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HONOLULU'S INITIAL WRITTEN STATEMENT OF POSITION

Pursuant to 10 C.F.R. § 2.1207(a)(1) and the Atomic Safety and Licensing Board's

("Board's") July 17, 2008 order, intervenor Concerned Citizens of Honolulu hereby submits its

* initial written statement of position on the admitted segments of amended environmental

contentions 3 and 4.

1. INTRODUCTION

In this proceeding, Concerned Citizens challenges the adequacy of the final

environmental assessment ("Final EA") the Nuclear Regulatory Commission ("NRC") Staff

prepared for a commercial pool-type industrial irradiator using cobalt-60 ("Co-60") sources that

Pa'ina Hawaii, LLC proposes to construct and operate at a site immediately adjacent to active

runways at Honolulu International Airport that also lies within a tsunami evacuation zone and is

vulnerable to hurricane storm surge. The Board admitted for hearing portions of amended

environmental contentions 3 and 4, which challenge the Staff s failure to comply with its

obligations under the National Environmental Policy Act ("NEPA"), 42 U.S.C. §§ 4321 et seg.,

to take the requisite "hard look at the effects from proceeding with" Pa'ina's proposed irradiator
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and to consider reasonable alternatives to construction and operation of a nuclear irradiator at a

site subject to aviation accidents and natural disasters and that presents an attractive target for

terrorist attack. Klamath-Siskiyou Wilderness Center v. Bureau of Land Management, 387 F.3d

989, 1001 (9th Cir. 2004); see also 1.2/21/07 Board Order (Ruling on Admissibility of

Intervenor's Amended Environmental Contentions); 3/4/08 Board Order (Ruling on

Admissibility of Intervenor's Terrorism-Related Challenges).

The admitted segments of the amended environmental contentions all involve claims the

Final EA omitted information the Staff was obliged to provide to satisfy NEPA. The Board

admitted four portions of amended environmental contention 3, each of which alleges a separate

major deficiency in the Staff's Final EA. The first admitted portion challenges "the Staff s

failure to respond to [Concerned Citizens'] detailed comments regarding the shortcomings of the

draft EA," which the Board found "presents a contention of omission." 12/21/07 Board Order at

10-11. The Board also admitted as "a contention of omission" the portion of amended

environmental contention 3 that "lists the twelve instances in the final EA in which the Staff

failed to provide sufficient substantiated analyses regarding the potential impacts of the proposed

irradiator." Id. at 14. The third admitted portion challenges the Staff s failures "to provide more

than general statements about possible risks associated with natural disasters and aviation

accidents and ... to consider transportation accidents involving the cobalt sources," which

constitute "an omission of any meaningful consideration of potential risks associated with the

proposed irradiator and thereby preclude the type of informed decision-making required by

NEPA." Id. at 16; see also id. at 17 ("thisportion of the Intervenor's contention ... is effectively

a contention of omission"). Finally, the Board admitted Concerned Citizens' challenge to the

Staff s analysis of potential terrorist attacks "to the extent it alleges that the Staff 'failed to
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disclose data underlying [its] terrorism analysis' of the proposed irradiator in the Final EA and

its Appendices and thereby failed to meet the NEPA-mandated 'hard look' standard." 3/4/08

Board Order at 5 (citations omitted).

The Board admitted amended environmental contention 4 in its entirety, characterizing it

as including "two distinct NEPA 'alternatives' challenges." 12/21/07 Board Order at 25. The

first challenge "is aimed at the Staff's treatment of alternative quarantine technologies," asserting

"the Staff failed to quiantify the relative costs and benefits of the two pest control- technologies

mentioned in the Final EA and omitted any consideration of the electron beam technology

proposed in the Intervenor's comments on the draft EA." Id. at 25-26; see also id. at 28

(admitting this portion of amended environmental contention 4 as "contention of omission").

The second admitted portion of amended environmental contention 4 challenges the Final EA's

omission of "any consideration of reasonable alternative locations that would purportedly avoid

or minimize the proposed irradiator's adverse impacts on the environment." Id. at 30-31; see

also id. at 32 ("Intervenor's contention presents a legal issue contention of omission").

For the reasons set forth below, Concerned Citizens respectfully submits the Board

should conclude, as a matter of law, that the Staff s Final EA failed to comply with NEPA on the

grounds set forth in the admitted portions of amended environmental contentions 3 and 4.

Accordingly, the Board should instruct the Staff to prepare a revised EA that complies fully with

Congress's command to "put on the table, for the [NRC's] and the public's view, a sufficiently

detailed statement of environmental impacts and alternatives so as to permit informed decision

making" regarding Pa'ina's proposed irradiator. Lands Council v. Powell, 395 F.3d 1019, 1027

( 9 th Cir. 2005); cf. 10 C.F.R. §§ 51.31(a) (NRC Staff prepares EA "for proposed actions other
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than those involving a standard design certification or a manufacturing license under part 52 of

this chapter").

II. FACTUAL BACKGROUND'

Pursuant to a stipulation that resolved Concerned Citizens' two initial environmental

contentions, the Staff put out for public review and comment a draft EA for Pa'ina's proposed

irradiator in December 2006. Exh. 1: Draft Environmental Assessment Related to the Proposed

Pa'ina Hawaii, LLC Underwater Irradiator in Honolulu, Hawaii (ADAMS Accession No.

ML06347023 1); see also 71 Fed. Reg. 78,231 (Dec. 28, 2006); 3/20/06 Joint Stipulation and

Order Regarding Resolution of Concerned Citizens' Environmental Contentions; 4/27/06 Board

Order (Confirming Oral Ruling Granting Motion to Dismiss Contentions).

On February 8, 2007, Concerned Citizens timely submitted comments on the Draft EA,

including numerous expert reports pointing out deficiencies in the Staff s analysis. Exh. 2:

2/8/07 Earthjustice Letter, with enclosed expert reports.2

The facts of this case have been/set forth in detail several times. Accordingly,

Concerned Citizens will focus here on only those facts most relevant to the admitted
environmental contentions.

2 For reasons unknown, the version of this comment letter available on ADAMS (at

ML070470615) omits several attachments, including the resumes of Concerned Citizens'
experts. Exhibit "2" hereto includes all attachments, including an April 13, 2005 press release
from the National Nuclear Security Administration regarding terrorist risk from a Co-60
irradiator at the University of Hawai'i, a March/April 2002 study from the Federation of
American Scientists regarding dirty bombs, a February 2007 assessment by Dr. George Pararas-
Carayannis of natural disaster risks for Pa'ina's proposed irradiator ("Pararas-Carayannis
Report"), a February 7, 2007 analysis by Dr. Marvin Resnikoff of the probability of an aircraft
impact into Pa'ina's proposed irradiator ("2/7/07 Resnikoff Report"), a February 1, 2007 analysis
by Professors Mete Sozen and Christoph Hoffmann of the effect of an aviation accident on a
steel structure similar to the proposed irradiator ("Sozen/Hoffmann Report"), an October 3, 2005
declaration from Dr. Gordon Thompson regarding terrorist threats to the proposed irradiator, and
a September 29, 2005 declaration from Professor William Au regarding health impacts of
consuming irradiated food.
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On February 9, 2007, Concerned Citizens timely filed environmental and safety

contentions, with supporting expert declarations, relating to matters discussed in the Draft EA.

See Exh. 3: 2/9/07 Concerned Citizens' Contentions Re: Draft Environmental Assessment And

.Draft Topical Report (ML070510116). Concerned Citizens filed a reply in support of its

contentions, with supporting expert declarations, on March 19, 2007. See Exh. 4: 3/19/07

Concerned Citizens' Reply In Support Of Its Contentions Re: Draft Environmental Assessment

And Draft Topical Report (ML070870154).

On May 8, 2007, the Staff posted on ADAMS the Final Topical Report on the Effects of

Potential Natural Phenomena and Aviation Accidents at the Pa'ina Hawaii, LLC Irradiator

Facility ("Final Topical Report") (ML071280833), which presented information the Staff later

incorporated into the Final EA. Exh. 5: Final Topical Report.

On June 1, 2007, Concerned Citizens timely filed amended safety contentions, with

supporting expert declarations, -challenging the adequacy of the Final Topical Report's analysis

of threats to Pa'ina's proposed facility from aviation accidents and natural disasters. See Exh. 6:

6/1/07 Concerned Citizens' Amended Safety Contentions # 13 And # 14 (ML071620236).

Concerned Citizens filed replies in support of its amended safety contentions, with supporting

expert declarations, on July 3, 2007. See Exh. 7: 7/3/07 Concerned Citizens' Reply To Pa'ina's

Answer To Amended Safety Contentions #13 And #14 (ML071910217); Exh. 8: 7/3/07

Concerned Citizens' Reply To Staff s Answer To Amended Safety Contentions # 13 And #14

(ML071910319).

On June 1, 2007, the Staff released a supplemental appendix to the Draft EA discussing,

for the first time, terrorist attacks on Pa'ina's proposed irradiator ("Appendix B"). Exh. 9: Draft

Appendix B (ML071290585).
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On July 9, 2007, Concerned Citizens timely submitted comments on Appendix B,

including an expert critique from Dr. Marvin Resnikoff. Exh. 10: 7/9/07 Earthjustice letter, with

7/6/07 Resnikoff Report (ML071940241); see also 72 Fed. Reg. 31,866 (June 8, 2007).

On August 13, 2007, the Staff served its Final EA and associated finding of no significant

impact. Exh. 11: Final Environmental Assessment Related to the Proposed Pa'ina Hawaii,. LLC

Underwater Irradiator in Honolulu, Hawaii (ML071150121). Four days later, the Staff issued

NRC License No. 53-29296-01 to Pa'ina for possession and use of sealed sources in its proposed

irradiator. See Exh. 12: Pa'ina License (Aug. 17, 2007) (ML072320269).

III. STATUTORY FRAMEWORK

NEPA is "our basic national charter for protection of the environment." 40 C.F.R. §

1500.1(a). In enacting NEPA, Congress sought to ensure that all federal agencies - including the

NRC - would factor environmental concerns into their decision-making. See 42 U.S.C. § 4332.

NEPA's procedures are designed to "insure that environmental information is available to public

officials and citizens before decisions are made and before actions are taken. 40 C.F.R. §

1500.1 (b) (emphasis added); see also Citizens for Better Forestry v. U.S. Dep't of Ag., 341 F.3d

961, 970-71 (9th Cir. 2003).

To achieve Congress's goals, NEPA requires an environmental impact statement ("EIS")

for all "major Federal actions significantly affecting the quality of thehuman environment." 42

U.S.C. § 4332(2)(C). "In order to determine whether an EIS is required, the federal agency

concerned prepares an environmental assessment [("EA")]." Bob Marshall Alliance v.

Hodel, 852 F.2d 1223, 1225 ( 9 th Cir. 1988). An EA "shall identify the proposed action and

include:"

(1) A brief discussion of:
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(i) The need for the proposed action;
(ii) Alternatives as required by section 102(2)(E) of NEPA;
(iii) The environmental impacts of the proposed action and alternatives

as appropriate; and
(2) A list of agencies and persons consulted, and identification of sources

used.

10 C.F.R. § 51.30(a); see also 40 C.F.R. § 1508.9. "Based on.that assessment the agency may

conclude that the action will not significantly affect the environment and issue a 'Finding of No

Significant Impact' ('FONSI') in lieu of an EIS." Bob Marshall Alliance, 852 F.2d. at 1225; see

also 10 C.F.R. § 51.31(a); 40 C.F.R. §§ 1508.9(a)(1), 1508.13.

Whether an EA or an EIS is prepared, NEPA obliges the NRC to take "a 'hard look' at

the potential environmental consequences of the proposed action." Klamath-Siskiyou

Wilderness Center, 387 F.3d at 993; see also Ocean Advocates v. U.S. Army Corps of Engineers,

402 F.3d 846, 864 (2005). Moreover, "consideration of alternatives is critical to the goals of

NEPA even where a proposed action does not trigger the EIS process." Bob Marshall

Alliance, 852 F.2d at 1228-29; see also Highway J Citizens Group v. Mineta, 349 F.3d 938, 960

(7th Cir. 2003) ("inquiry into consideration of reasonable alternatives is 'independent of the

question of environmental impact statements, and operative even if the agency finds no

significant environmental impact"').

IV. BURDEN OF PROOF

"It is ... settled that the NRC has the burden of complying with NEPA" Duke Power Co.

(Catawba Nuclear Station, Units 1 and 2), CLI-83-19, 17 NRC 1041, 1048 (1983). Thus; "[i]n

the end, it is the NRC Staff that 'bears the ultimate burden of demonstrating that environmental

issues have been adequately considered."' Duke Energy Corp. (McGuire Nuclear Station, Units

1 and 2; Catawba Nuclear Station, Units 1 and 2), CLI-02-28, 56 NRC 373, 385 (2002) (quoting
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Louisiana Energy Services, L.P. (Claiborne Enrichment Center), CLI-98-3, 47 NRC 77, 89

(1998)).

V. AMENDED ENVIRONMENTAL CONTENTION 3: THE FINAL EA FAILS TO
SATISFY NEPA'S MANDATE TO TAKE A "HARD LOOK" AT POTENTIAL
ENVIRONMENTAL IMPACTS

NEPA requires the Staff to take a "hard look" at the environmental consequences of

Pa'ina's proposed irradiator and prepare an up-front, coherent, comprehensive environmental

analysis. Center for Biological Diversity v. U.S. Forest Serv., 349 F.3d 1157, 1166 (9" Cir.

2003). Environmental review must be conducted as early as possible in the decision-making

process because NEPA procedures are meant to "ensure informed decision making to the end

that the agency will not act on incomplete information, only to regret its decision after it is too

late to correct." Churchill County v. Norton, 276 F.3d 1060, 1072-73 (9t' Cir. 2001). An EA

"must be 'prepared early enough so [it] can serve practically as an important contribution to the

decisionmaking process and will not be used to rationalize or justify decisions already made.'

