. For Early High releases from the IP2 and IP3
reactors, the estimates are from Entergy. For the release from a pool fire, the NUREG-
1353 estimate of probability is combined with the Beyea et al estimate of offsite costs.
The table shows that the offsite cost risk of a pool fire is substantially higher than the
offsite cost risk of an Early High release from a core-damage accident.

Table 6-3 carries this analysis forward to provide estimates of the present value of cost
risk for: (i) the full spectrum of releases from core-damage accidents at the IP2 and IP3
reactors; and (ii) a pool fire at the IP2 or IP3 plant. The table shows that the present
value of cost risk is greatest for the pool fire, even without considering the onsite
component of that indicator for a pool fire. The analysis is further developed in Table 7-
7, which is discussed below.

Tables 6-2 and 6-3 are developed within the risk-assessment paradigm employed by
Entergy and the NRC. They employ an estimate of pool-fire probability that the NRC set
forth in NUREG-1353 and has not repudiated. That estimate is comparable to Entergy's
estimate of the probability of an Early High release from the IP2 or IP3 reactor. The two
tables show that the risk of a pool fire exceeds the risk of a core-damage accident. Yet,

82 Beyea et al, 2004.
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Entergy examines the risk of a core-damage accident but ignores the risk of a pool fire.
There is no logical basis for ignoring pool-fire risk.

7. Neglected Risk Issue #3: Attack on a Reactor and/or its Spent Fuel

7.1 The General Threat Environment

The potential for a deliberate attack on a commercial nuclear facility arises within a
larger context, namely the general threat environment for the US homeland. That
environment reflects, in turn, a complex set of factors operating internationally.

If the IP2 and IP3 plants receive 20-year license extensions, they will operate until 2033
(IP2) and 2035 (IP3), discharging spent fuel throughout that period. The proposed Yucca
Mountain repository could not accommodate more than a fraction of these reactors'
cumulative discharge of spent fuel, and it is increasingly unlikely that this repository will
open. No other option is currently available for removing spent fuel from the Indian'
Point site. At that site, as at nuclear power plant sites across the US, the most likely
outcome is that spent fuel will be stored at the site for the foreseeable future, potentially
for longer than a century.8 3 Thus, in assessing the risks of malicious actions at the Indian
Point site, one should consider the general threat environment over the next century.

The threat from sub-national groups

The US homeland has not been attacked by another nation since World War II. One
factor behind this outcome has been the US deployment of military forces with a high
capability for counter-attack. There have, however, been significant attacks on the US
homeland and other US assets by sub-national groups since World War II. Such attacks
are typically not deterred by US capability for counter-attack, because the attacking
group has no identifiable territory. Indeed, sub-national groups may attack US assets
with the specific purpose of prompting US counter-attacks that harm innocent persons,
thereby undermining the global political position of the US.

Attacks on the homeland by sub-national groups in recent decades include vehicle
bombings of the World Trade Center in New York in February 1993 and the Murrah
Federal building in Oklahoma City in April 1995, and aircraft attacks on the World Trade
Center and the Pentagon in September 2001. Outside the homeland, attacks on US assets
by sub-national groups have included vehicle-bomb attacks on a Marine barracks in
Beirut in October 1983 and embassies in Tanzania and Kenya in August 1998, and a
boat-bomb attack on the USS Cole in October 2000. At present, sub-national groups
routinely attack US forces in Iraq.

In many of these incidents, the attacking group has been based outside the US. An
exception was the Oklahoma City bombing, where the attacking group was domestic in

83 Thompson, 2005.
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both its composition and its motives. There is concern that future attacks within the US
may be made by groups that are domestically based but have linkages to, or sympathy
with, interests outside the US. This phenomenon was exhibited in London in July 2005,
when young men born in the UK conducted suicide bombings in underground trains and
a bus.

Reducing the risks of attack by sub-national groups requires a sophisticated, multi-
faceted and sustained policy. An unbalanced policy can be ineffective or
counterproductive. Since September 2001, the US government has implemented a policy
that is heavily weighted toward offensive military action. Evidence is accumulating that
this policy has been significantly counterproductive. Table 7-1 provides a sample of the
evidence. The table shows recent public-opinion data from four Muslim-majority
countries (Morocco, Egypt, Pakistan, Indonesia). In each country, a majority (ranging
from 53 percent of respondents in Indonesia to 86 percent in Egypt) believes that the
primary goal of the US "war on terrorism" is to weaken Islam or control Middle East
resources (oil and natural gas). One expression of this belief is that substantial numbers
of people (ranging from 19 percent of respondents in Indonesia to 91 percent in Egypt)
approve of attacks on US troops in Iraq. Smaller numbers of people (ranging from 4 to 7
percent of respondents) approve of attacks on civilians in the US.

The great majority of people, in these four countries and elsewhere, will not participate in
attacks on US assets. However, there are consequences when millions of people believe
that the US seeks to undermine their religion and culture and control their resources.
Among other consequences, this belief creates a social climate that can help sub-national
groups to form and to acquire the skills, funds and equipment they need in order to mount
attacks. From a US perspective, such groups are "terrorists". Within their own cultures,.
they may be seen as soldiers engaged in "asymmetric warfare" with a powerful enemy.

Many experts who study these issues see a substantial probability that the US homeland
will, over the coming years, be subjected to an attack comparable in severity to the attack
of September 2001. Table 7-2 summarizes the judgment of a selected group of experts
on this matter.

The threat environment over the coming decades

As mentioned above, an assessment of the risks of malicious actions at the Indian Point
site should consider the general threat environment over the next century. Forecasting
trends in the threat environment over such a period is a daunting exercise, with inevitably
uncertain findings. Nevertheless, a decision about extended operation of the IP2 and IP3
reactors must reflect either an implicit or an explicit forecast of trends in the general
threat environment. It is preferable that the forecast be explicit, and global in scope,
because the US cannot be insulated from broad trends in violent conflict and social
disorder.

84 Kull et al, 2007.



Risk-Related Impacts from Continued Operation of the IP2 and IP3 Plants
A Report by IRSS, November 2007

Page 31

Numerous analysts - in academia, government and business - are involved in efforts to
forecast possible worldwide trends that pertain to violence. These efforts rarely attempt
to look forward more than one or two decades. Two examples are illustrative. First, a
group based at the University of Maryland tracks a variety of indicators for most of the
countries in the world, in a data base that extends back to 1950 and earlier. Using these
data, the group periodically provides country-level assessments of the potential for
outbreaks of violent conflict. 85 Second, the RAND corporation has conducted a literature
review and assessment of potential worldwide trends that would be adverse for US
national security.86

Several decades ago, some analysts of potential futures began taking an integrated world
view, in which social and economic trends are considered in the context of a finite planet.
In this view, trends in population, resource consumption and environmental degradation
can be significant, or even dominant, determinants of the options available to human
societies. A well-known, early example of this genre is the Limits to Growth study,
sponsored by the Club of Rome, which modeled world trends by using systems

87dynamics. A more recent example is the work of the Global Scenario group, convened
by the Stockholm Environment Institute (SEI). 88 This work was informed by systems-
dynamics thinking, but focused on identifying the qualitative characteristics of possible
future worldwide scenarios for human civilization. SEI identified three types of scenario,
with two variants of each type, as shown in Table 7-3. The Conventional Worlds
scenario has Market Forces and Policy Reform variants, the Barbarization scenario has
Breakdown and Fortress World variants, while the Great Transitions scenario has Eco-
Communalism and New Sustainability Paradigm variants.,

The SEI scenarios provide a useful framework for considering the paths that human
civilization could follow during the next century and beyond. Not all paths are possible.
Notably, continued trends of resource depletion and irreversible degradation of
ecosystems would limit the range of options available to succeeding generations.
Similarly, destruction of human and industrial capital through large-scale warfare could
inhibit economic and social recovery for many generations.

At present, the dominant world paradigm corresponds to the Market Forces scenario.
Policy Reform is pursued at the rhetorical level, but is weakly implemented in practice.
In parts of the world, notably in Africa, the Breakdown scenario is already operative.
Aspects of the Fortress World scenario are also evident, and are likely to become more
prominent if trends of resource depletion and ecosystem degradation continue, especially
if major powers reject the dictates of sustainability and use armed force to secure
resources. One sign of resource depletion is a growing body of analysis that predicts a

85 Marshall and Gurr, 2005.
86 Kugler, 1995.
87 Meadows et al, 1972.
88 Raskin et al, 2002.
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peak in world oil production within the next few decades. 89 This prediction is sobering in
view of the prominent role played by oil in the origins and conduct of war in the 20th
century. 90 A now-familiar sign of ecosystem degradation is anthropogenic, global
climate change. Analysts are considering the potential for climate change to promote,
through its adverse impacts, social disorder and violence. 91 Other manifestations of
ecosystem degradation are also significant. The recent Millennium Ecosystem
Assessment determined that 15 out of the 24 ecosystem services that it examined "are
being degraded or used unsustainably, including fresh water, capture fisheries, air and
water purification, and the regulation of regional and local climate, natural hazards, and
pests". 92 According to analysts at the United Nations University in Bonn, continuation of
such trends could create up to 50 million environmental refugees by the end of the
decade.

93

At present, human population and material consumption per capita are growing to a
degree that visibly stresses the biosphere. Moreover, ecosystem degradation and resource
depletion coexist with economic inequality, increasing availability of sophisticated
weapons technology, and an immature system of global governance. Major powers are
doing little to address these problems. It seems unlikely'that these imbalances and
sources of instability will persist at such a scale during the remainder of the 21st century
without major change occurring. That change could take various forms, but two broad-
brush scenarios can illustrate the range of possible outcomes. In one scenario, there
would be a transition to a civilization similar to the New Sustainability Paradigm
articulated by SEI. That civilization would be comparatively peaceful and
technologically sophisticated. Alternatively, the world could descend into a form of
barbarism such as the Fortress World scenario articulated by SEI. That society might be
locally prosperous, within enclaves, but would be violent and unstable.

In assessing the likelihood of malicious actions at the Indian Point site, it would be
prudent to adopt a pessimistic assumption of the potential for violent conflict in the
future. Using SEI terminology, one could assume a Fortress World scenario with a high
incidence of violent conflict of a type that involves sophisticated weapons and tactics.
Violence might be perpetrated by national governments or by sub-national groups. A
RAND corporation analyst has contemplated such a future in the following terms: 94

"A dangerous world may offer an insidious combination of nineteenth-century
politics, twentieth-century passions, and twenty-first century technology: an
explosive mixture of multipolarity, nationalism, and advanced technology."

89 Hirsch et al, 2005; GAO, 2007.
90 Yergin, 1991.
9' Gilman et a], 2007; Campbell et al, 2007; Smith and Vivekananda, 2007.
92 MEA, 2005, page 1.

9' Adam, 2005.
94 Kugler, 1995, page 279.
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7.2 National Policy and Practice on Homeland Security

To mount an effective response to the general threat environment for the US homeland,
the nation needs a coherent homeland-security strategy that links responses to an array of
specific threats, such as the potential for a deliberate attack on a commercial nuclear
facility. As discussed below, there are deficiencies in the strategy that has actually been
implemented. The nominal strategy was articulated by the White House in the National
Strategy for Homeland Security, first published in July 2002 and updated in October
2007. That document sets forth four major goals:95

"• Prevent and disrupt terrorist attacks;

" Protect the American people, our critical infrastructure, and key resources;
• Respond to and recover from incidents that do occur; and
" Continue to strengthen the foundation to ensure our long-term success."

The document defines critical infrastructure as including "the assets, systems, and
networks, whether physical or virtual, so vital to the United States that their
incapacitation or destruction would have a debilitating effect on security, national

96economic security, public health or safety, or any combination thereof'. Commercial
nuclear reactors and their spent fuel are identified in the document as elements of the
nation's critical infrastructure and key resources.

Protecting critical infrastructure

The US Department of Homeland Security has issued the National Infrastructure
Protection Plan (NIPP), whose purpose is to provide "the unifying structure for the
integration of critical infrastructure and key resources (Cl/KR) protection into a single
national program". 97 Other Federal agencies, including the NRC, have confirmed their
acceptance of the NIPP.

The NIPP identifies three purposes of measures to protect critical infrastructure and key
resources: (i) deter the threat; (ii) mitigate vulnerabilities; and (iii) minimize
consequences associated with an attack or other incident. The NIPP identifies a range of
protective measures as follows: 98

"Protection can include a wide range of activities such as improving business
protocols, hardening facilities, building resiliency and redundancy, incorporating
hazard resistance into initial facility design, initiating active or passive
countermeasures, installing security systems, leveraging "self-healing"

9' White House, 2007, page 1.
96 White House, 2007, page 25.
97 DHS, 2006, page iii.
98 DHS, 2006, page 7.
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technologies, promoting workforce surety programs, or implementing cyber
security measures, among various others".

Protective measures of these types could significantly reduce the probability that an
attack would be successful. Such measures could, therefore, "deter" attacks by altering
attackers' cost-benefit calculations. That form of deterrence is different from deterrence
attributable to an attacked party's capability to counter-attack. For convenience, the two
forms of deterrence are described hereafter as "protective deterrence" and "counter-attack
deterrence". It should be noted that the effective functioning of both forms of deterrence
requires that: (i) potential attackers are aware of the deterrence strategy; and (ii) the
deterrence strategy is technically credible. That requirement means that the existence and
capabilities of protective measures, such as those identified in the NIPP, should be widely
advertised. The technical details of a protective measure should, however, remain
confidential if disclosure of those details would allow the measure to be defeated.

From the statement quoted above, it is clear that the authors of the NIPP recognize the
potential benefits of designing protective measures into a facility before it is constructed.
At the design stage, attributes such as resiliency, redundancy, hardening and passive
operation can often be incorporated into a facility at a comparatively low incremental
cost. Capturing opportunities for low-cost enhancement of protective measures would
allow decision makers to design against a more pessimistic (i.e., more prudent) threat
assumption, thereby strengthening protective deterrence, reducing the costs of other
security functions (e.g., guard forces), and enhancing civil liberties (e.g., by reducing the
perceived need for measures such as wiretapping). Moreover, incorporation of enhanced
protective measures would often reduce risks associated with conventional accidents
(e.g., fires), extreme natural events (e.g., earthquakes), or other challenges not directly
attributable to human malice.

Protective deterrence as part of a balanced policy for homeland security

As mentioned above, reducing the risks of attack by sub-national groups requires a
sophisticated, multi-faceted and sustained policy. The policy must balance multiple
factors operating within and beyond the homeland. An unbalanced policy can be
ineffective or counterproductive.

A high-level task force convened by the Council on Foreign Relations (CFR) in 2002
understood the need for a balanced policy for homeland security. 99 One of the task
force's major conclusions recognized the value of protective deterrence, while also
recognizing that offensive military operations by the US could increase the risk of attack
on the US. The conclusion was as follows: 100

99 Members of the task force included two former Secretaries of State, two former chairs of the Joint Chiefs
of Staff, a former Director of the CIA and the FBI, two former US Senators, and other eminent persons.
100 Hart et al, 2002, pp 14-15.
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"Homeland security measures have deterrence value: US
counterterrorism initiatives abroad can be reinforced by making the US
homeland a less tempting target. We can transform the calculations of
would-be terrorists by elevatingthe risk that (1) an attack on the United
States will fail, and (2) the disruptive consequences of a successful attack
will be minimal. It is especially critical that we bolster this deterrent now
since an inevitable consequence of the US government's stepped-up
military and diplomatic exertions will be to elevate the incentive to strike
back before these efforts have their desired effect."

The NIPP could support a vigorous national program of protective deterrence, as
recommended by the CFR task force in 2002. However, current priorities of the US
government are not consistent with such a program. Resources and attention devoted to
offensive military operations are much larger than those devoted to the protection of
critical infrastructure.' 0 1 The White House states, in the National Strategy for Combating
Terrorism, issued in September 2006: 12 "We have broken old orthodoxies that once
confined our counterterrorism efforts primarily to the criminal justice domain." In
practice, that statement means that the US government relies overwhelmingly on military
means to reduce the risks of attacks on US assets by sub-national groups. That policy
continues despite mounting evidence, as illustrated by Tables 7-1 and 7-2, that it is
unbalanced and counterproductive.

A well-informed analyst of homeland security summarizes current national priorities in
the following statement:10 3

"Since the White House has chosen to combat terrorism as essentially a military
and intelligence activity, it treats homeland security as a decidedly second-rate
priority. The job of everyday citizens is to just go about their lives, shopping and
traveling, while the Pentagon, Central Intelligence Agency, and National Security
Agency wage the war."

During a future Presidential administration, national priorities may shift, leading to
greater emphasis on protective deterrence. Unfortunately, critical-infrastructure facilities
approved or constructed prior to that policy shift may lack the protective design features
that are envisioned in the NIPP. Persons responsible for the design or licensing of
currently-proposed activities, such as extended operation of the IP2 and IP3 reactors,
could anticipate a national policy shift and take decisions accordingly.

Section 8, below, discusses the options and issues that should be considered in
developing a balanced policy for protecting US critical infrastructure from attack by sub-
national groups. That discussion shows the potential benefits that could be gained by
assigning a higher priority to protective deterrence.

"o Flynn, 2007.
102 White House, 2006, page 1.
103 Flynn, 2007, page 11.
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7.3 Commercial Nuclear Facilities as Potential Targets of Attack

A sub-national group contemplating an attack within the US homeland would have a
wide choice of targets. Also, groups in that category could vary widely in terms of their
capabilities and motivations. In the context of potential attacks on nuclear facilities, the
groups of concern are those that are comparatively sophisticated in their approach and
comparatively well provided with funds and skills. The group that attacked New York
and Washington in September 2001 met this description. A group of this type could
choose to attack a US nuclear facility for one or both of two broad reasons. First, the
attack could be highly symbolic. Second, the impacts of the attack could be severe.

Nuclear facilities as symbolic targets

From the symbolic perspective, commercial nuclear facilities are inevitably associated
with nuclear weapons. The association further extends to the United States' large and
technically sophisticated capability for offensive military operations. Application of that
capability has aroused resentment in many parts of the world. Although nuclear weapons
have not been used by the United States since 1945, US political leaders have repeatedly
threatened, implicitly or explicitly, to use nuclear weapons again. Those threats coexist
with efforts to deny nuclear weapons to other countries. The US government justified its
March 2003 invasion of Iraq in large part by the possibility that the Iraqi government
might eventually deploy nuclear weapons. There is speculation that the United States
will attack nominally commercial nuclear facilities in Iran to forestall Iran's deployment
of nuclear weapons.' 0 4 Yet, the US government rejects the constraint of its own nuclear
weapons by international agreemenits such as the Non-Proliferation Treaty.l°5 As an
approach to international security, this policy has been criticized by the director general
of the International Atomic Energy Agency as "unsustainable and counterproductive". 10 6

It would be prudent to assume that this policy will motivate sub-national groups to
respond asymmetrically to US nuclear superiority, possibly through an attack on a US
commercial nuclear facility.

Radiological impacts of an attack on a nuclear facility

The impacts of an attack on a commercial nuclear facility could be severe because these
facilities typically contain large amounts of radioactive material. Release of this material
to the environment could create a variety of severe impacts. Also, as explained in
Section 7.4, below, US nuclear facilities are provided with a defense that is "light" in a
military sense. Moreover, imprudent design choices have made a number of these
facilities highly vulnerable to attack. That combination of factors means that many US
nuclear facilities can be regarded as potent radiological weapons that await activation by
an enemy.

104 Hersh, 2006; Brzezinski, 2007.
105 Deller, 2002; Scarry, 2002; Franceschini and Schaper, 2006.
106 ElBaradei, 2004, page 9.
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As explained in Section 2, above, a facility's inventory of the radioactive isotope cesium-
137 provides an indicator of the facility's potency as a radiological weapon. Table 2-1
shows estimated amounts of cesium-137 in nuclear fuel in the IP2 and IP3 reactors and
spent-fuel pools, and in one of the spent-fuel storage modules of the Indian Point ISFSI
when that facility is operational. Table 2-2 compares these amounts with atmospheric
releases of cesium-137 from detonation of a 10-kilotonne fission weapon, the Chemobyl
reactor accident of 1986, and atmospheric testing of nuclear weapons. These data show
that release of a substantial fraction of the cesium-137 in an Indian Point nuclear facility
would create comparatively large radiological consequences.

Section 7.6, below, discusses the impacts of attack-induced atmospheric releases of
radioactive material from facilities at Indian Point, in the context of SAMA analyses.

7.4 The NRC's Approach to Nuclear-Facility Security

A policy on protecting nuclear facilities from attack is laid down in NRC regulation 10
CFR 50.13. That regulation was promulgated in September 1967 by the US Atomic
Energy Commission (AEC) - which preceded the NRC - and was upheld by the US
Court of Appeals in August 1968. It states:' 0 7

"An applicant for a license to construct and operate a production or utilization
facility, or for an amendment to such license, is not required to provide for design
features or other measures for the specific purpose of protection against the
effects of (a) attacks and destructive acts, including sabotage, directed against the
facility by an enemy of the United States, whether a foreign government or other
person, or (b) use or deployment of weapons incident to US defense activities."

Some readers might interpret 10 CFR 50.13 to mean that licensees are not required to
design or operate nuclear facilities to resist potential attacks by sub-national groups. The
NRC has rejected that interpretation in the context of vehicle-bomb attacks, stating:10 8

"It is simply not the case that a vehicle bomb attack on a nuclear power plant
would almost certainly represent an attack by an enemy of the United States,
within the meaning of that phrase in 10 CFR 50.13."

Events have obliged the NRC to progressively require greater protection against attacks
by sub-national groups. A series of events, including the 1993 vehicle-bomb attack on
the World Trade Center in New York, persuaded the NRC to introduce, in 1994,
regulatory amendments requiring licensees to defend nuclear power plants against vehicle
bombs.10 9 The attacks on New York and Washington in September 2001 led the NRC to
require additional protective measures.

107 Federal Register, Vol. 32, 26 September 1967, page 13445.
108 NRC, 1994, page 38893.
109 NRC, 1994.
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With rare exceptions, the NRC has refused to consider potential malicious actions in the
context of license proceedings or environmental impact statements. The NRC's policy on
this matter is illustrated by a September 1982 ruling by the Atomic Safety and Licensing
Board in the operating-license proceeding for the Harris nuclear power plant. An
intervenor, Wells Eddleman, had proffered a contention alleging, in part, that the plant's
safety analysis was deficient because it did not consider the "consequences of terrorists
commandeering a very large airplane ..... and diving it into the containment." In refusing
to consider this contention, the ASLB stated:I 10

"This part of the contention is barred by 10 CFR 50.13. This rule must be read in
pari materia with 10 CFR 73.1 (a)(1), which describes the "design basis threat"
against which commercial power reactors are required to be protected. Under
that provision, a plant's security plan must be designed to cope with a violent
external assault by "several persons," equipped with light, portable weapons, such
as hand-held automatic weapons, explosives, incapacitating agents, and the like.
Read in the light of section 73.1, the principal thrust of section 50.13 is that
military style attacks with heavier weapons are not a part of the design basis threat
for commercial reactors. Reactors could not be effectively protected against such
attacks without turning them into virtually impregnable fortresses at much higher
cost. Thus Applicants are not required to design against such things as artillery
bombardments, missiles with nuclear warheads, or kamikaze dives by large
airplanes, despite the fact that such attacks would damage and may well destroy a
commercial reactor."

The design basis threat

The NRC requires its licensees to defend against a design basis threat (DBT), a
postulated attack that has become more severe over time. The present DBT for nuclear
power plants was promulgated in January 2007. Details are not publicly available. (The
NRC publishes a summary description, which is provided below.) The present DBT is
similar to one ordered by the NRC in April 2003.111 At that time, the NRC described its
order as follows:112

"The Order that imposes revisions to the Design Basis Threat requires power
plants to implement additional protective actions to protect against sabotage by
terrorists and other adversaries. The details of the design basis threat are
safeguards information pursuant to Section 147 of the Atomic Energy Act and
will not be released to the public. This Order builds on the changes made by the
Commission's February 25, 2002 Order. The Commission believes that this DBT
represents the largest reasonable threat against which a regulated private security
force should be expected to defend under existing law."

"0 ASLB, 1982.
... NRC Press Release No. 07-012, 29 January 2007.
112 NRC Press Release No. 03-053, 29 April 2003.
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From that statement, and from other published information, it is evident that the NRC
requires a comparatively "light" defense for nuclear power plants and their spent fuel.
The scope of the defense does not reflect a full spectrum of threats. Instead, it reflects a
consensus about the level of threat that licensees can "reasonably" be expected to
resist.113 In illustration of this approach, when the NRC adopted the currently-applicable
DBT rule in January 2007, it stated that the rule "does not require protection against a
deliberate hit by a large aircraft", and that "active protection [of nuclear power plants]
against airborne threats is addressed by other federal organizations, including the
military".' 14

The present DBT for "radiological sabotage" at a nuclear power plant has the following
published attributes:'15

"(i) A determined violent external assault, attack by stealth, or deceptive actions,
including diversionary actions, by an adversary force capable of operating in each
of the following modes: A single group attacking through one entry point,
multiple groups attacking through multiple entry points, a combination of one or
more groups and one or more individuals attacking through multiple entry points,
or individuals attacking through separate entry points, with the following
attributes, assistance and equipment:

(A) Well-trained (including military training and skills) and dedicated
individuals, willing to kill or be killed, with sufficient knowledge to
identify specific equipment or locations necessary for a successful attack;
(B) Active (e.g., facilitate entrance and exit, disable alarms and
communications, participate in violent attack) or passive (e.g., provide
information), or both, knowledgeable inside assistance;
(C) Suitable weapons, including handheld automatic weapons, equipped
with silencers and having effective long range accuracy;
(D) Hand-carried equipment, including incapacitating agents and
explosives for use as tools of entry or for otherwise destroying reactor,
facility, transporter, or container integrity or features of the safeguards
system; and
(E) Land and water vehicles, which could be used for transporting
personnel and their hand-carried equipment to the proximity of vital areas;
and

(ii) An internal threat; and
(iii) A land vehicle bomb assault, which may be coordinated with an external
assault; and

113 Fertel, 2006; Wells, 2006; Brian, 2006.
114 NRC Press Release No. 07-012, 29 January 2007.
... 10 CFR 73.1 Purpose and scope, accessed from the NRC web site (www.nrc.gov) on 14 June 2007.
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(iv) A waterborne vehicle bomb assault, which may be coordinated with an
external assault; and
(v) A cyber attack."

That DBT seems impressive, and is more demanding than previously-published DBTs.
However, the DBT cannot be highly demanding in practice, given the equipment that the
NRC requires for a security force. Major items of required equipment are semiautomatic
rifles, shotguns, semiautomatic pistols, bullet-resistant vests, gas masks, and flares for
night vision. 116 Plausible attacks could overwhelm a security force equipped in this
manner. Also, press reports state that the assumed attacking force contains no more than
six persons."17 The average US nuclear-plant site employs about 77 security personnel,
covering multiple shifts.' 18 Thus, comparatively few guards are on duty at any given
time. "'

Table 7-4 sets forth some potential modes and instruments of attack on a nuclear power
plant, and summarizes the present defenses against these modes and instruments. That
table shows that a variety of potential attack scenarios could not be effectively resisted by
present defenses. Potential attacks at Indian Point are discussed in Section 7.5, below.

Protective deterrence and the NRC

A rationale for the present level of protection of nuclear facilities was articulated by the
NRC chair, Richard Meserve, in 2002:120

"If we allow terrorist threats to determine what we build and what we
operate, we will retreat into the past - back to an era without suspension
bridges, harbor tunnels, stadiums, or hydroelectric dams, let alone
skyscrapers, liquid-natural-gas terminals, chemical factories, or nuclear
power plants. We cannot eliminate the terrorists' targets, but instead we
must eliminate the terrorists themselves. A strategy of risk avoidance -
the elimination of the threat by the elimination of potential targets - does
not reflect a sound response."

That statement shows no understanding of the need for a balanced policy to protect
critical infrastructure, employing the principles of protective deterrence. There is
considerable potential to embody those principles in the design of nuclear facilities,
especially new facilities. It has been known for decades that nuclear power plants could

116 10 CFR 73 Appendix B - General Criteria for Security Personnel, Section V, accessed from the NRC

web site (www.nrc.gov) on 14 June 2007.
.'. Hebert, 2007.
118 Holt and Andrews, 2006.
119 If each member of a 77-person security force were on duty 40 hours/week for 42 weeks/year (allowing

10 weeks/year for vacation, illness, training, etc.), the average number of persons on duty at any time
would be 15.
120 Meserve, 2002, page 22.
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be designed to be more robust against attack. For example, in the early 1980s the reactor
vendor ASEA-Atom developed a preliminary design for an "intrinsically safe"
commercial reactor known as the PIUS reactor. Passive-safety design principles were
used. The design basis for the PIUS reactor included events such as equipment failures,
operator errors and earthquakes, but also included: (i) takeover of the plant for one
operating shift by knowledgeable saboteurs equipped with large amounts of explosives;
(ii) aerial bombardment with 1,000-pound bombs; and (iii) abandonment of the plant by
the operators for one week. 2'

Consideration of malicious actions in environmental impact statements

As stated above, the NRC has generally refused to consider potential malicious actions in
environmental impact statements. An exception is the NRC's August 1979 GEIS on
handling and storage of spent fuel (NUREG-0575), which considered potential sabotage
events at a spent-fuel pool.122 Table 7-5 describes the postulated events, which
encompassed the detonation of explosive charges in the pool, breaching of the walls of
the pool building and the pool floor by explosive charges or other means, and takeover of
the central control room for one half-hour. Involvement of up to about 80 adversaries
was implied.

NUREG-0575 did not recognize(the potential for an attack with these attributes to cause a
fire in the pool. 123 Technically-informed attackers operating within this envelope of
attributes could cause a fire in a spent-fuel pool at the IP2 or IP3 plant or any other
operating nuclear power plant in the US. 124 Informed attackers could use explosives, and
their command of the control room for one half-hour, to drain water from the pool and
release radioactive material from the adjacent reactor. The radiation field from the
reactor release and the drained pool could preclude personnel access, thus precluding
recovery actions if command of the plant were returned to the operators after one half-
hour. Exposure of spent fuel to air would initiate a fire that would release to the
atmosphere a large fraction of the pool's inventory of cesium-137.125

Pursuant to a ruling by the 9th Circuit of the US Court of Appeals, in 2007 the NRC Staff
issued a Supplement to its October 2003 Environmental Assessment (EA) for a proposed
ISFSI at the Diablo Canyon site. The Supplement purported to address the risks of
potential malicious actions at the ISFSI. A draft version of the Supplement was issued in
May 2007 and a final version was issued in August 2007.126 IRSS prepared a detailed

121 Hannerz, 1983.
122 NRC, 1979, Section 5 and Appendix J.
123 The sabotage events postulated in NUREG-0575 yielded comparatively small estimated radioactive

releases.
124 Spent-fuel pools at the IP2 and IP3 plants and other US nuclear power plants are currently equipped

with high-density racks for holding spent fuel. Loss of water from a pool equipped with high-density racks
(would, over a wide range of water-loss scenarios, lead to ignition and burning of spent fuel assemblies.

125 Alvarez et al, 2003; Thompson, 2006; NAS, 2006.
126 NRC, 2007a; NRC, 2007b.
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review of the draft version and a short review of the final version.127 There was little
change from the draft to the final version. Both versions exhibited grave deficiencies.
Neither version provided a credible assessment of the risks of potential malicious actions.

The NRC Staff has refused to implement the 9th Circuit ruling in regions of the US, such
as New York State, that do not fall under the jurisdiction of the 9th Circuit. Nevertheless,
the US Environmental Protection Agency (EPA) has requested the NRC Staff to provide,
in the EIS for license extension of the IP2 and IP3 plants, "an analysis of the impacts of
intentional destructive acts (e.g., terrorism)". 128 The EPA cites the 9th Circuit ruling as
requiring such an analysis.

7.5 Vulnerability of the IP2 and IP3 Reactors and Pools to Attack

The IP2 and IP3 plants were not designed to withstand an attack. Nor were they designed
to withstand a conventional accident involving core damage. However, they are
comparatively massive structures. Thus, they have some ability to survive an attack or a
conventional core-damage accident without necessarily suffering a large release of
radioactive material. More precisely, a range of attack scenarios and conventional core-
damage scenarios can be articulated, and an atmospheric source term can be estimated for
each scenario. PRA techniques have been developed to examine conventional accident
scenarios. Those techniques could be adapted to examine attack scenarios, by postulating
for each scenario an initiating event (the attack) and assessing the conditional
probabilities and other characteristics of the various possible outcomes of that event. The
NRC employed that approach in developing its vehicle-bomb rule.1 29

PRA studies have been done for the IP2 and IP3 reactors, in the form of IPEs, IPEEEs
and, more recently, PSAs. That work could be built upon to develop a broad picture of
the vulnerability of these reactors to attack. The analysis could be further extended to
assess the risks of pool fires arising from conventional accidents or attacks, with
consideration of pool-reactor interactions. A comprehensive assessment of the risks of
continued operation of the IP2 and IP3 plants would include all of these elements. Such
an assessment could be performed without access to classified information, by using
existing engineering knowledge and models, and by developing new models. Published
professional literature provides illustrations of analytic techniques that could be used. 130

A comprehensive assessment of the risks posed by operation of the IP2 and IP3 plants
does not exist. If such an assessment did exist, parts of it would not be appropriate for
publication. In the absence of that assessment, IRSS provides here some illustrative
analysis of the vulnerability of the IP2 and IP3 reactors and pools to attack. The analysis
is general and brief, to avoid disclosing sensitive information. IRSS could expand upon
this analysis if given the opportunity to do so in a protected setting. It should be noted

127 Thompson,.2007a; Thompson, 2007b.
128 EPA, 2007.
129 NRC, 1994.
130 See, for example: Morris et al, 2006; Honnellio and Rydell, 2007; Sdouz, 2007.
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that skilled attackers could readily obtain or infer a much greater depth of knowledge
about the plants' vulnerability than is provided here.

Table 7-4 and the discussion in Section 7.4, above, show that US commercial nuclear
plants are provided with a comparatively light defense. Thus, a sub-national group with
personnel, resources and preparation time comparable to those involved in the September
2001 attacks on New York and Washington could mount an attack at the Indian Point site
with a substantial probability of success.

Modes of attack

An attack might begin with actions that put the IP2 and/or IP3 plant in a compromised
state and create stress for plant personnel. For example, attackers could sever the site's
electricity grid connection and disable the service water system without needing to
penetrate the site boundary. Due to a design deficiency at this site, lack of service water
would disable the emergency diesel generators. Thus, the site would lose its primary
supplies of electricity and cooling water. Additional actions, which could be
accomplished by an insider, could then initiate a core-damage sequence.13

1 The attackers
might be satisfied to achieve core damage, recognizing that core damage would not
necessarily lead to a large release of radioactive material. Alternatively, the attack plan
might include actions that compromise the integrity of the reactor containment, in order
to ensure a large atmospheric release.

The containment structure is a reinforced concrete vertical cylinder topped by a
hemispherical dome made of the same material. The side walls are 4.5 feet thick with a
0.4 inch thick steel liner, and the dome is 3.5 feet thick with a 0.5 inch thick steel liner.132

By some standards, this is a robust structure. It could, however, be readily breached
using instruments of attack that are available to sub-national groups. For example, Table
7-6 shows the capability of shaped charges.33 A shaped charge could be delivered by a
general-aviation aircraft used as a cruise missile in remote-control or kamikaze mode.
Alternatively, shaped charges could be placed by attackers who reach the target locations
by parachute, ultralight aircraft, helicopter, or site penetration from land or the Hudson
River. The attack might involve a standoff component in which shaped-charge warheads
are delivered from an offsite location by an instrument such as the TOW (tube-launched,
optically-tracked, wire-guided) missile. A shaped charge could be the first stage of a
tandem device. In that configuration, the first stage penetrates a structure and is followed
by a second stage that damages equipment inside the penetrated structure via
fragmentation, blast, incendiary or "thermobaric" effects. An appropriately designed
tandem device of this kind could be used to attack the IP2 or IP3 reactor without any
other actions being taken, with a high probability of causing a large atmospheric release
of radioactive material.

13 ' The additional actions, which could be taken in advance of the attack, would disable equipment that is
needed to maintain core cooling if the primary supplies of electricity and cooling water are unavailable.
1 Entergy, 2007b, Section 5.1.2. This source describes the IP2 plant; the IP3 plant has a similar design.
133 Also see: Walters, 2003.
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The spent-fuel pools at the IP2 and IP3 plants are immediately outside the respective
reactor containments. The floor of each pool is below the local grade level. However,
the site slopes downward toward the Hudson River, so the pool floor is above river level.
The pool walls are made of concrete, 3 to 6 feet thick. 134 As discussed above, a sub-
national group could obtain the instruments needed to breach such a wall. Attackers
might choose to breach the wall at the local grade level. That action would cause the
water level in the pool to fall to near the top of the spent-fuel storage racks. Thereafter,
the remaining water would boil and, if makeup water were not supplied, the pool could
boil dry in about a day. As fuel assemblies became exposed, their temperature would
rise. An assembly exposed for the majority of its length could heat up to ignition
temperature in a few hours. 135

In favorable circumstances, plant operators and other personnel could potentially prevent
the initiation of a pool fire by the attack postulated above. To prevent a fire, the
operators would have to improvise a water makeup system, or a system to spray water on
exposed fuel assemblies. The operators' tasks would be greatly complicated by the
radiation field from exposed fuel.136 To prevent operators from providing makeup or
spray water, the attackers could combine an attack on the pool with an attack on the
adjacent reactor. The release of radioactive material from the reactor would generate a
local radiation field that would, over a wide range of attack scenarios, preclude operator
access for a period of days.

Aircraft as instruments of attack

Many people have suggested that an aircraft could be used as an instrument of attack on a
nuclear facility. The NRC Staff considered this possibility in its Supplement to the EA
for the proposed Diablo Canyon ISFSI, as discussed above.13 The Staff made the
mistaken assumption that a large, fuel-laden commercial aircraft would pose the greatest
threat using this attack mode. Large, commercial aircraft caused major damage to the
World Trade Center and the Pentagon in September 2001, but they would not be optimal
as instruments of attack on a nuclear power plant. They are comparatively soft objects
containing a few hard structures such as turbine shafts. They can be difficult to guide
precisely at low speed and altitude. A well-informed group of attackers would probably
prefer to use a smaller, general-aviation aircraft laden with explosive material, perhaps in
a tandem configuration in which the first stage is a shaped charge. Note that the US
General Accounting Office (GAO) expressed concern, in September 2003 testimony to
Congress, about the potential for malicious use of general-aviation aircraft. The
testimony stated: 138

134 Entergy, 2007b, Table 9.5-1. This source describes the 1P2 plant; the IP3 plant has a similar design.
13' Thompson, 2000.
136 Alvarez et al, 2003.
13' NRC, 2007a; NRC, 2007b.
138 Dillingham, 2003, page 14.
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"Since September 2001, TSA [the Transportation Security Administration]
has taken limited action to improve general aviation security, leaving it far
more open and potentially vulnerable than commercial aviation. General
aviation is vulnerable because general aviation pilots are not screened
before takeoff and the contents of general aviation planes are not screened
at any point. General aviation includes more than 200,000 privately
owned airplanes, which are located in every state at more than 19,000
airports. Over 550 of these airports also provide commercial service. In
the last 5 years, about 70 aircraft have been stolen from general aviation
airports, indicating a potential weakness that could be exploited by
terrorists."

7.6 Consideration of Potential Attacks in SAMA Analyses

In order to consider potential attacks on the IP2 and IP3 plants in SAMA analyses, it is
necessary to assign a probability to each potential attack scenario. At present, there is no
statistical basis to support quantitative estimates of these probabilities. However,
reasonable assumptions of probability can be postulated and used in SAMA analyses to:
(i) compare the risks of conventional accidents with the risks of postulated attacks; and
(ii) identify and examine SAMAs that reduce these risks.