Idaho Sporting Cong. v. Alexander, 222 F.3d 562, 567 ( 9 th Cir. 2000) (citations omitted). By

issuing a license to Pa' ina based on the Final EA's deficient analysis, the Staff failed to satisfy

NEPA's command to "involv[e] environmental considerations in the initial decisionmaking

process." Metcalf v. Daley, 214 F.3d 1135, 1145 (9th Cir. 2000).

A. The Final EA Failed To Respond To Comments Regarding The Draft EA's
Deficiencies.

During the public comment period on the Draft EA, Concerned Citizens and its experts

submitted voluminous comments pointing out deficiencies in the Staff s analysis of potential

impacts. See generally 2/8/07 Earthjustice Letter, with enclosed expert reports. The experts

noted, among other things, the Draft EA's failure to consider significant factors in evaluating the
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likelihood the proposed irradiator would be involved in an aviation accident, to quantify the

impact of flying airplane and building debris following an aviation accident to determine if

sources would be breached, to quantify hurricane storm surge and tsunami inundation runup

potential, to consider the effects on the irradiator pool of increases in buoyancy forces due to

hurricane surge or tsunami inundation, to consider potential consequences of hurricane winds, to

evaluate unique features of Ke'ehi Lagoon that might increase the potential for tsunami-related

impacts, to consider potential focusing effects of seismic energy on O'ahu, and to evaluate

properly the threat of liquefaction. See Sozen/Hoffmann Report; 2/7/07 Resnikoff Report;

Pararas-Carayannis Report. In addition, Concerned Citizens noted the failure to examine

accidents involving transportation of Co-60 sources to and from the proposed irradiator. 2/8/07

Earthjustice Letter at 5-6.

Rather than respond to these significant questions, the Staff ignored them "or, at best,

shunted [them] aside with mere conclusory statements:" Foundation for N. Am. Wild Sheep v.

U.S. Dep't of Ag., 681 F.2d 1172, 1179 (9th Cir. 1982); see also 12/21/07 Board Order at .12

("the Staff does not claim that it responded in the final EA to the Intervenor's comments on the

listed deficiencies in the draft EA"). For example, while the Staff mentions in passing Dr.

Resnikoff s comment that "the '[p]otential for airplane crash estimates given in the EA' are too

low" and Dr. Pararas-Carayannis's critique of the Draft EA's failure to consider "effects from

increased buoyancy, forceful winds, and fires" associated with hurricanes, the Final EA does not

provide any substantive response. Final EA at C-14, C-16; see also id. at C-17. Other

comments, such as the critique of the Staff s failure to examine transportation accidents, were

ignored entirely.
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In the Ninth Circuit, for the Final EA "[t]o be adequate," the Staff was obliged to

"respond to public comments concerning the project." Sierra Nevada Forest Protection

Campaign v. Weingardt, 376 F.Supp.2d 984, 991 (E.D. Cal. 2005). It failed to do so,

contravening "the paramount Congressional desire to internalize opposing viewpoints into the

decision-making process to ensure that [the NRC] is cognizant of all the environmental trade-

offs that are implicit in a decision" to license Pa'ina's proposed irradiator. California v. Block,

690 F.2d 753, 771 (9th Cir. 1982). The Final EA's "omission of any meaningful consideration of

[the] fundamental factors [raised in the comments of Concerned Citizens and its experts]

precludes the type of informed decision-making mandated by NEPA." Foundation for N. Am.

Wild Sheep, 681 F.2d at 1178. The Board should remand the matter to the Staff to prepare a

revised EA that fully addresses these comments. See id. at 1183.

B. The Final EA Contains Insufficient Evidence And Analysis Regarding Potential
Impacts.

Even with respect to the potential impacts it purports to address, the Final EA's

discussion is far too cursory satisfy the document's basic purposes: to "provide sufficient

evidence and analysis for determining whether to prepare an [EIS] or a [FONSI]" and to "[a]id

[the NRC's] compliance with [NEPA]" in the event no EIS is prepared. 40 C.F.R. §

1508.9(a)(1), (2). The Final EA devotes less than five pages to potential, impacts unrelated to

terrorism, in which it offers nothing more than "generalized conclusory statements that the

effects are not significant." Klamath-Siskiyou Wilderness Center, 387 F.3d at 996; see also

Final EA at 7-12.3

3 The Board has determined that, for security reasons, challenges to "the adequacy of the
Staff s treatment of terrorism in the final EA" - which is presented in Appendix B - are
inadmissible. 3/4/08 Board Order at 3.
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For example, the Final EA fails to provide:

1. Any calculations, analysis or data substantiating its claim "it is unlikely that an
employee could receive more than the occupational dose limit" or quantification
of what it means by "unlikely" (Final EA at 8);

2. Any calculations, analysis or data regarding its evaluation of "expected dose rate"
outside the. irradiator (Id.);

3. Any calculations, analysis or data substantiating its claim "it is unlikely that a
member of the public could receive more than the public limit" or quantification
of what it means by "unlikely" (Id.);

4. Any calculations, analysis or data substantiating its claim "[t]ransportation
impacts from normal operations would be small" (Id.);

5. Any calculations, analysis or data substantiating its claim "[t]he proposed
irradiator would potentially have small beneficial impacts to socioeconomics"
(Id.);

6. Any justification for focusing its review of potentially significant impacts on "off-
site consequences" (Id. at 9);

7. Any calculations, analysis or data substantiating its claim "a loss of 6 feet of pool
water would result in a dose of approximately 300 millirem/hour" or justification
for its assertion that "the increased dose rate will not be sufficient to have a
significant environmental effect on the area around the proposed facility" (Id.);

8. Any justification for its decision to disclose the effects of only a 6-foot water loss,
especially given that the depth of the water table is 2.4 m (8 feet) below the
facility floor (Id.; see also Final Topical Report at 1-2);4

9. Any calculations, analysis or data substantiating its claim "worker doses should
not be significantly increased in the area around the pool" in the event of a loss of

Notably, in preparing the Final EA, the Staff calculated, but then failed to disclose, the
potential radiation dose associated with a loss of shielding water to the eight-foot depth of the
surrounding water table. See Exh. 13: 9/20/07 NRC Staff's Response to Intervenor Concerned
Citizens of Honolulu's Amended Environmental Contentions #3 Through #5 at 10
(ML072670495). That the Staff knew an eight-foot loss of shielding water threatens to expose
workers and emergency responders to a radiation dose of 8,465 millirems/hour - over twenty-
eight times the dose from a six-foot water loss - and then made a conscious decision to keep that
information from the public makes a mockery of NEPA's command to disclose fully the
potential impacts of allowing Pa'ina to operate its proposed irradiator. Compare Exh. 14:
"Microshield Summary Sheet for Loss of 8 Feet of Water Shielding" (run date May 9, 2007)
(ML072630315) with Final EA at 9.
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shielding water or quantification of what it means by "significantly increased"
(Final EA at 9);

10. Any analysis to justify its assumption that "debris around the pool" would prevent
"inadvertent access to the areas of elevated radiation directly above the pool"
(I~d.;

11. Any calculations, analysis or data substantiating its claim"[t]he likelihood of accidents
involving exposure of workers to lethal doses from this specific irradiator design is
expected to be low" or quantification of what it means by a "low" likelihood (Id. at C-
10); and

12. Any calculations, analysis or data to back up its speculation that "there is no
reason to believe the irradiator would have any effect" on tourism (Id. at C-12).

The Staff "cannot avoid preparing an EIS by making conclusory assertions that an

activity will have only an insignificant impact on the environment." Ocean Advocates, 402 F.3d

at 864. Moreover, the Staff cannot invoke agency expertise to justify its failure to provide the

* requisite information and analysis. See, e.g., id. at C-13 ("use of 'unlikely' is ... based on staff

experience"). It is well-established that that "NEPA documents are inadequate if they contain

only narratives of expert opinions." Klamath-Siskiyou Wildlands Center, 387 F.3d at 996. The

Ninth Circuit has explained that allowing a federal agency "to rely on expert opinion without

hard data either vitiates a plaintiff's ability to challenge an agency action or results in the courts

second guessing an agency's scientific conclusions," neither of which is acceptable. Idaho

Sporting Cong. v. Thomas, 137 F.3d 1146, 1150 (9th Cir. 1998) ("ISC I"). Because public

scrutiny of an agency's analysis is vital to accomplishing NEPA's goals, "NEPA requires that

the public receive the underlying environmental data from which [the Staff's experts] derived

[their] opinion[s]." Id.; see also 40 C.F.R. §§ 1500.1(b), 1500.2(d). The Final EA fails to

comply with this mandate.

The Final EA's constant refrain that potential impacts are "described in more detail in the

Safety Topical Report" and its citation to internal agency documents do not remedy this fatal
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flaw. Final EA at 9-11. While NEPA permits agencies to incorporate material by reference,

they may not do so if it would "imped[e] agency and public review of the action," which is vital

to accomplish NEPA's basic purposes. 40 C.F.R. § 1502.21; see also id. § 1500.1(b) ("expert

agency comments, and public scrutiny are essential to implementing NEPA"). Thus, 40 C.F.R. §

1502.21 expressly prohibits incorporation by reference when the materials are not "reasonably

available for inspection by potentially interested persons within the time allowed for comment."

Id. § 1502.21; see also NUREG-1748, "Environmental Review Guidance for Licensing Actions

Associated with NMSS Programs," § 1.6.4 (2003) (same).

The Final EA's incorporation by reference of material which was not "reasonably

available for inspection" does not pass legal muster. 40 C.F.R. § 1502.21. For example, a

member of the public concerned about radiation exposure from "normal operations" transporting

Cobalt-60 sources to the irradiator would have no reasonable means to locate the data or analysis

on which the Staff based its finding of no significant impact. Final EA at 8. Even if the

concerned citizen knew to look on ADAMS to find the cited reference ("NRC, 2006d," a

December 6, 2006 email entitled "Pa'ina Irradiator SER Input") and could figure out how to

navigate ADAMS - no mean feat for the uninitiated - to locate the document, she would still

find absolutely nothing to shed any light on how the Staff reached its conclusion. The document

merely states the "draft ser input" is attached - but no data is, in fact, attached to the version of

the document on ADAMS - and promises that "supporting information" would be provided the

next week. Exh. 15: 12/6/06 Email from E. Keegan to M. Blevin (ML063480301).

Likewise, a member of the public concerned about the impacts associated with a loss of

irradiator pool shielding water in the event of an aviation accident or natural disaster would have

no way to evaluate the accuracy or adequacy of the Staff's analysis of radiation doses. See Final
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EA at 9. The source cited ("NRC, 2007," a March 28, 2007 document entitled "Microshield

Summary Sheet for Loss of 6 Feet of Water at Pa'ina Irradiator") is not available on ADAMS.

As with many other referenced documents, the Final EA fails to "indicate where [this reference

is] available for public review," violating the Staff s own guidance. NUREG-1748, § 1.6.4; see

also Final EA at 14-15, B-8 (listing references without indicating where they can be found).

The Final Topical Report - on which the Final EA relies substantially - suffers from the

same defect. The report's detailed discussion of the data and formulae used to evaluate the

likelihood of an airplane crashing into Pa'ina's proposed irradiator contrasts sharply with the

complete absence of any calculations or other meaningful analysis regarding the force that flying

aircraft or building debris would exert on the Co-60 sources to quantify the conditions under

which radioactive material would be dispersed and assess the likelihood of that occurring.

Compare Final Topical Report at 2-5 to 2-17 with id. at 2-17. Having been provided the

analytical data on which the Staff based its conclusions about airplane crash frequency,

Concerned Citizens - through its expert, Dr. Resnikoff- was able to prepare an extensive

critique of the data and methodology the Topical Report used, pointing out the failure to assess

accurately the risk involved in proceeding with Pa'ina's proposed irradiator. See generally

2/7/07 Resnikoff Report; see also 40 C.F.R. § 1500.1(b) ("public scrutiny ... essential to

implementing NEPA). No similarly detailed review of the Staff s analysis of the consequences

of aviation or building debris destroying the Co-60 sources was possible, since the report

contained only "generalized conclusory statements that the effects are not significant," Klamath-
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Siskiyou Wildlands Center, 387 F.3d at 996, rather than "the underlying environmental data"

from which the Staff derived its conclusions, as NEPA requires. ISC I, 137 F.3d at 1150.'

The Final Topical Report likewise fails to set forth the bases for the Final EA's

conclusions that various natural disasters involving the irradiator would not cause significant

impacts. While the report states that "a stylized fluid dynamic calculation" was conducted to

assess potential impacts associated with tsunamis and notes the conclusions reached, it does not

actually set forth for public review the calculations that were performed. Final Topical Report at

3-5. For all other threats involving natural phenomena, the report does not even claim any

calculations were performed, even though, as Concerned Citizens' expert Dr. Pararas-Carayannis

pointed out during the Staff's preparation of the Final EA, such analysis would be necessary to

reach any meaningful conclusions about potential impacts. Exh. 3: 2/9/07 Pararas-Carayannis

Decl. ¶¶ 11, 18-19, 28-31, 34; Exh. 4:3/15/07 Pararas-Carayannis Supp. Decl. ¶¶4, 8.

The Staff's failure "to meet its NEPA requirements for public disclosure of information"

regarding potential impacts renders the Final EA inadequate and mandates preparation of a new

NEPA document. ISCI, 137 F.3d at 1154.

C. The Final EA Fails To Consider Potentially Significant Impacts From Natural
Disasters, Aviation Accidents and Transportation Of Cobalt Sources.

While the Final EA purports to consider impacts from natural disasters, aviation

accidents and transportation of sources to and from Pa'ina's irradiator, it fails to analyze many

potential consequences, violating NEPA's command to take.a "hard look at the effects from

proceeding with [the proposed irradiator]." Klamath-Siskiyou Wilderness Center, 387 F.3d at

Review of the hearing file reveals the Staff failed to perform any calculations regarding
the force that crashing aircraft or building debris might exert to determine whether the Co-60
sources' performance standards would be adequate to ensure against radioactive releases. Thus,
there was no "underlying environmental data," but, rather, only bald speculation.
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1001. For example, although the Final EA mentions (albeit only briefly and without

quantification) minor flooding due to hurricane surges, it fails completely to consider potential

impacts associated with major flooding. As discussed in Concerned Citizens' February 9, 2007

contentions, which were before the Staff as it prepared the Final EA, hurricane storm surge could

cause flooding of up to seven feet at the proposed irradiator site, and storm surge deposits at the

proposed irradiator site confirm that major flooding has happened in thepast. 2/9/07

Contentions at 10; see 2/9/07 Pararas-Carayannis Decl. ¶¶ 15-16. Potential hurricane surge

heights can be accurately predicted and quantified using mathematical models, yet the Final EA

failed to quantify this risk, depriving the NRC and the public of the environmental information

they need to make an. informed decision about Pa'ina's proposal. 2/9/07 Pararas-Carayannis

Decl. ¶ 18; see 40 C.F.R. § 1500.1(b), (c).

The Final EA's analysis of tsunami risks is similarly deficient. As Dr. Pararas-

Carayannis pointed out to the Staff, there is a 100% statistical probability that a future major

Pacific-wide tsunami will impact the Hawaiian Islands, and the proposed site is in a tsunami

evacuation zone. 2/9/07 Pararas-Carayannis Decl. ¶ 23. Even if the Staff disagreed with Dr.

Pararas-Carayannis, it was obliged either to quantify this risk through numerical modeling or, at

a minimum, analyze in the Final EA "the range of environmental impacts likely to result in the

event" of a major tsunami. San Luis Obispo Mothers for Peace v. Nuclear Regulatory Comm'n,

449 F.3d 1016, 1034 (9th Cir. 2006), cert. denied sub nom, Pacific Gas & Elec. Co. v. San Luis

Obispo Mothers for Peace, 127 S. Ct. 1124 (2007); see also 40 C.F.R. § 1502.22(b). Instead, it

focuses solely on the improbable (a wave lifting a Co-60 source out of the pool irradiator),

ignoring the potential threats identifiedin expert comments on the Draft EA. See Pararas-

Carayannis Report at 12-18.
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Dr. Pararas-Carayannis similarly urged the Staff to use numerical modeling to quantify

runup potential for both hurricane storm surge and tsunami inundation.' 2/9/07 Pararas-

Carayannis Decl. ¶ 29. The Staff, however, neither undertook such a study or nor justified its

failure to do so. "General statements about possible effects and some risk do not constitute a

hard look absent a justification regarding why more definitive information could not be

provided." Klamath-Siskiyou, 387 F.3d 989 at 994 (quoting Neighbors of Cuddy Mountain v.

United States Forest Service, 137 F.3d 1372, 1380 (9th Cir 1998)). If it is possible objectively to

quantify an impact, NEPA requires that the agency do so. Id. Without the benefit of numerical

modeling in the Final EA, the NRC is improperly left to speculate about the risks of a hurricane

or tsunami, using inaccurate and inadequate data.

As noted above, the Final EA fails to consider numerous other potential impacts related

to natural disasters, such as the potential for increased buoyancy due to hurricane storm surge or

tsunami inundation to compromise the irradiator pool's integrity or allow shielding water to

drain out, damage from hurricane-force winds, and liquefaction during an earthquake. See

Pararas-Carayannis Report at 10-11, 17-20. To comply with its obligations under NEPA, the

Staff was required to assess these potential impacts thoroughly. The Staff "cannot avoid

preparing an EIS by making conclusory assertions that an activity will have only an insignificant

impact on the environment." Ocean Advocates, 402 F.3d at 864.

For both aviation accidents and natural disasters, the Final EA failed to analyze various

scenarios which might result in exposures above regulatory limits, including, but not limited to,

damage to the irradiator pool structure at or below the groundwater level, resulting in a loss of

vital pool shielding water, and release of water contaminated with radioactive cobalt through a

tear in the pool lining, contaminating groundwater and nearby Ke'ehi Lagoon. See 2/7/07
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Resnikoff Report at 20; Exh. 3: 2/9/07 Resnikoff Decl. ¶¶17-18; 2/9/07 Pararas-Carayannis Decl.

¶ 31. While the Final EA presents the results - but not the underlying data - of calculations

regarding the increase in radiation dosage associated with a six-foot loss of shielding water, it

provides no justification for considering only this scenario, which the Staff knew dramatically

understates potential impacts. See Final EA at 9. Since the depth of the water table is eight feet

below the, facility floor, the Final EA should have discussed the potential for a rupture in the pool

lining causing shielding water to drain to that level, which the Staff s own calculations - which it

illegally withheld from the public - show would result in a dose of at least 8,465 millirems/hour,

over twenty-eight times the dose from a six-foot water loss and well above the annual

occupational dose limit of 5,000 millirem/year. See Final Topical Report at 1-2; Final EA at 8-9;

"Microshield Summary Sheet for Loss of 8 Feet of Water Shielding" (run date May 9, 2007).

The Final EA was also obliged to, but failed to, evaluate situations in which more

shielding water might be removed from the irradiator, either from the force of an explosion or

through evaporation in a fuel fire, potentially resulting in far higher radiation doses. 2/7/07

Resnikoff Report at 21; see also Final EA at 10 (asserting, without supporting, analysis or

quantification, jet fuel fire would cause "minimal water evaporation"). Moreover, the Staff

improperly failed to consider any scenarios for contamination of the irradiator pool water other

than through long-term corrosion of the Co-60 sources. See Final EA at 9. The Staff should

have, but failed to, perform the calculations necessary to determine whether the force of falling

aircraft or building debris could destroy the sources, allowing dispersal of pulverized Co-60 via

breaches in the pool lining. 2/7/07 Resnikoff Report at 20-21. If, upon completion of its

analysis, the Staff concluded significant impacts were unlikely, the proper course would be to

disclose the data on which it based its ultimate conclusions; The Staff could not, however,
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satisfy NEPA's mandate to take a hard look at potential impacts "by making conclusory

assertions that [Pa'ina's proposed irradiator would] have only an insignificant impact on the

environment" and calling it a day. Ocean Advocates, 402 F.3d at 864.

Moreover, the Final EA improperly dismisses the potential for significant impacts in the

event an airplane crash destroys all monitoring equipment or incapacitates irradiator personnel.

Even if, as the Final EA asserts, the loss of operating monitoring equipment during an accident

would not lead to the loss of control of radioactive material (and the Staff failed to cite any

analysis to back up this assertion), the inability to implement necessary emergency procedures

would threaten to put first responders and the general public in harm's way. Final EA at 9;

2/7/07 Resnikoff Report at 21; 2/9/07 Resnikoff Decl. ¶ 19. The Final EA fails to evaluate such

potential consequences.

Finally, while the Final EA considers (albeit in a conclusory fashion) "[t]ransportation

impacts from normal operations," it fails completely to examine the likelihood and consequences

of accidents that might occur during the annual transport of Co-60 sources to and from the

proposed irradiator. Final EA at 8; see also 2/9/07 Resnikoff Decl. ¶¶ 24-25. Since the facility

could not function without regular shipments of fresh sources, impacts associated with potential

transportation accidents must be evaluated in the Final EA. See 40 C.F.R. § 1508.25(a)(1);

Thomas v. Peterson, 753 F.2d 754, 758-59 (9 th Cir. 1985) (discussing "connected actions").

D. The Final EA Fails To Identify And Disclose Non-Safeguards Information
Underlying Its Terrorism Analysis.

In Pacific Gas & Elec. Co. (Diablo Canyon Power Plant Independent Spent Fuel Storage

Installation), CLI-08-01, 67 NRC (Jan. 15, 2008), the Commission noted that, pursuant to

NEPA section 102(2)(C), the Staff may lawfully "withhold public disclosure of any NEPA
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document, in whole or in part, under the authority of [a Freedom of Information Act •(FOIA)]

exemption," such as FOIA exemption 1 (permitting withholding classified information) and

FOIA exemption 3 (which supports withholding safeguards material). Id., slip op. at 16-17

(quoting Weinberger v. Catholic Action of Hawaii, 454 U.S. 139, 143 (1981); emphasis

omitted). The Commission emphasized, however, that:

"Ordinarily," when access to documents is disputed in FOIA litigation, "the
government must submit detailed public affidavits identifying the documents
withheld, the FOIA exemptions claimed, and a particularized explanation of why
each document falls within the claimed exemption."

Id., slip op. at 17 (quoting Lion Raisins Inc. v. United States Dep't of Ag., 354 F.3d 1072, 1082

(9 th Cir. .2004)). The Commission further stressed that, even if certain documents "include

safeguards information or classified information," the Staff is required to consider whether they

"might be redacted, with [non-sensitive] portions released." Id., slip op. at 18.

Based on the Commission's Diablo Canyon decision, the Board admitted the segment of

Concerned Citizens' amended environmental contention 3 "to the extent it alleges that the Staff

failed 'to disclose data underlying [its] terrorism analysis' of the proposed irradiator in the final

EA and its Appendices and thereby failed to meet the NEPA-mandated 'hard look' standard."

3/4/08 Board Order at 5 (citations omitted). In so doing, the Board squarely rejected "the Staff's

blanket argument that it may, without more, withhold even the identify of the documents it used

to prepare its terrorism analysis in the final EA because such information is sensitive." Id. To

"enable the Intervenor as well as this Board to assess the completeness and adequacy of the data

used by the Staff, and, thus, Whether it applied the requisite 'hard, look' standard," the Board

ordered the Staff to "prepare a Vaughn index,, including supplemental materials, for all

documents it has relied on in reaching its conclusion regarding the potential effects of the

creation of dirty bombs using the Cobalt-60 from the proposed irradiator" and to "turn over all
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releasable documents to the Intervenor." Id. at 5 & n.24. Pursuant to the Board's subsequent

scheduling order, the Staff finally turned over those materials on July 31, 2008. See Exh. 16:

7/31/08 NRC Staff's Vaughn Index And Updates To Disclosures (ML082130703); see also

7/17/08 Board Order at 2.

Review of the Staff s recent submittal confirms-the Final EA fails to comply with NEPA.

Initially, the Staff concedes the Final EA's list of references omitted at least one document on

which the Staff relied in preparing its analysis of terrorism-related impacts: "Decision-Making

Framework for Materials and Research and Test Reactor Vulnerability Assessments, SECY-04-

0222" (hereinafter "SECY-04-0222"). 7/31/08 NRC Staff s Vaughn Index And Updates To

Disclosures at 1. While the Staff alleges it "refer[red] to this framework on pages B-4 and B-5

of the Pa'ina EA," there would be no way for a member of the public reviewing the Final EA to

know that, as the document is neither cited in Appendix B's text nor included in the list of

references. Id.; see also Final EA at B-4 to B-5, B-8.

In Diablo Canyon, the Commission specified that, "[i]f the existence of a document is

classified, such that disclosure of the title and a description of the contents would also be

classified, then ... FOIA exemption 1 would apply and even limited information, such as the title

of the document, could be withheld." CLI-08-01, slip op. at 17 n.71. That is clearly not the case

here, where the Staff publicly announced SECY-04-0222's identity in its July 31, 2008

disclosures and has not otherwise "identified [any] applicable FOIA exemption(s) to justify

excluding [SECY-04-0222] from the reference list." Id., slip op. at 18. The Final EA's failure to

disclose the Staff s reliance on SECY-04-0222 and to provide at least "a general summary or

description of [its] contents," id., slip op. at 17, violated NEPA's requirements to cite material
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incorporated by reference and to "make explicit reference by footnote to the scientific and other

sources relied upon." 40 C.F.R. § 1502.24; see also id. § 1502.21.

In addition, the Staff's belated public release of redacted versions of SECY-04-0222 and

another document on which Appendix B relied - the Sandia National Laboratory's "Draft

Vulnerability Assessment of Material Facilities" ("Sandia Report") (ML082130714) - proves the

Staff illegally withheld information from the public during the comment period on the Draft EA.

See 7/31/08 NRC Staff's Vaughn Index And Updates To Disclosures at 2. As the Commission

stressed in Diablo Canyon, even if documents related to the analysis of terrorism-related impacts

contain safeguards information or classified national security information, the Staff is obliged to

disclose any "releasable portions" of those documents. CLI-08-01, slip op. at 18. The Staff

violated this duty, unlawfully relying on documents not "reasonably available for inspection by

potentially interested persons within the time allowed for comment." 40 C.F.R. § 1502.21; see

also NUREG-1748, § 1.6.4 (2003) (same).

The Staff's failure to make redacted versions of SECY-04-0222 and the Sandia Report

available during the comment period on the Draft EA precluded the "public scrutiny" that "is

essential to implementing NEPA." 40 C.F.R. § 1500.1(b). Because the public had no access to

the releasable portions of these documents, it was unable to point out serious flaws in the

Appendix B's analysis, including, for example the failure to examine:

1. the vulnerability of underwater irradiators (Exh. 17: Sandia Report at 6 (only panoramic
irradiators reviewed));

2. the consequences of attacks on irradiators in highly urbanized settings like Honolulu (id.
at 26-28 (all panoramic irradiators reviewed located in semi-rural or suburban settings));

3. the consequences to individuals, such as irradiator employees or emergency responders,
who may be located less than "100 [meters] from the release point" (id. at 30);
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4. the specific meteorology at Pa'ina's proposed site (id. at 32 ("public health and land
contamination consequences from the use of [a radiological dispersal device] is
dependent upon meteorology at the location at the time of event"));

5. "the potential consequences for acts of sabotage" at any irradiator (id. at 40);6 and

.6. the vulnerabilities of information technology systems at any irradiator (Sandia Report at
55).