Here, IRSS provides some illustrative analyses of potential attacks that yield a large
atmospheric release from a reactor and/or a pool fire. The probability of such an attack is
postulated here to be 1 per 10,000 reactor-years. That number corresponds to a
probability of about 1 per century across the US fleet of 104 commercial reactors,
assuming that all the reactors are equally attractive as targets. In the SAMA analyses
described here, the probability of 1 per 10,000 reactor-years includes a factor of
uncertainty. Given the anticipated threat environment over the coming decades, and the
vulnerability of the IP2 and IP3 plants, a postulated probability of 1 per 10,000 reactor-
years is at the lower end of the range of assumptions that would be prudent in the context
of homeland-security planning.

Table 7-7 shows the estimated present value of cost risks of an atmospheric release from
the IP2 and IP3 plants. Attack-induced releases are considered, for a postulated
probability of 1 per 10,000 reactor-years. Releases caused by conventional accidents are
also considered, carrying forward the analyses summarized in Tables 5-7 and 6-3 to
include internal and external initiating events and uncertainty. Thus, Table 7-7 provides
an overall summary of the present value of cost risks as estimated by Entergy and IRSS.
These estimates are discussed further in Section 9, below.

The illogic ofNUREG-1437

The illustrative analysis that IRSS provides here does not purport to be comprehensive.
Nevertheless, it shows that PRA techniques can be adapted to assess risks andrisk-
reducing options related to malice-induced accidents. IRSS's analysis also shows the
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illogic of the NRC's position in its GEIS on license renewal (NUREG-1437), regarding
malice-induced accidents. As cited in Section 4, above, that position has two major
elements.' 39 First, the NRC asserts that malice-induced accidents "are not reasonably
expected". That statement is contradicted by numerous events before and after the GEIS
was published in May 1996. Second, the NRC asserts that, in the event of a malice-
induced accident, "radiological releases would be no worse than those expected from
internally initiated events". That statement ignores the opportunities available to skilled
attackers to cause a very large release. One such opportunity is to cause a combined
release from a reactor and the adjacent spent-fuel pool. Another opportunity is to cause
core damage and a breach of containment, in order to maximize the release from a
reactor.

8. Neglected Risk Issue #4: The Wider Context of Nuclear-Facility Risk

This report addresses two categories of risk-related impacts: (i) direct radiological harm
and the indirect social and economic impacts arising from that direct harm; and (ii)
regulatory impacts arising from the NRC's general approach to the licensing of nuclear
power plants. Impacts in the second category adversely affect the environment across the
United States and globally. Granting of license extensions for the IP2 and IP3 plants
would add to that burden of adverse regulatory impacts. Understanding the additional
burden requires one to view the risks posed by Indian Point facilities in a wider context.

Here, IRSS provides illustrative analyses of two respects in which the NRC's approach to
the licensing of nuclear power plants creates adverse regulatory impacts. First, the NRC's
licensing approach does not support a policy of protective deterrence. Instead, it
contributes to a counterproductive approach by the Federal government to protection of
the nation's critical infrastructure. Second, the NRC has adopted a policy of excessive
secrecy that yields various adverse impacts, including suppression of clear-headed
discussion of the risk posed by nuclear plants.

The NRC's failure to support protective deterrence

Section 7, above, describes the need for protective deterrence as part of a balanced policy
for homeland security. The role of protective deterrence is illustrated by Table 8-1,
which shows the strengths and weaknesses of approaches to protecting US critical
infrastructure from attack by sub-national groups. That table shows the benefits that
could flow from adoption of resilient design, passive defense, and other protective
measures for infrastructure facilities such as the IP2 and IP3 plants. The NIPP envisions
the use of such measures. Yet, the NRC does not require these measures. Instead, the
NRC prefers an approach that relies on offensive military operations, surveillance of the
domestic population, and related measures as the primary means of protecting nuclear
facilities. That preference is evident in the NRC Staffs Supplement to the EA for the
Diablo Canyon ISFSI, which states that "the broad actions taken by the Federal

139 NRC, 1996, page 5-18.
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government and the specific actions taken by the NRC since September 11, 2001, have
helped to reduce the potential for terrorist attacks against NRC-regulated facilities". 140

The Staff does not recognize that many actions taken by the Federal government have
been counterproductive.

The NRC's preference for secrecy instead of robust design

As an illustrative exercise, consider a proposed nuclear facility (e.g., a reactor, a spent-
fuel pool, or an ISFSI) that would contain a large amount of radioactive material. There
are two design options. Option A would employ a design that was developed several
decades ago. It would have a comparatively low ability to resist an attack. In an effort to
compensate for its vulnerability, it would be protected by a force of armed guards.
Detailed information about the option's design, and about the guard force, would be
secret. The public would be excluded from any effective role in the licensing of this
option. The licensing and operation of this option would occur in a climate of fear. By
contrast, Option B would employ a modem design using hardening, resiliency and
passive protection as envisioned in the NIPP. It would have a comparatively high ability
to resist an attack. As a result, a less capable guard force would be required, there would
be no need for secrecy, and the public would have full access to license proceedings.

To further simplify this exercise, assume that the estimated life-cycle costs and
radiological risks of Options A and B would be identical. In that case, Option A would
be clearly inferior because it would increase the use of secret information and decrease
the public's role in decision-making, tendencies that are antithetical to US traditions and
inconsistent with long-term national prosperity. Put differently, Option A would have
higher levels of social and economic impacts. Moreover, if a malicious action were to
cause a release of radioactive material, the social and economic impacts would be higher
if Option A had been chosen, because the public would tend to blame the government
that had excluded them from the decision-making arena.

This exercise, although highly simplified, is far from theoretical. Design options have
been employed that are highly vulnerable to attack, and the NRC has become much more
secretive in recent years. Consider the case of spent-fuel pools equipped with high-
density racks. All the spent-fuel pools at US nuclear power plants are so equipped. The
NRC asserts that these pools are adequately safe and secure. Yet, since September 2001
the NRC has not published any technical analysis on the safety and security of spent-fuel
pools, and has repeatedly denied requests by intervenors that spent-fuel-pool risks be
addressed in evidentiary hearings. As a result, the NRC has never published any analysis
on the risks of a spent-fuel-pool fire initiated by malicious action, and has never allowed
an examination of these risks in a license proceeding. In this real-world case, spent-fuel
pools equipped with high-density racks are Option A. An Option B is available, namely

140 NRC, 2007a, page 4. Also see: Meserve, 2002.
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re-equipping the pools with low-density, open-frame racks, as was intended when the
present generation of US nuclear power plants was designed.141

The costs of secrecy

As stated above, secrecy is antithetical to US traditions and inconsistent with long-term
national prosperity. Thus, an EIS for a nuclear facility should consider the social and
economic impacts of secrecy. That consideration would tend to favor design options
involving features such as hardening, resiliency and passive protection. In some
instances, secrecy-related impacts could be so high that they outweigh any benefits from
operating the facility. It should be remembered that nuclear facilities exist to serve
society, rather than vice versa.142

It should also be noted that the safety and security of nuclear facilities will be
significantly and adversely affected by an entrenched culture of secrecy. Such a culture
is not compatible with a clear-headed, science-based approach to the understanding of
risks. Entrenched secrecy perpetuates dogma, stifles dissent, and can create a false sense
of security. In illustration, the culture of secrecy in the former USSR was a major factor
contributing to the occurrence of the 1986 Chernobyl reactor accident., 43

The limited effectiveness of knowledge suppression

Within the NRC and elsewhere, factions will argue that suppression of knowledge can
reduce the risks of malicious actions at nuclear facilities. Knowledge suppression is,
however, a strategy with limited effectiveness. Nuclear fission power is a mature
technology based on science from the mid-20th century. Detailed information about
nuclear technology and individual nuclear facilities is archived at many locations around
the world, and large numbers of people have worked in nuclear facilities. Similarly,
information about weapons and other devices that could be used to attack nuclear
facilities is widely available. Large numbers of people have been trained to use such
devices in a military context. Thus, it would be prudent to assume that sophisticated sub-
national groups can identify and exploit vulnerabilities in US nuclear facilities.

A balanced approach to managing sensitive information

From the preceding discussion, it is clear that managing sensitive information should be
done carefully, balancing several considerations. The NRC has not achieved this balance
since September 2001. Instead, the NRC has taken a crude, counterproductive approach
in which it is excessively secretive while also making assertions about safety and security

141 In this case, Option B would have a much lower radiological risk than Option A, but a higher capital
cost.
142 The NRC's Principles of Good Regulation state, in the context of openness: "Nuclear regulation is the
public's business, and it must be transacted publicly and candidly". See: Principles of Good Regulation,
accessed at the NRC web site (www.nrc.gov) on 20 November 2007.
143 Thompson, 2002, Section X.
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that do not withstand critical examination. To help correct this situation, the NRC should
engage public stakeholders (citizen groups, academics, state and local governments, etc.)
and licensees in a dialogue that seeks consensus on an effective, balanced policy for
management of sensitive information. Implementation of that policy would not
necessarily require changes in NRC rules.

9. An Integrated View of Risk-Related Impacts and Options for Reducing these
Impacts

Sections 5 through 8, above, discuss risk issues that have been neglected by the NRC and
Entergy. In Sections 5 through 7, that discussion yields quantitative findings that are
expressed as variations on SAMA analyses conducted by Entergy. Those findings are
summarized in Table 7-7, which shows the estimated present value of cost risks (PVCR)
of an atmospheric release from the IP2 and IP3 plants for five cases. In the following
discussion, PVCR is used as an indicator of risk, which does not imply that PVCR is the
only or best indicator of risk.

The first case addressed in Table 7-7 encompasses conventional accidents leading to core
damage. In that case, Entergy estimates the PVCR at $10.7 million for the IP2 plant and
the same amount for the IP3 plant. Correction of those estimates by IRSS, to account for
containment bypass during High/Dry sequences, yields a PVCR of $58.0 million for the
IP2 plant and $34.1 million for the IP3 plant.

The second case encompasses conventional accidents leading to a pool fire. Assuming a
probability for this event as determined in NUREG-1353, IRSS finds the PVCR to be
$27.7 million. Note that IRSS does not regard the NUREG-1353 probability estimate as
definitive.

The third case encompasses malice-induced accidents leading to core damage. In that
case, IRSS postulates an accident probability of 1 per 10,000 reactor-years. That
postulate, linked to the SAMA analyses and assumptions articulated by Entergy, yields a
PVCR of $73.2 million for the IP2 plant and $62.4 million for the IP3 plant.

The fourth case encompasses malice-induced accidents leading to a pool fire, with a
postulated accident probability of 1 per 10,000 reactor-years. In that case, IRSS finds the
PVCR to be $498 million.

The fifth case encompasses malice-induced accidents leading to core damage at a reactor
and a fire in the adjacent pool, with a postulated accident probability of 1 per 10,000
reactor-years. In that case, IRSS finds the PVCR to be $569 million for the IP2 plant and
$559 million for the IP3 plant. Note that plausible attacks could lead to core damage and
pool fires at both plants, yielding a higher value of PVCR than is estimated here.
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SAMAs relevant to conventional accidents leading to core damage

Entergy has identified SAMAs that could reduce the PVCR of conventional accidents
leading to core damage. Several of these SAMAs address, to varying extents, the
potential for containment bypass due to induced failure of steam generator tubes.
Entergy's neglect of that potential has resulted in under-estimation of PVCR by $47.3
(58.0 minus 10.7) million for the IP2 plant and $23.4 (34.1 minus 10.7) million for the
IP3 plant. Thus, according to Entergy's methodology, any SAMA that could eliminate
this type of containment bypass would be cost-effective if its cost were less than $47.3
million for the IP2 plant and $23.4 million for the IP3 plant.' 44

The potential for containment bypass due to failure of steam generator tubes, whether
induced or spontaneous, is a major design weakness in the present generation of PWRs.
These plants were designed decades ago. In examining SAMAs that address this bypass
problem, analysts should draw lessons from recent design studies. For example,
engineers working on the design of Westinghouse's IRIS reactor (a PWR undergoing pre-
application licensing) were very conscious of the potential for induced failure of steam
generator tubes during High/Dry core-damage sequences. Accordingly, they developed a
design that seeks to eliminate this potential.' 45 In the IRIS design, the steam generators
are of a once-through type employing Inconel 690 tubes in a helical coil. These tubes are
expected to have a high resistance to creep rupture. The primary coolant is on the
exterior of the tubes, so that the tube walls are in compression rather than tension. The
secondary-side piping is designed for full primary pressure, which has eliminated the
need for secondary-side safety valves. These design features, taken together, are
expected to dramatically reduce the potential for containment bypass via failed steam
generator tubes.

The IP2 and IP3 plants cannot be modified to meet the level of safety that is expected of a
new plant. Nevertheless, Entergy should redo its SAMA analyses, to properly examine
options that reduce the risk arising from containment bypass due to failure of steam
generator tubes. The preferred options should be those that rely on passive safety and
robust design, as employed in the IRIS design. Options that employ active systems and
operator actions are less reliable and more prone to degradation over a period of years.
Entergy has identified an option that may have some of the needed attributes. That
option is designated as Phase II SAMA Candidate Number 019 for the IP2 plant and
Number 017 for the IP3 plant. It involves increasing the pressure capacity of the
secondary side such that steam generator tube failure would not cause the secondary side
safety valves to open. Entergy estimates the cost of this SAMA to be $13 million for the
IP2 plant and the same amount for the IP3 plant.146 That cost is substantially below the

144 The break-even costs would actually be somewhat higher than these amounts, because Entergy's SAMA

analyses already involve a contribution to PVCR from core-damage sequences involving failure of steam
generator tubes.
145 Maioli et al, 2004.
146 Entergy, 2007a, Appendix E, Tables E.2-2 and E.4-2.



Risk-Related Impacts from Continued Operation of the IP2 and IP3 Plants
A Report by IRSS, November 2007

Page 51

break-even costs discussed above ($47.3 million for the IP2 plant and $23.4 million for
the IP3 plant) for options that eliminate the bypass potential, providing a strong
indication that this SAMA would be cost-effective.147

SAMAs relevant to poolfires

Entergy has not identified any SAMA that could reduce the PVCR of conventional or
malice-induced accidents that lead to a pool fire. Options that could achieve this
outcome are described in Table 9-1. By far the most effective and reliable option would
be to re-equip the pools with low-density, open-frame racks, as was intended when the
IP2 and IP3 plants were designed. Table 9-2 provides a cost estimate for implementing
this option by transferring spent fuel from the pool to an onsite ISFSI. The estimated cost
of the option would be $43 to 86 million for the IP2 plant and $41 to 83 million for the
IP3 plant.

It should be noted that an identical operation (transferring the same amount of spent fuel
from the pool to an onsite ISFSI) would otherwise occur during decommissioning of the
plant, if there were no offsite location (such as a repository at Yucca Mountain) to which
spent fuel could be taken at that time. As stated in Section 7.1, above, it is likely that
spent fuel will be stored at the Indian Point site for the.foreseeable future, potentially for
longer than a century. Assuming that outcome, the net present cost of the option of re-
equipping each pool with low-density, open-frame racks would be, in the context of a 20-
year license extension, the difference between the cost of implementing the option now
and the present value of the same cost incurred 20 years in the future.148 Assuming a
discount rate of 7 percent per year, the present value would be 25 percent of the cost 20
years in the future. Thus, the net present cost of transferring spent fuel to an onsite ISFSI
would be $32 to 65 million for the IP2 plant and $31 to 62 million for the IP3 plant.' 49

Table 7-7 shows two estimates for the PVCR of a pool fire at the IP2 'or IP3 plant. One
estimate, for a conventional accident with a probability as in NUREG-1353, is $27.7
million. That estimate of PVCR would not be sufficient to justify the estimated net
present cost ($31 to 65 million) of re-equipping each pool with low-density, open-frame
racks. However, a comprehensive, site-specific assessment of the risk of a pool fire
caused by a conventional accident would probably yield a higher estimate of PVCR.150

A discount rate of 7 percent per year is generally used in this report, following Entergy's
practice. That rate is not necessarily appropriate for SAMA analysis. If a rate of 3 per
cent per year is used for the cost-benefit comparison described in the preceding
paragraph, one finds that the PVCR of a pool fire rises from $27.7 million to $38.7

147 The cost of this SAMA is substantially below the break-even cost. Thus, the SAMA does not need to
entirely eliminate the bypass potential in order to be cost-effective.
148 The comparatively small cost of rack replacement is neglected here.
141 1.0 - 0.25 = 0.75; 0.75 x 43 to 86 = 32 to 65; 0.75 x 41 to 83 = 31 to 62.
150 The estimated frequency and offsite costs of the event would probably be significantly higher than the

values shown in Table 6-2.



Risk-Related Impacts from Continued Operation of the IP2 and IP3 Plants
A Report by IRSS, November 2007

Page 52

million, while the net present cost of re-equipping each pool with low-density, open-
frame racks falls from a range of $31 to 65 million to a range of $18 to 39 million. In
that case, re-equipping each pool with low-density racks would be clearly justified. Note
that Entergy uses a discount rate of 3 percent per year to test the sensitivity of its SAMA
analyses. There is a strong ethical argument for using a discount rate of zero to assess the
risk of radiological harm. With that rate, the PVCR of a pool fire would rise from $27.7
million to $51.5 million.

The second estimate of PVCR for a pool fire that is shown in Table 7-7, postulating a
successful attack with a probability of 1 per 10,000 reactor-years, is $498 million. That
value would amply justify the estimated $31 to 65 million net present cost of re-
equipping each pool with low-density, open-frame racks.

SAMAs relevant to malice-induced accidents leading to core damage

Entergy has not identified any SAMA whose specific purpose would include reducing the
PVCR of malice-induced accidents that lead to reactor core damage. A broad set of
SAMAs should be developed for this purpose, and their respective contributions to risk
reduction should be assessed by adapting PRA techniques. Some SAMAs in the set
would be identical to, or closely related to, SAMAs that could reduce the PVCR of
conventional accidents that lead to core damage. Other SAMAs would be useful
primarily, or entirely, for decreasing the risk of attack. Identifying and assessing
appropriate SAMAs is a task that should be viewed in the context of homeland-security
planning. That task should be implemented as described in Section 10, below.

Section 7.5, above, provides a brief discussion of one respect in which a design
deficiency at the IP2 and IP3 plants makes these plants vulnerable to attack. The
particular design deficiency is the dependence of the emergency diesel generators on a
supply of service water for cooling. At the Indian Point site, attackers could sever the
site's electricity grid connection and disable the service water system without needing to
penetrate the site boundary. Indirectly, this attack would disable the emergency diesel
generators. Thus, the site would lose its primary supplies of electricity and cooling
water. Additional actions, which in some attack scenarios would not require penetration
of the site boundary, could then initiate a core-damage sequence and a breach of the
containment,leading to a large atmospheric release. Entergy has identified two SAMAs
that could potentially prevent this attack from succeeding, although Entergy does not
discuss the use of these SAMAs for that purpose. The SAMAs are designated as Phase II
SAMA Candidates Numbers 031 and 032 for the IP2 plant and Numbers 028 and 029 for
the IP3 plant. They would provide backup sources of cooling water for the emergency
diesel generators at a cost of $1.7 million (IP2 SAMA #031 or IP3 SAMA #028) or $0.5
million (IP2 SAMA #032 or IP3 SAMA #029).151 This example shows how a SAMA
could reduce risks from both conventional accidents and malice-induced accidents.

151 Entergy, 2007a, Appendix E, Tables E.2-2 and E.4-2.
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SAMAs that would be useful primarily for decreasing the risk of attack can be illustrated
by options intended to prevent the impact of an aircraft on vulnerable portions of the IP2
or IP3 plant. Such an impact could occur in the context of a conventional accident (loss
of power, etc.) affecting an aircraft. The probability of such an impact can be
quantitatively estimated from the historical record of aircraft crashes, and is
comparatively low. Alternatively, the impact could be part of a deliberate attack. In
planning such an attack, a well-informed group of attackers would probably choose to
employ a general-aviation aircraft laden with explosive material, as discussed in Section
7.5, above. There are at least two options at the Indian Point site for preventing
deliberate impact by an aircraft. First, an active defense could be mounted using systems
such as Sentinel and Phalanx.1 52 Implementation of that defense would require the
presence of US military personnel at the site, and would raise complex questions of
command authority. Second, vulnerable portions of the site could be surrounded by one
or more steel cages (made of beams, cables and nets) designed to shred an approaching
aircraft and cause its explosive payload, if any, to detonate at a safe distance. A
campaigning organization, Committee to Bridge the Gap, has termed this concept
"Beamhenge". 1

5 3

Options for reducing regulatory impacts

Section 8, above, discusses two respects in which the NRC's licensing approach creates
adverse regulatory impacts. First, the NRC's licensing approach contributes to a
counterproductive approach by the Federal government to protection of the nation's
critical infrastructure. Second, the NRC has adopted a policy of excessive secrecy that
yields various adverse impacts.

Options for reducing these regulatory impacts would necessarily be consistent with a
policy of protective deterrence. In the context of the IP2 and IP3 plants, these impacts
could be reduced by developing SAMAs that emphasize resilient design, passive defense,
and related protective measures as envisioned in the NIPP. The set of SAMAs developed
for the IP2 and IP3 plants should cover a full spectrum of threats, addressing
conventional and malice-induced accidents, core-damage sequences, pool fires, and
reactor-pool interactions.

Special attention must be given to the processes through which SAMAs related to malice-
induced accidents are developed and considered in license proceedings. Stakeholder
involvement in these processes should be maximized, consistent with protection of
sensitive information. That subject is addressed further in Section 10, below.

152 Sentinel is a portable radar system that can detect and track approaching aircraft. Phalanx is an

automated machine gun that is mounted on naval vessels for use against approaching aircraft, missiles, or
small boats. See: Thompson, 2004.
153 <http://www.committeetobridgethegap.org/beamhenge.html>, accessed on 18 November 2007.
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10. Analyses Required From Entergy and the NRC

The NRC has determined that the risk of reactor core damage due to a conventional
accident must be considered in environmental-impact analyses related to an application to
extend the operating license of a nuclear power plant. Thus, the NRC has determined
that core damage due to a conventional accident is a reasonably foreseeable event, and
that the risk of this event is neither remote nor speculative. By contrast, the NRC does
not require consideration of the risk of core damage due to a malice-induced accident, or
the risk of a pool fire caused by a conventional accident or a malice-induced accident.
Entergy takes the same position.

This report shows that the position taken by Entergy and the NRC lacks a logical
foundation. Illustrative risk analyses by IRSS, whose findings are summarized in Table
7-7, demonstrate the illogic of Entergy and NRC's position in two respects. First, the risk
of a pool fire at the IP2 or IP3 plant due to a conventional accident is greater than the risk
of reactor core damage due to a conventional accident, as estimated by Entergy. Thus, a
pool fire due to a conventional accident is a reasonably foreseeable event, and should be
considered. Second, given a prudent assumption about the probability of attack, the risk
of core damage or a pool fire at the IP2 or IP3 plant due to a malice-induced accident is
greater than the risk of core damage due to a conventional accident, as estimated by
Entergy. Thus, a malice-induced accident affecting the IP2 or IP3 reactor or their spent
fuel is a reasonably foreseeable event, and should be considered.

In addition, IRSS shows that Entergy has substantially under-estimated the risk of
reactor core damage due to a conventional accident, by failing to properly consider the
potential for containment bypass.

Thus, IRSS's illustrative analyses have revealed major deficiencies in risk analyses
performed by Entergy and the NRC. IRSS's analyses do not purport, however, to provide
a comprehensive assessment of: (i) risk-related impacts for operation of the IP2 and IP3
plants; or (ii) deficiencies in analyses by Entergy and the NRC. Such assessments would
require financial support at a much higher level than was available for our work.

Specific tasks for Entergy and the NRC

Entergy and the NRC should revise and supplement their analyses of risk-related impacts.
In performing that work, Entergy and the NRC should rectify the deficiencies identified
by IRSS, and should seek out and rectify other deficiencies. One source of guidance
regarding other deficiencies is a November 2007 report prepared for Riverkeeper by
Edwin Lyman.154 In revising and supplementing their analyses, Entergy and the NRC
should undertake at least three tasks, described in the following paragraphs.

154 Lyman, 2007.
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First, Entergy should revise the Environmental Report in its License Renewal
Application. The revised Environmental Report should address the risks of core-damage
events and pool fires at the IP2 and IP3 plants due to conventional accidents and malice-
induced accidents, examining each of these categories of risk in similar detail. Reactor-
pool interactions should be comprehensively examined. Options for reducing the full
range of risks should be considered using at least the depth of analysis that is employed
for SAMAs in the present Environmental Report.

Second, the NRC should prepare a supplement that updates and corrects its August 1979
GEIS on handling and storage of spent fuel (NUREG-0575). That supplement should
address the risk of pool fires to at least the depth of analysis and experiment that was
conducted to prepare the NRC's December 1990 study on the risks of reactor accidents
(NUREG-1150). The supplement should consider initiation of pool fires by conventional
accidents and malice-induced accidents. A full range of options for reducing risk should
be assessed, with explicit reference to the NIPP and the principles of protective
deterrence.

Third, the NRC should prepare a supplement that updates and corrects its May 1996
GEIS on license renewal (NUREG-1437). That supplement should address the risk of
reactor core damage due to malice-induced accidents, to at least the depth of analysis and
experiment that was conducted to prepare NUREG- 1150. The supplement should also
incorporate the findings of the above-specified supplement to NUREG-0575. While
incorporating those findings, the supplement to NUREG-1437 should ensure that pool-
reactor interactions during conventional accidents or malice-induced accidents are
thoroughly considered. A full range of options for reducing risk should be assessed, with
explicit reference to the NIPP and the principles of protective deterrence.

Processes for considering risks and risk-reducing options
related to malice-induced accidents

The NRC should give special attention to designing processes for considering risks and
risk-reducing options related to malice-induced accidents, both generically and in the
context of site-specific license proceedings. Involvement of a full range of stakeholders
in these processes should be maximized, consistent with protection of sensitive
information.

An important step by the NRC would be to engage public stakeholders (citizen groups,
academics, state and local governments, etc.) and licensees in a dialogue that seeks
consensus on an effective, balanced policy for management of sensitive information.
Implementation of that policy would not necessarily require changes in NRC rules.

The generic supplements to NUREG-0575 and NUREG-1437 that are specified above
should place sensitive information in classified appendices. Arrangements should be
made that allow all stakeholders to contribute sensitive information to the supplements,
with assurance that the information would remain protected. In site-specific licensing
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contexts, sensitive information should be discussed in protected settings. A balanced,
consensus-based policy for management of sensitive information would facilitate
productive involvement by stakeholders in generic and site-specific regulatory arenas.

11. Conclusions

11.1 Deficiencies in Risk Analyses by the NRC and Entergy, and IRSS's
Examination of Selected Risk Issues

The NRC has discussed some of the risk-related impacts of continued operation of a
nuclear power plant, in the GEIS for license renewal (NUREG-1437). Entergy has
discussed some of the risk-related impacts of continued operation of the IP2 and IP3
plants, in the Environmental Report that is provided as Appendix E of Entergy's License
Renewal Application. Neither the NRC nor Entergy has provided a complete and
accurate assessment of the risk-related impacts of continued operation of the IP2 and IP3
plants. This report identifies substantial deficiencies in NRC's and Entergy's risk
analyses, by examining selected risk issues. Some of the findings of our examination are
expressed in terms of the methodology that Entergy uses to discuss SAMAs. IRSS's use
of that methodology is not a general endorsement of Entergy's SAMA analyses, their
methodology or their assumptions. Major findings of IRSS's examination of risk issues
(see, especially, Table 7-7) include:

(i) Studies conducted by the NRC show that Entergy has under-estimated the
extent to which the reactor containment would be bypassed during core-damage
sequences arising from conventional accidents at the IP2 or IP3 reactors. IRSS's
correction of that deficiency within the SAMA framework increases the present
value of cost risks by a factor of 5.42 for the IP2 reactor and 3.18 for the IP3
reactor. Incorporation of this correction into Entergy's SAMA analyses would
require consideration of a range of SAMAs, including SAMAs that Entergy has
previously determined to be not cost effective.

(ii) Studies conducted by the NRC, the National Academy of Sciences and other
entities show that loss of water from an IP2 or IP3 spent-fuel pool would, over a
wide range of scenarios, lead to spontaneous ignition of the hottest spent fuel and
a fire that would spread across the pool. That fire would release to the
atmosphere a substantial fraction of the pool's inventory of cesium-137, together
with other radioactive isotopes. Entergy has not addressed this threat in the
License Renewal Application. The NRC has, in various documents, discussed the
potential for a conventional accident to initiate a spent-fuel-pool fire, but none of
those documents is an environmental impact statement that meets the standards of
the National Environmental Policy Act.

(iii) PRA techniques could be used to assess the risk of a pool fire at the IP2 or
IP3 plant, initiated by a conventional accident. In the absence of a thorough
assessment of this type, IRSS has conducted illustrative analysis within the
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SAMA framework. This analysis shows, given the pool-fire probability estimated
in the NRC document NUREG-1353, that the present value of cost risk for a pool
fire would be $27.7 million, compared to the $10.7 million estimated by Entergy
for a core-damage event at the IP2 or IP3 reactor. Consideration of other factors
would, with reasonable assumptions, substantially increase the present value of
cost risk for a pool fire. The expected offsite costs of a pool fire at Indian Point
would be at least $461 billion, and would be substantially greater if indirect costs
were considered. Entergy's SAMA analyses employ a discount rate of 7 percent
per year. There is a strong ethical argument for using a substantially lower
discount rate to assess the risk of radiological harm. With a discount rate of 3
percent per year, the PVCR of a pool fire would rise from $27.7 million to $38.7
million, and with a rate of zero it would rise to $51.5 million.

(iv) Options are available to reduce the risk of a pool fire at the IP2 and IP3
plants. SAMA analyses should be conducted to assess the benefits and costs of
these options. Notably, each pool could be re-equipped with low-density, open-
frame storage racks, as was intended when the Indian Point plants were
constructed. That option would dramatically reduce the risk of a pool fire. The
cost-benefit findings set forth in (iii), above, and (viii), below, justify the
implementation of that option at the IP2 and IP3 plants.

(v) The IP2 and IP3 reactors and their spent fuel are vulnerable to attack by sub-
national groups. A successful attack could be accomplished by a group with
assets similar to those of the group that attacked New York and Washington on 11
September 2001. Such a group could obtain or construct the necessary
instruments of attack and employ these instruments without assistance from a
government and without access to classified information. The probability of an
attack at Indian Point by a well-equipped group cannot be determined by
statistical analysis. Given the present threat environment and potential trends in
that environment, it would be imprudent to assume a probability lower than 1 per
10,000 reactor-years during the next several decades.

(vi) PRA methodology can be adapted to assess the risk of attack on a nuclear
facility. This is done by postulating a set of attacks with given characteristics, and
then using PRA techniques to assess the outcomes of the postulated attacks and
the conditional probabilities of those outcomes. Given the current level of
defense provided at US nuclear power plants, a sophisticated and determined
attack by a sub-national group would have a high conditional probability of
causing a large atmospheric release of radioactive material from the IP2 or IP3
reactor or spent-fuel pool. Attackers could choose to attack a reactor and the
adjacent pool, using the radioactive release from the reactor to preclude the
personnel access that would be needed to perform damage control at the pool.

(vii) Neither the NRC nor Entergy has published any credible assessment of the
risk of attack on a facility at Indian Point. There is no evidence that either party
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has conducted a thorough, credible assessment in secret. Indeed, published
statements by the NRC and Entergy indicate that neither party has an accurate
understanding of the risk of attack on the IP2 or IP3 reactor or their spent fuel.

(viii) In the absence of an assessment by the NRC or Entergy of the risk of attack,
IRSS has conducted illustrative analysis within the SAMA framework. Assuming
a probability of a successful attack of 1 per 10,000 reactor-years, this analysis
finds that the present value of cost risk for an attack on a reactor would be $73.2
million for IP2 and $62.4 million for IP3, compared to the $10.7 million estimated
by Entergy for a core-damage event caused by a conventional accident at the IP2
or IP3 reactor. These numbers indicate that a variety of SAMAs could be
implemented to reduce the risk of attack on the IP2 or IP3 reactor. IRSS's
analysis also shows that the present value of cost risk for an attack on an IP2 or
IP3 spent-fuel pool would be $498 million. As a result, there would be a high
benefit-cost ratio for SAMAs that substantially reduce pool risk. Notably, IRSS
estimates that re-equipment of the IP2 or IP3 pool with open-frame racks, which
would dramatically reduce the risk of a pool fire, could be done for a cost of $41
to 86 million. The same cost would otherwise be incurred during
decommissioning of the plant, when spent fuel would be offloaded from the pool
to dry storage. Thus, the net present cost of this option would be $31 to 65
million given the discount rate of 7 per cent per year that is used by Entergy, and
$18 to 39 million given a discount rate of 3 percent per year.

(ix) The environment is adversely affected by regulatory impacts arising from the
NRC's general approach to the licensing of nuclear power plants. Granting of
license extensions for the IP2 and IP3 plants would add to the burden of adverse
regulatory impacts. Two types of impact are illustrative. First, the NRC's
licensing approach does not support a policy of protective deterrence. Instead, it
contributes to a counterproductive approach by the Federal government to
protection of the nation's critical infrastructure. Second, the NRC has adopted a
policy of excessive secrecy that yields various adverse impacts.

(x) Increasing the inherent robustness of nuclear facilities against attack would
reduce adverse regulatory impacts in two respects. First, enhanced robustness of
these facilities would contribute to the adoption of a more effective approach to
protection of the nation's critical infrastructure, through a national strategy of
protective deterrence. Second, enhanced robustness of nuclear facilities would
reduce the perceived need for secrecy, thereby reducing the adverse impacts that
flow from excessive secrecy.

(xi) The National Infrastructure Protection Plan articulates principles for
increasing the inherent robustness of infrastructure facilities against attack. There
are opportunities at Indian Point to implement those principles, especially in the
context of storing spent fuel. Enhanced robustness of facilities at Indian Point
could significantly reduce the radiological and regulatory risk-related impacts of
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continued operation of the IP2 and IP3 plants. Neither Entergy nor the NRC has
proffered any analysis or plan regarding implementation of the NIPP principles at
Indian Point.

11.2 Analyses Required from Entergy and the NRC

The NRC has determined that the risk of reactor core damage due to a conventional
accident must be considered in environmental-impact analyses related to extension of the
operating license of a nuclear power plant. Thus, the NRC has determined that core
damage due to a conventional accident is a reasonably foreseeable event, and that the risk
of this event is neither remote nor speculative. IRSS shows that the risk of a pool fire at
the IP2 or IP3 plant due to a conventional accident is greater than the risk of reactor core
damage due to a conventional accident, as estimated by Entergy. Thus, a pool fire due to
a conventional accident is a reasonably foreseeable event, and should be considered.
Also, IRSS shows that the risk of core damage or a pool fire at the IP2 or IP3 plant due to
a malice-induced accident is greater than the risk of core damage due to a conventional
accident, as estimated by Entergy. Thus, a malice-induced accident affecting the IP2 or
IP3 reactor or their spent fuel is a reasonably foreseeable event, and should be
considered. In addition, IRSS shows that Entergy has under-estimated the risk of reactor
core damage due to a conventional accident. Therefore, revision and supplementation of
NRC's and Entergy's risk analyses is needed in at least the following respects:

(i) Entergy should revise the Environmental Report in its Indian Point License
Renewal Application, as specified in Section 10, above.

(ii) The NRC should prepare a supplement that updates and corrects its August
1979 GEIS on handling and.storage of spent fuel (NUREG-0575). The
supplement should meet the specifications set forth in Section 10, above. It
should explicitly address the principles of the NIPP.

(iii) The NRC should prepare a supplement that updates and corrects its May
1996 GEIS on license renewal (NUREG-1437). The supplement should meet the
specifications set forth in Section 10, above. It should explicitly address the
principles of the NIPP.
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Table 2-1
Cesium-137 Inventories and Other Indicators for Reactors, Spent-Fuel Pools and
the ISFSI at Indian Point

Indicator Indian Point 2 Indian Point 3
Rated power of reactor 3,216 MWt 3,216 MWt
Number of fuel assemblies in reactor core 193 assemblies 193 assemblies
Mass of uranium in reactor core 87 Mg 87 Mg
Typical period of full-power exposure of a 4.4 yrs 4.4 yrs
fuel assembly (assuming refueling outages (during 5.4 (during 5.4
of 2-month duration at 24-month intervals, calendar years) calendar years)
discharging 72 assemblies, capacity factor
of 0.9 between outages)
Typical bumup of fuel assembly at 59,370 MWt- 59,370 MWt-
discharge days/MgU days/MgU
Typical Cs-137 inventory in fuel assembly 0.082 MCi 0.082 MCi
at discharge (assuming steady-state fission
at 0.9x22/24 power for 5.4 yrs with an
energy yield of 200 MeV per fission and a
Cs-137 fission fraction of 6.0 percent)
Approx. Cs-137 inventory in reactor core 7.9 MCi 7.9 MCi
(assuming 193 fuel assemblies with av.
burnup = 50% of discharge burnup)
Cs-137 inventory in reactor core according 11.2 MCi 11.2 MCi
to License Renewal Application
Capacity of spent-fuel pool 1,376 assemblies 1,345 assemblies
Cs-137 inventory in spent-fuel pool 68.6 MCi 66.8 MCi
(assuming space for full-core unloading,
av. assembly age after discharge = 15 yrs
Cs-137 inventory in ISFSI module 1.3 MCi
(assuming 32 fuel assemblies, av. age after
discharge = 30 yrs)

Sources:
(a) License Renewal Application, Appendix E.
(b) Consolidated Edison Company, request to NRC for license amendment to increase
capacity of spent-fuel pool at Indian Point Unit 2, 20 June 1989.
(c) New York Power Authority, request to NRC for license amendment to increase
capacity of spent-fuel pool at Indian Point Unit 3, 9 May 1988.
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Table 2-2
Illustrative Inventories of Cesium-137

Case Inventory of
Cesium-137

Produced during detonation of a 10-kilotonne 0.002 MCi
fission weapon
Released to atmosphere during Chernobyl reactor 2.4 MCi
accident of 1986
Released to atmosphere during nuclear-weapon tests, 20 MCi
primarily in the 1950s and 1960s
(Fallout was non-uniformly distributed across the
planet, mostly in the Northern hemisphere.)
In Indian Point 2 spent-fuel pool during period of 68.6 MCi
license extension
In Indian Point 3 spent-fuel pool during period of 66.8 MCi
license extension
In IP2 or IP3 reactor core 11.2 MCi

Notes:
(a) 1 Tbq = L.OE+12 Bq = 27.0 Ci
(b) Inventories in the first three rows are from Table 3-2 of: Gordon Thompson,
Reasonably Foreseeable Security Events: Potential threats to options for long-term
management of UK radioactive waste, A report for the UK government's Committee on
Radioactive Waste Management, IRSS, 2 November 2005.
(c) Inventories in the fourth and fifth rows are author's estimates set forth in this report.
(d) Inventory in the sixth row is from Appendix E of the License Renewal Application.
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Table 4-1
Estimated Core Damage Frequencies for Conventional Accidents at the IP2 and IP3
Reactors

Source of Estimate Factors Included Estimated Core Damage Frequency
in Estimate (per reactor-year)

Indian Point 2 Indian Point 3
License Renewal Internal initiating 1.79E-05 1.1 5E-05
Application, events
Appendix E, Internal + external 6.80E-05 6.35E-05
Section 4.21 initiating events (multiplier of 3.80) (multiplier of 5.52)

Internal + external 1.43E-04 9.20E-05
initiating events, (multiplier of 8) (multiplier of 8)
plus uncertainty

Notes:
(a) Initiating events involving acts of malice are not considered in these estimates.
(b) The multipliers shown in the second and third rows are applied to the frequency
estimates in the first row.
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Table 5-1
Predicted Core-Damage Sequences at the 1P2 Reactor in the High/Dry Category

Source of Estimate Types of Core-Damage Sequence Share of
in the High/Dry Category Estimated

Total CDF
(percent)

Indian Point 2 IPE, August Sequences 1, 3, 4, 9, 13, 17, 19, 22 and 39 43
1992, Section 3.4.1.1 of the 42 most probable core-damage (% of
(See also Section 3.1.6.3.6.) sequences internal

Comments: The 42 most probable core- CDF)
damage sequences account for 80% of the
estimated total CDF. Thus, the aggregate
frequency of the above-listed sequences is
adjusted here by a factor 1/0.8. Most of
the listed sequences involve failure of
primary bleed, leading to RCS pressure in
the range of the pressurizer relief valve
setpoints (pressure > 2350 psia).