While security concerns may justify withholding from the public certain aspects of the

analysis of terrorism-related impacts, the Staff may 'not lawfully "prevent the public from

contributing information to the decision-making process." San Luis Obispo Mothers for Peace,

449 F.3d at 1034. To permit the public to participate effectively in the NEPA process, the Staff

was obliged to disclose the publicly releasable portions of "the underlying environmental data

from which [its experts] derived [their] opinion[s]." ISC I, 137 F.3d at 1150. The Staff's

withholding of SECY-04-0222 and the Sandia Report went to "the heart of the NEPA review

process," unlawfully "insulat[ing the Staff s] decision-making process from public scrutiny" and

depriving the public of information needed "to participate intelligently in the [NEPA] process."

California v. Block, 690 F.2d at 770-72; see also 40 C.F.R. §§ 1501.4(b) (agency shall involve

the public ... in preparing [environmental] assessments"), 1502.21 (incorporation by

reference may not "imped[e] agency and public review of the action").

Finally, the Staff's July 31, 2008 submittal confirms it failed to comply with NEPA's

command to take a "hard look" at the consequences of licensing Pa'ina's proposed irradiator. If

6 The Sandia Report states that sabotage evaluations for three irradiator facilities "were

preformed in a separate study" identified as a September 30, 2003 report by R.H. Yoshimura, et
al., entitled "Physical Protection Vulnerabilities Assessment and Guidance Development for 10
CFR Part 36 Licensees." Id. at 40, 249. Neither the Final EA nor the Staff s July 31, 2008
submittal indicates the Staff ever considered the Yoshimura report in analyzing terrorist threats
to Pa'ina's proposed irradiator. Even if it did, the Staff improperly failed to identify the
Yoshimura report in Appendix B's list of references and did not prepare a Vaughn index to
justify withholding the document in its entirety. See 3/4/08 Board Order at 5 & n.24.
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it had, in addition to the publicly available discussion in Appendix B, there ought to be other,

non-public documents that contain the Staff's site-specific analysis of the potential terrorist

threats associated with operating Pa'ina's proposed irradiator at the Honolulu International

Airport, in the middle of urban O'ahu and adjacent to numerous military installations, allowing

"the NRC Staff (and the Commission, on review) [to] perform[] the evaluation the Ninth Circuit

directed." Pacific Gas & Elec. Co., CLI-08-01, slip. op. at 9; see also id. at 25 n.98 (Commission

"ultimately will review the range of terrorist events considered by the Staff"). There is, however,

no indication in the Final EA's list of references - as supplemented by the July 31, 2008

disclosures - the Staff actually performed this site-specific analysis.

The Staff has failed to identify a single report, memorandum, spreadsheet, or even email

that contains the hard look at terrorism-related impacts mandated by law, much less the separate,

classified appendix NUREG-1748 requires. See NUREG-1748, § 1.8 ("where an EA or EIS is

required for a proposed action that is classified[,] ... [t]hese documents should be organized so

that classified information is included in an appendix that is not made publically [sic] available

while unclassified portions can be made available to the public "); 40 C.F.R. § 1507.3(c). If, as

the Staff insists, it actually performed the requisite review, the Staff was obliged to identify in

the Final EA's list of references the documents that constitute that review and to disclose all

"[r]eleasable documents (or releasable portions of documents)." Pacific Gas & Elec. Co., CLI-

08-01, slip. op. at 18. It did neither.

VI. AMENDED ENVIRONMENTAL CONTENTION #4: THE FINAL EA FAILS TO
CONSIDER REASONABLE ALTERNATIVES

In enacting NEPA, Congress intended that all federal agencies, including the NRC,

would consider in their review of project proposals "choices or alternatives that might be pursued
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with less environmental harm." Lands Council, 395 F.3d at 1027. "[C]onsideration of

alternatives is critical to the goals of NEPA even where a proposed action does not trigger the

EIS process." Bob Marshall Alliance, 852 F.2d at 1228-29; see also 40 C.F.R. § 1508.9(b);

Sierra Club v. Watkins, 808 F. Supp. 852, 871 (D.D.C. 1991) (40 C.F.R. § 1508.9(b) "is an

independent requirement of an EA, separate from its function to provide evidence that there is no

significant impact"). Accordingly, the Ninth Circuit has held agencies must consider in their

EAs "all possible approaches to a particular project ... which would alter the environmental

impact and the cost-benefit balance." Bob Marshall Alliance, 852 F.2d at 1228 (quoting Calvert

Cliffs' Coordinating Comm., Inc. v. United States Atomic Energy Comm'n, 449 F.2d 1109, 1114

(D.C. Cir. 1971)); see also Soda Mountain Wilderness Council v. Norton, 424 F. Supp. 2d 1241,

1263 (E.D. Cal. 2006) (EA's discussion of alternatives "enables an agency, and the public it

serves, to evaluate whether the government has other options it could take that might be less

damaging to the natural environment").

"[T]he evaluation of 'alternatives' mandated by NEPA is to be an evaluation of

alternative means to accomplish the general goal of an action;' it is not an evaluation of the

alternative means by which a particular applicant can teach his goals." Van Abbema v. Fornell,

807 F.2d 633, 638 (7th Cir. 1986); see also Muckleshoot Indian Tribe v. U.S. Forest Serv., 177

F.3d 800, 812 (9t' Cir. 1990) (quoting City of Carmel-by-the-Sea v. U.S. Dep't of Trans., 123

F.3d 1142, 1155 ( 9 th Cir. 1997)) ("the stated goal of a project necessarily dictates the range of

reasonable alternatives"). The scope of alternatives is defined by "what is 'reasonable' rather

than on whether the proponent or applicant likes or is itself capable of carrying out the particular

alternative." 46 Fed. Reg. 18,026, 18,027 (Mar. 23, 1981). Thus, while Pa'ina may prefer to

operate a nuclear irradiator and locate it at the airport, the Final EA's analysis of alternatives
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must focus on the general goal of the undertaking: to treat "fresh fruit and vegetables bound for

the mainland from the Hawaiian Islands and similar products being imported to the Hawaiian

Islands." 71 Fed. Reg. at 78,231. The Final EA violates this core requirement, failing to

consider reasonable alternatives that would avoid potential impacts inherently associated with

Pa'ina's preferred technology (a Co-60 irradiator) and location (a site subject to aviation

accidents and natural disasters, located adjacent to attractive terrorist targets).

A. The Final EA Fails Adequately To Consider Alternate Technologies.

Initially, the Final EA fails adequately to analyze all reasonable alternative quarantine

control technologies. While it briefly mentions two alternate methods for controlling fruit flies,

methyl bromide gas and heat treatment, the two short paragraphs it devotes to these topics do not

"[r]igorously explore and objectively evaluate" the relative environmental costs and benefits of

using these technologies in lieu of building and operating a Co-60 irradiator. Morongo Band of

Mission Indians v. Federal Aviation Admin., 161 F.3d 569, 575 (9" Cir. 1998) (quoting 40

C.F.R. § 1502.14); see also Final EA at 12. The Final EA neither "fosters informed decision-

making" nor "informed public participation," violating NEPA's basic purpose. Morongo Band

of Mission Indians, 161 F.3d at 575 (quoting City of Angoon v. Hodel, 803 F.2d 1016, 1020 (9th

Cir. 1986)); see also 40 C.F.R. § 1500.1(b) ("Accurate scientific analysis, expert agency

comments, and public scrutiny are essential to implementing NEPA").

Even more glaring is the Final EA's failure to consider the alternative control technology

most similar to the one Pa'ina proposes: an irradiation facility using an electron-beam instead of

Co-60 sources. As the Final EA acknowledges, such a facility is currently in operation on

Hawai'i Island, performing the identical tasks Pa'ina plans to carry out. Final EA at 6.

Moreover, in preparing the Final EA, the Staff recognized that "alternative technologies" such as
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"electron beam" merited consideration. Exh. 18: 2/14/07 Email from Matthew Blevins (NRC)

to Michael Kohn (Pa'ina) (ML070600583). Using a non-nuclear technology would eliminate

potential impacts associated with releases of radioactive material and exposure to unshielded

sources, and, thus, consideration of such an alternative "would alter the environmental impact

and the cost-benefit balance," as NEPA requires. Bob Marshall Alliance, 852 F.2d at 1228; see

also Exh. 1: Thompson Decl. ¶ VI-2. Despite comment from Concerned Citizens urging

consideration of this reasonable alternative, the EA does not even mention it, rendering its

analysis "inadequate." Morongo Band of Mission Indians, 161 F.3d at 575; see 2/8/07

Earthjustice Letter at 8; see also Soda Mountain Wilderness Council, 424 F. Supp. 2d at 1264

("For those alternatives not selected for detailed study [in an EA], the agency is'required to

'briefly discuss the reasons for their having been eliminated"') (quoting 40 C.F.R. § 1502.14(a));

Oregon Natural Resources Council Action v. U.S. Forest Service, 445 F.Supp.2d 1211, 1229 (D.

Or. 2006) (agency must respond to comments on inadequacy of alternatives analysis).

B. The Final EA Failed To Consider Alternate Locations.

The Final EA's failure to consider alternate locations for the proposed irradiator further

violates NEPA. The Final EA's statement of need emphasizes the importance of"[c]entrally

located treatment of products" for export from, and import to, Hawai'i and claims that locating a

treatment facility on O'ahu is preferred, since it is "the central hub for air and sea

transportation." Final EA at 6. Even if limiting alternatives to O'ahu would be reasonable,

nothing in the Final EA suggests the parcel Pa'ina has selected at the airport is the sole possible

location on the island for a treatment facility. 7

7 At the February 1, 2007 hearing on the Draft EA, virtually every fruit producer who
testified and indicated a desire to use Pa'ina's irradiator came from Hawai'i Island. See, e.g.,
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The Final EA's purpose is "broadly framed in terms of service to the public benefit" and

"is not, by its own terms, tied to a specific parcel of land." Methow Valley Citizens Council v.

Regional Forester, 833 F.2d 810, 815 ( 9 th Cir. 1987), rev'd on other grounds, 490 U.S. 332, aff d

on remand, 879 F.2d705, 706 (9 ' Cir. 1989) (emphasis in original). Thus, there was "no tenable

reason for [the Staff] to be wedded exclusively" to locating the proposed irradiator at only

Pa'ina's preferred airport location, and, even had Concerned Citizens and its experts not

emphasized in their comments the need to consider other locations, "it should have been obvious

that investigation was warranted to determine whether the [irradiator] could be pursued at

alternative sites.". Id.; see also City of Alexandria, Va. v. Slater, 198 F.3d 862, 868 (D.C. Cir.

1999) ("When the proposed action is an integral part of a coordinated plan to deal with a broad

problem, the range of alternatives that must be evaluated is broadened"). To allow the NRC and

the public to consider "alternatives that might be pursued-with less environmental harm," the

Final EA was obliged to consider alternate sites. Lands Council, 395 F.3d at 1027.

Had the Final EA done so, it likely would have highlighted the environmental inferiority

of Pa'ina's chosen site. As Concerned Citizens' experts emphasized during the EA process, sites

located inland and away from Ke'ehi Lagoon would eliminate threats from tsunami runup and

hurricane storm surges. 2/9/07 Pararas-Carayannis Decl. ¶ 13. Sites on solid ground, rather than

unconsolidated fill, would lay to rest concerns about liquefaction during earthquakes. Id. Sites a

mere ten miles from Honolulu International Airport's runways would reduce the threat of an

airplane accident by a factor of 1,000. 2/9/07 Resnikoff Decl. ¶ 26. Moving out of urban

Honolulu, away from strategic military bases, and far from Hawai'i's transportation and financial

Exh. 19: 2/1/07 Hearing Tr. at 43-45 (ML070590710). Since there are many daily flights from
airports on Hawai'i Island to the continental United States, reasonable alternatives clearly
include locating a second treatment facility on that island, which would save the transportation
costs of flying fruit to 0' ahu for treatment prior to export.
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hubs would reduce the risks of terrorist attack. Id. ¶¶ 20-23; Thompson Decl. ¶ VI-3. The Final

EA improperly fails to consider these reasonable alternatives, depriving the NRC and the public

of vital information about "choices or alternatives that might be pursued with less environmental

harm." Lands Council, 395 F.3d at 1027; see also 40 C.F.R. § 1500.2(e) (commanding federal

agencies to use NEPA process "to identify and assess the reasonable alternatives to proposed

actions that will avoid or minimize adverse effects of these actions upon the quality of the human

environment").
8

That the "NRC has no authority to prescribe a different location" does not excuse the

Final EA's failure to consider reasonable alternate sites. Final EA at C-8; see 40 C.F.R. §

1502.14(c) (agency cannot reject alternative because it is "not within the jurisdiction of the lead

agency"). The NRC likewise cannot force Pa'ina to use non-nuclear food treatment technology,

but that did not preclude the Staff from evaluating in the Final EA (albeit inadequately) alternate

technologies. Cf. Exelon Generation Co., LLC (Early Site Permit for Clinton ESP Site), CLI-05-

29, 62 NRC 801, 807 (2005) ("NRC Staff ... examined various power sources as alternatives to

Exelon's proposed nuclear plant - including fossil, solar, wind, and 'combined' technologies").

The Staff's concession that it routinely considers alternate locations in proceedings involving

EISs - where it has no greater power to force applicants to choose alternate sites - confirms there

is no valid reason for its failure to do so here. Final EA at C-8.

"The [•A's] failure to adequately select and analyze a reasonable range of alternatives"-

alternate technologies and locations - "requires that [the Staff s] action be set aside." Soda

Mountain Wilderness Council, 424 F. Supp. 2d at 1264.

8 The hearing file makes clear the Staff knew that alternate locations, "further from an

active runway and further from the ocean," would be feasible. Exh. 20: 8/28/06 Email from
Michael Kohn (Pa'ina) to Jack Whitten (NRC) at 1 (ML062770248). Indeed, alternate locations
might even have "commercial advantages" over the currently proposed site. Id.
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VII. CONCLUSION

For the foregoing reasons, Concerned Citizens respectfully submits the Final EA "failed

to take the necessary hard look at the environmental impacts of [Pa'ina's proposed irradiator]

and similarly failed to consider adequate alternatives to the proposed [facility]." Muckleshoot

Indian Tribe, 177 F.3d at 814.

Dated at Honolulu, Hawai'i, August 26, 2008.

Respectfully submitted,
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DAVID L. HENKIN
Earthjustice
223 South King Street, Suite 400
Honolulu, Hawai'i 96813
Tel. No.: (808) 599-2436
Fax No. (808) 521-6841
Email: dhenkin@earthjustice.org
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Material License Application )

WRITTEN DIRECT TESTIMONY AND DECLARATION OF DAVID L. HENKIN

I, David L. Henkin, declare under penalty of perjury that the contents of the following

Written Direct Testimony and Declaration of David L. Henkin are true and correct to the best of

my knowledge:

Q: Please state your name and business address.

A: David Lane Henkin. My business address is Earthjustice, 223 South King Street, Suite
400, Honolulu, Hawai'i 96813.

Q: What is your role in this proceeding?

A: I am an attorney at law, duly licensed to practice before all courts of the State of Hawai'i,
the U.S. District Court for the District of Hawai'i, the U.S. Court of Appeals for the 9 th

Circuit, and the U.S. Supreme Court. I am a staff attorney at Earthjustice and serve as the
lead attorney for intervenor Concerned Citizens of Honolulu.

Q: What is the purpose of your testimony?

A: The purpose of my testimony is to identify the exhibits in support of Concerned Citizens'
Initial Statement of Position.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "1"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "1."

A: Exhibit "1" is a true and correct copy of the Nuclear Regulatory Commission Staff's
Draft Environmental Assessment Related to the Proposed Pa'ina Hawaii, LLC



Underwater Irradiator in Honolulu, Hawaii, which the Staff put out for public comment
and review in December 2006. This document is available on ADAMS at accession
number ML06347023 1.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "2"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "2."

A: Exhibit "2" is a true and correct copy of the comment letter on the Draft Environmental
Assessment that Earthjustice submitted on behalf of Concerned Citizens on February 8,
2007, with attachments. These attachments include expert reports from Drs. George
Pararas-Carayannis, Marvin Resnikoff, Mete Sozen, and Christoph Hoffmann, and
declarations from Drs. Gordon Thompson and William Au. For ease of reference, blue
sheets have been inserted between the attachments with labels indicating the nature of the
document which follows. For reasons unknown, the version of this comment letter
available on ADAMS (at M1L070470615) omits several attachments, including the
resumes of Concerned Citizens' experts.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "3"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "3."

A: Exhibit "3" is a true and correct copy of the contentions regarding the Draft
Environmental Assessment and Draft Topical Report, together with associated
declarations, that Earthjustice filed in this proceeding on Concerned Citizens' behalf on
February 9, 2007. This document is available on ADAMS at accession number
ML070510116. The contents of Exhibit "3" were available to the Staff while it was
preparing the Final Environmental Assessment for Pa'ina's proposed irradiator.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "4"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "4."

A: Exhibit "4" is a true and correct copy of the reply in support of Concerned Citizens'
contentions regarding the Draft Environmental Assessment and Draft Topical Report,
together *With associated declarations, that Earthjustice filed in this proceeding on March
19, 2007. This document is available on ADAMS at accession number ML070870154.
The contents of Exhibit "4" were available to the Staff while it was preparing the Final
Environmental Assessment for Pa'ina's proposed irradiator.
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Q: Do recognize the document identified as Concerned Citizens' Exhibit "5"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "5."

A: Exhibit "5" is a true and correct copy of the Final Topical Report on the Effects of
Potential Natural Phenomena and Aviation Accidents at the Pa'ina Hawaii, LLC
Irradiator Facility, which the Staff posted on ADAMS on May 8, 2007. This document
is available on ADAMS at accession number ML071280833.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "6"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "6."

A: Exhibit "6" is a true and correct copy of the Concerned Citizens' Amended Safety
Contentions # 13 and # 14, together with associated declaration of Mete A. Sozen, Ph.D.,
which Earthjustice filed in this proceeding on June 1, 2007. This document is available
on ADAMS at accession number ML071620236. The contents of Exhibit "6" were
available to the Staff while it was preparing the Final Environmental Assessment for
Pa'ina's proposed irradiator.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "7"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "7."

A: Exhibit "7" is a true and correct copy of Concerned Citizens' Reply to Pa'ina's Answer
to Amended Contentions # 13 and # 14, together with associated supplemental declaration
of Mete A. Sozen, Ph.D., which Earthjustice filed in this proceeding on July 3, 2007.
This document is available on ADAMS at accession number ML071910217. The
contents of Exhibit "7" were available to the Staff while it was preparing the Final
Environmental Assessment for Pa'ina's proposed irradiator.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "8"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "8."

A: Exhibit "8" is a true and correct copy of Concerned Citizens' Reply to Staff's Response
to Amended Contentions #13 and #14, which Earthjustice filed in this proceeding on July
3, 2007. This document is available on ADAMS at accession number M1L071910319.
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The contents of Exhibit "8" were available' to the Staff while it was preparing the Final
Environmental Assessment for Pa'ina's proposed irradiator.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "9"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "9."

A: Exhibit "9" is a true and correct copy of the Staff's draft analysis of potential terrorist
attacks on Pa'ina's proposed irradiator, called "Appendix B," which the Staff released for
public review and comment on June 1, 2007. This document is available on ADAMS at
accession number ML071290585.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "10"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "10."

A: Exhibit "10" is a true and correct copy of the comment letter on the draft of Appendix B
that Earthjustice submitted on behalf of Concerned Citizens on July 9, 2007, with
attached critique from Dr. Marvin Resnikoff. This document is available on ADAMS at
accession number ML071940241.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "1 1"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "1 1."

A: Exhibit "11" is a true and correct copy of the Nuclear Regulatory Commission Staff's
Final Environmental Assessment Related to the Proposed Pa'ina Hawaii, LLC
Underwater Irradiator in Honolulu, Hawaii, which the Staff served on August 13, 2007.
This document is available on ADAMS at accession number ML071150121.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "12"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "12."

A: Exhibit "12" is a true and correct copy of the public version of the materials license the
Staff issued to Pa'ina on August 17, 2007. This document is available on ADAMS at
accession number ML072320269.

4



Q: Do recognize the document identified as Concerned Citizens' Exhibit "13"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "13."

A: Exhibit "13" contains excerpts from a true and correct copy of the NRC Staffs Response
to Intervenor Concerned Citizens of Honolulu's Amended Environmental Contentions #3
Through #5, filed herein on September 20, 2007. This document is available on.
ADAMS at accession number ML072670495.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "14"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "14."

A: Exhibit "14" is a true and correct copy of a document entitled "Microshield Summary
Sheet for Loss of 8 Feet of Water Shielding" (run date May 9, 2007), which the Staff
provided by facsimile transmission on September 20, 2007. Because the Staff has stated
this document contains sensitive information, it is being filed in camera. The Staffs
hearing file update states that this document has an ADAMS accession number of
ML072630315, but there is no way to confirm that, since the document is not publicly
available.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "15"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "15."

A: Exhibit "15" is a true and correct copy of the portion of a December 6, 2006 email from
Elaine Keegan to Matthew Blevins entitled "Pa'ini [sic] Irradiator SER input" that is
publicly available on ADAMS (at accession number ML063480301). This document is
cited in the Final Environmental Assessment (without the ADAMS accession number) at
"NRC, 2006d."

Q: Do recognize the document identified as Concerned Citizens' Exhibit "16"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "16."

A: Exhibit "16" is an excerpt from a true and correct copy of the Staff's Vaughn Index And
Updates To Disclosures, which the Staff filed herein on July 31, 2008. This document is
available on ADAMS at accession number ML082130703.
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Q: Do recognize the document identified as Concerned Citizens' Exhibit "17"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "17."

A: Exhibit "17" contains excerpts from a true and correct copy of the redacted version of the
Sandia National Laboratory's "Draft Vulnerability Assessment of Material Facilities"
(dated March 8, 2004). This document is available on ADAMS at accession number
ML082130714.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "18"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "18."

A: Exhibit "18" is a true and correct copy of a February 14, 2007 email from Matthew
Blevins (NRC) to Michael Kohn (Pa'ina) seeking information about alternative
technologies, including electron beam. This document, which was sent during the Staff's
preparation of the Final Environmental Assessment, is available on ADAMS at accession
number ML070600583.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "19"?

A: Yes..

Q: Please describe the document identified as Concerned Citizens' Exhibit "19."

A: Exhibit "19" contains excerpts from a true and correct copy of the transcript of the
February 1, 2007 public meeting on the Draft Environmental Assessment for Pa'ina's
proposed irradiator. This document is available on ADAMS at accession number
ML070590710.

Q: Do recognize the document identified as Concerned Citizens' Exhibit "20"?

A: Yes.

Q: Please describe the document identified as Concerned Citizens' Exhibit "20."

A: Exhibit "20" is a true and correct copy of an August 28, 2006 email from Michael Kohn
(Pa'ina) to Jack Whitten (NRC) regarding alternate locations for Pa'ina's proposed
irradiator. This document, which the Staff received prior to putting the Draft
Environmental Assessment out for public comment, is available on ADAMS at accession
number ML062770248.
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I declare under penalty of perjury that I have read the foregoing Written Direct

Testimony and Declaration of David L. Henkiri and know the contentsthereof to be true of my

own knowledge.

Dated at Honolulu, Hawai'i, August 26, 2008.

DAVID L. HENKIN
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December 21, 2006

Michael Kohn, President
Pa'ina Hawaii, LLC
P.O. Box 30542
Honolulu, Hawaii 96820

SUBJECT: DRAFT ENVIRONMETNAL ASSESSMENT AND INFORMATION
RELATED TO UPCOMING PUBLIC MEETING FOR PROPOSED PA'INA HAWAII,
LLC IRRADIATOR

Dear Mr. Kohn:

The U.S. Nuclear Regulatory Commission staff has completed its draft environmental

assessment for the proposed underwater irradiator in accordance with the terms of a March 20,

2006 settlement agreement with Concerned Citizens of Honolulu, the interveners in the.

adjudicatory hearing to be held on the license application. Enclosed are the Federal Register

notice announcing the staff's preliminary "Finding of No Significant Impact" and the complete

draft environmental assessment. In addition, the notice details the staff's plan to hold a public

meeting on February 1, 2007, in Honolulu, Hawaii, to accept comments. If you have:any

questions, please contact Matthew Blevins at (301) 415-7684 or by email at mxb6@nrc.gov.

Sincerely,

IRA/

B. Jennifer Davis, Branch Chief
Environmental Review Branch
Division of Waste Management

and Environmental Protection
Office of Federal and State Materials

and Environmental Management Programs

Docket No.: 030-36974

Enclosures:
1. Federal Register Notice

,2. Draft Environmental Assessment

Cc: Enclosed list

EXHIBIT 1
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HONOLULU, HAWAII

PREPARED BY
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U.S. NUCLEAR REGULATORY COMMISSION
DOCKET NO. 030-36974

DRAFT ENVIRONMENTAL ASSESSMENT RELATED TO THE PROPOSED PA'INA
HAWAII, LLC UNDERWATER IRRADIATOR IN HONOLULU, HAWAII

Introduction

The U.S. Nuclear Regulatory Commission (NRC) is in receipt of a license application
dated June 23, 2005, from Pa'ina Hawaii, LLC, that would authorize the possession and
use of sealed radioactive sources in an underwater irradiator for the production and
research irradiation of food, cosmetic, and pharmaceutical products (Pa'ina, 2005a).
The proposed irradiator would be located immediately adjacent to Honolulu International
Airport on Palekona Street near Lagoon Drive. The irradiator would primarily be used
for phytosanitary treatment of fresh fruit and vegetables bound for the mainland from the
Hawaiian Islands and similar products being imported to the Hawaiian Islands as well as
irradiation of cosmetics and pharmaceutical products. The irradiator would also be used
by the applicant to conduct research and development projects, and irradiate a wide
range of other materials as specifically approved by the NRC on a case-by-case basis.

The NRC has completed its initial evaluation of the proposed irradiator against the
requirements found in the NRC's regulations at Title 10 of the Code of Federal
Regulations, Part 36, "Licenses and Radiation Safety Requirements for Irradiators,"
(i.e., 10 CFR Part 36). Typically, the licensing of irradiators is categorically excluded
from detailed environmental review as described in the NRC regulations at 10 CFR
51.22(c)(14)(vii). However, the NRC staff entered into a settlement agreement (NRC,
2006a) with Concerned Citizens of Honolulu, the interveners in the adjudicatory hearing
to be held on the license application. The settlement agreement included a provision for
the NRC staff to prepare this environmental assessment and hold a public comment
meeting in Honolulu, Hawaii prior to making a final decision.