License Renewal Plant damage states with high RCS 47
Application, Appendix E, pressure (pressure > 2350 psia) and no (% of
Attachment E. 1, secondary-side cooling prior to onset of internal
Table E. 1-6 core damage CDF)
License Renewal Plant damage states with high RCS 71
Application, Appendix E, pressure (pressure > 2350 psia) or medium (% of
Attachment E. 1, RCS pressure (2350 psia > pressure > 675 internal
Table E. 1-6 psia) and no secondary-side cooling prior CDF)

to onset of core damage
Indian Point 2 IPEEE, Seismic damage states 35, 36, 37 and 47 59
December 1995, Section Comments: Some sequences could exhibit (% of seismic
3.1.6.4 and Table 3.1-8 medium RCS pressure. In some CDF)
(corrected version of sequences, the turbine-driven AFW pump
February 1998) might operate, which would reduce the

High/Dry share of total seismic CDF.
Indian Point 2 IPEEE, Relevant sequences are not fully identified Not available
December 1995, Section Comments: Fire scenario A3-10 is the (% of fire
4.6.3 most probable fire-initiated sequence, CDF)

accounting for 9% of fire CDF. This
High/Dry sequence would involve loss of
all AFW and primary bleed, leading to
core damage at high RCS pressure. Other
fire scenarios would contribute to a
substantial High/Dry share of fire CDF.
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Table 5-2
Predicted Core-Damage Sequences at the IP3 Reactor in the High/Dry Category

Source of Estimate Types of Core-Damage Sequence Share of
in the High/Dry Category Estimated

Total CDF
(percent)

Indian Point 3 IPE, June Plant damage states with RCS pressure 47
1994, Tables 3.1.5.2 and status RX1 (pressure > 2350 psia) and (% of
4.4.1.1 auxiliary feedwater status F l or F3 internal

CDF)
Indian Point 3 IPE, June Plant damage states with RCS pressure 53
1994, Tables 3.1.5.2 and status RX1 (pressure > 2350 psia) or RX2 (% of
4.4.1.1 (2350 psia > pressure > 675 psia) and internal

auxiliary feedwater status F 1 or F3 CDF)
License Renewal Plant damage states with high RCS 27
Application, Appendix E, pressure (pressure > 2350 psia) and no (% of
Attachment E.3, secondary-side cooling prior to onset of internal
Table E.3-6 core damage CDF)
License Renewal Plant damage states with high RCS 56
Application, Appendix E, pressure (pressure > 2350 psia) or medium (% of
Attachment E.3, RCS pressure (2350 psia > pressure > 675 internal
Table E.3-6 psia) and no secondary-side cooling prior CDF)

to onset of core damage
Indian Point 3 IPEEE, Seismic accident sequences 1, 4, 6 and 8 56
September 1997, Section Comments: Some sequences could exhibit (% of seismic
3.1.5.5 medium RCS pressure. In some CDF)

sequences, the turbine-driven AFW pump
might operate, which would reduce the
High/Dry share of total seismic CDF.

Indian Point 3 IPEEE, Fires in 480 V switchgear room 62
September 1997, Section Comments: Some sequences could exhibit (% of fire
4.7.5 medium RCS pressure. In some CDF)

sequences, the turbine-driven AFW pump
could operate, which would reduce the
High/Dry share of total fire CDF.
Conversely, other fire-initiated sequences
could increase the High/Dry share.
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Table 5-3
Estimated Conditional Probabilities of Categories of Atmospheric Release from a
Core-Damage Event at the IP2 Reactor

Source of Estimate Category of Radioactive Conditional Probability of
Release Release Category,

Given Core Damage
(percent)

License Renewal Early High 3.6
Application, Appendix E, Other 96.4
Attachment E. 1, Total 100
Table E. 1-9
Above-stated estimate Early High 51.8
corrected by accounting for Other 48.2
containment bypass during Total 100
High/Dry sequences

Notes:
(a) The corrected estimate in this table assumes that 50 percent of core-damage sequences
are High/Dry sequences that lead to containment bypass via induced failure of steam
generator tubes, leading to an Early High release.
(b) The correction is applied by re-allocating 50 percent of core-damage sequences across
release categories in proportion to the previously-estimated conditional probability of
each category.
(c) This table considers only those core-damage sequences that arise from "internal"
initiating events.
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Table 5-4
Estimated Conditional Probabilities of Categories of Atmospheric Release from a
Core-Damage Event at the IP3 Reactor

Source of Estimate Category of Radioactive Conditional Probability of
Release Release Category,

Given Core Damage
(percent)

License Renewal Early High 8.2
Application, Appendix E, Other 91.8
Attachment E.3, Total 100
Table E.3-9
Above-stated estimate Early High 54.1
corrected by accounting for Other 45.9
containment bypass during Total 100
High/Dry sequences

Notes:
(a) The corrected estimate in this table assumes that 50 percent of core-damage sequences
are High/Dry sequences that lead to containment bypass via induced failure of steam
generator tubes, leading to an Early High release.
(b) The correction is applied by re-allocating 50 percent of core-damage sequences across
release categories in proportion to the previously-estimated conditional probability of
each category.
(c) This table considers only those core-damage sequences that arise from "internal"
initiating events.
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Table 5-5
Estimated Population Dose Risk (PDR) and Offsite Economic Cost Risk (OECR)
Associated with Atmospheric Release from a Core-Damage Event at the IP2
Reactor

Source of Category Of Conditional Population Offsite
Estimate Radioactive Probability of Dose Risk Economic Cost

Release Release. (person- Risk
Category, rem/yr) ($/yr)

Given Core
Damage
(percent)

License Early High 3.6 1.03E+01 2.22E+04
Renewal Other 96.4 1.17E+01 2.27E+04
Application, Total 100 2.20E+01 4.49E+04
Appendix E,
Attach. E. 1,
Table E.l-14
Above-stated Early High 51.8 1.48E+02 3.19E+05
estimate Other 48.2 5.85E+00 1..14E+04
corrected by Total 100 1.54E+02 3.30E+05
accounting for
containment
bypass during
High/Dry
sequences

Notes:
(a) The corrected estimate in this table assumes that 50 percent of core-damage sequences
are High/Dry sequences that lead to containment bypass via induced failure of steam
generator tubes, leading to an Early High release.
(b) The correction is applied by re-allocating 50 percent of core-damage sequences across
release categories in proportion to the previously-estimated conditional probability of
each category.
(c) This table considers only those core-damage sequences that arise from "internal"
initiating events.
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Table 5-6
Estimated Population Dose Risk (PDR) and Offsite Economic Cost Risk (OECR)
Associated with Atmospheric Release from a Core-Damage Event at the IP3
Reactor

Source of Category Of Conditional Population Offsite
Estimate Radioactive Probability of Dose Risk Economic Cost

Release Release (person- Risk
Category, rem/yr) ($/yr)

Given Core
Damage
(percent)

License Early High 8.2 1.24E+01 2.8 1E+04
Renewal Other 91.8 1.21E+01 2.47E+04
Application, Total 100 2.45E+01 5.28E+04
Appendix E,
Attach. E.3,
Table E.3-14
Above-stated Early High 54.1 8.18E+01 1.85E+05
estimate Other 45.9 6.05E+00 1.24E+04
corrected by Total 100 8.79E+01 1.97E+05
accounting for
containment
bypass during
High/Dry
sequences

Notes:
(a) The corrected estimate in this table assumes that 50 percent of core-damage sequences
are High/Dry sequences that lead to containment bypass via induced failure of steam
generator tubes, leading to an Early High release.
(b) The correction is applied by re-allocating 50 percent of core-damage sequences across
release categories in proportion to the previously-estimated conditional probability of
each category.
(c) This table considers only those core-damage sequences that arise from "internal"
initiating events.
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Table 5-7
Estimated Present Value of Cost Risks Associated with Atmospheric Release from a
Core-Damage Event at the IP2 or IP3 Reactor

Source of Estimate Type of Cost Risk Present Value for Present Value for
Indian Point 2 Indian Point 3

($) ($)
License Renewal Offsite population 473,568 527,382
Application, dose
Appendix E, Offsite economic 483,254 568,281
Table 4-3 costs

Onsite dose 6,814 4,377
Onsite economic 374,303 240,475
costs

Total 1,337,939 1,340,515
Above-stated Offsite population 3,314,973 1,892,118
estimate corrected dose
by accounting for Offsite economic 3,551,757 2,120,291
containment bypass costs
during High/Dry Onsite dose 6,814 4,377
sequences Onsite economic 374,303 240,475

costs
Total 7,247,847 4,257,261

Notes:
(a) Corrected estimates for population dose risk and offsite economic cost risk are drawn
from Tables 5-5 and 5-6 of this report.
(b) Dose is valued at $2,000 per person-rem.
(c) Present value is determined by accumulating annual value over 20 years with a
discount rate of 7 percent per year.
(d) This table considers only those core-damage sequences that arise from "internal"
initiating events.
(e) The License Renewal Application (Appendix E, Section 4.21) estimates that a core-
damage event at the 1P2 or IP3 reactor would yield onsite dose costs of $35.4 million
(M$ 6.60 for immediate doses and M$ 28.8 for long-term doses) and onsite economic
costs of $1.94 billion (G$ 1.08 for cleanup/decontamination and G$ 0.86 for replacement
power).
(f) The correction applied in the lower half of this table increases the estimated present
value of cost risks by a factor of 5.42 for the IP2 reactor and 3.18 for the IP3 reactor.
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Table 6-1
Estimated Offsite Costs Resulting from Potential Atmospheric Releases: Early High
Release from a Core-Damage Event at the IP2 or IP3 Reactor; Fire in the IP2 or IP3
Spent-Fuel Pool

Source of Estimate Type of Release Source Term Offsite Costs
(billion $)

License Renewal Early High Release • 2.6 MCi of Cs-137 - Population
Application, from IP2 reactor (23% of core dose: 32
Appendix E, inventory) - Economic
Attachment E. 1, ° Various amounts costs: 34
Tables E. 1-10, of other radioactive • Total costs: 66
E.1-13 & E.l-14 isotopes
License Renewal Early High Release ° 1.7 MCi of Cs-137 - Population
Application, from IP3 reactor (15% of core dose: 26
Appendix E, inventory) - Economic
Attachment E.3, • Various amounts costs: 30
Tables E.3-10, of other radioactive - Total costs: 56
E.3-13 & E.3-14 isotopes
Study by Beyea et al Fire in a spent-fuel ° 35 MCi of Cs-137 ° Total costs: 461

pool at the IP2 or
IP3 plant

Notes:
(a) The License Renewal Application assigns a cost of $2,000 per person-rem of
population dose.
(b) The citation for the study by Beyea et al is: Jan Beyea, Ed Lyman, Frank von Hippel,
"Damages from a Major Release of Cs-137 into the Atmosphere of the United States",
Science and Global Security, Volume 12, 2004, pp 125-136.
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Table 6-2
Estimated Offsite Cost Risks Associated with Atmospheric Releases: Early High
Release from a Core-Damage Event at the IP2 or IP3 Reactor; Fire in the IP2 or IP3
Spent-Fuel Pool

Indicator Affected Facility
Indian Point 2 Indian Point 3 Spent-Fuel Pool at

Reactor Reactor the IP2 or IP3
Plant

Type of radioactive Early High release Early High release Fire in the pool,
release from core damage from core damage following water loss
Estimated frequency 2.47E-06 per RY 5.2 1E-06 per RY 2.00E-06 per RY
of release, for (as in License (as in License (as estimated in
internal + external Renewal Renewal NUREG- 1353)
initiating events Application) Application)
Estimated total $66 billion $56 billion $461 billion
offsite costs (as in License (as in License (from study by

Renewal Renewal Beyea et al)
Application) Application)

Estimated offsite $163,000 per yr $292,000 per yr $922,000 per yr
cost risk

Notes:
(a) The citation for NUREG-1353 is: E. D. Throm, Regulatory Analysis for the
Resolution of Generic Issue 82, "Beyond Design Basis Accidents in Spent Fuel Pools",
NUREG-1353, NRC, April 1989.
(b) In the second row, the Early High release frequencies for the IP reactors are from
Appendix E of the License Renewal Application as follows: Attachment E. 1, Table E. 1-
14, adjusted by a multiplier of 3.80 (for IP2); and Attachment E.3, Table E.3-14, adjusted
by a multiplier of 5.52 (for IP3). The License Renewal Application employs these
multipliers to account for internal and external initiating events. (See Table 4-1.)
(c) The estimated total offsite costs in the third row are from Table 6-1.
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Table 6-3
Estimated Present Value of Cost Risks Associated with Atmospheric Releases: Full
Spectrum of Releases from a Core-Damage Event at the IP2 or IP3 Reactor; Fire in
the IP2 or IP3 Spent-Fuel Pool

Indicator Affected Facility
Indian Point 2 Indian Point 3 Spent-Fuel Pool at

Reactor Reactor the IP2 or IP3
Plant

Type of radioactive Full spectrum of Full spectrum of Fire in the pool,
release releases from core releases from core following water loss

damage damage
Present value of $3,635,924 $6,048,060 $9,923,394
offsite cost risk, for (as in License (as in License (probability from
internal + external Renewal Renewal NUREG-1353,
initiating events Application) Application) offsite cost from

study by
Beyea et al)

Present value of $1,448,245 $1,351,583 Not estimated
onsite cost risk, for (as in License (as in License in this table
internal + external Renewal Renewal
initiating events Application) Application)
Total present value $5,084,168 $7,399,643 $9,923,394
of cost risk, for
internal + external
initiating events

Notes:
(a) The full spectrum of releases from each of the two reactors includes accident
sequences in which the containment does not fail.
(b) For the two reactors, the estimated present values shown in Table 5-7 (not corrected
for containment bypass during High/Dry sequences) are adjusted here by multipliers of
3.80 (for IP2) and 5.52 (for IP3) to account for both internal and external initiating
events. Uncertainty multipliers are not used in this table.
(c) For the affected spent-fuel pool, the estimate shown in Table 6-2 for offsite cost risk
($922,000 per year) is converted to a present value by accumulating the annual value
over 20 years with a discount rate of 7 percent per year.
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Table 7-1
Public Opinion in Four Muslim Countries Regarding the US "War on Terrorism"

Country Percentage of Respondents Who Think that the Primary
Goal of What the US Calls "the War on Terrorism" is to:
Weaken and Achieve Political Protect Itself from

Divide the Islamic and Military Terrorist Attacks
Religion and its Domination to

People Control Middle
East Resources

Morocco 33 39 19
Egypt 31 55 9
Pakistan 42 26 12
Indonesia 29 24 23

Notes:
(a) Data are from: Steven Kull et al, Muslim Public Opinion on US Policy, Attacks on
Civilians and al Qaeda, Program on International Policy Attitudes, University of
Maryland, 24 April 2007.
(b) Percentages not shown in each row are "do not know" or "no response".
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Table 7-2
Opinions of Selected Experts Regarding the Probability of Another 9/11-Type
Attack in the United States

Time Horizon for Fraction of Interviewed Experts Holding Position
Potential Attack (percent)

Attack has No Chance Attack is Likely
or is Unlikely or Certain

Within 6 months 80 20
Within 5 years 30 70
Within 10 years 17 83

Notes:
(a) These and other survey data are discussed in: "The Terrorism Index", Foreign Policy,
September/October 2007, pp 60-67. The underlying data are from: "Terrorism Survey
III", June 2007, accessed from the website of the Center for American Progress
<www.americanprogress.org> on 21 August 2007.
(b) The following question was posed to 108 US-based experts in international security:
"What is the likelihood of a terrorist attack on the scale of the 9/11 attacks occurring
again in the United States in the following time frames?"
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Table 7-3
Future World Scenarios Identified by the Stockholm Environment Institute

Scenario Characteristics
Conventional Worlds
Market Forces Competitive, open and integrated global markets drive world

development. Social and environmental concerns are
secondary.

Policy Reform Comprehensive and coordinated government action is
initiated for poverty reduction and environmental
sustainability.

Barbarization
Breakdown Conflict and crises spiral out of control and institutions

collapse.
Fortress World This scenario features an authoritarian response to the threat

of breakdown, as the world divides into a kind of global
apartheid with the elite in interconnected, protected enclaves
and an impoverished majority outside.

Great Transitions
Eco-Communalism This is a vision of bio-regionalism, localism, face-to-face

democracy and economic autarky. While this scenario is
popular among some environmental and anarchistic
subcultures, it is difficult to visualize a plausible path, from
the globalizing trends of today to eco-communalism, that does
not pass through some form of barbarization.

New Sustainability This scenario changes the character of global civilization
Paradigm rather than retreating into localism. It validates global

solidarity, cultural cross-fertilization and economic
connectedness while seeking a liberatory, humanistic and
ecological transition.

Source:
Paul Raskin et al, Great Transition: The Promise and Lure of the Times Ahead,
Stockholm Environment Institute, 2002.
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Table 7-4
Some Potential Modes and Instruments of Attack on a Nuclear Power Plant

Attack Mode/Instrument Characteristics Present Defense
Commando-style attack * Could involve heavy Alarms, fences and lightly-

weapons and sophisticated armed guards, with offsite
tactics backup
* Successful attack would
require substantial planning
and resources

Land-vehicle bomb • Readily obtainable Vehicle barriers at entry
- Highly destructive if points to Protected Area
detonated at target

Anti-tank missile • Readily obtainable None if missile launched
• Highly destructive at point from offsite
of impact

Commercial aircraft • More difficult to obtain None
than pre-9/ 11
• Can destroy larger, softer
targets

Explosive-laden smaller - Readily obtainable None
aircraft - Can destroy smaller,

harder targets
1 0-kilotonne nuclear • Difficult to obtain None
weapon • Assured destruction if

detonated at target

Notes:
This table is adapted from a table, supported by analysis and citations, in: Gordon
Thompson, Robust Storage of Spent Nuclear Fuel. A Neglected Issue of Homeland
Security, IRSS, January 2003. Later sources confirming this table include:
(a) Gordon Thompson, testimony before the California Public Utilities Commission
regarding Application No. 04-02-026, 13 December 2004.
(b) Jim Wells, US Government Accountability Office, testimony before the
Subcommittee on National Security, Emerging Threats and International Relations, US
House Committee on Government Reform, 4 April 2006.
(c) Marvin Fertel, Nuclear Energy Institute, testimony before the Subcommittee on
National Security, Emerging Threats and International Relations, US House Committee
on Government Reform, 4 April 2006.
(d) Danielle Brian, Project on Government Oversight, letter to NRC chair Nils J. Diaz, 22
February 2006.
(e) National Research Council, Safety and Security of Commercial Spent Nuclear Fuel
Storage.: Public Report, National Academies Press, 2006.
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Table 7-5
Potential Sabotage Events at a Spent-Fuel-Storage Pool, as Postulated in the NRC's
August 1979 GEIS on Handling and Storage of Spent LWR Fuel

Event Designator General Description of Event Additional Details
Mode 1 - Between 1 and 1,000 fuel • One adversary can carry 3

assemblies undergo extensive charges, each of which can
damage by high-explosive damage 4 fuel assemblies
charges detonated under water * Damage to 1,000 assemblies
• Adversaries commandeer the (i.e., by 83 adversaries) is a
central control room and hold it "worst-case bounding estimate"
for approx. 0.5 hr to prevent the
ventilation fans from being
turned off

Mode 2 - Identical to Mode 1 except
that, in addition, an adversary
enters the ventilation building
and removes or ruptures the
HEPA filters

Mode 3 - Identical to Mode 1 within the • Adversaries enter the central
pool building except that, in control room or ventilation
addition, adversaries breach two building and turn off or disable
opposite walls of the building the ventilation fans
by explosives or other means

Mode 4 - Identical to Mode 1 except
that, in addition, adversaries use
an additional explosive charge
or other means to breach the
pool liner and 5-ft-thick
concrete floor of the pool

Notes:
(a) Information in this table is from Appendix J of: USNRC, Generic EIS on Handling
and Storage of Spent Light Water Power Reactor Fuel, NUREG-0575, August 1979.
(b) The postulated fuel damage ruptures the cladding of each rod in an affected fuel
assembly, releasing "contained gases" (gap activity) to the pool water, whereupon the
released gases bubble to the water surface and enter the air volume above that surface.
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Table 7-6
The Shaped Charge as a Potential Instrument of Attack

Category of Information Selected Information in Category
General information • Shaped charges have many civilian and military

applications, and have been used for decades
• Applications include human-carried demolition charges or
warheads for anti-tank missiles
- Construction and use does not require assistance from a
government or access to classified information

Use in World War II • The German MISTEL, designed to be carried in the nose
of an un-manned bomber aircraft, is the largest known
shaped charge
* Japan used a smaller version of this device, the SAKURA
bomb, for kamikaze attacks against US warships

A large, contemporary * Developed by a US government laboratory for mounting
device in the nose of a cruise missile

- Described in an unclassified, published report (citation is
voluntarily withheld here)
0 Purpose is to penetrate large thicknesses of rock or
concrete as the first stage of a "tandem" warhead
* Configuration is a cylinder with a diameter of 71 cm and a
length of 72 cm
* When tested in November 2002, created a hole of 25 cm
diameter in tuff rock to a depth of 5.9 m
0 Device has a mass of 410 kg; would be within the payload
capacity of many general-aviation aircraft

A potential delivery - A Beechcraft King Air 90 general-aviation aircraft will
vehicle carry a payload of up to 990 kg at a speed of up to 460

km/hr
, A used King Air 90 can be purchased in the US for $0.4-
1.0 million

Source:
Gordon Thompson, Institute for Resource and Security Studies, testimony before the
Public Utilities Commission of the State of California regarding Application No. 04-02-
026, 13 December 2004.
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Table 7-7
Estimated Present Value of Cost Risks of a Potential Atmospheric Release from a
Reactor or Spent-Fuel Pool at Indian Point, Including a Release Caused by an
Attack

Type of Event Estimated Present Value of Cost Risks
for Affected Facility

Indian Point 2 Spent-Fuel Pool Indian Point 3
Reactor at the IP2 or Reactor

IP3 Plant
Full spectrum of releases from $10.7 million Not applicable $10.7 million
reactor core damage, for (as in License (as in License
internal + external initiating Renewal Renewal
events (excluding attack) plus Application) Application)
uncertainty
Above-stated estimate corrected $58.0 million Not applicable $34.1 million
by accounting for containment
bypass during High/Dry
sequences
Fire in pool, for internal + Not applicable $27.7 million Not applicable
external initiating events (assuming
(excluding attack) plus probability as in
uncertainty NUREG-1353)
Attack on reactor assuming $73.2 million Not applicable $62.4 million
probability of 1 per 10,000
reactor-years
Attack on pool assuming Not applicable $498 million Not applicable
probability of 1 per 10,000
reactor-years
Attack on IP2 reactor and pool $569 million Not applicable
assuming probability of 1 per
10,000 reactor-years
Attack on MP3 reactor and pool Not applicable $559 million
assuming probability of 1 per
10,000 reactor-years

(Notes for this table are on the following page.)
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Notes for Table 7-7:
(a) Estimated present values in the first two rows are from Table 5-7, adjusted by a
multiplier of 8 to account for external initiating events and uncertainty.
(b) In the third row, the probability of a pool fire is assumed, following NUREG-1353, to
be 2.OE-06 per reactor-year adjusted by an uncertainty multiplier (the ratio of 95th
percentile to mean probability) of 2.78. That multiplier is taken from Table 4.6.8 of
NUREG-1353, for a 99% cutoff value. The fire is assumed to yield an atmospheric
release of 35 MCi of Cs-137, with accompanying offsite costs of $461 billion as
estimated by Beyea et al. (See Tables 6-1 and 6-2.)
(c) An attack on a reactor is assumed here to yield an atmospheric release and
accompanying offsite costs as estimated in the License Renewal Application for an Early
High release. (See Table 6-1.)
(d) An attack on a spent-fuel pool is assumed here to initiate a fire that yields an
atmospheric release of 35 MCi of Cs-137, with accompanying offsite costs of $461
billion as estimated by Beyea et al. (See Table 6-1.)
(e) A core-damage event and/or a spent-fuel-pool fire at each unit is assumed here to
yield onsite costs of $2 billion, as estimated in the License Renewal Application for a
core-damage event at IP2 or IP3. (See Table 5-7.)
(f) Present value is determined by accumulating annual value over 20 years with a
discount rate of 7 percent per year.
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Table 8-1
Selected Approaches to Protecting US Critical Infrastructure From Attack by Sub-
National Groups, and Some of the Strengths and Weaknesses of these Approaches

Approach Strengths Weaknesses
Offensive military • Can deter or prevent • Can promote growth of
operations internationally governments from sub-national groups hostile

supporting sub-national to the US, and build
groups hostile to the US sympathy for these groups

in foreign populations
• Can be costly in terms of
lives, money and national
reputation

International police • Can identify and intercept - Implementation can be
cooperation within a legal potential attackers slow and/or incomplete
framework ° Requires ongoing

international cooperation
Surveillance and control of • Can identify and intercept * Can destroy civil liberties,
the domestic population potential atfackers leading to political, social

and economic decline of the
nation

Active defense of • Can stop attackers before - Can involve higher
infrastructure facilities they reach the target operating costs
(by use of guards, guns, • Requires ongoing
gates, etc,) vigilance

- May require military
involvement

Resilient design, passive • Can allow target to - Can involve higher capital
defense, and related survive attack without costs
protective measures for damage, thereby enhancing
infrastructure facilities protective deterrence
(as envisioned in the NIPP) - Can substitute for other

protective approaches,
avoiding their costs and
adverse impacts
• Can reduce risks from
accidents, natural hazards,
etc.
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Table 9-1
Selected Options to Reduce the Risk of a Spent-Fuel-Pool Fire at the Indian Point
Nuclear Power Plants

Option Passive Does Option Comments
or Address Fire

Active? Scenarios Arising
From:

Malice? Other
Events?

Re-equip pool with low- Passive Yes Yes • Will substantially reduce
density, open-frame racks pool inventory of

radioactive material
* Will prevent auto-ignition
of fuel in almost all cases

Install emergency water Active Yes Yes • Spray system must be
sprays above pool highly robust

- Spraying water on
overheated fuel can feed
Zr-steam reaction

Mix hotter (younger) and Passive Yes Yes - Can delay or prevent
colder (older) fuel in pool auto-ignition in some cases

- Will be ineffective if
debris or residual water
block air flow
- Can promote fire
propagation to older fuel

Minimize movement of Active No Yes • Can conflict with
spent-fuel cask over pool (Most adoption of low-density,

cases) open-frame racks
Deploy air-defense system Active Yes No - Implementation requires
(e.g., Sentinel and presence of US military at
Phalanx) at plant plant
Develop enhanced onsite Active Yes Yes - Requires new equipment,
capability for damage staff and training
control - Personnel must function

in extreme environments
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Table 9-2
Estimation of Cost to Offload Spent Fuel from Pools at the IP2 and IP3 Plants After
5 Years of Decay

Estimation Step Indian Point 2 Indian Point 3
Present licensed capacity of 1,376 fuel assemblies 1,345 fuel assemblies
pool
Pool capacity needed for 193 fuel assemblies 193 fuel assemblies
full-core discharge
Anticipated av. pool 1,376 - 193 - 32 = 1,151 1,345 - 193 - 32 = 1,120
inventory of spent fuel fuel assemblies fuel assemblies
during period of license (assuming periodic offload (assuming periodic offload
extension of 64 assemblies to ISFSI) of 64 assemblies to ISFSI)
Av. annual discharge of fuel 36 fuel assemblies 36 fuel assemblies
from reactor
Pool capacity needed to 36x5xl.1 = 198 fuel 36x5xl.l = 198 fuel
store fuel for 5-yr decay, assemblies assemblies
incl. 10% buffer
Total pool capacity needed 193 + 198 = 391 fuel 193 + 198 = 391 fuel
for full-core discharge and assemblies assemblies
5-yr decay
Fuel requiring offload if 1,151 - 198 = 953 fuel 1,120 - 198 = 922 fuel
pool storage is limited to assemblies assemblies
fuel undergoing 5-yr decay
Capital cost to offload fuel, $43 to 86 million $41 to 83 million
assuming 450 kgU per
assembly and capital cost of
$100 to 200 per kgU for dry
storage

Notes:
(a) Data, except capital cost per kgU, are from Table 2-1.
(b) A capital cost of $100 to 200 per kgU for dry storage of spent fuel is used by Robert
Alvarez et al in their paper in Science and Global Security, Volume 11, 2003, pp 1-51.
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Introduction

In order to conduct the Severe Accident Mitigation Alternatives (SAMA) analysis for the
Environmental Report submitted as part of its application for renewal of the licenses for
the Indian Point 2 and 3 reactors, Entergy Nuclear was required to conduct a quantitative
assessment of the radiological consequences of severe accidents at the Indian Point
nuclear plant. This analysis is needed to calculate the value of the radiological
consequences that would be averted if the SAMAs considered by Entergy were
implemented. When combined with calculated core damage frequencies from the Indian
Point Probabilistic Risk Assessment (PRA), the annual radiological risk to the public
from severe accidents can be computed, and the value of the averted risk associated with
each SAMA can be compared to the SAMA's cost to evaluate which options, if any, are
cost-beneficial.

The calculation of radiological risk to the public is a highly uncertain exercise. The
uncertainties are associated both with the values of the severe accident frequencies and
the quantitative results of consequence calculations. This report will focus on the
consequence assessment.

We find that in three significant respects, Entergy's consequence calculations are
seriously flawed and do not lead to an assessment of risk to the public that is sufficiently
conservative to serve as a reasonable basis for its SAMA analysis:

First, the source term used by Entergy to estimate the consequences of the most severe
accidents with early containment failure is based on radionuclide release fractions
generated by the MAAP code (a proprietary industry code that has not been validated by
NRC), which are smaller for key radionuclides than the release fractions specified in
NRC guidance such as NUREG-1465 and its recent reevaluation for high-burnup fuel.'
The source term used by Entergy results in lower consequences than would be obtained
from NUREG-1465 release fractions and release durations.

1 L. Soffer, et al. U.S. Nuclear Regulatory Commission, "Accident Source Terms for Light-Water Nuclear

Power Plants: Final Report," NUREG-1465, February 1995; Energy Research, Inc., "Accident Source
Terms for Light-Water Nuclear Power Plants: High-Bumup and MOX Fuels: Final Report," ERI/NRC 02-
202, November 2002.



Second, Entergy fails to consider the uncertainties in its consequence calculation
resulting from meteorological variations by using only mean values for population dose
and offsite economic cost estimates.

Third, the population dose conversion factor of $2000/person-rem used by Entergy to
estimate the cost of the health effects generated by radiation exposure underestimates the
cost of the health consequences of severe accidents by failing to address the value of lives
lost as a result of acute radiation syndrome, in addition to cancer.

As a result of these deficiencies in Entergy's analysis, Entergy rejected most SAMAs on
the basis that they were not cost-beneficial. In contrast, an analysis based on the more
severe consequences that we have calculated would likely conclude that many of these
SAMAs in fact would be cost-effective.

We have used the MACCS2 code to conduct an independent evaluation of severe
accident consequences for Indian Point Unit 2 for the highest-impact severe accident
scenario. Our results indicate that Entergy's baseline consequence analysis significantly
underestimates (by more than a factor of three) mean population doses and other off-site
costs resulting from such an accident. This is partly due to the particular source term
used by Entergy, which was derived from calculations using the industry-developed
MAAP code, as opposed to our study, which used a source term derived from NRC
studies and regulatory guidance. In addition, we find that taking into account reasonable
uncertainties associated with meteorological variations (in particular, by considering the
95th percentile consequences over the course of a year rather than the mean
consequences) can increase the consequences by at least another factor of three relative to
the mean consequences.

In summary, we calculate for the highest-impact severe accident scenario that the 9 5th

percentile equivalent cost of off-site health impacts is more than ten times greater than
Entergy's estimate of the equivalent cost of off-site health impacts. We also find that the
95th percentile off-site economic impacts for this scenario is over 70 times greater than

Entergy's estimate of off-site economic impacts for the same scenario, and is over 12
times greater than Entergy's estimate of the total cost (off- and on-site) for all severe
accident scenarios, the value it used to determine the cost-effectiveness of candidate
SAMAs.

We have not carried out a similar analysis of Entergy's consequence assessment for IP3,
but we would expect to find similar results in that case as well.

Major Flaws in the Entergy SAMA Analysis

1. The source terms used by Entergy to estimate the consequences of severe accidents
Radionuclide release fractions generated by the MAAP code, which has not been
validated by NRC, are consistently smaller for key radionuclides than the release
fractions specified in NUREG-1465 and its recent revision for high-burnup fuel. The
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source term used by Entergy results in lower consequences than would be obtained from
NUREG-1465 release fractions and release durations.

For example, the IP2 cesium release fraction for the early containment failure, high
release ("early high") category used by Entergy is 0.229, compared to a total of 0.75 for
NUREG-1465. It has been previously observed that MAAP generates lower release
fractions than those derived and used by NRC in studies such as NUREG-1 150. A
Brookhaven National Laboratory study that independently analyzed the costs and benefits
of one SAMA in the license renewal application for the Catawba and McGuire plants
noted that the collective dose results reported by the applicant for early failures

"...seemed less by a.factor between 3 and 4 than those found for NUREG-1 150
early failures for comparable scenarios. The difference in health risk was then
traced to differences between [the applicant's definitions of the early failure
release classes] and the release classes from NUREG-1 150 for comparable
scenarios ... the NUREG- 1150 release fractions for the important radionuclides
are about a factor of 4 higher than the ones used in the Duke PRA. The Duke
results were obtained using the Modular Accident Analysis Package (MAAP)
code, while the NUREG- 1150 results were obtained with the Source Term Code
Package [NRC's state-of-the-art methodology for source term analysis at the time
of NUREG-1 150] and MELCOR. Apparently the differences in the release
fractions ... are primarily attributable to the use of the different codes in the two
analyses." 2

Thus the use of source terms generated by MAAP, a proprietary industry code that has
not been independently validated by NRC, appears to lead to anomalously low
consequences when compared to source terms generated by NRC staff. In fact, NRC has
been aware of this discrepancy for at least two decades. In the draft "Reactor Risk
Reference Document" (NUREG-1 150, Vol. 1), NRC noted that for the Zion plant (a four-
loop PWR quite similar to the Indian Point reactors), that "comparisons made between
the Source Term Code Package results and MAAP results indicated that the MAAP
estimates for environmental release fractions were significantly smaller. It is very
difficult to determine the precise source of the differences observed, however, without
performing controlled comparisons for identical boundary conditions and input data." 3

We are unaware of NRC having performed such comparisons.

In light of this, it is clear that Entergy should not rely on MAAP-generated source terms
in its SAMA analysis unless it can provide a technically credible justification for the
differences between them and those developed by NRC.

2 j. Lehner et al., "Benefit Cost Analysis of Enhancing Combustible Gas Control Availability at Ice
Condenser and Mark III Containment Plants," Final Letter Report, Brookhaven National Laboratory,
Upton, NY, December 23, 2002, p. 17. ADAMS Accession Number ML031700011.
'U.S. NRC, "Reactor Risk Reference Document: Main Report, Draft for Comment," NUREG-1150,
Volume 1, February 1987, p. 5-14.
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In contrast, we have based our analysis on the more conservative NUREG- 1465 source
term, which has undergone extensive review by the public, and which is being voluntarily
implemented by licensees in other regulatory applications.4 The NUREG-1465 source
term was also reviewed by an expert panel in 2002, which concluded that it was
"generally applicable for high-burnup fuel."'5 This and other insights by the panel on the
NUREG-1465 source term are being used by the NRC in "radiological consequence
assessments for the ongoing analysis of nuclear power plant vulnerabilities." 6

2. Entergy fails to consider the uncertainties in its consequence calculation resulting
from meteorological variations by only using mean values for population dose and offsite
economic cost estimates.

Entergy applies an inconsistent approach to its consideration of the uncertainties in its
risk calculations. Entergy conducted an uncertainty analysis for its estimate of the
internal events core damage frequency (CDF). As a measure of the uncertainty inherent
in the internal events CDF as determined by the PRA, Entergy provides the ratio of the
CDF at the 9 5 th percentile confidence level to the mean CDF, which it calculates to be 2.1
for IP2 and 1.4 for IP3 (ER at 4-51). It then bases its SAMA cost-benefit evaluation on
the 9 5 th percentile CDF (ER at E. 1-31), rather than the mean CDF. However, Entergy
omits consideration of the uncertainties associated with other aspects of its risk
calculation. In particular, it does not consider the impact of the uncertainties associated
with meteorological variations, which we find to be even greater than the CDF
uncertainties reported by Entergy.

The consequence calculation, as carried out by the MACCS2 code, generates a series of
results based on random sampling of a year's worth of weather data. The code provides a
statistical distribution of the results. We find, based on our own MACCS2 calculations,
that the ratio of the 9 5 th percentile to the mean of this distribution is typically a factor of 3
to 4 for outcomes such as early fatalities, latent cancer fatalities and off-site economic
consequences. Because these ratios are greater than the ones considered in Entergy's
CDF uncertainty analysis, it is illogical to ignore these uncertainties, as Entergy has done.
For consistency, the "baseline benefit with uncertainty" that Entergy uses in the SAMA
cost-benefit evaluation should be based on the 9 5th percentile of the meteorological
distribution. This would also be consistent with the approach taken in the License
Renewal GEIS, which refers repeatedly to the 9 5 th percentile of the risk uncertainty
distribution as an appropriate "upper confidence bound" in order not to "underestimate
potential future environmental impacts." 7

4 In adapting NUREG-1465 for this purpose, we have assumed that all radionuclides released to
containment are released to the environment in early containment failure scenarios, as explained in this
author's attached report, "Chemobyl-on-the-Hudson?"
5 j. Schaperow, U.S. NRC, memorandum to F. Eltawila, "Radiological Source Terms for High-Burnup and
MOX Fuels," December 13, 2002.
6 j. Schaperow (2002), op cit.
7 U.S. NRC, "Generic Environmental Impact Statement for License Renewal of Nuclear Plants," NUREG-
1437, Vol. 1, May 1996, Section 5.3.3.2.1.
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3. The population dose conversion factor of $2000/person-rem used by Entergy to
estimate the cost of the health effects generated by radiation exposure is based on a
deeply flawed analysis and seriously underestimates the cost of the health consequences
of severe accidents.

Entergy underestimates the population-dose related costs of a severe accident by relying
inappropriately on a $2000/person-rem conversion factor. Entergy's use of the
conversion factor is inappropriate because it (a) does not take into account the significant
loss of life associated with early fatalities from acute radiation exposure that could result
from some of the severe accident scenarios included in Entergy's risk analysis; and (b)
underestimates the generation of stochastic health effects by failing to take into account
the fact that some members of the public exposed to radiation after a severe accident will
receive doses above the threshold level for application of a dose- and dose-rate reduction
effectiveness factor (DDREF).

The $2000/person-rem conversion factor is intended to represent the cost associated with
the harm caused by radiation exposure with respect to the causation of "stochastic health
effects," that is, fatal cancers, nonfatal cancers, and hereditary effects. 8 The value was
derived by NRC staff by dividing the Staff's estimate for the value of a statistical life, $3
million (presumably in 1995 dollars, the year the analysis was published) by a risk
coefficient for stochastic health effects from low-level radiation of 7x 1004/person-rem, as
recommended in Publication No. 60 of the International Commission on Radiological
Protection (ICRP). (This risk coefficient includes nonfatal stochastic health effects in
addition to fatal cancers.) But the use of this conversion factor in Entergy's SAMA
analysis is inappropriate in two key respects. As a result Entergy underestimates the
health-related costs associated with severe accidents.

First, the $2000/person-rem conversion factor is specifically intended to represent only
stochastic health effects (e.g. cancer), and not deterministic health effects "including
early fatalities which could result from very high doses to particular individuals." 9

However, for some of the severe accident scenarios evaluated by Entergy at IP, we find
that large numbers of early fatalities (hundreds to thousands) could occur, representing a
significant fraction of the total number of projected fatalities, both early and latent. This
is consistent with the findings of the Generic Environmental Impact Statement for
License Renewal of Nuclear Plants (NUREG-1437).l 0 Therefore, it is inappropriate to
use a conversion factor that does not include deterministic effects. According to NRC's
guidance, "the NRC believes that regulatory issues involving deterministic effects and/or
early fatalities would be very rare, and can be addressed on a case-specific basis, as the
need arises." 11 Based on our estimate of the potential number of early fatalities resulting
from a severe accident at Indian Point, this is certainly a case where this need exists.

8 U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory Research, "Reassessment of NRC's

Dollar Per Person-Rem Conversion Factor Policy," NUREG-1530, 1995, p. 12.
9 U.S. NRC (1995), op cit., p. 1.
10 U.S. NRC, Generic Environmental Impact Statement for License Renewal of Nuclear Plants, NUREG-

1437, Vol. 1, May 1996, Table 5.5.
" U.S. NRC, "Reassessment of NRC's Dollar Per Person-Rem Conversion Factor Policy (1995), op cit., p.
13.
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Second, the $2000/person-rem factor, as derived by NRC, also underestimates the total
cost of the latent cancer fatalities that would result from a given population dose because
it assumes that all exposed persons receive dose commitments below the threshold at
which the dose and dose-rate reduction factor (DDREF) (typically a factor of 2) should
be applied. However, for certain severe accident scenarios at IP evaluated by Entergy,
we calculate that considerable numbers of people would receive doses high enough so
that the DDREF should not be applied.1 2 This means, essentially, that for those
individuals, a one-rem dose would be worth "more" because it would be more effective at
cancer induction than for individuals receiving doses below the threshold. To illustrate,
if a group of 1000 people receive doses of 30 rem each over a short period of time
(population dose 30,000 person-rem), 30 latent cancer fatalities would be expected,
associated with a cost of $90 million, using NRC's estimate of $3 million per statistical
life and a cancer risk coefficient of 1xi 0 3/person-rem. If a group of 100,000 people
received doses of 0.3 rem each (also a population dose of 30,000 person-rem), a DDREF
of 2 would be applied, and only 15 latent cancer fatalities would be expected, at a cost of
$45 million. Thus a single cost conversion factor, based on a DDREF of 2, is not
appropriate when some members of an exposed population receive doses for which a
DDREF would not be applied.

A better way to evaluate the cost equivalent of the health consequences resulting from a
severe accident is simply to sum the total number of early fatalities and latent cancer
fatalities, as computed by the MACCS2 code, and multiply by the $3 million figure.
Again, we do not believe it is reasonable to distinguish between the loss of a "statistical"
life and the loss of a "deterministic" life when calculating the cost of health effects.

Results of IP2 Consequence Assessment

We have performed our own calculation of the consequences of a severe accident at IP2,
using the MACCS2 code. The model is largely based on the one used in this author's
2004 study "Chemobyl-on-the-Hudson? (copy attached)," to which the reader is referred
for all details. The model was revised, based on Entergy's ER, to incorporate (1) the core
inventory specified in Table E. 1-13, and (2) the expected population in 2034. To
calculate the latter, we scaled the output of the SECPOP2000 code by a factor of 1.145.
This normalized the total population within 50 miles to 19.2 million, to correspond to
Entergy's projection of the total population within 50 miles of the IP site in 2034.13 We
use a finer site data input grid than Entergy does, with 21 intervals between 0 and 50
miles, compared to the five intervals used by Entergy. This allows for more accurate
modeling of the dose and economic consequences.

12 The default value of the DDREF threshold is 20 rem in the MACCS2 code input.
13 We have adjusted the SECPOP2000 input and output files to correct the errors disclosed in the August
2007 memo to SECPOP2000 users from Sandia National Laboratories and verified that the county data file
is being read correctly. However, according to a personal communication from Nathan Bixler of Sandia
National Laboratories, there is another potential problem with SECPOP2000 that was not mentioned in the
August 2007 memo. When this problem is rectified, we will amend our calculations accordingly.
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The model we use is different compared to the one used by Entergy in a number of
notable respects. First, we use a source term derived from NUREG-1465, as discussed
previously, with regard to both the magnitude and timing of radionuclide releases. We
use a two-plume model based on the approach of NUREG/CR-62951 4 that more
realistically models the releases that would occur in an early containment failure
scenario. 15 We also assume that the entire population of the 10-mile EPZ evacuates as
determined by the evacuation time estimates provided by KLD Associates in 2004 (ER
reference E. 1-21), whereas Entergy assumes no evacuation at all. (It is not clear whether
Entergy assumes sheltering or normal activity for the inhabitants of the EPZ.) We use the
evacuation scenario because we have found that for the source term that we utilize, the
all-sheltering scenario actually results in a smaller number of latent cancer fatalities than
in an evacuation scenario, in part because more individuals succumb to acute radiation
syndrome in the former scenario (and thus, do not get cancer). 16

In our model, we utilize the option in MACCS2 to calculate consequences for an entire
year's worth of weather conditions, starting on each hour of the year. Each of these 8760
results is a weighted sum of results evaluated for each of the 16 compass directions, with
the weighting determined by the Indian Point site wind rose. The accident is assumed to
occur randomly at any time during the year. (Entergy does not make clear in the ER
whether it calculated as large a number of outcomes or used the random sampling
function of MACCS2, which selects only a few hundred hours during the year for
evaluation.) We use the meteorological data file originally compiled for the Indian Point
site for the CRAC2 study, which is publicly available.

Our results for off-site health consequences within a 50-mile radius of IP for the "early
high" release category with full evacuation, compared to Entergy's, are presented in
Table I. The values for latent cancer fatalities as a result of "early" exposures (e.g.
during the 1-week emergency phase) are reported separately from those resulting from
"chronic" exposures (those resulting from the intermediate and long-term phases, as
defined by MACCS2). The results for "chronic" exposures depend in on the parameters
for long-term protective actions and have greater uncertainties than the results for "early
exposures. We assume, for purposes of comparison, that Entergy's result for total
population dose is the sum of both early and chronic exposures.

14 R. Davis, A. Hanson, V. Mubayi and H. Nourbakhsh, Reassessment of Selected Factors Affecting Siting
of Nuclear Power Plants, NUREG/CR-6295, US Nuclear Regulatory Commission, 1997, p. 3-30.
15 Entergy's model assumes a single plume with a duration of over 22 hours, which is longer than for any

other early containment failure source term we have encountered. We note that when we ran the MACCS2
code using Entergy's source term for the "early, high" scenario, the MACCS2 output file contained the
following warning: "The total release duration exceeds 20 hours. This may cause erroneous results to be
produced." Thus it is unclear to us that Entergy's results for this case are even valid.
16 We find for our source term that the evacuation scenario actually results in a slightly greater number of
combined early and latent fatalities. This appears to be an artifact of the particular population data file used
rather than a reflection of a general principle.
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TABLE I
Health Impacts of "Early, High" Release

This study Environmental Report
(Table E. 1- 14)

Mean early fatalities 860 Not reported

Mean latent cancer fatalities 37,600 Not reported
from early exposure
Mean latent cancer fatalities 950 Not reported
from chronic exposure
Mean latent cancer fatalities 38,500 Not reported
(total)
Mean population dose 4.97 x10' 1.58 xl0O
(person-Sv)
95th percentile early fatalities 4,440 Not reported
95h percentile latent cancer 129,000 Not reported
fatalities from early exposure
95th percentile latent cancer 3,450 Not reported
fatalities from chronic
exposure
95th percentile latent cancer 130,000 Not reported
fatalities (total)
9 5 th percentile population 1.64x10 6  Not reported

dose from early and chronic
exposures (person-Sv)

Our mean population dose result is over three times greater than that calculated by
Entergy. To try to understand the reason for this difference, we reran the calculation with
Entergy's MAAP-derived source term. For the no-evacuation (all-sheltering) scenario,
we found a 45% reduction in population dose to 276,000 person-rem, which is still nearly
twice Entergy's result of 158,000 person-rem. Without access to all the MACCS2 input
files used by Entergy in its calculation, we cannot identify the other factors that may
account for the remainder of the difference. But it is clear that the choice of source terms
alone can have a significant (at least two-fold) impact on the population dose results.

We can also see from Table I that the 95th percentile population dose is over three times
the mean population dose, and the 9 5 th percentile number of early fatalities is over five
times the mean value. This demonstrates that Entergy's focus on the mean consequences
significantly underestimates the potential consequences of accidents occurring during less
frequent but not uncommon meteorological conditions.

As discussed above, we maintain that the mean population dose is not an accurate
representation of the total cost detriment associated with lives lost, because it does not
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include the costs of early fatalities, which as one can see from Table I, are substantial. In
addition, as shown above, use of population dose as a surrogate for latent cancer fatalities
is not appropriate because the total population dose does not account for the non-linear
relationship between population dose and total number of latent cancer fatalities when the
range of individual doses include both doses above and below the DDREF threshold. To
remedy these problems, the total number of early fatalities and latent fatalities should be
summed and the total multiplied by the monetary equivalent of lives lost, which is $3
millionin NRC guidance.

From this data, we obtain an equivalent cost, at $3 million per life lost, of $118 billion for
the mean case. For the 95th percentile case, the equivalent cost of the latent cancer
fatalities alone would be $390 billion.17 This should be compared to the result if only the
equivalent cost of the population dose, using the $2000/person-rem conversion factor,
were considered: $99.8 billion and $328 billion for the mean and 95th percentile,
respectively.

However, in either case these results are far greater than Entergy's calculated equivalent
cost of $31.6 billion. From the results presented in Table II, we see that our result for the
cost detriment associated with loss of life from the "early, high" release is approximately
3.7 times greater than Entergy's result for the mean case, and over 12 times greater for
the 9 5th percentile case. According to Entergy's calculations, this scenario is the largest
single contributor (47%) to the overall population dose risk.

TABLE II
Equivalent Cost of Off-Site Health Impacts of "Early, High" Release

This study Environmental Report
Mean off-site health $118 billion $31.6 billion
impacts equivalent cost
(early and latent cancer
fatalities)
9 55t percentile health $390 billion Not reported
impacts equivalent cost
(latent fatalities only)

We have also obtained results for the off-site economic costs from the "early, high"
release. We generally follow the methodology of Beyea, Lyman and von Hippel for our
calculation of economic impacts. The model utilizes the results of a 1996 Sandia
National Laboratories report that estimates radiological decontamination costs for mixed-

17 The MACCS2 code does not have an option for calculating the sum of early and latent cancer fatalities,

and therefore does not report the 9 5 th percentile value of this sum.
18 J. Beyea, E. Lyman and F. von Hippel, "Damages from a Major Release of 137Cs into the Atmosphere

of he United States," Science and Global Security 12 (2004) 1-12.
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use urban areas.,19 We refer interested readers to these two references for information on
the limitations and assumptions of the model.

Our results, as calculated by SECPOP2000 and the MACCS2 code, are also considerably
higher than Entergy's results. In Table II, the MACCS2 results, which were obtained
from 1996 and 1997 data, were converted to 2005 dollars by multiplying by an inflation
factor of 1.2.

TABLE III
Off-Site Economic Impacts of "Early, High" Release

This study Environmental Report
Mean off-site economic $816 billion $34.2 billion
impacts
9 5 th percentile off-site $2.48 trillion Not reported
economic impacts

By using the standard discount factor applied by Entergy (e.g. see page 4-53 of the ER),
Entergy's frequency result, and neglecting the risk contributions of all other scenarios,
we find a mean monetary equivalent present dollar value for the "early, high" release of
$825,514, and a 95th percentile present dollar value (for latent cancers alone) of $2.73
million.

Again using the same discount factor, we find a mean present dollar value of the off-site
economic consequences of the "early, high" release of $5.71 million, and a 9 5 th percentile
present dollar value of $17.3 million.

Adding the equivalent cost of off-site health impacts to the off-site economic cost, we
find for the "early, high" release alone the mean total cost equivalent present dollar value
is $6.54 million. (We have not made our own estimates of on-site dose and on-site
economic costs.) This is nearly seven times greater than Entergy's estimate of the sum of
these two costs for all release categories.

For the 9 5th percentile, the present dollar value off-site economic cost for the "early,
high" release alone is over 72 times Entergy's mean estimate for the same release and
over 12 times Entergy's mean estimate for all costs (off- and on-site) and all release
categories of $1.34 million.

These results are summarized in Table IV.

19 D. Chanin and W. Murfin, Site Restoration: Estimates of Attributable Costs From Plutonium Dispersal

Accidents, SND96-0057, Sandia National Laboratories, 1996.
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TABLE IV
Present Dollar Value Equivalent of "Early, High" Release Consequences

This study Environmental Report
Mean present dollar value $6.54 million $460,334
of total off-site costs
9 5th percentile present $2.73 million Not reported
dollar value equivalent of
off-site fatalities (latent
cancers only)
95 percentile present $17.3 million Not reported
dollar value of off-site
economic impacts

We have not carried out a review of Entergy's calculations for the other release
categories that contribute to the Indian Point 2 severe accident risk. However, we would
expect similar findings to those we have obtained in our review of the "early, high"
release. In our judgment, many SAMA candidates would become cost-effective based on
the difference in mean consequences alone, and many more rejected SAMA candidates
would become cost-effective when the 9 5 th percentile case is considered. If we were to
extrapolate our result for the 95th percentile off-site costs of the "early,high" release to all
release categories, leading to a nearly twenty-fold increase in total economic cost
compared to Entergy's estimate, even the most costly SAMAs, such as the Phase II
SAMA #0 15, "Strengthen Containment," could well become cost-effective.

We note that this conclusion would be further strengthened if we incorporated the
increased frequency of the "early, high" release category estimated by Dr. Gordon
Thompson in his November 2007 report Risk-Related Impacts from Continued
Operation of the Indian Point Nuclear Power Plant.

Based on these findings, we believe that Entergy has grossly underestimated the off-site
costs of severe accidents at Indian Point, and should revise its estimates using more
credible and conservative source terms. It should also consider the 9 5 th percentile
consequence values of the distribution with respect to weather variations and use these
values as the upper confidence bound incarrying out the SAMA cost-benefit evaluation
for Indian Point.

Analysis

Our estimate of the mean off-site economic consequences of the "early, high" release is
approximately 20 times Entergy's estimate. We have identified some of the reasons for
the difference, but not all of them. The difference in source terms does not appear to be
as great a factor as for the calculation of health impacts. The differences in the choices of
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economic and other parameters between Entergy's model and ours also plays a role. For
instance, we use decontamination cost estimates obtained from a 1996 Sandia study that
are significantly higher than those used by Entergy, which uses values based on the
default parameters in the MACCS2 code. However, even after running the code with
Entergy's source term and economic parameters, we still find economic consequences at
least an order of magnitude greater than Entergy's. The results are also dependent on
factors such as the dose criteria for triggering interdiction and condemnation actions. We
use a more restrictive model than the default MACCS2 model in order to more closely
approximate the EPA Protective Action Guides. 20 In any event, it is clear that reasonable
differences in parameter choices can lead to order-of-magnitude differences in
consequences in the MACCS2 long-term economic consequences model, and that
Entergy has not done due diligence in exploring the sensitivity of their results to
parameter variations.

20 U.S. Environmental Protection Agency, "Manual of Protective Action Guides and Protective Actions for

Nuclear Incidents," Washington, DC, 1991.
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EXECUTIVE SUMMARY

Since 9/11, the specter of a terrorist attack at the Indian Point nuclear power plant, thirty-
five miles upwind from midtown Manhattan, has caused great concern for residents of the
New York metropolitan area. Although the Nuclear Regulatory Commission (NRC)
ordered modest security upgrades at Indian Point and other nuclear power plants in
response to the 9/11 attacks, the plants remain vulnerable, both to air attacks and to
ground assaults by large terrorist teams with paramilitary training and advanced
weaponry. Many question whether the NRC's security and emergency planning
requirements at Indian Point are adequate, given its attractiveness as a terrorist target and
the grave consequences for the region of a successful attack.,

This report presents the results of an independent analysis of the health and economic
impacts of a terrorist attack at Indian Point that results in a core meltdown and a large
radiological release to the environment. We find that, depending on the weather
conditions, an attack could result in as many as 44,000 near-term deaths from acute
radiation syndrome or as many as 518,000 long-term deaths from cancer among
individuals within fifty miles of the plant. These findings confirm that Indian Point poses
a severe threat to the entire New York metropolitan area. The scope of emergency
planning measures should be promptly expanded to provide some protection from the
fallout from an attack at Indian Point to those New York area residents who currently
have none. Security at Indian Point should also be upgraded to a level commensurate
with the threat it poses to the region.

A 1982 study by Sandia National Laboratories found that a core meltdown and
radiological release at one of the two operating Indian Point reactors could cause 50,000
near-term deaths from acute radiation syndrome and 14,000 long-term deaths from cancer.
When these results were originally disclosed to the press, an NRC official tried to
reassure the public by saying that the kind of accident the study considered would be less
likely than "a jumbo jet crashing into a football stadium during the Superbowl."

In the post-9/1 1 era, the possibility of a jumbo jet crashing into the Superbowl --- or even
a nuclear power plant --- no longer seems as remote as it did in 1982. Nonetheless, NRC
continues to argue that the 1982 Sandia report is unrealistic because it focused on "worst-
case" accidents involving the simultaneous failure of multiple safety systems, which are
highly unlikely to occur by chance. But when the potential for terrorist attacks is
considered, this argument no longer applies. "Worst-case" scenarios are precisely the
ones that terrorists have in mindwhen planning attacks.

Both NRC and Entergy, the owner of Indian Point, assert that even for the most severe
terrorist attack, current emergency plans will be adequate to protect residents who live in
the evacuation zone within 10 miles of the plant. They also say that there will be no
significant radiological impact on New York City or any other location outside of the 10-
mile zone. Accordingly, NRC has opposed proposals made after 9/11 to extend the
emergency planning zone around Indian Point. However, NRC and Entergy have not
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provided the public with any documentation of the assumptions and calculations
underlying these claims.

In view of the lack of public information available on these controversial issues, we
carried out an independent technical analysis to help inform the debate. Our calculations
were performed with the same state-of-the-art computer code that NRC uses to assess
*accident consequences. We used the NRC's guidance on the radiological release from a
core meltdown, current estimates of radiation risk, population data from the 2000 census,
and the most recent evacuation time estimate for the 10-mile Indian Point emergency
planning zone. Following the format of the 1982 Sandia report, we calculated the
numbers of near-term deaths from acute radiation syndrome, the numbers of long-term
deaths from cancer, and the maximum distance at which near-term deaths can occur. We
evaluated the impact of both evacuation and sheltering on these outcomes. We also
estimated the economic damages due to the long-term relocation of individuals from
contaminated areas, and the cost of cleanup or condemnation of those areas.

The health and environmental impacts of a large radiological release at Indian Point
depend strongly on the weather conditions. We have carried out calculations for over
140,000 combinations of weather conditions for the New York area and wind directions
for the Indian Point site, based on a year's worth of weather data. For this data set, we
have determined the average consequences, the peak consequences, and the consequences
for "9 5th percentile" weather conditions (in other words, only 5% of the weather
sequences analyzed resulted in greater consequences).

We believe that the 9 5 th percentile results, rather than the average values, represent a
reasonable assessment of the likely outcome of a successful terrorist attack, since such
attacks would most likely not occur at random, but would be timed to coincide with
weather conditions that favor greater casualties. Attacks capable of causing the peak
consequences that we calculate would be difficult to achieve because of inaccuracies in
weather forecasts, restricted windows of opportunity and other factors, but remain within
the realm of possibility.

For a successful attack at one of the two operating Indian Point reactors, we find that

* The number of near-term deaths within 50 miles, due to lethal radiation exposures
received within 7 days after the attack, is approximately 3,500 for 9 5 th percentile
weather conditions, and approximately 44,000 for the worst case evaluated.
Although we assumed that the 10-mile emergency planning zone was entirely
evacuated in these cases, this effort was inadequate because (according to
Entergy's own estimate) it would take nearly 9.5 hours to fully evacuate the 10-
mile zone, whereas in our model the first radiological release occurs about two
hours after the attack.

* Near-term deaths can occur among individuals living as far as 18 miles from
Indian Point for the 9 5 th percentile case, and as far as 60 miles away in the worst
case evaluated. Timely sheltering could be effective in reducing the number of
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near-term deaths among people residing outside of the 10-mile emergency
planning zone, but currently no formal emergency plan is required for these
individuals.

" The number of long-term cancer deaths within 50 miles, due to non-acutely lethal
radiation exposures within 7 days after the attack, is almost 100,000 for 9 5 th

percentile weather conditions and more than 500,000 for the worst weather case
evaluated. The peak value corresponds to an attack timed to coincide with
weather conditions that maximize radioactive fallout over New York City.

* Based on the 95th percentile case, Food and Drug Administration guidance would
recommend that many New York City residents under 40, and children in
particular, take potassium iodide (KI) to block absorption for radioactive iodine in
the thyroid. However, there is no requirement that KI be stockpiled for use in
New York City.

" The economic damages within 100 miles would exceed $1.1 trillion for the 9 5 th

percentile case, and could be as great as $2.1 trillion for the worst case evaluated,
based on Environmental Protection Agency guidance for population relocation
and cleanup. Millions of people would require permanent relocation.

We hope that this information will be useful to Federal, State and local homeland security
officials as they continue to develop plans to protect all those at risk from terrorist attacks
in the post-9/11 world.

6



INTRODUCTION

(a) The terrorist threat to nuclear power plants

Public concern about the vulnerability of nuclear power plants to catastrophic acts of
sabotage soared in the aftermath of the September 11 terrorist attacks. There is ample
justification for this concern.

Soon after the 9/11 attacks, the Nuclear Regulatory Commission conceded that U.S.
nuclear power plants were not designed to withstand the high-speed impact of a fully
fueled, modern passenger jet. The report of the 9/11 Commission has revealed that al
Qaeda considered attacks on nuclear plants as part of their original plan, but declined to
do so primarily because of their mistaken belief that the airspace around nuclear power
plants in the U.S. was "restricted," and that planes that violated this airspace would likely
be shot down before impact.1

But al Qaeda is surely now aware that no such restrictions were in place on 9/11. And it
is clear from press reports that even today, no-fly zones around nuclear plants are
imposed only at times of elevated threat level, and are limited in scope to minimize their
economic impact on the aviation industry. This policy reflects a confidence in the ability
of the intelligence community to provide timely advance warning of a surprise attack that
--- given the 9/11 example --- is not entirely warranted. Moreover, even when no-fly
zones are in place around nuclear plants, they are not likely to be effectively enforced.
For instance, the U.S. government does not require that surface-to-air anti-aircraft
protection be provided at nuclear plants, although such defenses have been routinely
employed in Washington, D.C. since the 9/11 attacks.

In addition to the aircraft threat, many have begun to question the adequacy of physical
security at nuclear plants to protect against ground-based, paramilitary assaults, in view
of revelations that thousands of individuals received sophisticated training in military
tactics at al Qaeda camps in Afghanistan. Press reports have documented many security
failures at nuclear plants around the country, and have called attention to the troubling
statistic that during a series of security performance tests in the 1990s, guard forces at
nearly 50% of US plants failed to prevent mock terrorist teams from simulating damage
that would have caused meltdowns had they been real attacks. This information, which
was widely available but largely ignored before 9/11, suddenly became far more alarming
in the new threat environment.

Today, the danger of a terrorist attack at a nuclear power plant in the United States ---
either from the air or from the ground --- is apparently as great as ever. According to a
January 14, 2004 speech by Robert L. Hutchings, Chairman of the National Intelligence
Council (NIC),2

'The 9/11 Commission Report, Authorized Edition, W.W. Norton, New York, 2004, p. 245.

2 Robert L. Hutchings, "Terrorism and Economic Security," speech to the International Security

Management Organization, Scottsdale, AZ, January 14, 2004.
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"targets such as nuclear power plants ... are high on al Qa'ida's targeting list as a
way to sow panic and hurt our economy ... The group has continued to hone its
use of transportation assets as weapons ... although we have disrupted several
airline plots, we have not eliminated the threat to airplanes. There are still al
Qa'ida operatives who we believe have been deployed to hijack planes and fly
them into key targets ... Al Qa'ida's intent is clear. Its capabilities are
circumscribed but still substantial. And our vulnerabilities are still great."

More recently, the 9/11 Commission concluded that "major vulnerabilities still exist in
cargo and general aviation security. These, together with inadequate screening and
access controls, continue to present aviation security challenges." 3

(b) The Nuclear Regulatory Commission: an agency in denial

Since 9/1l, members of the public, non-profit groups and lawmakers across the United
States have been calling for major security upgrades at nuclear power plants, including
consideration of measures such as military protection against ground assault and anti-
aircraft defenses against jet attack. Yet the response of the Nuclear' Regulatory
Commission (NRC), the agency that regulates both the safety and security of US nuclear
reactors, has not been commensurate with the magnitude of the threat.4 And the
Department of Homeland Security, the agency charged with coordinating the defense of
the entire US critical infrastructure against terrorist attacks, appears to be merely
following NRC's lead.5

Notwithstanding a steady stream of FBI warnings citing nuclear power plants as potential
terrorist targets, NRC continues to maintain that there is no need to consider measures
that could reduce the vulnerability of nuclear plants to air attack. NRC' s position is that
"the best approach to dealing with threats from aircraft is through strengthening airport
and airline security measures.', 6

As it became clear that NRC was not going to require the nuclear industry to protect
nuclear plants from attacks on the scale of September 11, some groups began calling for
plants to be shut permanently. Because many of the most dangerous fission products in a
nuclear reactor core decay rapidly after shutdown, the health consequences of a terrorist
attack on a shutdown nuclear reactor would be significantly lower than those of an attack
on an operating reactor. 7

39/11 Commission Report (2004), op cit., p. 391.
4 D. Hirsch, D. Lochbaum and E. Lyman, "NRC's Dirty Little Secret," Bulletin of the Atomic Scientists,
May/June 2003.
5 E. Lyman, "Nuclear Plant Protection and the Homeland Security Mandate," Proceedings of the 44th
Annual Meeting of the Institute of Nuclear Materials Management, Phoenix, Arizona, July 2003.
6 US Nuclear Regulatory Commission, "Frequently Asked Questions About NRC's Response to the
9/11/01 Events," revised March 15, 2004. On the NRC web site: http://www.nrc.gov/what-we-
do/safeguards/911/faq.html#3.
7 Calculations by the author, using the computer code MACCS2, indicate that for an attack occurring at
twenty days after reactor shutdown and resulting in core melt and loss of containment, the number of early
fatalities from acute radiation sickness would be reduced by 80% and the number of latent cancer fatalities
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Public concern has been greatest for those plants seen as prime terrorist targets because of
their symbolic importance or location near large population and commercial centers, such
as the Indian Point nuclear power plant in Westchester County, New York, whose two
operating reactors are situated only 24 miles from the New York City limits, 35 miles
from midtown Manhattan and in close proximity to the reservoir system that supplies
drinking water to nine million people. The post-9/1 1 movement to shut down Indian
Point has attracted a level of support from the public and elected officials not seen since
the early 1980s, including calls for shutdown by over 400 elected officials and over 50
municipalities.

In response to this challenge, NRC, Entergy (the owner of Indian Point), other nuclear
utilities, and their trade group in Washington, the Nuclear Energy Institute (NEI), have
undertaken a massive public relations campaign to assuage public fears about the risk of
terrorism at Indian Point. First, they assert that a combination of robust nuclear plant
design, physical security and redundant safety measures would be able to stop any
terrorist attack from causing significant damage to the reactor core. Second, they argue
that even if terrorists were to successfully attack Indian Point and cause a large
radiological release, the public health consequences could be successfully mitigated by
execution of the emergency plans already in place for residents within the 10-mile-radius
"emergency planning zone" (EPZ). And third, they claim that outside of the 10-mile EPZ,
exposures would be so low that no special precautions would be necessary to adequately
protect the public from radiation, other than possible interdiction of contaminated
produce and water.8

A typical example of the third argument can be found in a recent letter the NRC sent to
Alex Matthiessen, Executive Director of Riverkeeper: 9

"Outside of 10 miles, direct exposure is expected to be sufficiently low that
evacuation or sheltering would not be necessary. Exposure to a radioactive plume
would not likely result in immediate or serious long-term health effects.
Consideration of public sheltering and evacuation in emergency plans is very
conservative and recommended at very low dose levels, well below the levels
where health effects would be expected to occur."

resulting from lower exposures would be reduced by 50%, compared to an attack when the reactor is
operating at full power. This calculation does not consider an attack on the storage pools for the highly
radioactive spent fuel, which could result in significant long-term radiological contamination over a wide
area and enormous economic consequences. For an extensive discussion of this threat, as well as an
analysis of approaches for mitigating it, see R. Alvarez et al., "Reducing the Hazards from Stored Spent
Power-Reactor Fuel in the United States," Science and Global Security 11 (2003) 1-51.
8 The NRC defines two "emergency planning zones," or EPZs. The 10-mile "plume exposure" EPZ is the
region where evacuation or other actions could be ordered to protect the public from coming into contact
with an atmospheric release of radioactivity. The 50-mile "ingestion" EPZ is the region where interdiction
of agricultural products and water supplies could be ordered to prevent the consumption of contaminated
produce. No evacuation planning is required for individuals residing within the ingestion EPZ but outside
of the plume exposure EPZ.
9 Letter from Cornelius F. Holden, Jr., Office of Nuclear Reactor Regulation, US NRC, to Alex
Matthiessen, Riverkeeper, September 30, 2003.
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The purpose of this report is to address these three claims, with an emphasis on the
second and third, by. conducting a quantitative assessment of the potential consequences
of a terrorist-induced radiological release at Indian Point for individuals both within and
without the 10-mile EPZ, including residents of New York City.

There is a 'considerable need today for an independent study of these questions. At a time
when the importance of rigorous emergency planning for catastrophic terrorist attacks is
obvious, it is essential that responsible officials be fully apprised of the facts, especially if
they contradict long-held assumptions and biases. The lives of many people could be put
at jeopardy if emergency plans are not designed with the most accurate information at
hand.

This means, in particular, that the emergency planning process should be designed to
account for the full spectrum of potential consequences, including so-called "fast-
breaking" release scenarios in which radioactive releases to the environment would begin
within about thirty minutes after an attack. This was one of the major conclusions of the
report carried out for the government of New York State by James Lee Witt Associates. 10

Certain terrorist attack scenarios could be capable of causing such rapid releases.

But NRC and the Federal Emergency Management Agency (FEMA) continue to be
reluctant to require testing of fast-breaking radiological releases in emergency planning
exercises, asserting that such events are highly unlikely to occur."1 However, this
argument is no longer relevant in an age when terrorists have acquired unprecedented
levels of technical expertise, and are actively targeting critical infrastructure facilities
with the intent to maximize casualties and economic damages. If current emergency
plans cannot successfully cope with all credible terrorist-induced events, they should be
upgraded. If upgrading to a sufficiently protective level is so cumbersome as to be
practically impossible, then other options, including plant shutdown, should not be ruled
out.

Members of the public deserve to be fully informed of the potential consequences for
their health and property of a successful terrorist attack at Indian Point, so that they can
prepare for an attack in accordance with their own judgment and willingness to accept
risk. This principle is consistent with the guidance of the Department of Homeland
Security, whose Web site www.ready.gov advises that "all Americans should begin a
process of learning about potential threats so we are better prepared to react during an
attack." Sources of technical information other than NRC and the nuclear industry are

10 James Lee Witt Associates, Review of Emergency Preparedness of Areas Adjacent to Indian Point and

Millstone, March 2003, Executive Summary, pg. x.
11 Although it was anticipated that the widely publicized June 8, 2004 emergency planning exercise at
Indian Point would involve a "fast-breaking" release, NRC in fact chose a scenario in which no release at
all occurred. It was assumed that terrorists attacked the plant with ajet aircraft but missed the reactor and
only managed to crash into the switchyard, causing a loss of off-site power but not enough damage to result
in a radiological release. Thus the exercise provided no information as to the effectiveness of the Indian
Point emergency plan in protecting residents of the EPZ from injury had the plane actually hit its target and
initiated the damage scenario that is assessed in this report.
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also essential to facilitate a factually accurate and honest discussion of the risks and
benefits of continued operation of Indian Point in the post-9/11 era.

Some observers may criticize the public release of this report as irresponsible because
they believe it (1) could assist terrorists in planning attacks, or (2) could interfere with the
successful execution of emergency plans by unnecessarily frightening members of the
public who the authorities claim are not at risk.

We are acutely aware of such concerns and, after careful consideration, have concluded
that they do not have merit. We have reviewed this report carefully and omitted any
information specific enough to be useful to terrorists seeking to attack Indian Point.
Unfortunately, far more detailed information about nuclear plant design, operation and
vulnerabilities than this report contains has already been --- and continues to be --- widely
disseminated. For example, a paper written by staff of the Oak Ridge National
Laboratory (ORNL) and the Defense Threat Reduction Agency (DTRA), published in
2004 in a technical journal and available on the Internet, contains a diagram of a generic
nuclear power plant indicating where truck bombs of various sizes could be detonated in
order to stage an attack with a 100% probability of core damage.

There can be little doubt that al Qaeda and other terrorist organizations are already well
aware of the severity of.the consequences that could result from an attack at Indian Point.
It is NRC and FEMA that seem not to appreciate this risk, and it is to them above all that
we direct this study. We also believe that there is a considerable cost, but no apparent
benefit, to withholding information that could help people to protect themselves in the
event of a terrorist attack at Indian Point. Better information will enable better
coordination of all populations at risk and help to avoid situations where some
individuals take inappropriate actions that endanger others.

This report would not have been necessary had we seen any indication that NRC and
other government authorities fully appreciate the seriousness of the risk to the public
from radiological sabotage, or if certain members of the Nuclear Regulatory Commission
had not made statements regarding severe accident consequences and risks that
contradicted the results of quantitative analyses developed and refined over several
decades by NRC's own technical staff and contractors.

For instance, at a recent briefing on NRC's emergency preparedness program, NRC
Commissioner Edward McGaffigan, comparing the radiological exposure from a reactor
accident to air travel, radon and other sources of exposure to natural radioactivity, said
that'2

... the order of magnitude of the release is similar to all of these other things in
people's lives and they should not panic over a few hundred millirem or even a
couple of rem ... but it's this radiation phobia, absolutely inflamed by these anti-

12 US NRC, Briefing on Emergency Preparedness Program Status, Public Meeting, September 24, 2003,

transcript, p. 73.
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nuclear groups putting out their misinformation that actually hurts emergency
planning..

Commissioner McGaffigan's statement is misleading on at least three counts:

(1) Current emergency planning guidance is already based on the principle that exposures
of "a couple of rem" would be acceptable following a large radiological release;

(2) The potential doses from a large radiological release can greatly exceed "a few
hundred millirem or even a couple of rem" far downwind of the release site, and for
many individuals could result in a significant increase in their lifetime risk of cancer
(10% or greater) or even pose a risk of severe injury or death from acute radiation
exposure;

(3) Even if the average dose resulting from a large release were on the order of "a couple
of rem," the total collective detriment (latent cancer fatalities and economic damages)
could be very high if a large number of people in a densely populated area were so
affected.

We believe that misinformation originating within NRC itself is the biggest obstacle to
development of the robust radiological emergency planning strategies needed to cope
with today's heightened threat. Statements like those cited above raise the concern that
those responsible for regulating the nuclear industry and protecting it from terrorist attack
are either in a chronic state of denial or actually believe the propaganda generated by the
nuclear industry for public consumption. If this is indeed the case, then one cannot have
confidence that emergency planning officials are basing their decisions on accurate and
unbiased information. Since the departure of NRC Commissioner Greta Dicus a few
years ago, the current Commission does not have any members with backgrounds in
radiation protection and health issues. One wonders whether the NRC Commissioners
truly understand and appreciate the full extent of the dangers posed by the facilities that
they regulate.

(c) The CRAC2 Report

Given the lack of credible information from public officials on the potential
consequences of a terrorist attack at Indian Point, concerned neighbors of the plant turned
to one of the few sources on this subject in the public domain --- the so-called "CRAC2
Report," carried out by Sandia National Laboratories (SNL) under contract for NRC in
1981. This study, formally entitled "Technical Guidance for Siting Criteria
Development," used a computer code developed by SNL known as CRAC2 ("Calculation
of Reactor Accident Consequences") to analyze the consequences of severe nuclear plant
accidents and to study their dependence on population density, meteorological conditions
and other characteristics. The version of the CRAC2 Report that had been submitted to
NRC for eventual public release only contained average values of consequence results,
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but the "peak" values for worst-case weather conditions were obtained by Congressman
Edward Markey in 1982 and provided to the Washington Post.13

At many reactor sites, the CRAC2 Report predicted that for unfavorable weather
conditions, a severe nuclear reactor accident could cause tens of thousands of early
fatalities as a result of severe radiation exposure, and comparable numbers of latent
cancer fatalities from smaller exposures. For Indian Point 3 (which at the time operated
at a significantly lower power than it now does), CRAC2 predicted peak values of 50,000
early fatalities and 14,000 latent cancer fatalities, with early fatalities occurring as far as
17.5 miles downwind of the site.

The CRAC2 Report only considered accidents affecting operating nuclear reactors, and
did not evaluate the consequences of accidents also involving spent fuel storage pools.
Spent fuel pool loss-of-coolant accidents could themselves result in large numbers of
latent cancer fatalities, widespread radiological contamination and huge cleanup bills,
even if only a fraction of the fuel in the pool were damaged.