The Proposed Action

Pa'ina Hawaii, LLC has submitted a license application (Pa'ina, 2005a) for the
possession and use of cobalt-60 (Co-60) sealed sources in an underwater irradiator. In
this type of irradiator the sealed sources remain at the bottom of the irradiator pool at all
times (i.e., approximately 12-18 feet below the pool surface) (See Figures A-1 and A-2
in Appendix A). Human access to the sealed sources and the space subject to
irradiation is not physically possible without entering the irradiator pool. The product to
be irradiated is placed in a water-tight container (i.e., product bell) and lowered into the
irradiator pool water.

The proposed Pa'ina irradiator, was designed by Gray*Star, Inc. for use with two
different types of radioactive cobalt-60 sealed source assemblies. Both source
assemblies are doubly encapsulated. The inner capsule contains nickel coated Co-60
metal discs. The inner capsule is either stainless steel or zircalloy and has two welded



end caps. The inner capsule is then placed in the stainless steel outer capsule which
also has two welded end plugs. The Co-60 sealed source assemblies (i.e., sealed
sources or sources) are of robust construction and meet the NRC regulations (i.e., 10
CFR 36.21) for leak tests, corrosion, temperature shock, pressure, impact, vibration,
puncture, and bending.

The irradiator has several main components including a pool, source holders and rack,
plenum, surge tank, and a hoist and transfer system. The irradiator pool is made of two
steel tanks, one inside the other. (See Figures A-2 and A-3 in Appendix A) The inner
tank, which is in contact with the pool water, is constructed of one-quarter inch thick
stainless steel. Steel separators, or I-beams, connect the inner-tank to the outer-tank.
The outer-tank is constructed of one-quarter inch carbon steel and is externally coated
with a polyurethane material (Pa'ina, 2005; NRC, 2006b) designed to protect against
underground environmental conditions, (e.g. salt water). The steel separators, or I-
beams, provide for strength and the ability to independently conduct hydrostatic
pressure testing of the two tanks. Both tanks are leak checked off-site by filling the gap
between the tanks with water and inspecting for leaks both inside and outside the pools.
The irradiator pool is fabricated off-site and shipped to the proposed site and re-
inspected for any damage that may have occurred during shipment.

During on-site construction activities, the pool formed from the two tanks is lowered into
the excavation. A concrete foundation is placed underneath the pool and allowed to
cure. The pool is then filled with water and the space between the inner and outer pools
is checked for water leakage. After the leak test, the six-inch space between the tanks
is filled with concrete. Finally, the area surrounding the pool is backfilled, based on site-
specific back fill procedures and materials. To account for seismic activity and to
separate any floor motion from the pool, a six-inch space between the pool/surge tank
and the surrounding floor slab is present.

The pool is installed primarily below ground level with a 42" [3.5 feet] upper lip
extending above the facility floor (See Figure A-2 in Appendix A). This lip serves as a
barrier to prevent personnel from accidentally falling into the pool. This 42" inch upper
lip also helps prevent any water or dirt on the floor from entering the pool. The three
layers of the pool's construction provide barriers to any water leaking from the pool to
the surrounding environment. As described above, this pool construction method
permits verifying the integrity of the pool's steel layers prior to and during installation on-
site.

The Co-60 sealed sources are placed in the pool, or removed, in highly-shielded
transportation casks. The hoist and cables associated with the overhead trolley system
can adequately support the heaviest transportation cask. During source loading the
plenum and source rack will be removed to provide space to position the shipping cask
at the bottom of the pool. Any sources already present in the pool are placed at the
other end of the pool away from the area where the shipping cask is lowered. The
shipping cask does not travel over the sources at any time.
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During routine operations, the Co-60 sources are locked in place at the bottom of the
irradiator pool underneath the plenum (i.e., a watertight box open on the bottom) (See
Figure A-4 in Appendix A). The plenum is sealed on the top and sides and contains
helium gas under pressure to keep the sources dry during normal operations and to
minimize water attenuation of the gamma photons during irradiation. Helium was
selected because it is an inert element, will not chemically react with the source
encapsulations, has excellent thermal transfer capabilities, and will not significantly
dissolve in water. The plenum is constructed of stainless steel, compatible with the
stainless steel source encapsulations. There are five vertical enclosures placed side by
side (See Figure A-4 in Appendix A). The enclosures are welded to a top manifold that
allows helium to freely pass from one enclosure to another. The plenum is completely
sealed by welding on the top and sides. The bottom of the plenum is open to allow it to
be placed over the source holders. Helium gas enters the plenum through a helium
supply tube located on the top of the top manifold. The helium gas is under pressure
that is equal to the pressure at the bottom of the plenum. This helium under pressure
forces the pool water out of the bottom of the plenum and keeps the interior of the
plenum dry. Gas pressure is monitored to assure that the water level does not rise
within the plenum so that the sources remain dry.

As described above, the radioactive material is comprised of activated Co-60 disks
doubly encapsulated within the source assembly (i.e., sealed source). The individual
Co-60 sealed sources (i.e., source assemblies or sources) are positioned vertically in
source holders. Each stainless steel source holder is compatible with both the source
encapsulation and the plenum material.

The source holders are stacked on guide rods in the source rack. A source holder may
hold multiple sources (i.e., has numerous openings to hold Co-60 sealed sources) (See
Figure A-5 in Appendix A). There are three source holders (in the vertical dimension)
per enclosure and five enclosures (in the horizontal dimension) for a total of fifteen
source holders. These source holders are placed on the source rack which has a
stainless steel base plate. Stainless steel guide rods are vertically welded to the base
plate. The source rack is independent (not physically attached) to the plenum. Once
the source holders are loaded onto the rack by sliding them down the guide rods, the
plenum is lowered over the source rack, source holders, and Co-60 sources. Guides
and clearances are built into the system to assure that there is never any contact or
force on the sealed sources during all phases of loading and operation.

A stainless steel surge tank is located on one side of the pool near floor level. The
primary purpose of the surge tank is to compensate for varying water levels due to pool
water displacement from bell (i.e., product container) movement. The surge tank is
connected to the pool through a transfer opening at or above the minimum water level.
The minimum water level is the lowest amount of water in the pool that will retain
shielding integrity.

A water purification system that includes filtration, de-ionization, and a water radiation
monitor (WRM) is mounted above the surge tank. The WRM is located on the filter

3



system. The purification system's placement over the surge tank prevents any water
loss from the water purification system should a leak occur. Although the Co-60
sources are not normally in contact with the pool water during routine operations, the
water purification system is designed and maintained with the assumption that the pool
water comes in direct contact with the sources (e.g., during source loading, unloading,
or reconfiguration). The discharge pipe from the water purification system to the main
irradiator pool terminates above the minimum water level. The inlet pipe from the surge
tank to the water purification system is located in the surge tank and water access, via
the transfer opening, is at or above the minimum water level. The WRM continuously
monitors the filter housing to detect any accumulation of radioactive material. An inline
conductivity monitor provides feedback for the prevention of electrolytic corrosion of the
irradiator pool or source plenum.

A make-up water line is connected to an external water supply. A manual valve is used
to add water to make up for water loss due to evaporation loss and a check valve
prevents pool water from inadvertently traveling back into the external water supply.
There are no water effluent discharges to State waters from the water purification
system (Pa'ina, 2005b).

Bells (i.e., product containers) are lowered to either side of the stationary plenum.
Limiters (i.e., significant steel structures) prevent the bells from coming in contact with
the plenum, and thus protecting the individual Co-60 sources. The plenum is secured at
the bottom of the irradiator pool by a stainless steel retaining mechanism that extends
from the top of the plenum to the surface of the pool. The retaining mechanism is
bolted, padlocked, and tamper sealed at the pool surface. The primary purpose of the
retaining mechanism is to assure that the plenum, and the sources, can't be raised to
the pool surface under any conditions when the sources are present in the plenum.
Plenum inspection and maintenance, should it be necessary, is conducted by breaking
the tamper seals, unlocking and unbolting the retaining mechanism, removing the
retaining mechanism, and then raising the plenum. After the source holders are
removed, the source rack can also be removed for inspection. In addition to the WRM,
an area radiation monitor (ARM) is located over the surface of the pool. The ARM has
remote visual alerts and is audible at all Restricted Area personnel entries. The ARM is
directly wired to the hoist system (as described below). In the event that the ARM, in
combination with the WRM, detects the presence of radiation (above the threshold
setting), the power to the hoist system is shut off and all hoist movement ceases.

The product to be irradiated is brought into the Restricted Area on carts (i.e., stacked
product carriers). Open-bottomed bells are suspended from a hoist system and moved
by the overhead rail and trolley. Three hoist/bell assemblies are used. To load the
irradiator, the operator lowers a bell enveloping/engaging a cart full of product at a
loading station. The bell containing the product is then raised. The operator pushes
and holds a button to activate the trolley and move the loaded bell to a "START"
position on one side of the pool. A computer detects the bell in the "START" position
and when ready, automatically moves the bell over the pool. The bell is then
automatically lowered into the pool at one side of the source plenum. After irradiation
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(of one side of the product), the bell is raised out of the pool water, moved further along
the rail over the pool, and lowered to the second side of the plenum for completion of
the irradiation cycle. After completion, the bell is automatically raised by the hoist
system and moved by trolley to the "FINISH" position on the opposite side of the pool
from the "START" position. The "FINISH" position is located above the surge tank to
recycle water runoff from the bell. The operator then pushes and holds a button to
activate the trolley and move the finished bell to an unloading station where the bell is
lowered, detached from the product cart, and sent to the initial loading station.

Product irradiation takes place only near the pool bottom (i.e., under 12-18 feet of
water) around the plenum. The product is moved to the bottom of the pool in the bells.
All components of the bells in contact with the pool water are made of stainless steel.
The bells, even if empty, are heavy enough to prevent them from floating in the pool.
They are raised and lowered with conventional hoists and stainless steel cable. The
safety factor on all lifting components such as the cable is a factor greater than five
times the materials' yield strength. Should the cables or their attachments fail, the bells
might drop into the pool; however, the limiters, which position the bells, keep them clear
of the plenum and sources. The retaining mechanism that locks the plenum into
position occupies the space in the pool from the plenum to the surface. Therefore, a
bell cannot fall and impact the plenum.

The bell is water tight on all sides except for the open bottom. As the bells are lowered
into the pool, the increased water pressure tries to force the water level in the bell to
rise. However, each bell has a compressed air supply line. The purpose of this
compressed air line is to maintain the water level in the bell below the product. The
compressed air supply line runs from the hoist mechanism to each bell. A stainless
steel pipe on the top of each bell extends above the bell. This pipe is connected to the
flexible air supply line. The flexible air line is connected to a retractable reel system
located at the hoist mechanism. The purpose of the stainless steel extension, which is
curved to prevent radiation streaming, is to prevent radiation damage to the flexible air
line. If the air supply line fails and is open to the-water, air would come out of the
exposed line and bubble through the water. At no time could pool water be drained
through the air supply line. The compressed gas supplied through the flexible air line
equalizes the pressure and maintains the water level at the bottom of the bell. As the
bell rises out of the pool, the decreased water pressure causes air to escape from the
bottom of the bell.

Also, as the bells descend into the pool, the water pressure increases slightly at the
bottom of the pool which causes water to be pushed up slightly into the plenum. The
plenum is designed with a buffer space below the source holders to allow for water
levels to vary and yet keep the source encapsulations dry. All moving parts of the
irradiator can be maintained and replaced above the pool and outside the irradiation
zone.

5



The Need for the Prooosed Action

The proposed irradiator would be mainly used for the production and research
irradiation of food and cosmetic products (Paina, 2005). The irradiator would satisfy
several needs related to the control of invasive pest species (Wong, 2006). Specific
uses would include (Kohn, 2006):

" Centrally located treatment of Hawaiian products for export,
* Centrally located treatment of products for import to Hawaii,
* Sterilization of fruit fly pupae for preventative release programs, and
* Use as a research tool.

Hawaii currently has four treatment facilities, all located on the big island of Hawaii.
These existing facilities consist of three heat treatment facilities and one electron beam
irradiator facility. However, some producers are precluded from using these facilities for
various reasons including product restrictions and high shipping costs (Wong, 2006). A
treatment facility located on Oahu, the central hub for air and sea transportation, is
considered to be most useful as it would provide access to the widest range of mainland
and foreign destinations with the shortest time delays from field to market (Wong, 2006).

During peak import seasons (e.g., Mother's Day) it is difficult for the Hawaii Department
of Agriculture to conduct inspections due to the large volumes of products. Treatment
by irradiation in lieu of inspections would allow immediate release of the products and
provide benefits to importers (Kohn, 2006).

There is major effort underway to establish a new biosecurity system for the state of
Hawaii (Wong, 2006). Invasive species pose a large threat to Hawaii's native ecology.
When invasive species are found there are typically three options for importers, 1)
return the product to the sender, 2) destroy the product, or 3) treat with methyl bromide.
Shipping the product back to the sender involves additional freight cost and increased
product degradation due to time delays, while destruction results in the total loss of the
product. Treatment by methyl bromide is an alternative; however it has some
drawbacks such as increased cost, product degradation, and potential damage to the
Earth's ozone layer (see discussion under Alternatives). The Hawaii Department of
Agriculture believes irradiation has the broadest application for post entry quarantine
treatment (Wong, 2006).

The California Department of Agriculture operates a Mediterranean fruit fly sterilization
facility on Oahu which provides sterile fruit fly pupae for preventative release programs
in California. Currently, California intends to increase the size of this facility and will
need additional treatment capacity. The proposed Pa'ina irradiator could potentially be
used to meet this need. (Wong, 2006)

Finally, Pa'ina Hawaii has formed the Pacific Agriculture Research Company to conduct
research for the benefit of Hawaii agriculture. The proposed irradiator could also serve
the University of Hawaii for its research needs (Kohn, 2006).
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Environmental Impacts of the Proposed Action

Construction and Normal Operations

The proposed irradiator is expected to have no significant impacts during construction
for any resource areas due its small size and the limited type of construction activities.
The NRC staff also considered operational impacts. The proposed irradiator would
occupy a small percentage of existing industrial space at the airport. Additionally, there
are no known land use restrictions that would be created by construction and operation
of the proposed Pa'ina irradiator. The NRC has completed consultation requirements
under Section 106 of the National Historic Preservation Act. The Hawaii State Historic
Preservation Officer responded to NRC staff that the proposed irradiator will have "no
effect" on historic properties (Young, 2005). The proposed irradiator would produce
very little noticeable noise as the primary moving parts are the overhead hoist and
trolley system and the routine product deliveries via truck. Additionally, noise from the
proposed irradiator is expected to be negligible when compared to the other noise
present at the proposed airport location. There are no air effluents from the proposed
irradiator. The proposed irradiator would be enclosed in an industrial-type building of
similar size and color to other buildings at the Honolulu International Airport; therefore
no visual impacts are expected. The NRC staff finds that the proposed irradiator would
have no significant impacts on land use, historical and cultural resources, noise, air
quality, or visual quality during operation.

As described in the Proposed Action, there are no liquid effluents from the proposed
irradiator to State waters (Pa'ina, 2005b). Once the pool is filled, only small amounts of
water (relative to general industrial users)-would be needed to compensate for
evaporation. Additionally, the irradiator pool consists of multiple layers of steel and
concrete which makes pool leakage highly unlikely. However, even if the pool were to
leak water, the radioactive source encapsulation would also have to fail in order to
generate any groundwater contamination. If a source encapsulation were to leak into
the pool water, the radiation monitors would be activated and the irradiator would be
shut down and the leaking sources would be removed. The three layers of the pool's
construction provide barriers to any water leaking from the pool to the surrounding
environment. The pool construction method permits verification of the pool integrity
prior to and during installation on-site. The NRC staff finds that the proposed irradiator
would have no significant impacts on water quality or water use.

Public and occupational health impacts are expected to be small as the expected doses
would be well below regulatory standards. For example, the maximum dose at the pool
surface would be well below 1 mrem/hour (NRC, 2003; NRC, 2006c). Considering the
location of personnel and operational practices of the irradiator, it is improbable that an
employee could receive more than the occupational dose limit which is 5,000
mrem/year. The expected dose rate approximately 20-25 feet from the pool edge is
expected to be indistinguishable from background radiation. The expected dose rates
outside the building are expected to be indistinguishable from naturally occurring
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background radiation, therefore it is unlikely that a member of the public could receive
more than the public limit which is 100 millirem/year. The NRC staff finds that the
proposed irradiator would have no significant impacts on public or occupational health.

Transportation impacts from normal operations would be small. Radioactive Co-60
sealed sources would be shipped approximately once per year. Using RADTRAN 5.3,
staff estimated the maximum dose for a full initial shipment would be 3.7 x 10-2

mrem/year. For this calculation, the staff assumed each source contained the
maximum allowable activity, 10 sources per cask, one cask per shipment, and six total
shipments (NRC, 2006d). Additionally, shipments of various commodities might shift
locations (i.e., starting and ending points) however; total shipments are not expected to
significantly increase. The NRC staff finds that the proposed irradiator would have no
significant impacts from transportation of the sources or additional products.

The proposed irradiator would potentially have small beneficial impacts to
socioeconomics. For example, operation of the proposed irradiator would provide
Hawaiian sweet potato farmers with an effective and potentially cheaper alternative to
fumigation with methyl bromide (APHIS, 2004). Likewise, banana farmers, and
importers of fresh flowers and foliage could benefit economically from potentially
cheaper treatment alternatives (APHIS, 2006). In approving irradiation treatments for
various types of produce, the Animal and Plant Health Inspection Service (APHIS)
stated the result of irradiation treatments would be lower costs and increased flexibility
for importers, gains which could be realized by U.S. consumers through lower prices
(APHIS, 2006). The NRC staff finds that the proposed irradiator would have no
significant impacts on socioeconomics.

The proposed irradiator would also have small beneficial impacts to ecology in regard to
controlling invasive species. Invasive species are those species non-native to the
reference ecosystem and whose introduction causes economic, environmental or
human health harm (USDA, 2006). It has been estimated that over 2,500 insect
species have been introduced to Hawaii and account for 98% of the pest species in the
state (Pimentel et al., 2005). In California, over 600 invasive pests account for 67% of
all crop losses (Pimentel et al., 2005). While the proposed irradiator will not diminish
the existing population of invasive species, it is seen as one tool in preventing the
further introduction and spread of invasive pests. For example, APHIS passed
irradiation treatment rules to provide effective quarantine treatment for the mango seed
weevil and various forms of the fruit fly (APHIS, 2003). Additionally, the Hawaii
Department of Agriculture has stated that an additional irradiator would be a benefit to
the "preventative release" program whereby fruit fly pupae are sterilized to prevent the
establishment of the fruit fly in California (Wong, 2006). The NRC staff finds that the
proposed irradiator would have no significant impacts on ecology.

Aviation Accidents, Natural Phenomena and Abnormal Events

As described in more detail in the Safety Topical Report (CNWRA, 2006), the probability
of an aircraft crash into the proposed facility is 2.1 x 10-4 (i.e., about once every five
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thousand years). It should be noted that the probability that an aircraft will crash into
the proposed facility does not reflect the potential for release or dispersal of the
radioactive Co-60 from the doubly-encapsulated sources. The source plenum is located
under approximately 12-18 feet of water. Additionally, the Co-60 sealed sources in the
source plenum are not mechanically coupled to the plenum structure and the plenum
structure is not coupled to the rest of the building. In the event of damage to the plenum
structure the sources would either remain in the source rack/holder or fall to the floor of
the irradiator pool. The Co-60 sources are doubly-encapsulated and have been tested
to withstand significant forces. A significantly larger force must be generated by an
aircraft crash because much of the force will result in damage to the building and other
ground-level structures of the pool. Transferring the force to the bottom of the pool will
also result in significant absorption of the force. It is highly unlikely that a Co-60 sealed
source would be breached in the event that an aircraft crashes into the proposed facility.
The NRC staff finds that potential aviation accidents would have no significant impacts
on public health and safety from the proposed irradiator.

As described in more detail in the Safety Topical Report (CNWRA, 2006), a
seismically-induced radiological accident is considered negligible due to the nature of
the facility and the seismic hazard for the site. The radiological sources at the facility
are passive and shielding or containment of the Co-60 sources does not rely on active
systems to mitigate potential radiological releases. The earthquake ground motions for
the site are insufficient to damage the proposed facility to the degree necessary to
dislodge Co-60 sources from the pools. The NRC staff finds that potential seismic
activity would have no significant impacts on public health and safety from the proposed
irradiator.

As described in more detail in the Safety Topical Report (CNWRA, 2006), fluid dynamic
calculations were conducted to determine impacts from potential tsunami-generated
wave run-ups. These calculations were performed to determine the wave velocity
necessary to pull a Co-60 source up to the pool opening. These wave velocities were
then evaluated with respect to potential tsunami-generated waves. The calculations are
considered bounding because they assume the irradiator plenum and source holder
have all failed releasing the Co-60 sources to the floor of the irradiator. The model
assumed a wave of water will induce a shear force that will create a vortex inside the
pool. This vortex will exert forces (i.e., a vertical velocity) on the released Co-60
sources and cause them to be displaced in the water. Under limiting conditions, the
weight of the Co-60 source must be the same as the drag induced by the rotating fluid
in order to be displaced. The calculations showed that a vertical velocity of 115
feet/second is required to induce a drag force sufficient to lift the Co-60 source to the
surface of the pool. This vertical velocity would thus require a shear velocity of 389
feet/second to produce this upward velocity. However, water velocities at the shore for
tsunami waves up to 32.8 feet reach 42.6 feet/second, well below necessary shear
velocity. Additionally, this wave will have a fraction of this velocity as it reaches the
irradiator pool because the distance between the coast and the irradiator facility and the
barriers to water flow imposed by near shore obstructions, including the building facility,
and the presence of other debris. Water velocities for smaller tsunami waves more
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typical for Oahu would be substantially slower than for the large waves and would likely
not even reach the facility. Thus, there is a negligible potential for tsunami waves which
could produce wave velocities that would lift and relocate the Co-60 sources from the
irradiator pool. The NRC staff finds that potential tsunami activity would have no
significant impacts on public health and safety from the proposed irradiator.

A more complete description of hurricanes around Hawaii is provided in the Safety
Topical Report (CNWRA, 2006). In summary, the wave velocity associated with a storm
surge is significantly less than that associated with a tsunami. As discussed above, the
probability of a large tsunami removing a Co-60 source from the bottom of the proposed
irradiator pool is considered negligible. Therefore, the likelihood of a storm surge
associated with a hurricane resulting in the release of a Co-60 source is also considered
negligible. It is also noted that the upper lip of the irradiator pool, which is constructed
of %A" stainless steel, extends 42" above floor level and helps prevent minor flooding
from entering the pool. The NRC staff finds that potential hurricane activity would have
no significant impacts on public health and safety from the proposed irradiator.

Other abnormal conditions were also considered. If an air supply line fails and is open
to the water, air would come out of the exposed line and bubble through the water. At
no time could pool water be 'drained' through the air supply line. The product would
become wet but would not present any immediate impact to water quality as the product
could still be removed from the pool. This type of scenario is not expected to
significantly affect worker health. Also, a curved stainless steel extension is fitted to the
top of each bell to prevent radiation streaming and radiation damage to the flexible air
line.

Additionally, a gauge is located on the top of the irradiator on the helium supply tube
that allows for monitoring of helium pressure in the plenum (which corresponds to water
level in the plenum). If a helium leak occurred, either in the plenum or helium line,
helium would bubble through the water, but at no time could pool water be 'drained'
through the helium supply line. The Co-60 sealed sources would become wet but would
not present any immediate impact to water quality as the sources are doubly-
encapsulated in stainless steel. It is anticipated that the plenum could be raised to the
surface and repaired as necessary with no significant impacts to sources or worker
health.

Environmental Impacts of the Alternatives to the Proposed Action

The staff considered several different alternatives to the proposed action including
denying Pa'ina's license application (i.e., the no-action alternative), and use of
alternative quarantine control technologies.

Denial of the application (i.e., the no-action alternative) would result in small changes in
current environmental impacts. Fruit and other perishable commodities would have to
be treated in a manner consistent with current practice at existing facilities. The primary
impact of this no-action alternative is the small economic impacts from limiting the
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expansion of the sale and distribution of certain fruits and vegetables from Hawaii along
with the associated benefits of helping control invasive species. APHIS has recently
passed regulations allowing irradiation of sweet potatoes, bell peppers, and bananas
(APHIS, 2003; APHIS, 2004; APHIS, 2006). In addition to be being a safe treatment
method, irradiation would afford farmers from the various Hawaiian islands a potentially
more cost-effective means of distributing their products to markets outside of Hawaii.
Currently, there is one irradiation facility on the big island of Hawaii. Transportation
costs of shipping produce from other islands to the big island of Hawaii and back to
Oahu for out-of-state distribution are considered prohibitive (APHIS, 2004; Wong,
2006). While, the environmental impacts of the proposed action and the no-action
alternative are similar (i.e., neither alternative has significant environmental impacts),
small economic benefits would be foregone by the decreased market outlets available
for fruit and vegetable producers on islands other than Hawaii.

Alternative quarantine control technologies include the use of methyl bromide gas and
various types of heat treatments. Methyl bromide fumigation is the most common
method for controlling quarantine pests. However, methyl bromide is limited to certain
commodities at specific temperatures because some commodities are highly sensitive,
including certain Hawaiian tropical fruits (EPA, 2006a). Methyl bromide is also known to
contribute to the destruction of the Earth's ozone layer and is currently being phased out
of production. While quarantine uses are exempted, it is expected that the cost of
methyl bromide will increase significantly (APHIS, 2004) as the number of manufactures
decrease and others phase back production.

There are currently several different methods of heat treatments available. Hot-water
immersion consists of submerging the fruit in a hot-water bath at a specific temperature
and time based on the fruit being treated and the pests that may be present. This
method is also useful for cut flowers and bulbs. While useful for many fruits, this
method is not approved for papayas and guavas and is not recommended for fruits such
as grapefruits, plums, and peaches due to unacceptable fruit damage (EPA, 2006b).

While the environmental impacts of the proposed action and the alternatives are similar,
small economic benefits would be foregone by the decreased market outlets available
for fruit and vegetable producers on islands other than Hawaii (APHIS, 2003; APHIS,
2004; APHIS, 2006). Additional small economic benefits would be foregone from
potentially lower-priced and more rapid quarantine treatments (APHIS, 2003; APHIS,
2004; APHIS, 2006).

Agencies and Persons Consulted

The NRC has consulted with the Hawaii State Historical Preservation Officer. The NRC
followed this consultation with a request for information to several Native Hawaiian
groups and organizations. On December 8, 2005, the Hawaii State Historic
Preservation Officer responded to NRC staff that the proposed irradiator project would
have "no effect" on historic properties (Young, 2005), thus completing NRC's Section
106 consultation requirements under the National Historic Preservation Act.
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The NRC has requested endangered species information from the U.S. Fish and
Wildlife Service (FWS). The FWS responded that no listed endangered species or
critical habitat occur at the proposed irradiator site (FWS, 2005), thus completing NRC's
Section 7 consultation requirements under the Endangered Species Act.

The Hawaii Department of Business, Economic Development & Tourism has indicated
to NRC staff that a federal consistency review is not required by the Hawaii Coastal
Zone Management Program (Thielen, 2005).

The NRC staff is also providing this draft EA to the State of Hawaii, Pa'ina Hawaii,
Concerned Citizens of Honolulu, and members of the public for review and comment.