The release of the CRAC2 figures caused a great deal of consternation, but NRC was able
to defuse the controversy by claiming that the peak results corresponded to accidents with
extremely low probabilities (said to be one in a billion), and hence were not a cause for
concern. In fact, Robert Bernero, director of the NRC's risk analysis division at the time,
said (in a moment of unfortunate prescience) that such severe accidents would be less
likely than "a jumbo jet crashing into a football stadium during the Superbowl."'14

When Riverkeeper and other groups dusted off and called attention to the CRAC2 Report
following the September 11 attacks, the NRC appeared unable to appreciate the new
relevance of the study in a world where the possibility of a jumbo jet crashing into the
Superbowl was no longer so remote. For example, in rejecting a 2001 petition filed by
Riverkeeper to shut down the Indian Point plant until Entergy implemented a number of
prudent security-related measures, the NRC merely repeated its old probability-based
arguments, saying that 15

"...the reactor siting studies in the CRAC2 Report ... used generic
postulated releases of radioactivity from a spectrum of severe (core melt)
accidents, independent of the probabilities of the event occurring or the impact of
the mitigation mechanisms. The studies were never intended to be realistic
assessments of accident consequences. The estimated deaths and injuries resulted
from assuming the most adverse condition for each parameter in the analytical
code. In the cited studies, the number of resulting deaths and injuries also
reflected the assumption that no protective actions were taken for the first 24

13 Subcommittee on Oversight & Investigations, Committee on Interior and Insular Affairs, U.S. House of

Representatives, "Calculation of Reactor Accident Consequences (CRAC2) For U.S. Nuclear Power Plants
Conditional on an 'SSTI' Release," November 1, 1982.
14 Robert J. McCloskey, "The Odds of the Worst Case," Washington Post, November 17, 1982.
15 US Nuclear Regulatory Commission, Office of Nuclear Reactor Regulation, Notice of Director's
Decision Under 10 CFR 2.206, November 18, 2002.
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hours. The studies did not, and were never intended to, reflect reality or serve as
a basis for emergency planning. The CRAC2 Report analyses used more
simplistic models than current technologies."

Earlier in 2002, in a letter to the New York City Council, the NRC also said that16

"The Sandia study does not factor in the numerous probabilistic risk studies that
have been performed since 1982. More realistic, current inputs, assumptions, and
modeling techniques would be expected to result in much smaller health
consequences."

In a more recent "point paper" on homeland protection and preparedness, NRC continued
to repeat these themes, although its conclusions were somewhat more equivocal: 17

"The Sandia Siting Study ["CRAC2"] ... was performed to develop technical
guidance to support the formulation of new regulations for siting nuclear power
reactors. A very large radiation release and delayed evacuation, among other
factors, accounts for the more severe consequences ... As an overall conclusion,
that report does not present an up-to-date picture of risk at nuclear plants and does
not reflect current knowledge in probabilistic or phenomenological modeling.

"Since September 11, 2001, the NRC has been performing assessments of the
consequences of a terrorist attack on a nuclear power plant. These assessments
are much more detailed than past analyses and reflect our improved understanding
of severe accident phenomena. The more recent analyses have involved a more
realistic assessment of the radiation release, emergency planning capabilities,
radiation spreading, and health effects. More recent analysis indicates a general
finding that public health effects from terrorist attacks at most sites are likely to
be relatively small."

Although NRC continues to harshly criticize the CRAC2 Report and anyone who cites its
results, it has not publicly identified the "more realistic, current inputs, assumptions and
modeling techniques that would be expected to result in much smaller health
consequences," much less demonstrated the validity of these results by providing the
public with its calculations for independent review. In fact, NRC now considers that
these analyses are too sensitive for public release, making it impossible for the public to
verify its claims.

NRC's unwillingness to share this kind of information with the public is not unexpected.
NRC (like its predecessor, the Atomic Energy Commission) has worked over its history
to shield the public from estimates of the consequences of severe accidents without
simultaneous consideration of the low probabilities of such accidents. By multiplying

16 Hubert Miller, Region I Administrator, US NRC, letter to Donna De Constanzo, Legislative Attorney,

New York City Council, July 24, 2002.
17 US Nuclear Regulatory Commission, "Point Paper on Current Homeland Protection and Preparedness

Issues," November 2003, on the NRC Web site, www.nrc.gov.
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high consequence values with very low probability numbers, the consequence figures
appear less startling to the layman but are obscured in meaning. For instance, a release
that could cause 100,000 cancer fatalities would only appear to cause 1 cancer fatality per
year if the associated probability of the release were 1/100,000 per year.

This issue was central to the so-called Indian Point Special Proceeding, a 1983 review
conducted by a panel of NRC administrative judges that examined whether Indian Point
posed unusually high risks because of its location in the densely populated New York
metropolitan area. Before this proceeding, the NRC ruled that all testimony on accident
consequences must also contain a discussion of accident probabilities. However, in its
decision, the three-judge Atomic Safety and Licensing Board panel concluded that "the
Commission should not ignore the potential consequences of severe-consequence
accidents by always multiplying those consequences by low probability values."" One
of the judges dissented from this majority opinion, insisting that singling out Indian Point
"to the exclusion of many other sites similarly situated in effect raises again the question
of considering consequences without their associated probabilities. This we have been
restricted from doing by the Commission.'19 Today, it appears that this minority opinion
ultimately prevailed at NRC.

The results of the CRAC2 Report are indeed of questionable applicability today. But the
reasons for this are not the ones that NRC has identified, but include, for example, the
fact that the CRAC2 Report

* used census data from 1970, at a time before rampant suburban sprawl greatly
increased the population densities in formerly rural areas close to some nuclear
reactor sites;

" assumed that the entire 10-mile emergency planning zone would be completely
evacuated within at most six hours after issuance of a warning (contrary to NRC's
assertion that the CRAC2 peak results reflect the assumption that "no protective
actions were taken for the first 24 hours"), whereas the current evacuation time
estimate for the Indian Point EPZ, based on updated assessments of likely road
congestion, is nearly ten hours;

* assumed aggressive medical treatment for all victims of acute radiation exposure
in developing estimates of the number of early fatalities, and employed a now-
obsolete correlation between radiation dose and cancer risk that underestimated
the risk by a factor of 4 relative to current models;

" sampled only 100 weather sequences out of 8760 (an entire year's worth), a
method which we find underestimates the peak value occurring over the course
of a year by 30%.

18 US Nuclear Regulatory Commission, Atomic Safety and Licensing Board, Indian Point Special

Proceeding, Recommendations to the Commission, October 24, 1983, p. 107.
19 Ibid, "Dissenting Views of Judge Gleason," p. 433.
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In 1990, the CRAC2 code was retired in favor of a new code known as MACCS
("MELCOR Accident Consequence Code System"), which was updated to MACCS2 in
1997. The MACCS2 code, also developed by Sandia National Laboratories, is the state-
of-the-art consequence code employed by both NRC and DOE in conducting dose
assessments of radiological releases to the atmosphere. It includes numerous
improvements over the CRAC2 code.2 0

However, the fundamental physics models that form the basis for both the CRAC2 and
MACCS2 codes have not changed in the past two decades. Nor has evidence arisen since
the CRAC2 Report was issued that would suggest that the CRAC2 "source term" --- that
is, the fraction of the radioactive contents of the reactor core assumed to be released to
the environment during a severe accident --- significantly overestimated potential releases.
On the contrary, the Chernobyl disaster in 1986 demonstrated that such large releases
were possible. The state-of-the art revised source term developed by NRC, as defined
in the NRC report NUREG-1465, "Accident Source Terms for Light-Water Nuclear
Power Plants," is little different from the source terms used in the CRAC2 Report.22

Recent experimental work, including the Ph6bus tests in France, have provided further
confirmation of the NUREG-1465 source term. 23 Other tests, such as the VERCORS
experiments in France, have found that NUREG- 1465 actually underestimates the
releases of some significant radionuclides.

The NRC continues to stress the absence of consideration of accident probabilities in
dismissing the results of the CRAC2 Report. However, this criticism is invalid in the
post-9/1 1 era. Accident probabilities are not relevant for scenarios that are intentionally
caused by sabotage. Severe releases resulting from the simultaneous failure of multiple
safety systems, while very unlikely if left up to chance, are precisely the outcomes sought
by terrorists seeking to maximize the impact of their attack. Thus the most unlikely
accident sequences may well be the most likely sabotage sequences.

20 D.I. Chanin and M.L. Young, Code Manual for MACCS2: Volume 1, User's Guide, SAND97-0594,
Sandia National Laboratories, March 1997.
2' The nuclear industry often argues that a Chernobyl-type accident could not happen in the United States
because the reactor was of a different and inferior type to US plants and lacked a robust containment
structure. While it is true that the specific accident sequence that led to the destruction of the Chernobyl-4
reactor and the resulting radiological release was characteristic of graphite-moderated reactors like
Chernobyl and would not likely occur at a US light-water reactor (LWR), it is simply false to claim that
there are no possible accident sequences that could result in consequences similar to those 'of Chernobyl ---
namely, core melt, loss or bypass of containment, and large radiological release to the environment. In
fact, because such an event is not as likely to be as energetic as the Chemobyl explosion, and the plume is
not likely to be as hot as the Chernobyl plume (which was fed by the burning of a large mass of graphite),
the radiological release from a severe accident at a US LWR will not rise as high or disperse as far.
Therefore, radiological exposure to the public near a US LWR could be far greater than was the case at
Chernobyl, because the plume would be more concentrated closer to the plant.
22 L. Soffer, et al., Accident Source Terms for Light-Water Nuclear Power Plants, Final Report, NUREG-
1465, US NRC, February 1995.
23 US NRC, Memorandum from Ashok Thadani to Samuel J. Collins, "Use of Results from Ph6bus-FP

Tests to Validate Severe Accident Codes and the NRC's Revised Accident Source Term (NUREG-1465),"
Research Information Letter RIL-0004, August 21, 2000.
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Other aspects that add an element of randomness to accident scenarios, such as
meteorological conditions, can also be controlled through the advance planning and
timing of a terrorist attack. Therefore, even if NRC were correct in claiming that the
CRAC2 Report assumes the "most adverse condition" for each accident-related
parameter, such an approach would still be appropriate for analyzing the potential
maximum consequences of a sophisticated terrorist attack.

We have not been able to identify any issues that would suggest the consequence
estimates provided in the CRAC2 Report were significantly overstated. But in light of
the problems with the CRAC2 Report discussed earlier, we have conducted our own
analysis of the consequences of a sophisticated terrorist attack at the Indian Point plant,
using the MACCS2 code and the most up-to-date information available. This included
the NUREG- 1465 revised source term, the most current dose conversion and cancer risk
coefficients recommended by the International Commission on Radiological Protection
(ICRP), and the most recent evacuation time estimate (ETE) for Indian Point developed
by consultants for Entergy Nuclear, the plant operator. We used the SECPOP2000 code,
developed for NRC by Sandia National Laboratories, to generate a high-resolution
MACCS2 site data file that includes a regional population distribution based on 2000
Census data and an economic data distribution based on 1997 government statistics.

For Indian Point, we find that the MACCS2 results for peak early fatalities are generally
consistent with the CRAC2 Report, but that the CRAC2 Report significantly
underestimates the peak number of latent cancer fatalities that could occur.

Moreover, the consequence estimates in this report are based on a number of optimistic
assumptions, or "conservatisms," that tend to underestimate the true consequences of a
terrorist attack at Indian Point. For example:

1. We use an evacuation time estimate that assumes the attack takes place in the summer
in good weather, and does not take into account the possibility that terrorists may time
their attack when evacuation is more difficult or actively interfere with the evacuation.

2. We only consider the permanent resident population of the 10-mile plume exposure
EPZ, and not the daily transient population, which would increase the total population of
the EPZ by about 25%.

3. We use values for the rated power of the Indian Point reactors from 2002 that are
about 5% lower than the current values.

4. The only health consequences we consider are early fatalities from acute radiation
syndrome and latent fatalities from cancer. We do not assess the excess mortality
associated with the occurrence of other well-documented health effects of radiation such
as cardiovascular disease. We also do not consider non-fatal effects of radiation, such as
the reduction in intelligence quotient (IQ) of children irradiated in utero or other birth
defects.
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5. The NUREG-1465 source term does not represent the maximum possible radiological
release from a core melt. Also, the assumed delay time between the attack and the start
of the radiological release is nearly two hours, which is not nearly as short as the
minimum of 30 minutes that is contemplated in NRC's emergency planning regulations.

6. The calculations assume only that the reactors itself are attacked and that the large
quantity of spent fuel in the wet storage pools remains undamaged.

In the following sections, we discuss some technical issues related to severe accident and
sabotage phenomena. Then we describe the methodology, tools and input parameters
used to carry out the calculation. Finally, we present our results and conclusions.
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ACCIDENTS: DESIGN-BASIS, BEYOND-DESIGN-BASIS, AND
DELIBERATE

The NRC has traditionally grouped nuclear reactor accidents into two main categories:
"design-basis" accidents, and "beyond-design-basis" or "severe" accidents.

(a) Design-basis accidents

Design-basis accidents are accidents that nuclear plants must be able to withstand without
experiencing unacceptable damage or resulting in radiological releases that exceed the
regulatory limits known as "Part 100" releases (because of where they can be found in
the NRC regulations).

One of the more challenging design-basis accidents for pressurized-water reactors
(PWRs) like those at Indian Point is a loss-of-coolant accident (LOCA). In the "primary"
system of a PWR, the reactor core, which is contained in a steel vessel, is directly cooled
by the flow of high-pressure water forced through pipes. In a LOCA, a pipe break or
other breach of the primary system results in a loss of the water essential for removing
heat from the reactor fuel elements. Even if the nuclear reactor is immediately shut down
or "scrammed," an enormous quantity of heat is still present in the fuel, and cooling
water must be restored before a significant number of fuel elements reach temperatures
above a critical limit. If heated beyond this limit, the fuel element cladding can become
brittle and shatter upon contact with cooling water. Eventually, the core geometry can
become "uncoolable" and the fuel pellets themselves will reach temperatures at which
they start to melt.

In a design-basis LOCA, it is assumed that the emergency core cooling system (ECCS)
works as designed to provide makeup coolant water to the nuclear fuel, terminating the
event before it becomes impossible to control. Even in this case, however, a significant
fraction of the radioactive inventory in the core could be released into the coolant and
transported out of the primary system through the pipe break. The primary system
therefore must be enclosed in a leak-tight containment building to ensure that Part 100
limits are not exceeded in the event of a design-basis LOCA. To demonstrate compliance
with Part 100, dose calculations at the site boundary are carried out by specifying a so-
called "source term" --- the radioactive contents of the gases within the containment
following the LOCA --- and assuming that the containment building leaks at its
maximum design leak rate, typically about 0.1% per day. Such an event was historically
considered a "maximum credible accident."

(b) Beyond-design-basis accidents

In contrast to design-basis accidents, "beyond-design-basis" accidents (also known as
"severe" accidents) are those in which multiple failures occur, backup safety systems do
not work as designed, the core experiences a total "meltdown" and radiological releases
far greater than the Part 100 limits become possible. For example, if the ECCS does not
work properly after a LOCA, the core will continue to overheat, eventually forming a
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molten mass that will breach the bottom of the steel reactor vessel and drop onto the
containment floor. It will then react violently with any water that is present and with
concrete and other materials in the containment. At this point, there is little hope that the
event can be terminated before much of the radioactive material within the fuel is
released in the form of gases and aerosols into the containment building.

Even worse is the potential for mechanisms such as steam or hydrogen explosions to
rupture the containment building, releasing its radioactive contents into the environment.
Although not the only distinguishing feature, a major distinction between design-basis
and severe accidents is whether containment integrity is maintained. Even a small
rupture in the containment building --- no more than a foot in diameter --- would be
sufficient to depressurize it and to vent the gases and aerosols it contains into the
environment in less than half an hour.24 This would result in a catastrophic release of
radioactivity on the scale of Chernobyl, and Part 100 radiation exposure limits would be
greatly exceeded.

The containment building can also be "bypassed" if there is a rupture in one of the
interfaces between the primary coolant system and other systems that are outside of
containment, such as the "secondary" coolant system (the fluid that drives the turbine
generators) or the low-pressure safety injection system. For instance, the rupture in the
steam generator that occurred at Indian Point 2 in February 2000 created a pathway in
which radioactive steam from the primary system was able to pass into the secondary
system, which is not enclosed in a leak-tight boundary. If that event had coincided with
significant fuel damage, the radiological release to the environment could have been far
greater.

NRC has always had an uncomfortable relationship with beyond-design-basis accidents.
By their very definition, they are accidents that were not considered in the original design
basis for the plant. In fact, according to NRC, "the technical basis for containment
design was intended to ensure very low leakage under postulated loss-of-coolant
accidents. No explicit consideration was given to performance under severe accidents." 25

Indeed, NRC has never instituted a formal regulatory requirement that severe accidents
be prevented. In 1985, the Commission ruled by fiat in its Severe Accident Policy
Statement that "existing plants pose no undue risk to health and safety" and that no
regulatory changes were required to reduce severe accident risk. NRC's basic
assumption is that if a plant meets design basis requirements, then it will have sufficient
resistance against severe accidents, and it has devoted considerable resources to the task
of "confirmatory research" to justify this assumption. NRC believes that this approach
provides "adequate protection" of public health and safety because the probability of a

24 US Nuclear Regulatory Commission, Preliminary Assessment of Core Melt Accidents at the Zion and

Indian Point Nuclear Power Plants and Strategies for Mitigating Their Effects, Analysis of Containment
Building Failure Modes, Preliminary Report, NUREG-0850, Vol. 1, November 1981, p. 3-2.
25 US Nuclear Regulatory Commission, Reactor Risk Reference Document (Appendices J-0), NUREG-1 150,
Draft for Comment, February 1987, p. J. 10-1.
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severe accident capable of rupturing or bypassing the containment prior to effective
evacuation of the EPZ is so low in most cases as to be below regulatory concern.26

(c) "Deliberate accidents"

It is true that a spontaneous occurrence of the multiple system failures necessary to cause
a severe accident and large radiological release is typically a very improbable event.
However, if one considers the possibility of sabotage or "deliberate" accidents, the low-
probability argument that NRC uses to justify the continued operation of nuclear plants
completely breaks down. Terrorists with basic and readily available knowledge of how
nuclear plants operate can design their attack to maximize the chance of achieving a core
melt and large radiological release. With modest inside assistance, as contemplated by
NRC in its regulations and practices, saboteurs would be able to identify a plant-specific
set of components known as a "target set." If all elements of a target set are disabled or
destroyed, significant core damage would result. Thus, by deliberately disrupting all
redundant safety systems, saboteurs can cause a severe event that would have had only a
very low probability of occurrence if left to chance.

The likelihood of a successful attack is enhanced for plants with "common-cause" failure
modes. A common-cause failure is a single event that can lead to the failure of multiple
redundant systems. For example, if the diesel fuel supplied to a nuclear plant with two
independent emergency diesel generators from the same distributor is impure, then both
generators may fail to start for the same reason if off-site power is lost and emergency
power is needed. This would result in a station blackout, one of the most serious
challenges to pressurized-water reactors like Indian Point. While some common-cause
failure modes can be corrected, others are intrinsic to the design of currently operating
nuclear plants. Common-cause failure modes make the saboteurs' job easier, as fewer
targets would have to be disabled to achieve the desired goal.

In addition to causing a core meltdown, terrorists also have the means to ensure that the
radioactive materials released from the melting fuel can escape into the environment by
breaching, severely weakening or bypassing the containment. 27 Finally, saboteurs can
maximize the harm caused by a radiological release by staging their attack when the
meteorological conditions favor a significant dispersal over densely populated areas, and
even interfering with the execution of emergency plans.

NRC has formally maintained for at least two decades that it does not make sense to
assign probabilities to terrorist attacks. In a 2002 memorandum, NRC stated that2 8

"the horrors of September II notwithstanding, it remains true that the likelihood
of a terrorist attack being directed at a particular nuclear facility is not

26 There have been situations where NRC concluded that "adequate protection" was not met at certain

nuclear plants and required additional safety measures. However, such instances are rare.
27 We have decided not to describe such means in greater detail, although we have little doubt that terrorists

are already familiar with them.
28 US NRC, Memorandum and Order, CLI-02-025, December 18, 2002, p. 17.
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quantifiable. Any attempt at quantification or even qualitative assessment would
be highly speculative. In fact, the likelihood of attack cannot be ascertained with
confidence by any state-of-the-art methodology ... we have no way to calculate
the probability portion of the [risk] equation, except in such general terms as to be
nearly meaningless."

Yet at other times, NRC does not hesitate to invoke probabilities when arguing that the
public has nothing to fear from terrorist attacks on nuclear plants. For example, here is
what NRC has to say about the CRAC2 study in its recent "point paper" on homeland
protection and preparedness:2 9

"Over the years, the NRC has performed a number of consequence evaluations to
address regulatory issues ... We have considered the extent to which past analyses,
often the subject of public statements by advocacy groups and the media, can be
superceded [sic] by more recent analysis ... Past studies usually have considered
... a number of scenarios, which resulted in only minor consequences. The most
limiting severe scenarios, which comprise a minority of the calculations and
represent very low probability events [emphasis added], are the predictions
typically cited in press accounts. These scenarios have assumed ... very large
radiation releases, bounding emergency response assumptions or bounding
conditions (including weather) for the spread of the radiation. The combination
of these factors produces large and highly unlikely results."

These two excerpts are inconsistent. If it is meaningless to quantify the likelihood of a
terrorist attack, then one cannot dismiss the possibility of terrorist attacks causing the
most severe consequences by claiming they are "highly unlikely." Therefore, in order to
base emergency planning on the best possible information, NRC must accept the fact that
the growing threat of domestic terrorism has forever altered the delicate risk calculus that
underlies its approach to safety regulation. NRC can no longer shy away from
confronting the worst-case consequences of terrorist attacks on nuclear power plants.
And perhaps the most attractive target in the country, where the consequences are likely
to be the greatest, is Indian Point.

29 US NRC, "Point Paper on Current Homeland Protection and Preparedness tssues" (2003), op cit.
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THE HEALTH CONSEQUENCES OF A RADIOLOGICAL
RELEASE FROM INDIAN POINT

The Indian Point power plant is located on 239 acres on the Hudson River in the village
of Buchanan in Westchester County, New York. There are two operating pressurized-
water reactors (PWRs) on site, Indian Point 2, rated at 971 MWe, and Indian Point 3,
rated at 984 MWe. Both reactors are operated by Entergy Nuclear.

Indian Point is located in one of the most densely populated metropolitan areas in the
United States, situated about 24 miles from the New York City limits and 35 miles from
midtown Manhattan. Extrapolating from 2000 Census data, in 2003 over 305,000
persons resided within the roughly ten-mile radius plume exposure emergency planning
zone for Indian Point, and over 17 million lived within 50 miles of the site.3°

The types of injury that may occur following a catastrophic release of radioactive
material resulting from a terrorist attack at Indian Point fall into two broad categories.
The first category, "early" injuries and fatalities, are those that are caused by short-term
whole-body exposures to doses of radiation high enough to cause cell death. Early
injuries include the constellation of symptoms known as acute radiation syndrome that
should be familiar to anyone who has read Hiroshima by John Hersey --- gastrointestinal
disturbance, epilation (hair loss) and bone marrow damage. Other early injuries include
severe skin damage, cataracts and sterility. For sufficiently high doses, early fatalities ---
death within days or weeks --- can occur. These so-called "deterministic" effects are
induced only when levels of radiation exposure exceed certain thresholds.

Another class of injury caused by ionizing radiation exposure is genetic damage that is
insufficient to cause cell death. At doses below the thresholds for deterministic effects,
radiation may cause damage to DNA that interferes with the normal process of cell
reproduction. This damage can eventually lead to cancer, which may not appear for years
or even decades, depending on the type. Because a single radiation-induced DNA lesion
is believed to be capable of progressing to cancer, there is no threshold for these so-called
"stochastic" effects. 31

The clinical response of individuals to ionizing radiation exposure is highly variable from
person to person. Some individuals have a lower capability of DNA repair and thus are
more susceptible to the carcinogenic effects of radiation --- a condition that is most
severe in people with certain genetic diseases like ataxia telangiectasia. Children are
particularly vulnerable to radiation exposure. For the same degree of exposure to a

30 A figure of 20 million people within 50 miles of Indian Point has often been quoted. This value may

have been obtained by summing the populations of all counties that are either totally or partially within the
50-mile zone.
3 1 A small but vocal group of pro-nuclear activists continue to maintain, in the face of overwhelming
scientific evidence to the contrary, that a threshold dose exists below which ionizing radiation may have no
effect or even may provide health benefits. However, there is a growing body of experimental data that
indicates that low-dose radiation may actually be a more potent carcinogen than high-dose radiation
because of low-dose "bystander effects."
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radioactive plume, children will receive a greater absorbed dose than adults because of
their lower body weight and higher respiration rate, even though their lung capacity is
smaller. And because children and fetuses have much higher growth rates than adults,
the same radiation dose has a greater chance of causing cancer in children and fetuses
than in adults.

Exposure to low-dose ionizing radiation has also been associated with excess mortality
from diseases other than cancer, such as cardiovascular disease, possibly as a result of
radiation-induced inflammation. There is growing evidence that the effect of low-dose
radiation exposure on mortality from diseases other than cancer may be as great as its
effect on mortality from cancer, implying that current, cancer-based risk estimates may
be too low by a factor of two. 32

A radiological release from a nuclear plant accident would consist of many different
types of radioactive materials. Some isotopes, such as cesium- 137, emit penetrating
gamma rays and can cause radiation injury from outside of the body. Other isotopes do
not emit radiation that can penetrate skin but are most dangerous when inhaled or
ingested, where they can concentrate in internal organs and deliver high doses to
surrounding tissue. Iodine- 131, which concentrates in the thyroid gland, and strontium-
90, which concentrates in teeth and bones, are in this category. Some isotopes have short
half-lives and do not persist in the environment, while others are long-lived and can result
in long-term contamination.

NRC requires that evacuation planning in the event of a radiological emergency take
place only within the so-called "plume exposure" emergency planning zone (EPZ), a
roughly circular area with a radius of approximately ten miles. The choice of this
distance was based in part on NRC analyses indicating that in the event of a severe
accident, dose rates high enough to cause early fatalities from acute radiation syndrome
would be confined to a region within about ten miles of the release point. However, dose
rates outside of this region, although on average not high enough to cause early fatalities,
could be high enough to result in a significant risk of cancer unless effective protective
measures are taken. NRC's emergency planning regulations were never designed to limit
such exposures in the event of the "worst core melt sequences," for which the protection
goal is that "immediate life threatening doses would generally not occur outside the
zone."

33

Thus the current emergency planning basis is not now, and never was, intended to protect
the public from significant but not immediately lethal exposures in the event of the
"worst core melt sequences," such as those that could result from a well-planned terrorist
attack. It should therefore be no surprise that NRC's emergency planning procedures

32 A. MacLachlan, "UNSCEAR Probes Low-Dose Radiation Link to Non-Cancer Death Rate," Nucleonics

Week, June 17, 2004.
33 US NRC, Criteria for Preparation and Evaluation of Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Plants, NUREG-0654, 1980, p. 12.
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would not protect individuals either inside or outside the EPZ from such exposures in the
event of an attack.

The proximity of Indian Point to New York City, its populous suburbs and its watershed,
given the potential hazard it represents, has long been an issue of concern and
controversy. Following the Three Mile Island accident in March 1979, the Union of
Concerned Scientists (UCS) unsuccessfully petitioned the NRC to suspend operations at
Indian Point, in part because of its location in a densely populated area. At the same time,
the NRC formed two task forces to examine the risks posed by Indian Point and the Zion
plant near Chicago "because of the high population densities surrounding those units"
and initiated a formal adjudication, the Indian Point Special Proceeding, to review the
issues raised in the UCS petition and others.34

During the Special Proceeding, three NRC administrative judges heard testimony
regarding the potential impacts of a severe accident at Indian Point on New York City
residents. For instance, the director of New York City's Bureau of Radiation Control
testified that potassium iodide (KI), which can block the uptake of radioactive iodine by
the thyroid if taken near the time of exposure, should be stockpiled for "possible
immediate use in New York City," at a time when NRC did not recommend that KI be
provided even for residents of the 10-mile EPZ.

The administrative judges reached some disturbing conclusions in the proceeding. They
stated that "under certain meteorological conditions, delayed fatalities from cancer appear
to be possible almost anywhere in the city" and that "a severe release at Indian Point
could have more serious consequences than that same release at virtually any other site
licensed by the Commission." And they urged the Commission "to give serious
consideration to the potential costs to society of dangerous, low probability accidents.
Such accidents could, as Staff testimony has shown, result in fatalities that number in the
hundreds or thousands."

The Commission appears to have essentially forgotten these conclusions. Many of the
technical issues resolved during the course of the Special Proceeding are being debated
all over again today.

34 US NRC, Indian Point Special Proceeding, 1983, p. 5.
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THE MACCS2 CODE

MACCS2 is a computer code that was developed by Sandia National Laboratories under
NRC sponsorship as a successor to CRAC2.3 It is designed to estimate the health,
environmental and economic consequences of radiation dispersal accidents, and is widely
used by NRC and DOE for various safety applications. It utilizes a standard straight-line
Gaussian plume model to estimate the atmospheric dispersion of a point release of
radionuclides, consisting of up to four distinct plumes, and well-established models to
predict the deposition of radioactive particles on the ground from both gravitational
settling ("dry deposition") and precipitation ("wet deposition"). 36 From the dispersion
and deposition patterns, the code can then estimate the radiation doses to individuals as a
result of external and inhalation exposures to the radioactive plume and to external
radiation from radionuclides deposited on the ground ("groundshine"). The code also has
the capability to model long-term exposures resulting from groundshine, food
contamination, water contamination and inhalation of resuspended radioactive dust.

The code also can evaluate the impact of various protective actions on the health and
environmental consequences of the release, including evacuation, sheltering and, in the
long term, remediation or condemnation of contaminated areas. Most parameters, such
as the average evacuation speed, decontamination costs, and the dose criteria for
temporary relocation and long-term habitation, can be specified by the user.

MACCS2 requires a large number of user-specified input parameters. A given release is
characterized by a "source term," which is defined by its radionuclide content, duration
and heat content, among other factors. The shape of the Gaussian plume is determined
by the wind speed, the release duration, the atmospheric stability (Pasquill) class and the
height of the mixing layer at the time of the release.

MACCS2 requires the user to supply population and meteorological data, which can
range from a uniform population density to a site-specific population distribution on a
high-resolution polar grid. The meteorological data can range from constant weather
conditions to a 120-hour weather sequence. The code can process up to 8760 weather
sequences --- a year's worth --- and generate a frequency distribution of the results.

The code allows the user to define the dose-response models for early fatalities (EFs) and
latent cancer fatalities (LCFs). We use the MACCS2 default models. For EFs, MACCS2
uses a 2-parameter hazard function, with a default LD50 dose (the dose associated with a
50% chance of death) of 380 rem. LCFs, MACCS2 uses the standard linear, no-threshold
model, with a dose-response coefficient of 0.1 LCF/person-Sievert and a dose-dependent
reduction factor of 2, per the 1991 recommendations of the International Committee on

35 Chanin and Young (1997), op cit.

36 Much of the following section isbased on a recent comprehensive review of MACCS2 by the

Department of Energy, which we would recommend to readers interested in a more in-depth discussion of
the capabilities and limitations of the code. See Office of Environment, Safety and Health, U.S.
Department of Energy, MACCS2 Computer Code Application Guidance for Documented Safety Analysis:
Interim Report, DOE-EH-4.2.1.4-Interim-MACCS2, September 2003.
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Radiological Protection (ICRP) in ICRP 60. The corresponding coefficients used in the
CRAC2 model, based on now-antiquated estimates, were lower by a factor of 4.

For the calculation of the committed effective dose equivalent (CEDE) resulting from
inhalation and ingestion of radionuclides, we have replaced the default MACCS2 input

38file with one based on the more recent dose conversion factors in ICRP 72. We have
shown previously that this substitution reduces the projected number of latent cancer
fatalities from a severe nuclear reactor accident by about one-third.39 (The default
MACCS2 file incorporates EPA guidance based on ICRP 30, which although out of date
continues to be the basis for regulatory analyses in the United States.)

When using MACCS2 several years ago, we discovered an error that resulted in an
overcounting of latent cancer fatalities in the case of very large releases. After pointing
this out to the code manager, SNL sent us a revised version of the code with the error
corrected, which we have used for the analysis in this report.

Like most radiological consequence codes in common use, MACCS2 has a number of
limitations. First of all, because it incorporates a Gaussian plume model, the speed and
direction of the plume are determined by the initial wind speed and direction at the time
of release, and cannot change in response to changing atmospheric conditions (either in
time or in space). Consequently, the code becomes less reliable when predicting
dispersion patterns over long distances and long time periods, given the increasing
likelihood of wind shifts. Also, the Gaussian plume model does not take into account
terrain effects, which can have a highly complex impact on wind field patterns and plume
dispersion. And finally, MACCS2 cannot be used for estimating dispersion less than 100
meters from the source.

However, MACCS2 is adequate for the purpose of this report, which is to develop order-
of-magnitude estimates of the radiological consequences of a catastrophic attack at Indian
Point for residents of New York City and the entire New York metropolitan area, and to
assess the impact of different protective actions on these consequences. We restrict our
evaluations to a circular area with a radius of 50 miles centered on Indian Point, except
for the calculation of long-term doses and economic impacts, which we assess out to 100
miles.

In the next section, we discuss the basis for the MACCS2 input parameters that we use in
our evaluation.

37 MACCS2 does not allow the user to specify different dose-response models for different radionuclides.
We use a model with a dose-dependent reduction factor of 2, even though this assumption likely
underestimates the carcinogenic potential of alpha-emitters, which is not reduced in effectiveness at low
doses or dose rates.
38 International Commission on Radiological Protection (ICRP), Age-Dependent Doses to Members of the
Public from Intake of Radionuclides: Part 5, Compilation of Ingestion and Inhalation Dose Coefficients,
ICRP Publication 72, Pergamon Press, Oxford, 1996.
39 E. Lyman, "Public Health Risks of Substituting Mixed-Oxide for Uranium Fuel in Pressurized-Water
Reactors," Science and Global Security 9 (2001), pgs. 33-79. See Footnote 48.
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THE SABOTAGE SCENARIO

The scenario that we analyze is based on the so-called "revised source term" that NRC
defined in 1995 in NUREG-1465. The revised source term was developed as a more
realistic characterization of the magnitude and timing of radionuclide releases during a
core-melt accident than the source term originally specified for use in Part 100 siting
analyses. In its entirety, the PWR revised sourceterm presented in NUREG-1465
corresponds to a severe accident in which the primary coolant system is depressurized
early in the accident sequence. An example is a "large break loss-of-coolant accident"
(LBLOCA), in which primary coolant is rapidly lost and the low-pressure safety injection
system fails to operate properly, resulting in core melt and vessel failure. This scenario is
one of the most severe events that can occur at PWRs like Indian Point, and could result
in a relatively rapid release of radioactivity.

(a) The source term

A severe accident of this type would progress through four distinct phases. As the water
level in the core decreases and the fuel becomes uncovered, the zirconium cladding tubes
encasing the fuel rods overheat, swell, oxidize and rupture. When that occurs,
radionuclides that have accumulated in the "gap" between the fuel and the cladding will
be released into the reactor coolant system. If there is a break in the reactor coolant
system (as would be the case in a LBLOCA), then these radionuclides would be released
into the atmosphere of the containment building. These so-called "gap" releases consist
of the more volatile radionuclides contained in irradiated fuel, such as isotopes of krypton,
xenon, iodine and cesium. This period is known as the "gap release" phase, and is
predicted to last about 30 minutes. The oxidation of the zirconium cladding by water also
generates hydrogen, which is a flammable gas.

As the core continues to heat up, the ceramic fuel pellets themselves begin to melt,
releasing greater quantities of radionuclides into the reactor vessel and through the breach
in the reactor coolant system into the containment building atmosphere. The molten fuel
mass then collapses and drops to the bottom of the reactor vessel, where it aggressively
attacks the steel, melts through the bottom and spills onto the floor of the containment
building. 40 The period between the start of fuel melting and breach of the reactor vesselis known as the "early in-vessel" phase, and typically would last about an hour.

When the molten fuel breaches the reactor vessel and drops to the containment building
floor, it violently reacts with any water that has accumulated in the cavity and with the
concrete floor itself. This "core-concrete interaction" causes further releases of
radionuclides from the molten fuel into the containment building. This period is known
as the "ex-vessel" phase, and would last for several hours.

40 This scenario is not theoretical. During the 1979 accident at Three Mile Island Unit 2, part of the melted

core relocated to the bottom of the reactor vessel where it began melting through the steel. The re-
introduction of forced cooling water flow terminated this sequence before vessel failure.
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At the same time, some portion of the molten core may remain in the reactor vessel,
where it would continue to degrade in the presence of air and release radionuclides. Also,
radionuclides released during the in-vessel phase that deposit on structures within the
primary coolant system may be re-released into the containment building. These releases
take place during the "late in-vessel" phase and could continue for many hours.

At the time when the molten core falls to the floor of the reactor vessel, steam explosions
may occur that could blow apart the reactor vessel, creating high-velocity "missiles" that
could rupture the containment building and violently expel the radioactive gases and
aerosols it contains into the environment. This would result in a shorter in-vessel phase.
If the vessel remains intact until melt-through, hydrogen or steam explosions are also
possible when the molten fuel spills onto the concrete below the vessel, providing another
opportunity for containment failure.

The complete revised source term (all four phases) is a general characterization of a low-
pressure severe accident sequence, such as a large-break loss of coolant accident with
failure of emergency core cooling systems. According to the timing of the accident
phases in the revised source term, the "gap release" phase would begin within a few
minutes after the initiation of the event and lasts for 30 minutes. At that time, the early
in-vessel phase begins as the fuel pellets start to melt. This phase is assumed to last for
1.3 hours, and ends when the vessel is breached.

In our scenario, we assume that the attackers have weakened but not fully breached the
containment, so that there is a high probability that the containment building will be
ruptured by a steam or hydrogen explosion at the time of vessel breach. This results in a
rapid purge of the radionuclide content of the containment building atmosphere into the
environment, followed by a longer-duration release due to core-concrete interactions and
late in-vessel releases.

We do not wish to discuss in detail how saboteurs could initiate this type of accident
sequence. However, since NRC asserts that even in a terrorist attack these events are
unlikely to occur, we need to present some evidence of the plausibility of these scenarios.
One such scenario would involve a 9/11-type jet aircraft attack on the containment
building, possibly accompanied by a ground attack on the on-site emergency power
supplies. (One must also assume that interruption of off-site power takes place during an
attack, given that off-site power lines are not under the control of the licensee and are not
protected.)

The Nuclear Energy Institute (NEI) issued a press release in 2002 describing some of the
conclusions of a study conducted by the Electric Power Research Institute (EPRI) that
purported to show that penetration of a PWR containment by a jet aircraft attack was
impossible. A study participant later acknowledged that (1) the justification for limiting
the impact speed to 350 mph was based on pilot interviews and not on the results of
simulator testing, and (2) even at 350 mph, their analysis actually found that the 42-inch
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thick reinforced concrete containment dome of a PWR suffered "substantial damage" and
the steel liner was deformed.4'

However, even if penetration of the containment does not occur, the vibrations induced
by the impact could well disrupt the supports of the coolant pumps or the steam
generators, causing a LBLOCA. The emergency core cooling system pumps, which
require electrical power, would not be available under blackout conditions caused by the
disabling of both off-site and on-site power supplies. Thus makeup coolant would not be
provided, the core would rapidly become uncovered and the NUREG- 1465 sequence
would begin. Other engineered safety features such as containment sprays and
recirculation cooling would not be available in the absence of electrical power. The
damaged containment building would then be far less resistant to the pressure pulse
caused by a steam spike or hydrogen explosion, and would have a much higher
probability of rupture at vessel breach. We note that the steel liner of a reinforced
concrete containment structure like that at Indian Point only carries 10 to 20% of the
internal pressure load, and therefore may fail well before the design containment failure
pressure is reached if the concrete shell is damaged.

Because the emergency diesel generators are themselves quite sensitive to vibration, a
ground assault may not even be necessary to disable them, since the aircraft impact itself,
followed by a fuel-air explosion, could cause them to fail.

One can find support for the credibility of this scenario in the recently leaked summary of
a report prepared for the German Environment Ministry by the nuclear safety consultant
GRS on the vulnerability of German nuclear reactors to aircraft attacks.42 In the summary,
GRS defined a series of credible damage scenarios and then determined whether or not
the resulting accident sequence would be controllable The report considered an attack on
the Biblis B PWR by a small jet (Airbus A320) or medium-sized jet (Airbus A300)
travelling at speeds from 225 to 394 miles per hour, where the peak speed of 394 mph
was determined through the use of simulators. GRS concluded that for an event in which
the jet did not penetrate the containment, but the resulting vibrations caused a primary
coolant leak, and the control room was destroyed by debris and fire (a condition similar
to a station blackout), then control of the sequence of events would be "uncertain.'" 43

Biblis B was designed for protection against the crash of a 1960s-era Starfighter jet and
as a result is equipped, like most German reactors, with a double containment. In
contrast, Indian Point 2 and 3, while of the same 1970s vintage as Biblis B, were not
designed to be resistant to airplane crashes, and do not have double containments.

41 R. Nickell, "Nuclear Plant Structures: Resistance to Aircraft Impact," 44th Annual Meeting of the

Institute of Nuclear Materials Management, Phoenix, AZ, July 13-17, 2003.
42 Mark Hibbs, "Utilities Expect Showdown with Trittin over Air Terror Threat," Nucleonics Week 45,
February 12, 2004.
43 Gesellschaft fiur Anlagen und Reaktorsicherheit, Schutz der deutschen Kernkraftwerke vor dem
Hintergrund der terroristischen Anschldge in den USA vorn 11. September 2001, (Protection of German
Nuclear Power Plants in the Context of the September 11, 2001 Terrorist Attacks in the US), November 27,
2002.
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The NUREG-1465 revised source term is shown in Table 1. The source term is
characterized by grouping together fission products with similar chemical properties and
for each group specifying a "release fraction"; that is, the fraction of the core
radionuclide inventory released from the damaged fuel into the containment building
atmosphere. Noble gases include krypton (Kr); halogens include iodine (I); alkali metals
include cesium (Cs); noble metals include ruthenium (Ru); the cerium (Ce) group
includes actinides such as plutonium (Pu) and the lanthanide (La) group includes
actinides such as curium (Cm).

TABLE 1: NUREG-1465 radionuclide releases into containment for PWRs

Gap Early In-Vessel Ex-Vessel Late In-Vessel
Duration (hrs) 0.5 1.3 2.0 10.0

Release fractions (%):

Noble Gases (Kr) 0.05 0.95 0 0

Halogens (I) 0.05 0.35 0.25 0.1

Alkali Metals (Cs) 0.05 0.25 0.35 0.1

Tellurium group (Te) 0 0.05 0.25 0.005

Barium, Strontium (Ba, Sr) 0 0.02 0.1 0

Noble Metals (Ru) 0 0.0025 0.0025 0

Cerium group (Ce) 0 0.0005 0.005 0

Lanthanides (La) 0 0.0002 0.005 0

It is important to note that NUREG- 1465 is not intended to be a "worst-case" source term.
The accompanying guidance specifically states that "it is emphasized that the release
fractions for the source terms presented in this report are intended to be representative or
typical, rather than conservative or bounding values... In fact, the release fractions for
tellurium, the cerium group and the lanthanides were significantly lowered in response to
industry comments. Upper-bound estimates, which are provided in a table in the back of
NUREG- 1465, indicate that "virtually all the iodine and cesium could enter the
containment." 45 And experimental evidence obtained since NUREG-1465 was published
in 1995 suggests that the tellurium, ruthenium, cerium and lanthanide release fractions in
the revised source term may significantly underestimate actual releases of these
radionuclide groups. 46 Thus our use of the NUREG- 1465 source term is far from the
worst possible case and may underestimate the impacts of credible scenarios.

44 NUREG- 1465, p. 13.
4' NUREG- 1465, p. 17.
46 Energy Research, Inc., Expert Panel Report on Source Terms for High-Burnup and MOX Fuels, 2002.
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We model this scenario in MACCS2 as a two-plume release. The first release begins at
the time of vessel breach and containment failure, 1.8 hours after initiation of the accident,
and continues over a period of 200 seconds as the containment atmosphere is rapidly
vented. The second plume lasts for two hours as core-concrete interactions occur. For
simplicity, only the first two hours of the late in-vessel release are included; the last eight
hours are omitted, although this late release would likely make a significant contribution
to public exposures, given the nearly ten-hour evacuation time estimate for the 10-mile
EPZ.

We further assume that the entire radionuclide inventory released from the damaged fuel
into the containment atmosphere escapes into the environment through the rupture in the
containment. There is little information in the literature about realistic values for the
fraction of the containment inventory that is released to the environment. In NUREG-
1150, NRC states that "in some early failure cases, the [containment to environment]
transmission fraction is quite high for the entire range of uncertainty. In an early
containment failure case for the Sequoyah plant ... the fractional release of radioactive
material ranges from 25 percent to 90 percent of the material released from the reactor
coolant system." 47 A review of the default values of this fraction for the Sequoyah and
Surry plants used in supporting analyses for NUREG- 1150 indicates that environmental
releases ranging from 80 to 98% of the radionuclides in the containment atmosphere were
typically assumed. The only case in which significant retention within the containment
building occurs is when there is a delay of several hours between the initiation of core
degradation and the time of containment failure, which is not the case for the scenario we
are considering. Given that we are using only the first three phases of the NUREG- 1465
source term, which may underestimate the maximum release of radionuclides like iodine
and cesium by 35%, we believe it is reasonable to neglect the retention within the
containment building of at most 20% of the radionuclide inventory.

Another plume characteristic that is very important for determining the distribution and
magnitude of consequences is the heat energy that it contains. The oxidation of
zirconium cladding during core degradation generates a large amount of heat in a short
period of time, which can cause .the plume to become buoyant and rise. Greater initial
plume heights result in lower radionuclide concentrations close to the plant, but wider
dispersal of the plume.

It is unlikely that a radiological release at any US PWR would produce a plume as high
as the one released during the Chernobyl disaster. Because of the large mass of graphite
moderator in the Chernobyl-4 reactor, a hot and long-duration graphite fire caused a very
high plume that was responsible for dispersing radionuclides over vast distances.
However, at the same time, the exposure and contamination within 50 miles of the
Chernobyl site was much lower than it would have been if the plume had not risen so
high. This means that the cooler plume that would be characteristic of a core meltdown
at Indian Point could actually be a greater threat to the New York metropolitan area than
the contamination pattern resulting from the Chernobyl accident might suggest.

47 US NRC, Severe Accident Risks: An Assessment for Five Nuclear Power Plants, NUREG- 1150, Volume
2, December 1990, p. C-108.
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Table 2 shows the two-plume source term for input into MACCS2, adapted from the
NUREG- 1465 source term in Table 1. The first plume consists of the containment
radionuclide inventory at the time of vessel breach (the sum of the first and second
columns in Table 1). The second plume consists of the releases generated by core-
concrete interactions and a fraction of the late-in-vessel releases (the sum of the third
column and one-fifth of the fourth column in Table 1).

TABLE 2: Source term used in MACCS2 model

Plume Release Duration(hrs) Energy Kr I Cs Te Ba Ru Ce La
time release
(hrs) (MW)

1 1.8 0.06 2.8 1 0.4 0.3 0.05 0.02 0.0025 0.0005 0.0002

2 1.86 2 1.6 0 0.27 0.37 0.25 0.1 0.0025 0.005 0.005

The reactor core inventory used was calculated for a representative 3565 MWt PWR at
the end of an equilibrium 18-month cycle using the SCALE code, and was then scaled to
the Indian Point 2 power rating of 3071 MWt. Since Indian Point 2 operates on a 24-
month cycle, the inventory we use here does not represent the peak inventory of the
reactor core, which occurs just before refueling.

(b) Meteorology

The calculation of radiological consequences from a severe accident is strongly
dependent on the meteorological conditions at the time of the release and for several days
afterward. Relevant factors include the wind speed, the wind direction, the atmospheric
stability, the height of the mixing layer and the occurrence of precipitation.

The MACCS2 code can utilize a weather sequence of hourly data for a 120-hour period
following the initial release. The user has the option to supply a file with an entire year's
worth of hourly meteorological data (8760 entries), consisting of wind speed,
atmospheric stability class, and precipitation. The program can then calculate up to 8760
results, each corresponding to a release beginning at a different hour of the year. For
each set of weather data, MACCS2 can also generate sixteen results by rotating the
plume direction into each sector of the compass, repeating the calculation for each plume
direction, and then weighting the results with the fraction of the time that the wind blows
in that direction (as specified by the user-supplied "wind rose," or set of probabilities that
the wind will be blowing in a certain direction at the site). Finally, the code can tabulate
the results in a frequency distribution.

48 Lyman (2001), op cit., pp. 64-66.
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The MACCS2 code, like the CRAC2 code before it, has the option to sample a reduced
number of weather sequences, based on a semi-random sampling method. The reason for
employing a sampling scheme in the past was no doubt the length of computing time
needed for each calculation; however, the program runs quickly on modem machines, so
there is no need to employ the MACCS2 sampling scheme. In fact, a comparison of the
results obtained from sampling, which utilizes about 100 weather sequences, and the
results obtained from an entire year's worth of sequences, finds that the peak
consequence values in the sampling distribution are 30% or more below the peak
consequences over the entire year, if the plume rotation option is not utilized. Thus there
is a significant sampling error for peak values associated with the MACCS2 sampling
scheme (and presumably the CRAC2 sampling scheme as well).

We were unable to obtain the meteorological data for the Indian Point site needed for
input into MACCS2. Instead, we used a meteorological data file for New York City, the
location of the nearest National Weather Service weather monitoring station, that was
supplied with the original CRAC2 code. This is the same approach that was taken in the
CRAC2 Report, which was ostensibly a site-specific study of the 91 sites where nuclear
reactors were located or planned, but did not use meteorological data files specific to
those sites. Instead, the study used data derived from 29 National Weather Service
stations that were "chosen as a representative set of the nation's meteorological
conditions." 49 NRC later had to adopt the same approach, using the New York City
meteorological data file as a surrogate for Indian Point-specific data in a CRAC2
benchmark exercise, because it was unable to obtain the Indian Point data.5 °

Use of the New York City meteorological data file in lieu of Indian Point site data is a
reasonable approximation for the purposes of this report. Two of the most important
factors in determining the radiological consequences of a terrorist attack at Indian Point
are the wind direction and the precipitation. With regard to the first factor, we use the
Indian Point site wind rose to take into account the effect of the variation in wind
direction. 5' With regard to precipitation data, since the MACCS2 code only allows for
uniform precipitation over the entire evaluation area, the precipitation data set from New
York City is just as relevant as data from the Indian Point site for determining the
consequences for the New York metropolitan area.

One phenomenon that we cannot fully account for without access to meteorological data
specific to the Indian Point site is the coupling between wind direction and wind speed
that results from the plant's location in the Hudson River Valley. Wind speeds below a
threshold of below 4 meters per second tend to result in plumes that follow the course of
the river valley, whereas greater wind speeds produce plumes that are free to travel in any
direction and are better approximated by the straight-line Gaussian model. Our use of the

49 R. Davis, A. Hanson, V. Mubayi and H. Nourbakhsh, Reassessment of Selected Factors Affecting Siting
of Nuclear Power Plants, NUREG/CR-6295, US Nuclear Regulatory Commission, 1997, p. 3-30.
50 US Nuclear Regulatory Commission, Generic Environmental Impact Statement for License Renewal of

Nuclear Plants, NUREG-1437, Vol. 1, Sec. 5.3.3.2.3.
51 James Lee Witt Associates, Review of Emergency Preparedness ofAreas Adjacent to Indian Point and

Millstone, March 2003, Figure 3-1, p. 21.
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Indian Point wind rose accounts for this effect, but to the extent that the distribution of
wind speeds in the meteorological data file that we use differs from that at the Indian
Point site, the calculations may include some cases that involve unrealistic wind patterns.
However, any errors in the distribution resulting from this approximation are not likely to
be significant in comparison to the uncertainties associated with use of the straight-line
Gaussian model in MACCS2. In any event, it is likely that properly accounting for this
effect would result in the channeling of a greater number of slow-moving, concentrated
plumes directly downriver toward densely populated Manhattan, thereby increasing the
overall radiological impact.

We have also run the calculations using the meteorological data file for the Surry site in
Virginia to compare the maximum consequences obtained. We find that the values for
peak early fatalities differ by less than 1% and the value for peak latent cancer fatalities
differs by less than 5%. We interpret this result as an indication that the peak
consequences we found for Indian Point are not due to weather conditions unique to the
meteorological data file for New York City.

If Entergy were willing to provide us with data from the Indian Point meteorological
monitoring station, we would be pleased to use it to assess whether it would have a
significant impact on our results. However, we would expect any impact to be minor.

(c) Protective actions

Another crucial factor in determining the consequences associated with a terrorist attack
at Indian Point is the effectiveness of the actions taken to protect individuals within the
10-mile emergency planning zone (EPZ).

The MACCS2 emergency planning model requires the user to input the time when
notification is given to emergency response officials to initiate protective actions for the
surrounding population; the time at which evacuation begins after notification is
received; and the effective evacuation speed. Once evacuation begins, each individual
then proceeds in a direction radially outward from the release point at a rate given by the
effective evacuation speed.

We have assumed that the time at which the off-site alarm is sounded is coincident with
the initiation of core melting; that is, 30 minutes after the attack. It is unlikely that the
decision to evacuate could be made in much less time. This choice still provides an
interval of 78 minutes between the sounding of the alarm and the initiation of the
radiological release, consistent with earlier studies such as the CRAC2 Report.

We have assumed that the delay time between receipt of notification by the public within
the EPZ and initiation of evacuation is two hours. This is the default parameter in the
MACCS2 code, and is consistent both with earlier estimates of the "mobilization time"
and with the most recent ones for the Indian Point site, which found that 100% of the
public within the EPZ would be mobilized to evacuate by two hours after notification.52

52 James Lee Witt Associates (2003), op cit., Figure 5-6, p. 96.
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The effective evacuation speed was obtained from the mobilization time estimate of two
hours and the most recent Indian Point evacuation time estimate (ETE) for good summer
weather of 9 hours 25 minutes. 53 Subtracting the two-hour mobilization time leaves a
maximum time of 7.42 hours for the actual evacuation. Since the maximum travel
distance to leave the EPZ is approximately ten miles, this corresponds to an effective
evacuation speed of 1.35 miles per hour, or 0.6 meters per second. The high value for the
ETE and the correspondingly low effective evacuation speed reflect the severe traffic
congestion within the EPZ that is projected to occur in the event that a crisis occurs at
Indian Point requiring evacuation.

Outside of the 10-mile EPZ, the baseline dose calculations assume that individuals will
take no protective actions. 54 Although this may not be realistic, we believe that it would
be inappropriate to assume otherwise. Since NRC and FEMA do not require that any
preparation for an emergency be undertaken outside of the 10-mile EPZ, it would not be
conservative to assume that individuals outside of the EPZ would receive prompt
notification of the event or would know what to do even if they did receive notification.
However, to examine the impact of this assumption on the results, we consider a case
where the emergency evacuation zone is extended to 25 miles, and the average
evacuation speed remains the same as in the 10-mile EPZ case.

(d) Population distribution

In order to accurately calculate the consequences of a terrorist attack at Indian Point, it is
necessary to have the correct spatial distribution of population in the vicinity of the site.
MACCS2 has the option to use a site population data file, in which the site-specific
population is provided on a grid divided into sixteen angular sectors. The user can
specify the lengths of sectors in the radial direction.

Most of our analysis is focused on a circular region centered on the Indian Point site with
a radius of fifty miles. The ten-mile EPZ is divided into eleven regions, with divisions at
the site exclusion zone (about 0.5 miles), at the one-mile point, and nine successive mile-
wide intervals. The region between the EPZ and the fifty-mile limit is subdivided into
ten intervals (see Figure 1, below).

Permanent resident population data for the ten-mile EPZ was obtained from the estimates
for 2003 generated by KLD Associates for the Evacuation Time Estimate study that it
prepared for Entergy. 5 5 The total number of permanent residents within a ten-mile
circular zone around Indian Point in 2003, according to KLD, was 267,099. We have not
included the transient population in the region in our calculations, even though it would
add another 25% to the permanent population estimate, according to KLD data.

53 KLD Associates, Inc., Indian Point Energy Center Evacuation Time Estimate, Rev. 0 (2003), p. 7-8.

s4 However, the calculation of doses within the EPZ does reflect the impact of "shadow evacuation" of

individuals outside of the EPZ, since it uses the KLD Associates evacuation time estimate for the EPZ,
which assumes that shadow evacuation occurs.
55 KLD Associates, Inc. (2003), op cit., p. 3-7.
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For the region from 10 to 100 miles from Indian Point, the MACCS2 site data file was
generated with the SECPOP2000 code, which is the most recent version of the SECPOP
code originally developed by the Environmental Protection Agency and later adopted by
NRC for use in regulatory applications.5 6 SECPOP2000 utilizes 2000 US Census data to
estimate population distributions on a user-specified grid surrounding any location in the
United States, drawing on a high-resolution database of over eight million census-blocks.
By utilizing the 2000 Census data in SECPOP2000, we have slightly underestimated the
population in this region, which appears to have increased by about 1% between 2000
and 2003.

The Indian Point plume exposure EPZ is not in the shape of a perfect circle of ten-mile
radius, but includes some regions that are beyond ten miles from the plant. To account
for the 38,177 individuals that reside within the EPZ but outside of the 10-mile circular
zone (according to KLD estimates for 2003), we used the SECPOP2000 code to
determine that an "effective" circular EPZ boundary of 10.68 miles would include the
appropriate additional number of permanent residents, and adjusted the MACCS2 grid
accordingly.

Figure 1 displays the population rosette generated by SECPOP2000 for Indian Point, out
to a distance of 100 miles. The location of New York City is plainly visible on the grid.

FIGURE 1
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56 N. Bixler et al., SECPOP2000: Sector Population, Land Fraction, and Economic Estimation Program,
NUREG/CR-6525, Rev. 1, Sandia National Laboratories, August 2003.
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RESULTS

In this section, we present the results of the MACCS2 simulation of a terrorist attack at
IP2, as previously described.

MACCS2 generates results for two distinct periods following a radiological release. First,
it calculates the doses to individuals received during the "emergency" phase of the event,
defined as the period extending up to the first week following the release. The doses
received during this period result from direct exposure to and inhalation of the plume, as
well as exposure to plume particles deposited on the ground ("groundshine"). Second, it
separately calculates doses received beyond the first week after the release as a result of
groundshine, inhalation of resuspended particles, and consumption of contaminated food
and water. The first sets of results provided below refer only to the consequences of
exposures received during a one-week emergency phase. The economic and long-term
health consequences are calculated based on the evaluation of chronic exposures for a
period of fifty years following the release, which are dominated by groundshine.

Following the format of the CRAC2 Report summary, our calculation considers several
public health and environmental endpoints, including early fatalities, latent cancer
fatalities, maximum distance for early fatalities, and total economic costs. The
calculations were carried out for each of the 8760 weather sequences in the New York
City meteorological data file by rotating the plume direction into each of the 16 sectors of
the compass, and then generating a weighted average of the results according to the
Indian Point site wind rose. For each endpoint, in addition to the mean of the distribution
and the peak value corresponding to the worst-case meteorological conditions
encountered during the year, we present the 95th and 99. 5 th percentile values of the
distribution.

The results of the MACCS2 frequency distribution are based on the assumption that the
radiological release would occur at random during the year, even though the timing of a
terrorist attack most likely would be far from random. As we have previously discussed,
one must assume that a terrorist attack intended to cause the maximum number of
casualties would be timed to coincide as closely as possible with the most favorable
weather conditions. In the case of Indian Point, an attack at night --- the time when a
terrorist attack is most likely to be successful --- also happens to be the time when the
prevailing winds are blowing toward New York City. Consequently, the mean and other
statistical parameters derived from a random distribution are not characteristics of the
actual distribution of consequences resulting from a terrorist attack, which would be
restricted to a much more limited set of potential release times. A meteorological data set
confined to the evening hours would skew the distribution in the direction of increased
consequences.

In our judgment, the 9 5 th percentile values of these distributions, rather than the mean
values, are reasonable representations of the likely outcome of a well-planned terrorist
attack. This choice reflects the fact that the attack time will be largely of the terrorists'
choosing, but that some factors will necessarily remain out of their control --- for instance,
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the ability to accurately predict precipitation patterns, and the ability to launch an attack
exactly as planned.

In the following tables, it is important to note that the peak results in each category do not
correspond in general to the same weather sequence. For example, the weather
conditions that lead to the maximum number of early fatalities are typically those that
involve rainout and substantial deposition of the plume close to the plant, and thus are not
the same conditions that lead to peak latent cancer fatalities, which involve rainout of the
plume over New York City.

(a) Consequences of radiological exposures during "emergency phase"

Here we consider the consequences of exposures received during the 7-day "emergency
phase." We calculate the number of "early fatalities" (EFs) resulting from acute radiation
syndrome, both for the residents of the 10-mile EPZ, who are assumed to evacuate
according to the scheme described previously, and for the entire population within 50
miles of the plant. Following the CRAC2 Report, we also provide the "early fatality
distance," that is, the greatest distance from the Indian Point site at which early fatalities
may occur. Finally, we provide an estimate of the number of latent cancer fatalities
(LCFs) that will occur over the lifetimes of those who are exposed to doses that are not
immediately life-threatening, both for residents of the EPZ and for residents of the 50-
mile region.

It is important to note that these estimates are based on dose conversion factors (the
radiation doses resulting from internal exposure to unit quantities of radioactive isotopes)
appropriate for a uniform population of adults, and do not account for population
variations such as age-specific differences. A calculation fully accounting for individual
variability of response to radiation exposure is beyond the capability of the MACCS2
code and the scope of this report.

In Table 3, these results are provided for the case in which 100% evacuation of the EPZ
occurs, based on the KLD evacuation time estimate and 2-hour mobilization time
discussed earlier. Table 4 presents the same information for the case where the EPZ
population is sheltered for 24 hours prior to evacuation. Finally, Table 5 presents the
results for the extreme case where no special precautions are taken in the EPZ.

In interpreting the results of these tables, one should keep in mind that the MACCS2 code
uses different radiation shielding factors for individuals that are evacuating, sheltering or
engaged in normal activity. The default MACCS2 parameters (which we adopt in this
study) assume that evacuees are not shielded from the radioactive plume by structures,
since they are mostly outdoors or in non-airtight vehicles during the evacuation.
Individuals who shelter themselves instead of evacuating are shielded to a considerable
extent by structures, but may be exposed to higher levels of radiation overall because
they remain in areas closer to the site of plume release. The MACCS2 default shielding
parameters assume that sheltering reduces doses from direct plume exposure by 40% and
doses from plume inhalation by 67%. The relative benefits of sheltering versus
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evacuation are obviously quite sensitive to the values of the shielding parameters. Finally,
the level of shielding for individuals engaged in "normal activity" falls in between the
levels for evacuation and for sheltering, with reductions in doses from direct plume
exposure and plume inhalation relative to evacuees of 25% and 59%, respectively.

TABLE 3: Terrorist attack at IP 2, MACCS2 estimates of early fatalities (EFs),
latent cancer fatalities (LCFs) and the EF distance resulting from emergency phase

exposures, 100% evacuation of EPZ

Mean 9 5th percentile 9 9 .5th percentile Peak
Consequence:

EFs, within EPZ 527 2,440 11,500 26,200

EFs, 0-50 mi. 696 3,460 16,600 43,700

EF distance (mi.) 5.3 18 24 60

LCFs, within EPZ 9,200 31,600 59,000 89,500

LCFs, 0-50 mi. 28,100 99,400 208,000 518,000

TABLE 4: Terrorist attack at IP 2, MACCS2 estimates of early fatalities (EFs),
latent cancer fatalities (LCFs) and the EF distance resulting from emergency phase

exposures, 24-hour sheltering in EPZ

Mean 9 5 th percentile 99. 5 th percentile Peak
Consequence:

EFs, within EPZ 626 2,550 6,370 13,000

EFs, 0-50 mi. 795 3,250 10,200 38,700

EF distance (mi.) 6.2 18 24 60

LCFs, within EPZ 3,770 9,920 12,100 19,400

LCFs, 0-50 mi. 22,700 81,000 192,000 512,000
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TABLE 5: Terrorist attack at IP 2, MACCS2 estimates of early fatalities (EFs),
latent cancer fatalities (LCFs) and the EF distance resulting from emergency phase

exposures, normal activity in EPZ

Mean 95th percentile 99.5t' percentile Peak
Consequence:

EFs, within EPZ 4,050 12,600 22,300 38,500

EFs, 0-50 mi. 4,220 13,500 27,300 71,300

EF distance (mi.) 9 18 24 60

LCFs, within EPZ 4,480 10,400 12,500 20,300

LCFs, 0-50 mi. 23,400 82,600 193,000 516,000

A comparison of Tables 3 and 4 indicates that sheltering instead of evacuation results in
slightly higher mean early fatalities, but substantially lower 9 9 .5th percentile and peak
values. A possible interpretation of this counterintuitive result is that the higher
percentile early fatality results for the evacuation case correspond to rare situations in
which people evacuate in such a manner as to maximize their radiation exposure (for
instance, if they are unfortunate enough to be traveling directly underneath the
radioactive plume at the same speed and in the same direction). These situations cannot
occur for the sheltering case. Overall, sheltering does appear to substantially reduce the
projected number of latent cancer fatalities within the EPZ relative to evacuation, for the
default MACCS2 shielding parameters.

A comparison of Table 5 to Tables 3 and 4 indicates that either evacuation or sheltering
would substantially reduce the number of early fatalities within the EPZ relative to a case
where no protective actions are taken. Also, by comparing Tables 3 and 5, one sees that
the number of latent cancer fatalities in the EPZ is considerably lower for the normal
activity case than for the evacuation case. There are two reasons for this. First, many
evacuees will receive doses that are not high enough to cause early fatalities, yet will
contribute to their lifetime cancer risk. In the normal activity case, some of these
individuals will receive higher doses and succumb to acute radiation syndrome instead.
Second, the MACCS2 default shielding factors give considerable protection to
individuals engaged in normal activity compared to evacuees, and may not be realistic.57

The peak numbers of latent cancer fatalities for all three cases in the 50-mile zone are
disturbingly high, and are more than double the number in the 99.5 th percentile. But an
examination of the particular weather sequence corresponding to this result indicates that

57 The protection due to shielding has a bigger impact on the number of latent cancer fatalities, which is a
linear function of population dose, than on the number of early fatalities, which is a non-linear function of
dose. Shielding would only prevent early fatalities for those individuals whose acute radiation doses would
be lowered by sheltering from above to below the early fatality threshold.
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the rarity of the event is an artifact of the meteorological data file that we have used, and
not a consequence of very extreme or unusual weather conditions for the New York City
region. We are not disclosing the details of this weather sequence.

The reader may also notice that the values for the "early fatality distance" for the 9 5th

percentile and above are the same in Tables 3-5, but the mean values are not. This is
because the distances for the 95 th percentile and above are all greater than 10 miles, so
that they are not affected by differences in protective actions that apply only within the
10-mile EPZ.

(b) Doses received by individuals outside of the 10-mile EPZ

It is clear from the previous section that direct exposure to the radioactive plume resulting
from a terrorist attack at Indian Point could have severe consequences well beyond the
10-mile EPZ, yet there is no regulatory requirement that local authorities educate
residents outside of the EPZ about these risks, or undertake emergency planning to
protect these individuals from plume exposures. Therefore, individuals who are now at
risk do not have the information that they may need to protect themselves. This is a
shortsighted policy, and in fact is inconsistent with government guidelines for protective
actions in the event of a radiological emergency.

In this section, we calculate the plume centerline thyroid doses to adults and five-year-old
children, and the plume centerline whole-body doses to adults, both at the EPZ boundary
and in midtown New York City. (For a given distance downwind of a release, the
maximum dose is found at the plume centerline.) We then compare these values to the
appropriate protective action recommendations. Thyroid doses are compared to the dose
thresholds in the most recent FDA recommendations for potassium iodide administration
and whole-body doses are compared to the EPA protective action guides (PAGs) for
emergency-phase evacuation. In both cases, the plume centerline doses received to
individuals in New York City are well in excess of the projected dose thresholds that
would trigger protective actions.

(i) Thyroid doses to children, their consequences, and the need for KI distribution

The statistically significant increase in the incidence of thyroid cancer observed among
children exposed to fallout from the Chernobyl disaster leaves little doubt of the causal
relationship between the occurrence of these cancers and the massive release of
radioactive iodine to the environment resulting from the accident.58 The effectiveness of
widespread distribution of stable iodine in the form of potassium iodide (KI) to block
uptake of radioactive iodine i n the thyroid was also confirmed in western areas of Poland,
where the timely administration of KI was estimated to have reduced peak doses from
radioactive iodine by 30%. 9

58 D. Williams, "Cancer After Nuclear Fallout: Lessons from The Chernobyl Accident," Nature Reviews
Cancer 2 (2002), p. 543-549.
59 Board on Radiation Effects Research, National Research Council, Distribution and Administration of
Potassium Iodide in the Event of a Nuclear Incident, National Academies Press, 2003, p. 58.
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In the United States, after resisting public demands for many years, the Nuclear
Regulatory Commission finally agreed in January 2001 to amend its emergency planning
regulations to explicitly consider the use of KI, and to fund the purchase of KI for
distribution within the 10-mile plume exposure EPZs of nuclear plants in states that
requested it. This effort accelerated after the September 11 attacks, as more states
requested the drug, but even today only fewer than two-thirds of the 34 states and tribal
governments that qualify for the KI purchase program have actually stockpiled it. New
York State is one of the participants.

Despite a few attempts in Congress after September 11 to require the distribution of KI in
areas outside of the plume exposure EPZs, the 10-mile limit remains in effect today, and
NRC continues to defend it. In a recent Commission meeting on emergency planning,
NRC employee Trish Milligan said that60

"...the [NRC] staff has concluded that recommending consideration of potassium
iodide distribution out to 10 miles was adequate for protection of the public health
and safety."

Earlier in this briefing, Ms. Milligan provided evidence of the NRC staff's thinking that
led to this conclusion:

61

"When the population is evacuated out of the [10-mile] area and potentially
contaminated foodstuffs are interdicted, the risk from further radioactive iodine
exposure to the thyroid gland is essentially eliminated."

These statements again show that NRC continues to use design-basis accidents, in which
the containment remains intact, as the model for its protective action recommendations.
Although NRC claims that its emergency planning requirements take into account all
potential releases, including those resulting from terrorist acts, it clearly is not taking into
account catastrophic events such as the scenario being analyzed in this report.

These statements also suggest that NRC is committing the fallacy of using the pattern of
radioactive iodine exposure that occurred after the Chernobyl accident as the model for
the pattern that could occur here. In the Chernobyl event, the majority of the thyroid dose
to children occurred through ingestion of contaminated milk and other foodstuffs that
were not interdicted due to the failure of the Soviet authorities to act in a timely manner.
However, the food pathway dominated in that case primarily because of the extremely
high elevation of the Chernobyl plume, which reduced the concentration of radioactive
iodine in the plume and therefore the doses received through direct inhalation.
But as pointed out earlier, the plume from a severe accident at a water-moderated PWR
like Indian Point would probably not rise as high as the Chernobyl plume, and the
associated collective thyroid dose would have a greater contribution from direct plume
inhalation and a lower contribution from milk consumption. In this case, the importance

60 US NRC, "Briefing on Emergency Preparedness Program Status" (2003), transcript, p. 21.
61 Ibid, p.19.
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of KI prophylaxis would increase relative to that of milk interdiction for controlling
overall population exposure to radioactive iodine.

Our calculations clearly indicate that a severe threat to children from exposure to
radioactive iodine is present far beyond the 10-mile EPZ where KI is now being made
available. In Table 6, we present some results of the distribution for plume centerline
thyroid dose to both adults and to five-year-old children at the EPZ boundary and in
midtown Manhattan (32.5 miles downwind). In the last column, we provide the projected
dose thresholds from the most recent guidelines issued by the FDA for KI prophylaxis.

The thyroid dose to five-year-olds due to 1-131 internal exposure was calculated by using
the age-dependent coefficients for dose per unit intake provided in ICRP 72, which are
approximately a factor of five greater than those for adults. The calculation must also
take into account the difference in the rate of intake of air for children and for adults.
Children have lower lung capacities than adults, but they have higher metabolic rates and
therefore breath more rapidly. The higher breathing rate of children tends to partially
offset their lower lung capacity. Data collected by the California Environmental
Protection Agency indicates that on average, children consume air at a rate about 75% of

62that of adults. We have used this figure in our calculation.

TABLE 6: Terrorist attack at IP 2, MACCS2 estimates of centerline thyroid doses
to 5-year-olds resulting from emergency phase exposures (all doses in rem)

Mean 9 5 th 9 9 .5th Peak FDA KI
percentile percentile threshold

Location Age

Outside Adult 1,120 3,400 5,850 9,560 10 (ages 18-40)
EPZ 500 (over 40)
(11.6 mi) 5 years 3,620 10,900 18,000 32,100 5

Midtown Adult 164 429 761 1,270 10 (ages 18-40)
Manhattan 500 (over 40)
(32.5 mi) 5 years 530 1,310 2,500 4,240 5

The results in Table 6 show that the thyroid doses to 5-year-olds are approximately three
times greater than those for adults. This tracks well with information in the World Health
Organization's 1999 guidelines for iodine prophylaxis, which states that thyroid doses
from inhalation in children around three years old will be increased up to threefold
relative to adults.63

62 Air Resources Board, California Environmental Protection Agency, "How Much Air Do We Breathe?",

Research Note #94-11, August 1994. On the Web at www.arb.ca.gov/researchlresnotes/notes/94- 11.htm.
63 World Health Organization, Guidelines for Iodine Prophylaxis Following Nuclear Accidents, WHO,

Geneva, 1999, Sec. 3.3.
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These results make clear that both 9 5 th percentile and mean projected thyroid doses can
greatly exceed the FDA-recommended threshold for KI prophylaxis administration at
locations well outside the 10-mile EPZ, for 5-year-old children and for adults of all ages.
In Manhattan, KI would be recommended for children and adults under 40, based on the
9 5 th percentile projection.

The health consequences of doses of this magnitude to the thyroid would be considerable.
As the 99.5 th percentile is approached, the 5-year-old doses are high enough to cause
death of thyroid tissue. In fact, they are on the order of the doses that are applied
therapeutically to treat hyperthyroidism and other diseases by destroying the thyroid
gland. Children with this condition would require thyroid hormone replacement therapy
for their entire lives. At lower doses, in which cells are not killed but DNA is damaged,
the risk of thyroid cancer to children would be appreciable. According to estimates
obtained from Chernobyl studies, a 95th percentile thyroid dose of 1,310 rem to a 5-year-
old child in Manhattan would result in an excess risk of about 0.3% per year of
contracting thyroid cancer.64 Given that the average worldwide rate of incidence of
childhood thyroid cancer is about 0.0001% per year, this would represent an impressive
increase.

These results directly contradict the reassuring statements by NRC quoted earlier. But it
is no secret to NRC that such severe thyroid exposures can occur as the result of a
catastrophic release. Results very similar to these were issued by NRC staff in 1998 in
the first version of a draft report on the use of KI, NUREG-1633.65 This draft included a
Section VII entitled "Sample Calculations," in which the NRC staff estimated the
centerline thyroid doses at the 10-mile EPZ boundary from severe accidents using the
RASCAL computer code. Table 5 of the draft report shows that the NRC's calculated
dose to the adult thyroid at the 10-mile limit ranged from 1500 to 19,000 rem for severe
accidents with iodine release fractions ranging from 6 to 35%, for a single weather
sequence.66 In the introductory section, the report states that "doses in the range of
25,000 rad are used to ablate thyroids as part of a therapeutic procedure. Such thyroid

,,67doses are possible during severe accidents. NRC's results are even more severe than
ours, which were obtained using the NRC revised source term, with a higher iodine
release fraction of 67%.

Given NRC's reluctance to provide information of this type to the public, it is no surprise
that the Commission withdrew the draft NUREG- 1633 and purged it from its web site,
ordering the issuance of a "substantially revised document" taking into account "the
many useful public comments" that it received.68 Lo and behold, the second draft of

64 The average excess absolute risk per unit thyroid dose for children exposed to Chernobyl fallout has been

estimated 2.1 per million children per rad. D. Williams, op cit., p. 544.
65 F.J. Congel et al., Assessment of the Use of Potassium Iodide (KI) As A Public Protective Action During

Severe Reactor Accidents, Draft Report for Comment, NUREG-1633, US Nuclear Regulatory Commission,
July 1998.
66 Ibid, p. 26.
67 Ibid, p. 6.
68 US NRC, "Staff Requirements --- Federal Register Notice on Potassium Iodide," SRM-COMSECY-98-

016, September 30, 1998.
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NUREG-1633, which was rewritten by Trish Milligan and reissued four years later,
mysteriously failed to include Section VII, "Sample Calculations," as well as all
information related to those calculations (such as the clear statement cited earlier that
thyroid doses in the range of 25,000 rad are possible during severe accidents).6' This
took place even though the Commission's public direction to the NRC staff on changes to
be incorporated into the revision made no explicit reference to this section.7 0 However, it
is clear that the expurgated information would be inconsistent with NRC's previous
rulemaking restricting consideration of KI distribution only to the 10-mile zone. Even
after this exercise in censorship, the Commission still voted in 2002 to block release of
the revised draft NUREG- 1633 as a final document.

Some insight into the level of understanding of the health impacts of a catastrophic
release of radioactive iodine of the current Commission can be found in the statement of
Commissioner McGaffigan in voting to delay release of the revised NUREG- 1633 for
public comment. In his comments, McGaffigan wrote7 1

"Both WHO [the World Health Organization] and FDA set the intervention level
on KI prophylaxis for those over 40 at 5 gray (500 rem) to the thyroid ... Since
we do not expect, even in the worst circumstances, any member of the public to
receive 500 rem to the thyroid, it would be useful for FDA to clarify whether we
should plan for KI prophylaxis for those over 40." [Emphasis added.]

This statement is not consistent with what is known about the potential consequences of a
severe nuclear accident. Few experts would claim that such high doses cannot occur
"even in the worst circumstances," and the NRC's own emergency planning guidance is
not intended to prevent such doses in all accidents, but only in most accidents. Given that
the Commissioner presumably read the first draft of NUREG-1633, he would have seen
the results of the staff's thyroid dose calculations and other supporting material. There is
no discussion in the public record that provides a rationale for Commissioner
McGaffigan's rejection of the informed judgment and quantitative analysis of his
technical staff.

In 2003, at the request of Congress a National Research Council committee released a
report addressing the issue of distribution and administration of KI in the event of a
nuclear incident.72 Most notably, the committee concluded that73

"1. KI should be available to everyone at risk of significant health consequences
from accumulation of radioiodine in the thyroid in the event of a radiological
incident...

69 US NRC, "Status of Potassium Iodide Activities, SECY-01-0069, Attachment 1 (NUREG-1633, draft for

comment; prepared by P.A. Milligan, April 11, 2001).7 ' US NRC, SRM-COMSECY-98-016.
71 US NRC, Commission Voting Record on SECY-01-0069, "Status of Potassium Iodide Activities," June
29, 2001.
72 National Research Council (2003), op cit.
71 Ibid, p. 5.
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2. KI distribution programs should consider ... local stockpiling outside the
emergency planning zone ...

While the committee did not itself take on the politically sensitive question of how to
determine the universe of individuals who would be "at risk of significant health
consequences," it did recommend that "the decision regarding the geographical area to be
covered in a KI distribution program should be based on risk estimates derived from
calculations of site-specific averted thyroid doses for the most vulnerable populations."74

This is the type of information that we provide in Table 6 (and the type that NRC struck
from draft NUREG-1633). We hope that the information in our report provides a starting
point for state and local municipalities to determine the true extent of areas that could be
significantly affected by terrorist attacks at nuclear plants in their jurisdiction and to
make provisions for availability of KI in those regions. Our calculations show that New
York City should be considered part of such an area.

However, even timely administration of KI to all those at risk can only reduce, but cannot
fully mitigate, the consequences of a release of radioactive iodine resulting from a
terrorist attack at Indian Point. The projected dose to individuals who undergo timely KI
prophylaxis can be reduced by about a factor of 10. A review of the results of Table 6
shows that doses and cancer risks to many children in the affected areas will still be high
even after a ten-fold reduction in received dose. And KI can only protect people from
exposure to radioactive iodine, and not from exposure to the dozens of other radioactive
elements that would be released to the environment in the event of a successful attack.

(ii) Whole-body doses and the need for evacuation or sheltering

In addition to KI distribution, the other major protective action that will be relied on to
reduce exposures following a terrorist attack at Indian Point is evacuation of the
population at risk. In Table 7, we present the results of our calculation for the projected
centerline whole-body "total effective dose equivalents" (TEDEs) just outside the EPZ
boundary and in downtown Manhattan, and compare those with the EPA recommended
dose threshold for evacuation during the emergency phase following a radiological
incident. As in the discussion of projected thyroid doses and KI prophylaxis, we find that
projected centerline TEDEs would exceed the EPA Protective Action Guide (PAG) for
evacuation of 1-5 rem at distances well outside of the 10-mile plume exposure EPZ
within which NRC requires evacuation planning.

74 Ibid, p. 162.
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TABLE 7: Terrorist attack at IP 2, MACCS2 estimates of adult centerline whole-
body total effective dose equivalents (TEDEs) resulting from emergency phase

exposures (all doses in rem)
I

Mean 9 5 th percentile 9 9 .5th percentile Peak EPA
PAG

Location

EPZ boundary 198 549 926 1,490 1-5
(11.6 mi)
Midtown Manhattan 30 77 131 307 1-5
(32.5 mi)

From the results in Table 7, it is clear that according to the EPA early phase PAG for
evacuation of 1-5 rem, evacuation would be recommended for individuals in the path of
the plume centerline not only outside of the EPZ boundary, but in New York City and
beyond. An individual in Manhattan receiving the 9 5 th percentile TEDE of 77 rem during
the emergency phase period would have an excess absolute lifetime cancer fatality risk of
approximately 8%, which corresponds to a 40% increase in the lifetime individual risk of
developing a fatal cancer (which is about one in five in the United States).

We now examine the potential reduction in health consequences that could result from
evacuation of a larger region than the current 10-mile EPZ by considering a case in which
the boundary of the plume exposure EPZ is expanded from 10.7 to 25 miles. We
calculate the impact of different protective actions in this region on the numbers of early
fatalities and latent cancer fatalities among the population within the expanded EPZ but
outside of the original 10-mile EPZ. The residents of the expanded EPZ are assumed
either (1) to evacuate with the same mobilization time and at the same average speed as
the residents of the original EPZ, or (2) to shelter in place for 24 hours and then evacuate.
The results are provided in Table 8.

TABLE 8: Terrorist attack at IP 2, MACCS2 9 5th percentile estimates of early
fatalities (EFs) and latent cancer fatalities (LCFs) resulting from emergency phase

exposures; 25-mile EPZ

Normal Evacuation Sheltering
activity for 24 hrs

Consequence:

EFs, 10.7-25 mi 664 0 0

LCFs, 10.7-25 mi 19,800 45,700 9,020
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These results indicate that evacuation and sheltering are equally effective in eliminating
the risk of early fatalities among residents of the 10.7-25 mile region for the 9 5 th

percentile case. On the other hand, one sees that evacuation also tends to increase the
number of latent cancer fatalities relative to normal activity, while sheltering reduces the
number. Thus for this scenario, it appears that sheltering of individuals in the 10.7-25
mile region would be preferable to evacuation of this region for the MACCS2 evacuation
and sheltering models we use here. This is consistent with the results we obtained earlier
when considering the comparative impacts of evacuation and sheltering of residents of
the 10-mile EPZ, again indicating that evacuation tends to increase population doses by
placing more people in direct contact with the radioactive plume. However, other models
and other shielding parameter choices may lead to different conclusions. We would urge
emergency planning officials to evaluate an exhaustive set of scenarios, and to conduct a
realistic and site-specific assessment of the degrees of shielding that structures in the
region may provide, to determine what types of actions would provide the greatest
protection for residents of regions outside of the 10-mile EPZ.

(c) Long-term economic and health consequences

In this section we provide MACCS2 order-of-magnitude estimates of the economic costs
of the terrorist attack scenario, the numbers of latent cancer fatalities resulting from long-
term radiation exposures (primarily as a result of land contamination), and the number of
people who will require permanent relocation. NRC has used MACCS2 to estimate the
economic damages of reactor accidents for various regulatory applications. 75

There is no unique definition of the economic damages resulting from a radiological
contamination event. In the MACCS2 model, which is a descendant of the CRAC2
model, the total economic costs include the cost of decontamination to a user-specified
cleanup standard, the cost of condemnation of property that cannot be cost-effectively
decontaminated to the specified standard, and a simple lump-sum compensation payment
to all members of the public who are forced to relocate either temporarily or permanently
as a result of the attack. Although simplistic, this model does provide a reasonable
estimate of the order of magnitude of the direct economic impact of a successful terrorist
attack at Indian Point.

(i) EPA Protective Action Guide cleanup standard

We first employ the long-term habitability cleanup standards provided by the EPA
protective action guide (PAG) for the "intermediate phase," which is the period that
begins after the emergency phase ends, when releases have been brought under control
and accurate radiation surveys have been taken of contaminated areas. The EPA
intermediate phase PAG recommends temporary relocation of individuals and
decontamination if the projected whole-body total effective dose equivalent (TEDE) (not
taking into account any shielding from structures) over the first year after a radiological

75 US NRC, Office of Nuclear Regulatory Research, Regulatory Analysis Technical Evaluation Handbook,
NUREG/BR-0184, January 1997, p. 5.37.
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release would exceed 2 rem. The EPA chose this value with the expectation that if met,
then the projected (shielded) TEDE in the second (and any subsequent year) would be
below 0.5 rem, and the cumulative TEDE over a fifty-year period would not exceed 5
rem.

The MACCS2 economic consequence model evaluates the cost of restoring contaminated
areas to habitability (which we define as reducing the unshielded TEDE during the first
year of reoccupancy to below 2 rem), and compares that cost to the cost of condemning
the property. All cost parameters, including the costs of decontamination, condemnation
and compensation, can be specified by the user. We employ an economic model partly
based on parameters developed for a recent study on the consequences of spent fuel pool
accidents. 76 The model utilizes the results of a 1996 Sandia National Laboratories report
that estimates radiological decontamination costs for mixed-use urban areas. 77 We refer
interested readers to these two references for information on the limitations and
assumptions of the model.

The SECPOP2000 code, executed for the Indian Point site, provides the required site-
specific inputs for this calculation, including the average values of farm and non-farm
wealth for each region of the MACCS2 grid, based on 1997 economic data. These values
are used to assess the cost-effectiveness of decontaminating a specific element versus
simply condemning it.

Table 9 presents the long-term health and economic consequences calculated by
MACCS2 for a region 100 miles downwind of the release, considering only costs related
to residential and small business relocation, decontamination and compensation. Since
the calculation was performed using values from a 1996 study and from 1997 economic
data, we have converted the results to 2003 dollars using an inflation adjustment factor of
1.10. Because of significant uncertainties in the assignments of parameters for this
calculation, the results in Table 9 should only be regarded as order-of-magnitude
estimates. The reader should note that the latent cancer fatality figures in Table 9 result
from doses incurred after the one-week emergency phase is over, and therefore are
additional to the numbers of latent cancer fatalities resulting from emergency-phase
exposures reported previously in Tables 3 to 5.

76 j. Beyea, E. Lyman and F. von Hippel, "Damages from a Major Release of 137Cs into the Atmosphere of

the United States," Science and Global Security 12 (2004) 1-12.
77 D. Chanin and W. Murfin, Site Restoration: Estimates of Attributable Costs From Plutonium Dispersal
Accidents, SND96-0057, Sandia National Laboratories, 1996.
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TABLE 9: Terrorist attack at IP 2, MACCS2 estimates of long-term economic and
health consequences, EPA intermediate phase PAG (< 2 rem in first year; approx. 5

rem in 50 yrs)

Mean 95th percentile 9 9 .5 th percentile Peak
Consequence

Total cost, 0-100 mi $371 billion $1.17 trillion $1.39 trillion $2.12 trillion
(2003 $)
People permanently 684,000 3.19 million 7.91 million 11.1 million
relocated
LCFs, 0-100 mi 12,000 41,200 57,900 84,900

Plume Centerline 4.57 7.04 7.18 7.42
50-year TEDE (rem)

One can see from Table 9 that imposition of the EPA intermediate phase PAG does result
in restricting the mean 50-year cumulative TEDE to below 5 rem, but that this limit is
exceeded for the higher percentiles of the distribution. Thus for a terrorist attack at the
9 5th percentile, the subsidiary goal of the EPA intermediate phase PAG is not met.

(ii) Relaxed cleanup standard

In the recent NRC meeting on emergency planning described earlier, NRC staff and
Commissioners questioned claims by activists that a severe nuclear accident would
render large areas "permanently uninhabitable," arguing that the radiation protection
standard underlying that determination is too stringent compared to levels of natural
background radiation to which people are already exposed.

For instance, Trish Milligan said that78

"There's been a concern that a radioactive release as a result of a nuclear power
plant accident will render thousands of square miles uninhabitable around a plant.
It is true that radioactive materials can travel long distances. But it is simply not
true that the mere presence of radioactive materials are [sic] harmful... the
standard applied to this particular claim has been a whole body dose of 10 rem
over 30 years, or approximately 330 millirem per year. This dose is almost the
average background radiation dose in the United States which is about 360
millirem per year. Some parts of the country have a background radiation dose
two or more times higher than the national average. So in effect this additional
330 millirem dose is an additional year background dose or the difference in dose

78 US NRC, Briefing on Emergency Preparedness (2003), op cit., transcript, p. 22.
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between someone living in a sandy coastal area or someone living in the Rocky
Mountains."

Ms. Milligan does not note that her opinion of an acceptable level of radiation is not
consistent with national standards, such as the EPA PAGs. The EPA long-term goal of
limiting chronic exposures after a radiological release to 5 rem in 50 years corresponds to
an average annual exposure of 100 millirem above background, while she implies that
even a standard of 330 millirem per year, which would double the background dose on
average, is unnecessarily stringent.

However, we can evaluate the impact of weakening the EPA PAGs for long-term
exposure on costs and risks. In Table 10, we assess the impact of adopting a long-term
protective action guide of 25 rem in 50 years, or an average annual dose of 500 millirem
per year. By comparing the 9 5 th percentile columns in Table 10 and Table 9, one can see
that relaxing the standard would modestly reduce the post-release cleanup costs by about
25% and drastically reduce the number of relocated individuals by 90%. However,
weakening the standard would nearly triple the number of long-term cancer deaths among
residents of the contaminated area. Cost-benefit analyses of proposals to weaken long-
term exposure standards should take this consequence into account.

TABLE 10: Long-term economic and health consequences of a terrorist attack at
IP 2, relaxed cleanup standard (25 rem in 50 years)

Mean 95th percentile 9 9 .5th percentile Peak
Consequence:

Total cost, 0-100 mi $249 billion $886 billion $1.14 trillion $1.50 trillion
(2003 $)
People permanently 118,000 334,000 1.86 million 7.98 million
relocated
LCFs, 0-100 mi 36,300 115,000 169,000 279,000

(d) An even worse case

The previous results were based on the analysis of a terrorist attack that resulted in a
catastrophic radiological release from only one of the two operating reactors at the Indian
Point site. However, it is plausible that both reactors could be attacked, or that an attack
on one could result in the development of an unrecoverable condition at the other. Here
we present the results of a scenario in which Indian Point 3 undergoes a similar accident
sequence to Indian Point 2 after a time delay of just over two hours. This could occur, for
example, if Indian Point 3 experienced a failure of its backup power supplies at the time
that Indian Point 2 was attacked. Given the loss of off-site power at the same time,
Indian Point 3 could experience a small-break LOCA and eventually a core melt,
commencing about two hours after accident initiation. We assume that the attackers
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weaken the IP3 containment so that it ruptures at the time of vessel failure. In Table 11,
we present the results of this scenario for the case of full evacuation of the EPZ.

As bad as this scenario is, it still does not represent the worst case. If any or all of the
three spent fuel pools at the Indian Point site were also damaged during the attack, the
impacts would be far greater, especially with regard to long-term health and economic
consequences.

TABLE 11: Terrorist attack at IP 2 and 3, MACCS2 estimates of early fatalities
(EFs) and latent cancer fatalities (LCFs) resulting from emergency phase exposures,

100% evacuation of EPZ

Mean 9 5 th percentile 9 9 .5th percentile Peak
Consequence:

EFs, within EPZ 925 4,660 18,400 34,100

EFs, 0-50 mi. 1,620 8,580 30,900 78,400

EF, distance (mi.) 9.1 21 29 60

LCFs, within EPZ 14,800 42,900 75,100 122,000

LCFs, 0-50 mi. 53,400 180,000 342,000 701,000
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CONCLUSIONS

In conclusion, we make the following observations.

1) The current emergency planning basis for Indian Point provides insufficient protection
for the public within the 10-mile emergency planning zone in the event of a successful
terrorist attack. Even in the case of a complete evacuation, up to 44,000 early fatalities
are possible.

2) The radiological exposure of the population and corresponding long-term health
consequences of a successful terrorist attack at Indian Point could be extremely severe,
even for individuals well outside of the 10-mile emergency planning zone. We calculate
that over 500,000 latent cancer fatalities could occur under certain meteorological
conditions. A well-developed emergency plan for these individuals, including
comprehensive distribution of potassium iodide throughout the entire area at risk, could
significantly mitigate some of the health impacts if promptly and effectively carried out.
However, even in the case of 100% evacuation within the 10-mile EPZ and 100%
sheltering between 10 and 25 miles, the consequences could be catastrophic for residents
of New York City and the entire metropolitan area.

3) The economic impact and disruption for New York City residents resulting from a
terrorist attack on Indian Point could be immense, involving damages from hundreds of
billions to trillions of dollars, and the permanent displacement of millions of individuals.
This would dwarf the impacts of the September 11 attacks.

4) The potential harm from a successful terrorist attack at Indian Point is significant even
when only the mean results are considered, and is astonishing when the results for 95th

and 99.5th meteorological conditions are considered. Given the immense public policy
implications, a public dialogue should immediately be initiated to identify the protective
measures desired by the entire affected population to prevent such an attack or effectively
mitigate its consequences should prevention fail. As this study makes abundantly clear,
this population extends far beyond the 10-mile zone that is the focus of emergency
planning efforts today.

We hope that this information will be useful for officials in the Department of Homeland
Security as it carries out its statutory requirement to conduct a comprehensive assessment
of the terrorist threat to the US critical infrastructure, as well as for health and emergency
planning officials in New York City and other areas that are not now currently engaged in
emergency preparedness activities related to a terrorist attack at Indian Point.
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Indian Point Energy Center
Status Report

September 6j 2007

Operational Status

0 Indian Point Unit 2 is operating at 100 percent power and has been online
for 99 days. Unit 3 is operating at 100 percent reactor power and has been
on line for 127 days.

IP2 Transfer Canal Inspection Reveals Probable Leak

During a vacuum box test of the Indian
Point Unit 2 transfer canal liner, a pinhole
defect was identified on the North wall
approximately 25 feet from the top of the
canal. The suspected leak is in an area
around a 2-inch weld that seals an
embedded stud, which attaches the liner to,
the surrounding concrete structure.
Inspectors are entering the transfer canal
today to conduct additional tests of the
weld.

A worker at Indian Point is lowered into a
The transfer canal is used to move fuel man basket in the IP2 transfer canal to
assemblies between the reactor cavity and conduct an inspection of the steel liner.
the spent fuel pool. The canal is about 40
feet deep and about 20 feet long. The The liner inspection is part of the overall

transfer canal was drained to allow the groundwater investigation

inspection of the liner.

Energy began the transfer canal inspection
in early June and has completed a video

examination of the canal that identified
several areas which prompted further
investigation.

Entergy has been conducting a number of
inspections of the transfer canal surface to
look for potentials defects. If further tests
confirm that there is a through wall leak, a
repair plan will be developed to fix the
leak.



Entergy

The various inspections, including ultrasonic testing and vacuum box testing, is
about 25 percent complete. Entergyis continuing the inspections of the entire fuel
transfer canal which is expected to take an additional 4-6 weeks.

Educational Outreach

Ent~rgy Nuclear provides customized outreach education programs for schools,
youth groups, and civic organizations. The topics we cover include Emergency
Planning; Understanding Radiation, Nuclear Fuel and a general overview of the
operations of Indian Point Energy Center. If you would like a brochure or are
interested in scheduling a program, contact IPEC Communications at 914-271 -
7441.

If you have any questions or need clarification of the information provided, please
contact Kathy McMullin, manager of communications, Indian Point Energy
Center, at 914-271-7132.
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Indian Point Groundwater Contamination Proiect Status - 11/3/2006 JDN

1. Recovery well pump test to conclude today. Initial indications indicate successful local drain
suppression will encompass the entire footprint of the Unit 2 SFP and could serve as an
effective remediation point for SFP leakage and serve as a future leak detection system. To
serve as a future leak detection system, either the levels of tritium concentration would need to
be reduced (to enable detection of any new leaks), which could be accomplished by periodic
remediation pumping and then sampling; or find and fix the current leak in the SFP. Current
evidence indicates the fuel transfer canal may be a success path in that regard. Eddy current
testing of the visual indications and subsequent repair will occur during the first quarter 2007.
The Unit 1 leaking spent fuel pool Sr-90 levels have been reduced by demineralization to 2900
pCi/L and the spent fuel is scheduled to be removed during the fourth quarter 2007 with
subsequent draining of the leaking spent fuel pool during the first quarter of 20.08.

2. Final monitoring well installation still requires drilling MW-61, and developing and installing
waterloo packer units in 9 remaining wells. .This will be completed by the end of 2006. The
final site characterization evaluation report is currently projected to be published by April 30,
2007.

Monitoring well groundwater sampling data indicates a tritium plume leading from the Unit 2
SFP directly to the Hudson River (220,000 at the source MW down to 45,000 pCi/L at MW by
the river). Associated with Unit 1, there is a Sr-90 and H-3, two-part plume. There is a tritium
plume associated with Unit 1 from the north curtain drain from 13,000 pCi/L and extending
toward the discharge canal down to 2,000 pCiIL and a corresponding Sr-90 plume from 110
pCi/L down to 19 pCi/L by the river. Since cleanup of the leaking Unit 1 SFP water in June
2006, the Sr-90 plume level has dropped to 13 pCi/L near the source down to 8 pCi/L by the
river. A secondary Unit 1 groundwater plume is narrow extending towards the Unit 3 auxiliary
building. This linear plume is 3,000 pCi/I tritium and 2.8 - 1 pCi/L Sr-90. The licensee believes
this plume is directly in line with a storm drain discharge pipe from the north curtain drain
system that was rerouted in 1994 and may still be providing a discharge path in the associated
pipe trench. They believe this is still an active leak, because the Sr-90 level has decreased
since reducing the Sr-90 concentration in the leaking Unit 1 SFP in June. The licensee is
investigating confirmation of the cause and mitigation of this Unit 1 plume source.

3. Other remaining licensee action items include:

The licensee will conduct a tracer test from two Unit 1 locations (on the north and south sides Of:
the Unit 1 SFP) and 1 Unit 2 location (MW-30) beginning in early December 2006, and will
require monitoring for up to 13 weeks to allow natural groundwater migration and detection in
the monitoring wells. This test should confirm the site characterization model or indicate other
areas of investigation. Results from this test will be part of the final geo-hydrology report
expected by April 30, 2007.

A long term site monitoring plan has been under development and should be approved by the
end of November 2006. Changes to the REMP and RETS program are also included in this
plan which provides for offsite dose calculations from current or future monitored releases.

The Unit 2 PAB sump is planned to be lined with a stainless steel liner to preclude any releases
from this location as a preventative measure. The Unit 1 containment spray sump will be
outfitted with a sampling port and transducer to measure groundwater level to provide
intelligence on any future water intrusion to this currently drained sump.
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ORISE Miscellaneous Sample Results (pCiA for water or pCi/g for sed. or pCi/g wet wl. for veg. and fish) 8/08/07

Al A
1

'C D E F G H J K L M N P Q R S T
Z~TT - .f 1 1 1 1 t----T 1

3 Sample ID Sample Date 244 U-234 I U-238Ni-59 Ni-63 I Tc-99 I No-237 Pu-238 Pu-239/240 Pu-241 Am-24
4
5 U-2 MH-5 - 04/17/06 120±230 -9±16 0.12±O046 1.0±2.8 1.7±2.3 :1.5±63 -1.2±5. 2±19 -0.03±0.05 0.13±0.10 -0.01±0.06 0±14 -0.07±0.13 0.04±0.05 --0.03±0.13 10,20-±010 0.20±0.10
6

7

Hudson )@MH 1
Discharge

Sediment @
MHA-

Discharge

04/18/06 -210±210 2±16 0.58+0.55 -3.6±4.0 1.1±2.2 -5±35 1.5±5.8 1.5±5.9 -1±19 0.01±0.04 0.10±0.10 0.05±0.04 6±14 0.05±0.10 0.01±0.05 -0.02±-0.09 0.04±0.06 0,05±0.04
1 r T T ~1 I t 1 I I + -t I I I- +

04/18/06 4.3±2.7 -0.3±1.3 0.01±0.13 0.06±0.04 0.00±0.04 NotAnalyzed -0.39±0-91 -0.05±1.1 025±0.181 0.00±0.01 0.03±0.02 0.01±0.01 42±3.5 0.06±0.04 1 0.09±0.04 0.14±-0.05 0.48-±0.07 1 0.56±0.08

U-1 Cont. Spray
8 Sump Bottom 05103/06 1880±310 -6±16 352±11 2,895±91 2.5±3.7 -56±28 -9.2±2.6 24,2±3.5 1.9±8.9 0.03±0.05 0.09±0.09 0.01±0.03 -2±13 -0.01±0.12 0.03±0.06 -0.01±0.11 0.43±0.12 0.51±+0.13

Layer
U-1 Cont. Spray_

9 SumpBulk 05/03/06 1.800±310 1±16 349--11 2,870±90 -0.1:2.3 -43±28 -72±2.6 24.4±3.5 240±21 -0.06-+0.06 0.07±O.10 0.00±0.05 2±15 0,01±0.11 0.01±0.06 0.00±0.09 0.41±0.13 0.41±0.12
Layer

10 U-2 MH-5 05/04/06 2,210±330 -15±16 0.18±0.55 0.1±2.7 -0.2±1.6 -60±28 -0.6±2.7 -1,4±2.6 10.7±9.2 -0.05±0.04 0.11±0.09 0.05±0O.05 3±13 0,04±0.20 -0.14±0.13 0.02±0.15 0.32±0.11 0.33±+0.11
11 Sediment@1 Verplank 05/10/06 0.0±1.7 0.45±08.7 -0.02±0.10 0,21±0.03 0.01±0.02 Not Analyzed 0.7030.95 -1,0±1.1 0.12±0.18 0.00±0.01 0.01±0.02 0.01±0.01 1.7±3.5 0,02±0.04 0.02±0.02 0.01±0.04 0.42±0.07 0.40±0.07

12 Sediment@
12 Whitenach 05/10/06 0.8±1.7 0.59±0.86 0.01±0.11 0.01±0.01 0.03±0.02 NotAnalyzed -0.71±0.93 -0.5±1.1 0.03±0.18 0.00±0.01 0.01±0.02 0.01±0.01 4.6±4.0 0,01±0.04 -0.01±0.02 -0.02±0.03 0.26±0.05 0.34±0.06W3iSediment@

13 Manitou 05/10/06 -0.4±1.5 0.51±0.82 0.12±0.12 0.10±+0.02 -0.01±0.02 NotAnalyzed -1.26±0.90 -0,3±1.1 0.07±0.18 -0.01-+0.02 0.00±0.03 0,00±0.02 1.3±6.2 -0.02-0.03 -0.01±0.01 -0.01±0.02 1.42±0.14 1.37±0.14

14 Sediment@ 05/10/06 0.5±1.8 0-20±0.92 0.08±t0.11 0.06±0.02 -0.01±0.03 Not Analyzed -0.70±0.91 0.1±1.1 0.13±+0.17 0.01±0.01 0.05±,0.03 0.00±0.01 -0.3±4.0 0.02±0.04 0,01±0.02 0.01±0.04 1.53±0.16 1.41±0.15
Lent's Cove

15 LaFarge MW-1 06/06/06 150±t230 -0.4±0.53 2.9W2.3 -0.8±t2.3 -26±23 -19.8±5.9 5.1±7.2 23±19
16 LaFarge MW-2 06/06/06 80±220 0.54±0.60 -1.4±3.5 -0.7±2,2 -9±23 -13.2±6.0 1.8±7.2 14±19
17 LaFa e MW-3 06/06/06 190±230 -0.18:0.56 0.1±2.3 -17±2.74 -2±23 -8.3±&.0 -1.2±7.1 13±19

18 Water@ 06/14/06 1.3±4.9 0.3±4.9Verplank

19 Vegetation @
19 Verplank 06/14/06 36.4±8.0) -0.01±+0.01 0.15±0.13 0.08±0.10 -0.02±0.02 0.02±0.03

Water @ Lent's

20 Cove 06/14/06 0.4±7.1 3.6±7.5

21 Vegetation @ 06/14/06 22.9±4.1 0.00±0.04 0.08±0.04 -0.01±0.03 -0.18±0.07 0.06±0.12tent's Cove I____

22 Discharge 0/07/06 -50±200 0.1±9.0 0.20±0.45 1.3±1.5 -1.4±2.4 8±26 -13.3±5.4 10.5±8.7 4.3±0.3 0.00±0.02 0.05±0.04 0.03±0.03 2±12 0.06±0.05 0.02±0.03 0.03±0.03 0.14-0.07 0.17±0.06
22 Canal

23 Fish-Percht@ 09/15)06 0.01±0.01 0.00±0.00 0.00±0.00
Indian Point 9/_00 . .

24 Fish-Catfish @0 0.01±0.01 0.010.01 0.01±0.01
Indian Point 09/15/06

25 LaFarge MW-1 09119/06 -94±230 0.5±9.7 0.10±0.52 .1.2±.2.1 3.8±2.9 -6±19 1.0±5.1 0.38.2 -2.7±9.0 0.00±0.01 0.01±0.03 0.03±0.02 -2.7±7.9 0.03±0.04 0.00±0.03 -0.02±-0.04 0.67±0.10 0.73t0.11
26 LaFarge MW-2 09119106 -220±230 1.4±'9.7 0.97±tO.55 0.5±2.2 2.2±4.6 -1±19 -0.7±5.1 2.0±8.3 -0.5±+9.1 0.00±0.04 0.04±0.05 0.03±0.03 -6.4±7.8 -0.02±-0.05 0.00±0.03 0.00±0.03 26.3±2.1 17.1±1.4
27 LaFarge MW-3 09/19/06 -40±240 8.3±9.8 -0.17±0.45 -0.7±1.6 0.7±1.6 2±19 -17.4±4.9 2.6±8.3 2.8±9.1 -0.06±-0.04 0.03±0.03 0.00±0.02 -2.5±8.2 0.02±0.03 0.01±0.02 0.00±0.01 0.56±0.12 0.48±0.10
28 LaFarge MW-1 12/04/06 -50±220 7.9±9.6 0.32±0.52 -0.6±2.2 0.5±2.5 0±18 -1.8+-62 1.6±8.9 -0.10±0.19 -0.10+0.24 0.16±0.12 14±30 0.00±0.19 0.09±0.11 0.09±0.17 2.88±+0.54 2.68±0.51
29 LaFarge MW-2 12/04/06 -80±220 3.7±9.4 0.36±0.48 -2.2±4.2 0.5±.2.0 5±18 2.7±6.3 8.9±9.1 -0.10±0.21 0.14±0.15 0.04±0.08 -1±31 0.08±0.25 -0.02±0.15 0.02±021 24.6±2.4 16.2±1.7
30 LaFarge MW-3 12/04/06 130±230 5.0±9.5 0.13±0.48 -02±11.6 2.0±1.6 -2±18 -1.1±6.3 10.2±9.2 -0.35±0.20 0.12±0.17 0.05±0.09 3±30 0.10±0.11 0.10±0.09 -0.06±0.09 10.98±+0.29 0.68±0.24
31 RO-18 12/05/06 110±210 0±12 -0.10-+0.37 0.2±3.1 0.9±2.4 1±19 1.9±5.7 -1,8±8.1 0.02±0.08 0.07±-0.20 -0.02±0.03 3:35 0.110O.18 0.00±0.09 0.07±0.17 0.14_0.11 0.06±0.09
32 RO-543050' 12/05/06 260W220 4±12 0.18±0.39 -0.4±2.1 0.8±2.2 -5±19 1.4±5.7 6.4±8.3 -0.02±0.08 -0.02±0.201 -0.04±0.07 28±34 0.17±0.21 -0.0210.101 0.06±0.16 0.65±0.27 0.45±0.19
33 RO-543(0.95' 12/05/06 200±210 4±12 0.29±0.36 -1.8±4.3 0.4±2.2 6±20 -5.0±5.5 5.0±8.3 1 0.02±0.08 -0.02±0.18 -0.02±0.06 -13±35

0.00±-0.08 0.04±0.06 8±33
M±0 26

Ft IA,.nntnnm.,.=rv 191eRIRR AN+•Ne ~.I9 I llna+tvsa 2.3±2.5 0.9±1.7 4±20 0.4±5.6 2.7±8.2 1 0.04±0.08 1±0.19
34 FtMontomer 12/05/06 50±200 6±12 -008±0
35 P-1217 12/06/06 80±200 4±12 0.09:0.39I 2.3±5.7 3.4±8.2 0.00±0.08 0.05±0.11 -0.05±0-.111 -0.12±0.16 10.2110.25 1 0.08±O.09

36

39 F
40
41

42
43
44
45
46
47

48

NOTE: Reported uncertainties am ± two sigma total propagated uncertainties.



ORISE Results for Onsite Wells (pCi/i) (8/8/07)

A A B 3 C D E FG H I J K L M N 0 P Q R

2
3 Sample ID Sample Date H-3 C-14 Sr-90 Cs-137 Co-60 Fe-55 Ni-59 Ni-63 Tc-99 Np-237 Pu-238 Pu-239/240 Pu-241 Am-241 Cm-242 Cm-243/244

5 MW-111 09129105 216,800+2,800 1.4±1.2 0.9±2.9 3.5±3.1
6 MW-111 10/14/05 7,290±410 1.1±1.3 -2.1±3.6 1.8±2.2
7 MW-101 12/08/05 70±120 0.2±1.1 -1.4±5.3 2.5±3.6
8 MW-105 12/08/05 -10±120 -0.2±1.2 0.4±2.9 1.5±3.3
9 MW-107 12/08/05 130±120 0.8±1.2 -1.1±2.4 -0.2t2.6
10 MW-38 12/08/05 740±130 0.4±1.2 -0.7±3.0 0.3±3.3
II MW-30 02/07/06 491,400±5,100 0.7±1.0 -0.5±5.2 1.0±5.9
12 MW-31 02/07/06 32,910±470 0.2±1.1 1.2±5.2 -4.4±6.4
13 MW-32 02/07/06 17,900±310 0.2±1.1 -1.3±5.2 -1.6±5.8 I
14 MW-33 02/07/06 222,700±2,400 1.0±1.2 -0.1±4.5 1.8±4.8
15 MW-34 02/07/06 174 700±1,900 0.3±1.0 -1.7±5.3 1.3±5.4
16 MW-35 02/07/06 84,530±990 -0.1±1.1 -4±11 5.9±5.9
17 MW-36 02/07/06 21,710±350 2.4±1.2 -6±10 4.2±6.6
18 MW-11 02/07/06 242,400±2,600 1.9±1.2 3.7±5.3 3.0±5.7
19 MW-38 02/08/06 310±130 0;4±1.0 -0.1±4.9 0.6±5.4
20 MW-48 02/08/06 70±120 _ 0.6±1.1 -2±10 4.3±6.2
21 MW-37@22' 02/28/06 14,470±360 2.3±1.2 -0.4±4.8 5.4±5.6 -0.11±0.22 0.16±0.11 0.00±0.28 0.13_-0.13 -0.06±0.1722 MW-37@32' 02/28/06 29,720±560 26.4±2.1 0.4±4.8 7.2±5.3 0.09±0.20 0.04±0.10 0.11-+0.24 0.00±0.10 0.11±0.2323 MW-37@40' 02/28/06 15,990±390 21.8±1.8 1.1±4.2 1.2±4.8 -0.02±0.22 0.05_+0.07 0.30±0.31 0.12±0.21 0.13±0.2424 MW-37l57 02/28106 15,850±380 25.5±2.1 3.8±6.0 -4.3±+6.3 -0.12±0.18 0.04±0.11 -0.20±+0.21 0.30±+0.20 -0.04±-0.15
25 MW-37@22' 03/10/06 22,950+490 4.9±1.3 2.3±2.9 -1.7±3.1 5±11
26 MW-37@32' 03/10106 28,840±570 21.6±2.0 -1.1+_2.4 -1.7±2.6 3±11
27 MW-37@40' 03/10/06 16,140±400 17.6±1.9 2.7±3.1 2.2±3.2 -1+11
28 MW-37@57T 03/10/06 15.940±390 26.6±2.2 2.5±3.6 -1.1±3.9 5±11
29 MW-49@25' 03/22/06 14.240±740 16.7±1.3 3.2±2.1 -0.5±2.3 -48±72 3.4±5.2 6.3±5.4 -1±18 -0.24±0.32 0.65±0.48 0.14±+0.31 -42±74 0.38±0.47 0.08±0.21 -0.41±+0.3830 MW-49@42' 03/22/06 9,130+580 22.5±1.4 0.1±1.7 1.4±2.0 -30±72 7.3±5.3 5.6±5:4 1±18 0.10±0.15 0.40±0.41 0.03±0.11 8±79 0.31±0.41 0.04±0.18 0.00±0.3831 MW-49@65.5' 03/22/06 6,290+490 21.5±1.5 0.3±2.3 -4.0±2.4 -33±72 2.0±5.2 7.9±5.5 -7±18 0.16±+0.23 0.20±0.47 0.20±0.18 -18±83 0.19±0.51 -0.08±0.19 0.12±0.4032 MW-50@42' 03/22/06 8,190±550 24.5±1.8 1.2±2.3 -1.0±2.7 -14±72 4.2±5.2 5.4±5.4 -3±18 0.31±0.21 0.51±0.46 0.03±0.15 6±77 0.08±0.52 0.04±0.13 -0.19±+0.4133 MW-50@67' 03/22/06 9,490±590 30.6±1.7 -1.8±4.1 3.1±2.7 -10±+72 -2.4±5.0 9.9±5.5 -6±18 0.00±0.19 0.46±0.47 0.08±0.24 39±78 0.19±0.45 -0,08±0.16 0.08±0.3334 MW-36 26' 03/23/06 35,100±1,300 1.69±0.60 0.2±1.9 0.2±1.8 -39±72 -3.9±5.0 67.3±8.0 6±18 0.29±0.30 0.37±0.44 0.29±0.22 -12±80 0.32±0.30 -0.04±0.18 -0.08±0.3235 MW-36@52' 03/23/06 26,900±1,100 5.71±0.78 1.0±4.4 3.3±3.1 -44±72 -0.3±5.1 10.3±+5.5 14±19 -0.34_+0.30 0.15±0.42 0.08±0.19 0±79 0.82±0.68 0.25±+0.31 0.06±+0.3836 MW-42@49' 03/23/06 2,290+340 60.5±2.7 4.770±150 58.7±5.7 -19±72 71.9±7.8 1,392±86 -6±18 -0.20±+0.29 0.20±0.40 0.16±0.30 15±78 -0.04±0.45 -0.16±0.16 -0.04±0.3937 MW-36@41' 03/24/06 56,200±-1.800 4.04±0.79 -1.3±2.2 -0.4±2.4 24±73 0.1±5.1 47.4±7.0 9±19 -0.11±+0.27 0.11±0.43 0.00±+0.18 -29±78 0.14±0.41 0.00±0.15 -0.04±+0.2838 MW-42@78' 03/24/06 510±250 0.37±0.45 33.1±5.1 1.7±2.3 -36±72 2.8±5.2 53.4±7.3 -14±18 0.33±+0.29 0.33±0.45 0.08±0.26 8±84 0.12±0.32 -0.15±+0.22 0.12±0.3039 MW-42@41' 04/07/06 1,860±310 6±16 175.9±6.3 49,200±1,600 70±30 18±34 -321±13 5.730±350 8±19 -0.01±0.05 0.13±0.08 0.04±0.05 -3±14 0.09±0.15 0.01±+0.08 0.03±0.0940 MW-42@43' 04/07/06 2,050±320 -6±16 161.6±5.8 51,400±1,600 57+17 118±37 1±13 5,910±370 5±18 -0.04±0.05 0.14 +_0.08 0.06_+0.06 -1±14 0.06±0.17 0.00±0.09 0.02±0.1341 MW-42@45.5' 04)07106 2,030+320 -1±16 149.0±5.4 51,400±1,700 63±t25 -4±33 -88±10 5,980±370 3±18 0.00±0.04 0.09±0.08 -0.01±0.05 4±14 0.05-+0.13 0.01±0o06 -0.11±0.1042 MW-42@48' 04/07/06 1,880±320 -4±16 146.7±5.3 52.500±1,700 39±26 -9±33 -423±16 6,740±4201 1±18 0.03±0.04 0.18±0.09 0.05±0.05 -2±14 0.07±0.14 0.01±0.06 0.04±+0.1243 MW-42@51' 04107106 2,160+330 1±16 184.4±+6.4 35,900±1.200 63±24 0±33 -220±10 5.260±320 11±19 0.01±0.04 0.08±0.07 0.03-+0.05 -6±14 -0.03-+0.15 -0.07±0.07 -0.10±0.1444 MW-42@78' 04/07/06 340±240 -4±16 0.63±+0.75 61±17 1±10 -6±33 10.3±6.3 18.9±6.5 13±19 0.01±0.04 0.08±0.09 -0.01±+0.05 -2±21 0.06±0.16 0.00±0.09 -0.05±0.1745 MW-40@200' 04/11/06 100±230 16±16 0.34±0.49 2.0±4.4 2.3±2.1 6±35 4.8±5.9 4.2±5.9 2±19 0.01±0.05 0.00±0.08 0.03±0.05 4±14 0.01±0.08 0.04±+0.04 -0.03±+0.0846 MW-51@200' 04/11/06 160±230 17±16 0.14±0.46 0.9t2.4 -0.4±2.1 -4±35 -0.9±5.7 6,1±6.0 4±19 0.06±0.05 0.13±0.09 0.02±0.06 0±15 0.02±0.09 0.01±0.03 0.05±0.0747 MW-41@41- 04/12/06 490±250 8±16 3.72±0.65 0.6±2.0 0.1±2.6 -3±35 10.6_+6.0 0.4t5.8 -4±18 -0.03±0.03 0.08±0.11 0.02±0.04 -2±16 0.02±0.13 0.00±0.03 -0.02±0.1148 MW-41@63' 04/12/06 440±250 3±16 5.01±0.81 2.1±2.1 0.3±2.3 21±36 5.1±5.9 2,9±-5.9 1±19 0.02±0.05 0.17±0.10 0.06±0.05 6±15 0.08±0.18 0.02±0.07 -0.02±0.1149 MW-43@28' 04/12/06 230±230 8±16 -0.09±0.46 0.3±2.2 -0.6±2.6 -12±35 6.1±5.9 3.5±5.9 5±19 0.00±+0.04 0.16±0.08 -0.01±+0.05 -5±14 0.07±0.10 0.00±0.04 -0.02±0.0850 MW-43@62' 04/12/06 40±220 17±16 1.30±0.55 0.0±1.6 0.6±1.7 14±35 8.1±5.9 1,1±5.9 6±19 -0.05±0.06 0.00±0.08 0.02±0.05 -3±22 -0.05±0.09 0.00±0.04 0.03±+0.0851 MW-46@30' 04/12/06 1-510+300 0±16 1.23±0.50 -0.2±4.1 3.1±3.2 -5±35 6.0±5.9 3,1±5.9 6±19 0.03±-0.05 0.07±+0.09 0.07±+0.06 -4±13 0.07±0.18 0.06±0.07 0.04±-0.1252 MW-48@37.5' 04)12/06 90±230 11±16 0.49±0.48 0.5±1.9 0.0±2.0 11±35 8.8±5.9 1.7±5.9 10±19 0.01±0.05 0.01±0.08 0.04±0.06 -10±14 0.14±0.11 0.00±0.03 0.05±0.0853 MW-48@52' 04/12/06 220±230 1+16 0.46±0.46 0.9±2.1 0.5±2.3 9±35 3.9±5.8 3,6±5.9 -6±18 -0.01±0.02 0.09±0.08 0.04±0.04 -9±13 0.07±0.07 -0.03±0.04 -0.02±0.0854 MW-47@56' 04113/06 280±240 -5+16 1.19±0.54 -0.1±2.5 1.9±2.3 25+36 8.9±5.9 -0.2±5.8 -6±18 0.00±0.02 0.06±0.08 0.04±0.04 2±14 -0.06±-0.15 0.03+0.06 0.03±0.1355 MW-47@80' 04/13/06 1 980+320 0±16 4.08±0.74 0.6±2.2 1.4±2.5 -1±35 2.0±5.8 3.6±5.9 13±19 0.02±0.04 0.05±0.11 0.06±0.04 2±14 0.01±0.14 0.01±+0.08 -0.04±0.12

NOTE: Reported uncertainties are ± two sigma total propagated uncertainties



ORISE Results for Onsite Wells (pCiI) (8/8/07)

A A B C D E F G H I J K L M N 0 P 0 R
56 Sample ID Sample Date H-3 C-14 Sr-90 Cs-137 Co-60 Fe-55 Ni-59 Ni-63 Tc-99 Np-237 Pu-238 Pu-239/240 Pu-241 Am-241 Cm-242 Cm-243/244
57 MW-48@23' 06/09/06 220±230 -0.02±0.56 5.3±3.9 2.2±2.1 -1±23 -8.2±6.0 -1.2±7.1 14±19
58 MW-48@38' 06109106 80±220 0.71±0.55 2.8±2.2 0.1±2.2 2±23 -11.9±6.0 1.9±7.2 9±19

59 W48RiverF 06109106 190±230 -0.11±0.53 6.0±3.1 0.4±1.6 -21±23 -5.9±6.1 -0.2±7.1 24±19

60 MW-40@200' 06/20106 150±230 0.96±0.82 1.0±2.3 1.8±2.5 -8±24 4.6±4.4 -1.8±5.5 3±18
61 MW-38@40- 06/21/06 840±270 -0.66-+0.93 1.4±2.1 -2.0±3.2 -4±24 -1.5±4.3 2.4±5.6 7±18
62 MW30@78' 06122)06 304,100±8,400 - -0.40±+0.75 45.6±4.0 1.3±1.6 -4±24 0.0±4.3 123±5.8 10±18
63 MW-30@83' 06/22/06 189,100±5.300 0.40±0.72 60.1±5.3 1.8±2.5 9±24 3.4±4.4 12.2±5.8 14±18
64 MW-30@72' 06/23/06 396,000±11,000 0.33±0.77 2.1±5.3 -1.5±+4.3 -2±24 4.6±4.4 9.3±5.8 5±18
65 MW-30 74' 06/23106 397,000±11,000 0.34t0.81 26.5±4.1 0.1±3.2 -9±24 -0.3±4.3 12.0±5.8 18±18
66 MW-49@25' 07/12)06 12,740±690 6.7±9.1 16.0±1.7 0.3±2.3 1.1±2.5 28±28 -9.5±4.8 11.1±7.7 10.0±9.0
67 MW-49@42 07112)06 8,060±540 6.6±9.1 22.9±1.9 2.0±4.6 -1.7±3.5 30±28 -20.2±4.7 19.0±7.9 -0.6±8.7
68 MW-49@51 07/12/06 30±210 3.4±9.1 0.24±0.86 -0.1±2.0 2.0±1.6 31±28 -8.1±4.9 4.8±7.5 8.9±8.9
69 MW-49@65' 07/12/06 4,780+430 1.6±9.0 18.0±1.7 -0.1±2.1 0.2±2.1 26±28 -9.7±4.8 10.0±7.7 9.4±9.0
70 'PW-49p25' 08/01/06 12,880±740 -2.8±9.0 11.7±1.0 0.2±1.6 0.6±1.6 -9±25 -8.8±5.5 12.3±8.7 -6.3±9.0 -0.05±0.06 -0.04±0.08 0.01±0.05 -2±14 0.08±0.08 0.03±0.03 0.01±+0.06
71 MW-496492' 08/01/06 8,360±580 -3.5±8.9 19.7±1.4 -2.1±4.5 0.3±2.2 9±26 -13.3±5.4 13.5±8.8 -8.6±9.0 -0.14-+0.10 0.03±0.09 -0.01±0.06 5±14 0.06±0.11 -0.01±-0.05 0.00±0.08
72 MW-49( 65' 08/01(06 4,650±430 2.6±9.0 16.3±1.2 0.5+±2.1 0.9±2.3 2-±25 -16.2±5.4 13.8±8.8 -8.5±9.0 0.01±0.02 0.05±0.07 0.00±0.04 -1±13 0.10±0.10 0.02±0.02 0.05±0.07
73 MW-50p,,12ý 08/01/06 270±220 0.4±9.0 4.75±0.77 -2.6±4.5 2.1±2.1 8±26 -15.0±5.4 10.5±8.7 0.1±9.2 -0.01±+0.02 0.05±0.08 0.04±0.04 -7±14 0.03±0.09 -0.02+0.06 -0.02±+0.07
74 MW-5067, 08/01/06 8,170±570 5.2±9.1 30.0±1.7 2.0±2.5 0.7±2.8 11±26 -16.1±5.4 14.0±8.8 -3.9±9.1 -0.12±+0.08 0.05±-0.07 -0.02±0.07 -4±13 0.02±0.08 0.01±0.04 0.02-0.06
75 MW-58(@71 08/02/06 210±220 -1.0±9.0 0.65±0.51 1.1±2.1 3.0±2.3 -5±25 -15.9±-5.4 11.7±8.7 -5.4±9.1 -0.07±0.06 0.01±0.07 -0.01±0.05 -10±12 -0.02±0.07 -0.01-+0.04 -0.08±0.08
76 MW-38 08/07/06 190±220 2.6±9.0 0.37±0.45 3.8±2.3 -0.5±-2.8 -12±25 -7.7±5.5 7.3±8.6 -4.0±9.1 -0.08±0.06 0.03±0.05 0.04±0.05 -4±12 0.06±0.07 0.03±0.04 0.00±0.00
77 MW-40 08/09/06 220±220 3.1±9.1 1.2±1.1 -0.6±1.9 0.4±1.7 -12±25 -9.4±5.5 10.8±8.7 -5.2±9.1 -0.13±0.09 0.03±0.06 0.01±0.05 8±13 0.02±0.08 -0.02±0.02 0.00±0.06
78 MW-30@74' 08/18/06 259,200±8,700 -5±10 1.0±1.1 10.6±4.6 4.7±4.2 9±28 -16±13 15±22 2±19 -0.07±0.14 0.42+0.40 0.10±0.15 16±31 0.11±:0.34 0.04±+0.17 0.04±0.24
79 MW-30@88' 08/22/06 14,610±580 -4±10 0.5±1.1 2.3±2.9 -2.7±3.2 7±28 -9±13 8±22 7±19 -0.04±0.13 0.19±-0.37 0.23±+0.19 27±31 0.08±0.24 0.19t0.17 0.00±0.15
80 ,IvW-53i-,80 08/23/06 13,260±540 -4±10 8.61±0.73 0.1±1.6 1.5±1.7 10+28 -6.9±5.2 9.1±8.7 1.9±-9.3 0.00±0.05 -0.10±+0.18 0.05±0.08 7±16 0.06±0.08 0.02±0.04 -0.04-+0.05
81 MW'57d45 08/24/06 4,200±240 -4±10 21.8±1.2 2.2±3.9 0.2±2.2 -13±28 -10.1±5.1 7.9±8.7 7.8±9.5 0.04±0.09 0.22±0.18 0.04±0.05 6±15 0.02±+0.14 0.08±+0.10 0.06±0.13
82 MWA-55-D78' 08/25106 16,700±650 0±11 28.2±1.3 3.7±2.7 1.2±2.2 9±28 -2.8±5.3 7.7±8.7 3.1±9.4 -0.10±+0.09 0.14±0.19 0.06±0.07 11±15 0.07±+0.15 -0.02±0.08 0.06±-0.08
83 MW-53o120' 08/30/06 4,320±250 3±11 16.9±1.0 1.4±3.3 1.4±2.4 7+28 -1.6±5.3 12.4±8.8 6.8±9.5 -0.04+0.10 0.11±0.17 0.09±0.09 4±14 -0.07±0.21 -0.02±0.06 -0.11±+0.15
84 M'W' -5 4 ;'.' 09/07/06 2.180±350 -2±11 14.8±1.2 0.6±1.6 1.0±1.8 -15±19 -3.3±5.0 5.9±8.4 -1.2±9.0 0.04±0.10 0.13±0.19 0.05±0.10 15±15 0.00±0.12 0.10±0.10 0.00-+0.12
85 MW-56@85' 09/08/06 900±290 1±11 2.96±0.76 8.1±3.0 2.8±2.2 -10±19 -9.3±4.9 5.2±8.3 3.5±9.2 0.04±0.08 0.06±0.14 0.12±0.10 17±16 0.04±0.13 -0.06±0.13 0.04±0.10
86 MW-65@80' 09/08/06 -120±230 -2±11 0.56±0.49 0.2±2.2 0.3±2.4 -15±19 -2.6±5.0 3.2±8.3 -1.8±9.0 -0.02±0.08 0.11±+0.13 0.00±0.05 3±14 0.04±0.15 0.00±0.06 0.04±0.10
87 MW.42z•40 09/15/06 1,500±320 0.2±9.6 32.8±2.4 20,260-±650 11.7±9.9 -3±19 15±13 1207±85 -1±18 0.031±0.06 0.11±-0.08 0.01±0.03 -10±16 0.04±+0.08 0.03±0.06 -0.03±+0.07
88 MkW-426,'48' 09115/06 1,370±310 -0.6±9.6 35.0±2.3 21,650±750 15±11 -2±19 .- 73±12 1272±89 5±18 -0.04±0.05 -0.01±0.07 0.03±0.06 -10±15 0.06±0.07 0.03±0.03 0.01±+0.07
89 MW-59 70' 09/15106 130t250 6.9±9.8 0.14±0.50 -3.8±4.1 0.3±4.1 -4±19 2.0±5.1 -0.4±8.2 -4.7±8.9 0.02±0.02 0.04±0.03 0.04±0.03 -2.5±9.3 0.00±0.05 0.02±0.02 -0.01±O.04
90 MW,'42@' 09/18106 2,830±380 0.8±9.7 20.2±2.0 13,730±470 4±13 -19±19 -72±12 452±40 4±18 0.01±0.02 0.08±0.09 0.03±+0.04 -3±17 0.03±0.09 0.01±+0.04 0.01±0.08
91 MW 42(,43' 09/18/06 2,350±360 8.8±9.8 15.7±1.7 15,140±510 3±12 -17±19 3±13 435±39 8±18 0.01±+0.02 0.06±+0.13 0.01±0:04 -8±16 0.07±0.09 0.07±0.06 0.01±t0.09
92 MW-53@80' 11/09/06 570±240 -4.9±9.4 -0.18±+0.34 0.3±2.1 0.3±2.1. 19±19 -9.2±4.2 5.6±5.8 0.3±8.1 0.00±0.05 0.09±0.20 0.05±0.08 -21±32 0.17±0.20 0.11±+0.13 -0.04,±0.12
93 MW-53@120' 11109/06 8,210±570 0.5±9.5 34.3±1.5 0.3±1.9 2.8±1.7 22±19 -10.9±4.1 27.7_+6.5 -0.6±8.1 -0.06±0.11 0.19±0.19 0.07±0.08 -1±33 0.11±+0.16 0.05±0.12 0.04±0.05
94 MW-55@24' 11/09106 1,890±310 -1.1±9.5 18.8±1.0 1.3±4.2 0.7±2.1 13±18 -6.8±4.2 3.1±5.8 -3.3±8.0 0.10±0.09 -0.21±+0.20 0.08±0.09 2±35 0.06±0.10 0.00±0.04 0.01±0.10
95 MW-55@35' 11/09/06 9,450±620 4.3±9.6 43.6±1.8 1.6±2.2 -0.1±2.4 -5±18 -4.3±4.2 3.8±5.8 -2.7±8.1 0.02±0.08 0.12±0.19 0.02±-0.06 39±30 -0.03±0.13 0.03±0.06 0.06±+0.12
96 MW-55@54' 11/09106 12,B40±750 7.2±9.6 34.8±1.8 1.2±1.7 0.4±1.8 4±19 -1.5±3.6 9,6±5.4 -4.5±8.0 0.00±0.08 0.25±0.26 0.02±0.04 25±30 0.09±+0.13 0.03±0.06 -0.05±0.11
97 MW-56@85' 11/09/06 210±220 1.3±9.5 -0.02±+0.60 0.4±5.1 3.6±3.1 -4±18 2.9±3.7 1.2±5.2 1.1±8.2 0.04±-0.08 0.00±0.06 0.08±0.08 34±30 0.11±0.18 0.00±0.11 0.02±0.12
98 MW41@42' 11/13/06 600±240 -11.1±9.3 3.45±0.48 -1.2±3.5 1.1±2.1 15±18 -7.1±4.2 2.4±5.8 -1.6±8.1 0.00±0.05 -0.18±+0.20 0.02±0.08 -5±36 -0.02±0M17 0.04±0.13 0.00±0.11
99 MW41@64' 11/13/06 300±220 -7.8±9.3 2.12±0.43 0.9±2.1 2.8±2.3 16±18 -7.0±4.2 2.9±5.8 -3.0±8.1 0.02±0.04 0.02±+0.23 -0.02±+0.09 -15±34 0.04±0.19 0.00±0.10 0.02±0.07
100 MW45@43' 11/13/06 710±250 2.5±9.5 0.02±+0.72 0.5±1.5 -0.1±1.6 16±18 -8.8±4.2 4.7±5.8 0.7±8.1 0.02±+0.04 0.14±0.11 0.02±0.04 6±34 0.07±0.17 0.06±+0.10 -0.07±0.09
101 MW46@62' 11/13/06 1,140±270 -2.5±9.4 0.21±0.34 1.9±3.5 1.9±2.2 -1±18 -12.8±4.1 5.0±5.8 4.0±8.2 0.05±0.09 0.10±0.19 0.09±0.09 7±36 0.02±0.17 0.00±0.06 0.04±0.13
102 MW49@26' 11/15/06 9,070±+610 0.5±9.5 15.27±0.92 -1.5±3.5 2.4±2.5 -11±18 -2.3±2.6 7.9±+5.3 -2.7±8.1 -0.02±+0.09 0.15±0.24 0.09±0.11 14±28 0.22±0.21 0.10-+0.17 0.04±0.22
103 MW-49@42' 11/15106 6,300±500 -0.4±9.5 23.6±1.3 1.8±2.1 1.9±2.4 2±19 2.3±3.7 4.7±5.2 -3.8±8.0 0.06±0.09 0.06±0.21 0.12±0.11 16±30 0.08±0.15 0.11±0.11 0.02±+0.08
104 MW-49@65" 11/15/06 3,590±390 -1.6±9.4 19.6±1.1 0.4±1.5 0.6±1.9 -6±18 -5.5±3.6 9.6±5.4 -5.7±8.0 -0.04±+0.09 -0.11±0.21 0.11±0.12 8±27 0.13±0.15 0.06±0.07 -0.02±+0.09
105 MW-50@42 11/15/06 2,740±350 -1.3±9.4 12.46±0.83 -1.5±1.6 1.7±1.7 7±19 1.0±3.7 4.4±5.2 -3.4±8.0 0.06±0.07 0.02±0.25 0.00±0.08 27±31 0,06±+0.13 0.06±0.09 0.00±0.09
106 MW-50@67' 11/15/06 5,620±470 -0.7±9.5 27.1±1.3 -0.1±•2.1 0.1±2.2 9±19 0.1±3.6 7.9±5.3 -5.7±8.0 0.02±0.09 0.03±0.18 0.07±+0.07 28±31 0.04±0.14 0.02±0.07 -0.11±+0.14
107 MW/42j43' 11/16/06 2,100:340 3.4_+9.3 11.2±2.5 8,380±270 2.3±3.5 0±40 13.3±9.9 295±25 5±15 0.09±0.10 -0.13±-0.16 0.13±0.16 5±38 0.06±0.15 0.06±0.07 -0.06±0.09
108 MW-42@45.5' 1116/06 2,590±370 -4.9±9.2 11.9±2.2 8.270±260 2.7±2.4 19±40 9.1±9.8 290±25 14±15 0.12±0.11 -0.02-+0.09 0,08±+0.08 -10±39 0.15±0.16 0.03±0.17 0.00±0.16
109 MWY-42@48 11/16106 2,200±350 -4.4±9.2 8.9±2.9 7,730±250 3.8±3.1 5±40 29±10 249±23 +8±15 0.02±0.14 0.15-+0.15 0.07±0.07 28±41 0.02±+0.14 0.25±0.16 0.00±0.10
110 MW-58@26' 11/16/06 10±240 2.7±9.3 0.37±0.32 -0.7±2.2 1.5±2.5 3±20 3.1±3.9 0.1±5.6 9.8±8.7 0.02±0.04 0.02±0.16 0.08±0.10 8±40 0.04t0.22 -0.10±+0:16 -0.02±+0.25

NOTE: Reported uncertainties are ± two sigma total propagated uncertainties



ORISE Results for Onsite Wells (pCi/I) (8/8/07)

A A B C -D E F G H I J [K L M N 0 P Q R111 Sample ID Sample Date H-3 C-14 Sr-90 Cs-137 Co-60 Fe-55 Ni-59 Ni-63 To-99 Np-237 Pu-238 Pu-239/240 Pu-241 Am-241 Cm-242 Cm-243/244112 MW-58@65' 11/16/06 120±250 7.1±9.4 0.12±0.31 1.6±3.7 1.0±2.3 8±20 2.3±3.9 0-5±5.6 6.6±7.7 0.02±0.12 0.24±0.20 0.11±0.10 -12±43 -0.16±0.24 0.11±0.16 -0.31_+0.26113 MW-59@31' 11116/06 70±240 -0.4±+9.2 0.32±0.34 1,9±4.8 1.8±2.1 4±20 0.4±3.9 1 4±5.6 9.2±7.8 -0.06±-0.16 0.00±0.19 0.04±+0.08 -22±38 0.19±0.17 0.24±0.17 0.07±0.11114 MW-59@45' 11/16/06 130±250 -1.1±9.2 0.25±0.33 1.6±2.0 0.3±1.7 -10±20 -5.4±3.8 4.8±5.7 2.3±7.6 -0.53±+0.29 0.28±0.24 0.00±0.13 -32±68 0.16±0.13 0.16±0.13 0.03+0.12115 MW-59@68' 11/16/06 90±t240 4.2±9.3 0.56±0.33 0.3±2.3 0.2+2.3 8±20 0.0±3.9 1.2±+5.6 2.8±7.6 -0.07±0.14 0.07±0.14 0.02±0.08 -29±41 0.11-+0.16 0.20±0.17 0.06_+0.08116 MW-39@200' 11/17/06 10±240 -0.3±9.2 1.97±0.41 -1.2±2.6 -1.0±2.8 -5±20 6.8±4.0 -3.0±5.5 9.2±7.8 0.05±0.09 0.09±0.18 0.02±0.05 20±42 0.05±0.12 0.05±0.10 0.00±+0.07117 MW-42@41' 11/17/06 2,060±340 1.1±9.3 8.8±2.6 8,270±280 1.9±3.4 -3±40 10.0±9.9 201±21 17±16 0.06±0.09 0.04±0.10 0.08±0.08 9±40 0.08±0.16 0.03±0.14 0.00±0.08118 MW-38 11/22/06 40±220 5.0±9.5 0.19±0.50 4,9±2.8 1.9±2.3 12±19 1.5±6.3 5.9±9.0 -0.19±0.14 -0.08±0.21 0.06±0.07 20±35 0.39±0.24 -0.02±0.09 -0.06±0.20119 MW-48@23' 11/22/06 190±230 9.3±9.6 0.13±0.33 0.4±1.8 1.3±1.6 43±20 -0.7±6.3 4.7±9.0 -0.02±0.08 0.12±0.24 0.03±0.05 6±34 0.11±0.23 -0.02±0.07 0.03±+0.16120 MW-48@38' 11/22/06 80±230 1.3±9.4 -0.10±0.32 -1.8±4.3 2.4±2.1 -3±18 4.1±6.4 7.1±9.1 0.06±0.08 0.17±0.24 0.07±0.09 17±32 0.25±+0.22 0.02±0.06 0.02±+0.17121 MW-60 11/30/06 180±230 12.4±9.7 0.41±0.54 1.3±1.7 -1.2±1.7 1±18 6.6-+6.4 8.4±9.1 0.04±0.10 0.10±0.24 0.02±0.07 3±35 0.18±+0.21 0.09±0.14 0.07±0.20122 MW-62 11/30/06 620±260 0.7±9.4 0.70±0.54 0.0--3.4 0,3±2.5 -8±18 3.8±6.4 3.9±9.0 0.09±0.10 0.11±0.17 0.02-+0.08 -9±30 0.14±0.15 0.02±0.08 0.07±0.14123 MW-51@200' 12/06/06 70±200 0±12 0.37±0.36 -1.0±4.5 1.1±2.3 -2±19 0.2±5.6 -2.7±8.1 -0.06+0.10 0.21-+0.20 0.04±0.06 23±34 0.09±-0.15 0.05±0.08 -0.05±0.11124 MW-40 12/07/06 290±220 1±12 0.61±+0.35 0,2±1.8 0.3±1.7 13±20 1.8±5.7 5.2±8.3 0.06±+0.07 0.24±-0.24 0.08-+0.08 14±35 0.23-+0.21 0.02±0.09 -0.02+0.13125 MW-30@74' 01/16/07 82,700±3,000 0.2±1.0 1.2±2.8 9.0±5.4
126 MW-30@88' 01/16/07 7,280±440 0.6±1.1 0.3±2.2 10.0±5.4 t127 MW-31@53' 01/18/07 1,340±230 -0.6±1.0 2,3±5.7 9.1±5.4
128 MW-31@67' 01/18/07 13,660±660 -0.3±1.0 1.0±2.6 &85±5.4
129 MW-31 89' 01/18/07 2,270±270 0.2±1.1 0.6±2.1 5.6±5.4
130 MW-32@62' 01/19/07 7,360±440 0.2±1.1 1.3±2.9 5.1±7.5
131 MW-32@92' 01/19/07 10,620-+550 -0.1±1.1 0.7±5.5 9.2±5.4
132 MW-32@140' 01/19/07 10,480±550 0.2±1.0 4.9±4.5 3.8±5.4
133 MW-32@160' 01/19/07 10,520±550 0.4±1.1 -0.7±2.1 9.3±5.4
134 MW-32@19T 01/19107 11,000+571 0.6±1.1 2.4±2.4 5.1±5.4135 MW-48@23' 02/09/07 430±250 2.7±9.1 0.12±0.43 0.2±2.1 0.7±2.4 -30±45 3.5±3.0 11.3±7.9 0.02±0.09 0.02±0.14 0.04±0.08 -7±30 -0.07±0.22 0.02±0.10 -0.05±"0.18136 MW-48@38' 02/09/07 80±t220 2.9±9.1 0.39±"0.45 0.4±1.6 0.2±1.7 -30±45 0.1±3.0 6.4+7.8 -0.11±0.11 0.15±0.17 0.11±0.11 -14±32 -0.05±0.21 -0.09±0.10 0.13±+0.16137 MW-38@19' 02/12/07 2,290_350 3.6±9.1 0.43±0.48 -0.5±2.2 0.7±2.6 -23±45 3.4±t3.0 7.7±7.8 0.05±0.09 0.18±0.17 0.00±-0.06 27±32 0.14-+0.18 -0.03±0.10 -0.02±+0.13138 MW-54@38' 05/03107 1,000±210 12.2±1.1 2.4±4.6 6.6±4.4
139 MW-54@59' 05/03/07 420±190 3.09±0.67 -1.0±2.2 5.3±4.3
140 MW-54@ 125' 05/03/07 1,390±220 21.3±1.5 2.1±1.9 5.2±4.3
141 MW-54@146' .05/03107 1,720±240 16.9±1.3 -1.0+2.3 5.7±4.3
142 MW-54@174' 05103/07 1,830±240 19.4±1.4- 1.3±-4.6 - 8.9-_4.4
143 MW-54@ 192' 05/03/07 1,860±240 22.5±1.6 0.5±2.2 6.4±4.4
144 MW-60@37' 05/08/07 40±160 -0.5±1.6
145 MW-80@54' 05/08/07 240±170 -2.0±3.1
146 MW-60@74' 05/08/07 250±170 -2.5±3.3
147 MW-60@137' 05/08/07 290±170 0.2-2.1
148 MW-60@156' 05/08/07 170±170 -0.6±17
149 MW-60@178' 05/08/07 840±200 0.0±2.9
150 MW-62@55' 05/10/07 340±180 -1.8±3.6
151 MW-62@73' 05110/07 500t180 1.9±2.2
152 MW-62@94' .05/10/07 430±180 0.7±2.3
153 MW-62@140' 05/10/07 410-+180 0.1±1.6
154 MW-62@184' 05/10/07 430±180 2.1±2.3
155 MW-63@52' 05/15/07 390±180 -3.1±3.6
156 MW-63@93' 05115/07 270±170 -0.5+±2.1
157 MW-63@114' 05/15/07 390±180 -0.3±1.7
158 MW-63@124' 05/15/07 630±190 -4.1±3.6
159 MW-63@164' 05/15/07 590±190 0.7±2.2
160 MW-63@176' 05/15/07 680±190 0.2±1.7
161 MW-62@15' 05/17/07 270±170 -2.2±3.5
162 MW-62@38' 05/17/07 190-+160 0.0±1.6
163 MW-63@19' 05/18/07 250±170 -0.4±2.3
164_ _ _
165

166
167
168 xxxo_

NOTE: Reported uncertainties are ± two sigma total propagated uncertainties



Contention EC-3
Exhibit 5 -

From: "Sandike, Steven Richard" <SSandik@entergy.com>
To: "Burns, Thomas F" <tburnsl @entergy.com>, "Sachatello, Ronald
<rsach90@entergy.com>, "Adler, Joseph J." <jadler@entergy.com>, "Hollenbeck, Peter"
<pholl9l @ entergy-com>, "'Quinn-, Dennis-M" <dquin9l @ entergy com>,-<dquinn@daqminc.com>, "Wilson,
Daniel" <DWilson@entergy.com>, "Hinrichs, Gary H" <ghinric@entergy.com>, "Donahue, Patrick J"
<PDonahu@entergy.com>, "Gray, Dara F" <DGray@entergy.com>
Date: 01/19/2007 5:59:06 PM
Subject: Assessment of Sr-90 results in fish/inv

All... Dennis Quinn and I have evaluated the fish/inv analyses results
with an eye toward a conservative evaluation of dose impact, assuming of
course, the recent analytical results are valid. This assessment is by
no means final, but this doc provides an initial determination of worst
case dose impact, and what IPEC would have to be releasing to produce
this kind of concentration in fish.

<<chm-07-002.1df>>

Steve Sandike
Effluents / RMS
ENN Indian Point Energy Center
Buchanan, NY 10511-0308
phone: 914-736-8455
fax: 914-734-6010
email: ssandik@entergy.com

CONFIDENTIA Y NOTICE: This electronic me age contains information
which may be lega confidential and/or privile d and does not in any
case represent a firm ERGY COMMOD bid or offer relating thereto
which binds the sender o'out an addit' al express written
confirmation to that effect. infor tion is intended solely for the
individual or entity named abov nd access by anyone else is
unauthorized. If you are not int ded recipient, any disclosure,
copying, distribution, Or e of the co nts of this information is
prohibited and may unlawful. If you h e received this electronic
transmission or, please reply immedia to the sender that you
have receive he message in error, and delett. Thank you. Have a
pleasant y.

CC: <jdn@nrc.gov>, <dwinslow@gza.com>, "Croulet, Donald K" <dcroule@entergy.com>,
<mbarvenik @ gza.com>



-~ En bter
Indian Point NPP

Jan 17, 2007
IPEC-CHM-07-002

MEMORANDUM TO: T. BURNS -NEM SUPERVISOR

FROM: S. SANDIKE - Sr. CHEMISTRY SPECIALIST

SUBJECT: DOSE ASSESSMENTS FROM Sr-90 IN THE HUDSON RIVER
FOR FISH AND INVERTEBRATES - JANUARY 2007 RESULTS

This report summarizes some worst-case assessments of the Sr-90 identified in early
reports of the fall, 2006 batch of REMP samples sent to Areva. I used the 24.5 pCi/kg
value in white perch and the 13.9 pCi/kg value in blue crab to bound the dose assessment.

This simple evaluation does NOT account or discuss any of the finer elements of error
propagation, critical level, environmental BKGD, constants for non-random error, or other
improvements we are discussing with labs. It conservatively assumes all fish and crab
identified in the recent lab results are consumed by humans at the RG1.109 consumption
rate, and at the highest concentrations reported from this batch of samples. Furthermore,
we are assuming that these initially reported concentrations are accurate.

With these bounding conditions, we can obtain annual doses as follows:

Reg Guide 1.109 and ODCM ...

/ Fish Inv human total
Finv sah usage dose percentFih/n, ingestpio usage usage expected, Of

on, ingestion oftr fctrana
pCi/kg dose factor factor factor annually, limit

kg/yr kg/yr me ii______ _______ mrem
Adult 25 / 14 7.58E-03 21 5 4.41 44.1%
Teen 25/14 8.30E-03 16 3.8 3.68 36.8 %
Child 255/14 1.70E-02 6.9 1.7 3.27 32.7%
Infant 25/14 1.85E-02 0 0 0.00 n/a

The dose and usage factors above, obtained from Reg Guide 1.109 are identical to
those used in the IPEC ODCMs (we do NOT use site specific data for these values).

This evaluation indicates that should all edible aquatic food in this location be consumed at
the rates identified in Regulatory Guide 1.109 (at the highest reported concentrations of Sr-
90), the maximum individual annual dose would be about 4.4 mrem, or 44% of the annual
bone dose (combining the fish and invertebrate dose contribution at this concentration).



If we evaluate ALL the Sr-90 released in liquid effluent from IPEC since 2000, and
INCLUDE a conservative assessment of Ground Water's contribution, we can project the
IPEC-induced worst case concentration in fish. From the annual effluent reports (Reg
Guide 1.21) and the ODCM's Bio-Accumulation Factor for Sr-90, we can conservatively
produce the following table:

~ Annal f AnuaJ
Routfe GW otal lIS(E)g9 U Diluted r-90 Fs~

yeR vr9 urr- c r9 Vb~ oncetain BI- al!ad
yoar S, :Sr-0 S-90eite~rrned, in watr--n

`Cuines -io 6or 
Gr'd tiside IPEC, ~

L i t e r n~' d e Inof c o ,

2000... 4.OOE-03 3.35E-04 4.34E-03 2.78E+12 2.21E+11 2.95E-03 30 E8.8:., ,

200i 5.OOE-03 3.35E-04 5.34E-03 2.78E+12 2.21E+11 3.31E-03 30

2002 2.45E-03 3.35E-04 2.79E-03 2.78E+12 2.21E+11 2.40E-03 30 ... .O2•

2037.30E-03 3.35E-04 7.64E-03 2.78E+12 2.21 E+ 11 4.14E-03 30

.2004 1.74E-02 3.35E-04 1.77E-02 2.78E+12 2.21E+11 7.77E-03 30

. .. . !!•!•.I..P..
6.42E-04 3.35E-04 9.77E-04 2.78E+12 2.21E+11 1.75E-03 30 5.2 02

2006,ý 3.80E-04 5.OOE-04 8.80E-04 2.78E+12 2.21iE+1 I 2.40E-03 30 OE2

units:cn~ Uis~**~

Note: 2006 data is estimated, but should be relatively accurate.

While we should NOT discount the value originally determined by Areva, this evaluation
indicates that we must perform additional investigation in an attempt to validate and
understand the 25 pCi/L recently identified at our control location in Roseton.

Even in a very conservative model, total IPEC effluent of Sr-90 would need to approach 1.9
curies in a year to produce this concentration in fish. This is over 100 times the highest
annual total and higher than the last 7 years combined.

Certainly, a small amount of Strontium can build up in fish over many years. However,
since the average age of Hudson Valley White Perch is 3-4 years (and a maximum of
approximately 7 years 1), it is NOT reasonable to assume that IPEC is releasing Sr-90
several hundred times that of the combined conservative measurements without a single
effluent or other REMP sample showing this concentration, or the accompanying gamma
concentrations. Nonetheless, this scenario should be evaluated along withother, more
reasonable possibilities, such as lab error and environmental background components.

Also attached is an independent evaluation from D. Quinn, itemizing dose from each

species analyzed,

SS/ss

cc: J. Adler P. Donahue D. Gray D. Wilson
1) Wong, Russell, NC State University, Zoology Dept, 2002; Cooper, 1939; Normandeau, 2007



Evaluation submitted by D. Quinn, of DAQ-inc, Jan 16, 2007

Evaluating 2005 data from the annual effluent report:

Based on ODCM values and 2005 1.21 Report Data

Total Sr-90 Released
Volume of Dilution Water

Ci Sr-90 per L of water
Ci - pCi conversion factor
Total Sr-90 Released

Calculated expected Sr9O in Fish

6.40E-04
2.78E+12

2.30E-16
1.OOE+12
2.30E-04

30

6.91E-03

Ci
flow (L)

pCi/L
BFI (pCi/Kg/pCi/L)

pCi/kg

Dennis then evaluated the Strontium dose in ALL species from the last batch of sample
results from Areva:

Dose from Sr-90 In Fish assuming RG 1.109 Parameters

Sample Description pCi/kg.Sr.0S PCukg" F Ofi Dose Umit Percent
in fish MDCe e (kgMr) (mrem/pco (mrem/yr) Organ(mrem) of Limit

I•P White Perch - IP 06-575 18.8 9.0 21 7.58E-3 3.0 Bone 10.0 30%
IP Cat Fish - IP 06-577 -1.0 6.4 21 7.58E-03 ND Bone 10.0 N/A

IPAmericanEel."P06-579 2.3 7.1 21 7.588-03 ND Bone 10.0 N/A

IPSun Fish- IP 06-576 10,2 15.0 21 7.58E-03 ND Bone 10.0 NA
I P Striped Bass- IP 06-578 4.2 8.5 21 7.58E-03 ND Bone 10.0 NA

IP Blue Crab -0580 4.5 5.7 5 7.58E-03 ND Bone 10.0 N/A

Roseton White Perch - IP 06-581 24.5 8.7 21 7.58E-03 3.9 Bone 10.0 39%

Roseton Cat Fish - IP 06-583 2.4 7.6 21 7.58E-03 ND Bone 10.0 N/A
Roseton American Eel - IP 06-585 3.5 4.3 21 7.58F-03 ND Bone 10.0 N/A

Roseton Sun Fish IP 06-582 17.1 9.6 21 7.58E-03 2.7 Bone 10.0 27%

Roseton Striped Bass - IP 06-584 2.1 4.2 21 7.58E-03 ND Bone 10.0 N/A

Rbseton Blue Crab IP 06-582 13.6 11 5 7.58E-03 0.5 Bone 10.0 5%

UF = Usage Factor =21 •ygr for adult fish consumption, Unit30DCM, Part 11, section 2.4.3, and from RG 1.109 Table E-5 I
Dfi= Dose conversion factor for nuclide i (in this case, Sr-90) for adult (mrerr/pCi ingested), RG 1.109, Table E-1 1, and U3 0DCM. Table 3-3a
ND = Not detectable I _

NIA Not applicable OF fo,5 ag g ' -p ___s olgedO m.,n 1. 40Mn C r, b .T-•beE-! . 12 & 13

Oi~lIrVOjM. .tog__________ ____



Contention EC-3
Exhibit 6.

From: "Gry, Dara F" <DGray@entergy.com>
To: <jdn@nrc.gov>
Date: 01/24/2007 1:48:13 PM
Subject: Historical Sr Data

Jim

As requested, here is the summary of results from back when we had ETSR
[not RETS] and actually analyzed for strontium in our REMP.

Dara Gray, REM
Chem istry/Environmental

Indian Point Energy Center
(914) 736-8414
DGray@ Entergy.com

This e-mail and any attach nts theret re intended only for the use by
the addressee(s) named herei and ntain proprietary and confidential
information. If you are not the int ed recipient of this e-mail, you
are hereby notified that any diemi tion, distribution, or copying of
this e-mail, and any attac ents theret, is strictly prohibited. If you
have received this e- in error, please* mediately notify me by
telephone and per anently delete the origi I and any copy of any e-mail
and any printou hereof.

CC: "Sandike, Steven Richard" <SSandik@entergy.com>, "Donahue, Patrick J'
<PDonahu@entergy.com>, "Adler, Joseph J." <jadler@entergy.com>



.HISTORIC STRONTIUM TRITIUM RESULTS

RIVER DRINKING WELL
WATER HR SHELLFISH HR FISH WATER AIR PARTICULATES LAKE WATER WATER SOIL

YEAR H3 Sr89 Sr90 Sr89 Sr90 H3 Sr9O (pCI/m3) H3 Sr90 H3 Sr90
1974 950 30 72 27 3.5 474 4.60E-04 484 0.8 328 340
1975 615 170 27 333 7.50E-04 400 300 250
1976 513 30 254 6.60E-04 326 346 170
1977 290 1 11 4.4 193 7.OOE-04 200 2.2 320 150
1978 630 140 8.9 208 2.1OE-03 253 236 78
1979 354 7 0.42 170 3.90E-03 244 195 140
1980 3581 13 11 267 4.50E-03 190 242 140
1981 300 90 20 240 2.OOE-03 240 0.6 380 72
1982 370 40 121 13.7 190 3.OOE-04 210 1 290 84
1983 540 11 7 122 9.OOE-04 146 213 195
1984 541 8.4 33.7 178 174 232 740

pCVL pCi/kg - wet pCi/kg - wet oCi/L pCi/m3 pCi/L jpCiL pCi/L pCVKg - dry

Note: July 1984 switched from ETSR to RETS, which eliminated requirements for Strontium analyses, Lake Water and Well Water