Conclusion

The NRC staff has concluded that the proposed action will comply with the licensing
requirements found in 10 CFR Part 20, "Standards for Protection Against Radiation,"
and 10 CFR Part 36, "Licensing and Radiation Safety Requirements for Irradiators."
Occupational and public exposure to radiation will be significantly less than the limits in
10 CFR Part 20.

The NRC staff has prepared this EA in support of the proposed action to issue a license
to Pa'ina Hawaii for the possession and use of sealed radioactive sources in an
underwater irradiator for the production and research irradiation of food, cosmetic, and
pharmaceutical products. On the basis of this EA, NRC has concluded that there are no
significant environmental impacts and the license application does not warrant the
preparation of an Environmental Impact Statement. Accordingly, it has been
determined that a Finding of No Significant Impact is appropriate.

Sources Used

This environmental assessment was prepared by Matthew Blevins, Senior Project
Manager, in the Office of Federal and State Materials and Environmental Management
Programs (FSME), with technical input from Elaine Keegan, Transportation Project
Manager, in the Office of Nuclear Material Safety and Safeguards and Anita Gray
Turner, Health Physicist, in FSME.

Additionally, the Center for Nuclear Waste Regulatory Analyses provided technical
support in aircraft crash hazard analysis and natural phenomena under NRC Contract #
NRC-02-04-014.
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Figure A-3: Details of irradiator design (Pa'ina, 2005a).
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Figure A-4: Irradiator source rack and plenum (Pa'ina, 2005a).
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Figure A-5: Irradiator source holder (Pa'ina, 2005a).
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BOZEMAN, MONTANA DENVER, COLORADO HONOLULU. HAWAI'I

EARTH/USTICE INTERNATIONAL JUNEAU. ALASKA OAKLAND, CALIFORNIA
SEATTLE, WASHINGTON TALLAHASSEE, FLORIDA WASHINGTON, DC.

February 8, 2007

By Certified Mail. Return Receipt Requested
And Electronic Mail

Chief, Rules Review and Directives Branch
Mail Stop T6-D59
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
Email: NRCREP@nrc.gov

Re: Docket No. 030-36974
Draft Environmental Assessment and Finding of No Significant Impact for
Proosed Pa'ina Hawaii, LLC Irradiator in Honolulu, Hawaii

To Whom It May Concern:

Earthjustice submits these comments on behalf of the Concerned Citizens of Honolulu in
response to the Nuclear Regulatory Commission's ("NRC's") December 28, 2006 request for

* comment on the Draft Environmental Assessment and Finding of No Significant Impact for
Proposed Pa'ina Hawaii, LLC Irradiator in Honolulu, Hawaii ("DEA"). See 71 Fed. Reg, 78,231
(Dec. 28, 2006). In preparing these comments, Earthjustice was assisted by Drs. George Pararas-
Carayannis, Marvin Resnikoff, Mete Sozen, and Christoph Hoffmann, who prepared separate
reports critiquing aspects of the DEA and the Draft Topical Report on the Effects of Potential
Natural Phenomena and Aviation Accidents at the Proposed Pa'ina Hawaii, LLC, Irradiator
Facility ("Draft Topical Report") within their respective areas of expertise. We have enclosed
copies of these reports, together with resumes from the report preparers. In addition, we have
enclosed declarations from Drs. Gordon Thompson and William Au, which were previously
submitted in the Pa'ina proceeding, addressing potential impacts associated with the proposed
irradiator the DEA failed entirely to consider: the risk of terrorist attack and the potential health
impacts associated with human consumption of irradiated food.

For the following reasons, the DEA falls far short of the basic requirements of the
National Environmental Policy Act ("NEPA"), contravening the statute's mandates to "insure
that environmental information is available to public officials and citizens before decisions are
made and before actions are taken" and "to help public officials make decisions that are based on
understanding of environmental consequences." 40 C.F.R. § 1500. l(a), (b) (emphasis added).

Failure to Disclose Basis of Conclusions

The DEA's cursory discussion of the potential environmental impacts associated with'
Pa'ina's proposed irradiator fails to satisfy NEPA's mandate to take a "hard look" at
environmental consequences. Ocean Advocates v. U.S. ArMy Corps of Engineers, 402 F.3d 846,
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Earthjustice Comments on Draft Environmental Assessment for
Proposed Pa'ina Hawaii, LLC hkradiator in Honolulu, Hawaii
February 8, 2007
Page 2

864 (2005). The DEA devotes less than four pages to potential impacts, in which it offers
nothing more than "generalized conclusory statements that the effects are not significant."
Klamath-Siskiyou Wildlands Center v. Bureau of Land Management, 387 F.3d 989, 996 (9th Cir.
2004). Specifically, the DEA fails to provide:

* Any discussion of the public and occupational health regulatory standards that apply to
the irradiator (DEA at 7);

9 Any calculations, analysis or data substantiating its claim "the maximum dose at the pool
surface would be well below 1 mrem/hour" (Id.);

o Any calculations, analysis or data substantiating its claim "it is improbable that an
employee could receive more than the occupational dose limit" or discussion or
quantification of what it means by "improbable" (Id.);

* Any calculations, analysis or data regarding its analysis of "expected dose rate" inside
and outside the irradiator ad.);

o Any calculations, analysis or data substantiating its claim "it is unlikely that a member of
the public could receive more than the public limit" or discussion or quantification of
what it means by "unlikely" Ctd. at 8);

9 Any calculations, analysis or data substantiating its claim "[t]ransportation impacts from
normal operations would be small" or discussion or quantification of what it means by
"'small" (Id.);

* Any calculations, analysis or data substantiating its claim "[t]be proposed irradiator
would potentially have small beneficial impacts to socioeconomics" or discussion or
quantification of what it means by "small" (Id.);

* Any calculations, analysis or data substantiating its claim "the probability of an aircraft
crash into the proposed facility is 2.1 x 107, (,dI;

* Any discussion or quantification of the "significant forces" the Co-60 sources are
allegedly tested to withstand (Id. at 9);

* Any calculations, analysis or data substantiating its claim "[iut is highly unlikely that a
Co-60 sealed source would be breached in the event that an aircraft crashes into the
proposed facility" or discussion or quantification of what it means by "highly unlikely"
(Id.);

* Any calculations, analysis or data substantiating its claim "a seismically-induced
radiological accident is considered negligible" ad.);

o Any calculations, analysis or data used in the stylized fluid dynamic calculations that
purportedly quantify tsunami and hurricane risk (Ld. at 9-10);

* Any calculations, analysis or data quantifying hurricane storm surge risk (Id. at 10).

Even if the statements in the DEA represent the conclusions of agency experts, it is well-
established that "NEPA documents are inadequate if they contain only narratives of expert
opinions." Klamath-Siskiyou Wildlands Center, 387 F.3d at 996. Because public scrutiny of an
agency's analysis is vital to accomplishing NEPA's goals, "NEPA requires that the public
receive the underlying environmental data from which [the NRC's experts] derived [their]
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opinionfs]." Idaho Sporting Cong. v. Thomas, 137 F.3d 1146, 1150 (9 th Cir. 1998). The DEA
fails to comply with this mandate.

The DEA's constant refrain that potential impacts are "described in more detail in the
Safety Topical Report (CNWRA, 2006)" and its citations to documents in internal agency files
do not remedy this fatal flaw. DEA at 8-10. The data and analysis that purportedly support the
DEA's conclusions must be contained in the DEA itself. See Idaho SPorting Cong., 137 F.3d at
1150-51. The NRC cannot legally force the public to hunt down various documents to verify the
accuracy of - or unearth the flaws in - the DEA's conclusory statements.'

Conclusions Based On Inaccurate Factual Contentions And Improper Assumptions

The NRC cannot cure the DEA's shortcomings merely by cutting-and-pasting from the
Draft Topical Report. As discussed in detail in the attached expert reports, the Draft Topical
Report's numerous factual and analytic deficiencies render it fatally flawed to support a valid
NEPA analysis. "A patently inaccurate factual contention can never support an agency's
determination that a project will have 'no significant impact' on the environment." Ocean
Advocates, 402 F.3d at 866. Examples of the flaws in the Draft Topical Report our experts have
identified include:

" Inaccurate statements that Honolulu International Airport is above the tsunami evacuation
zone, when the State Civil Defense maps show the reef runway and various airport
facilities are within the zone of potential tsunami inundation. Notably, the Draft Topical
Report fails to recognize that the proposed irradiator site itself is in a tsunami evacuation
zone.

" Reliance on inaccurate information provided by the State of Hawai'i's Department of
Transportation that "the south shore of O'ahu has never sustained more than a 3 [foot]
wave from any tsunami since 1837." Draft Topical Report at 3-4. Contrary to this
assertion, the historic runup record shows that a 1946 tsunami reached a maximum runup
on O'ahu's southern coast of 31 feet; the O'ahu Tsunami Runup Maps show that the
1957 and 1960 tsunamis had maximum runups of 9 feet along O'ahu's south shore; and
three Chilean earthquakes generated tsunamis with runup in Honolulu of over 8 feet in
1837, over 5 feet in 1868, and nearly 5 feet in 1877.

" Improper reliance on tide gauge recordings as evidence of low tsunami runup. Tide
gauges filter out short period waves, resulting in substantial underestimates of runup
heights.

'Notably, while the EA claims the Draft Topical Report contains "more detail" regarding
the fluid dynamic calculations to determine impacts from potential tsunami-generated wave run-
ups, in fact, the report presents only a summary of the results, with no actual data or calculations.
Draft EA at 9; see also Draft Topical Report at 3-4. Thus, even if it were proper to require the
public to track down a copy of the report, there would be no meaningful opportunity to critique
the NRC's analysis.
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Failure to take into account resonance effects or cumulative pile-up that could occur
within Ke'ehi Lagoon and cause higher runup at the proposed Irradiator site than on the
open coast.
Incorrect assumption that huricane storm waves are less damaging than tsunamis, when
in fact, potential hurricane surges could result in longer and more extensive flooding at
the site than tsunamis.

a Incorrect assumption that, because Hurricane Iniki's storm surge was measured at under
30 inches at a tide gauge at the end of a pier inside Honolulu Harbor, a hurricane surge
could not reach above 30 inches in the future at the proposed site. Tsunami tide gauges
do not give accurate or realistic measurements of expected hurricane surge inundation,
because they filter out the short-period storm waves that significantly contribute to
greater maximum water level heights. This is illustrated by the fact that, along the
Wai anae coast, Iniki's hurricane surge reached the second story of apartment buildings
and houses, a height far in excess of 30 inches.

" Failure to consider the proximity of the proposed site to the Ke'ehi Lagoon shoreline and
the long fetch of the Keebi Lagoon along which hurricane wind frictional effects could
add to other surge height components.

" Substantial underestimate of the likelihood of aviation accidents at the facility, due to the
Draft Topical Report's reliance on obsolete data, failure to account for unusually elevated
crash rates at Honolulu International Airport and for the fact that landings have a higher
crash rate than takeoffs, and use of an unreasonably low number of aircraft operations at
the Honolulu airport during the term of Pa'ina's license.

" Incorrect assumption that, even if the pool were breached, infiltrating sea water or
groundwater would adequately shield the Co-60 sources. The Draft Topical Report
ignores the fact the water table is 2 meters (6.6 feet) below the facility floor, which marks
the minimum water level necessary to retain shielding integrity for the Co-60 sources.
Thus, any break in the pool lining below the floor level - whether from an aviation
accident or natural disaster - could severely reduce shielding, threatening radiation
exposure.

* Failure to provide any data or calculations to substantiate its claim the standards set forth
in 10 C.F.R. § 36.21 would ensure that Co-60 sources at the Pa'ina irradiator would be
robust enough to survive an aviation accident without being breached, including, but not
limited to, the failure to calculate the impact and temperatures associated with an airplane
crash to compare them with the section 36.21 performance criteria.

Failure To Take A "Hard Look" At Potential Impacts

While the DEA purports to consider impacts from natural disasters, aviation accidents
and transportation of sources to and from Pa'ina's irradiator, it fails to analyze many potential
consequences, violating NEPA's command to take a "hard look at the effects from proceeding
with (the proposed irradiator]." Klamath-Siskiyou Wilderness Center, 387 F.3d at 1001. For
example:
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a While the DEA mentions (albeit only briefly and without quantification) minor flooding
due to hurricane surges, it fails completely to consider potential impacts associated with
major flooding. As discussed in Dr. Pararas-Carayannis' report, a maximum probable
hurricane could cause flooding of up to 7 feet, and storm surge deposits at the proposed
irradiator site confirm that major flooding has happened in the past. Potential hurricane
surge heights can be accurately predicted and quantified using mathematical models, yet
the NRC has failed to quantify this risk.

* As Dr. Pararas-Carayannis explains, there is a 100% statistical probability that a future
major Pacific-wide tsunami will impact the Hawaiian Islands, and the proposed site is in
a tsunami zone. The risk of flooding due to a tsunami is a foreseeable impact the DEA
improperly ignores. The NRC must either quantify this risk through numerical modeling
or, at a minimum, analyze "the range of environmental impacts likely to result in the
event" of a major tsunami. San Luis Obispo Mothers for Peace v. Nuclear Regulatory
Comm'n, 449 F.3d 1016, 1034 (90h Cir. 2006), cert. denied sub nom, Pacific Gas & Elec.
Co. v. San Luis Obispo Mothers for Peace, 75 U.S.L.W. 3365 (U.S. Jan 16, 2007); see
also 40 C.F.R. § 1502.22(b). Potential consequences of flooding the NRC must consider
include the failure of peripheral equipment, power and back up generators, dispersal of
leaking pool water, and grounded aircraft or equipment carried and crushing against the
irradiator facility, which could affect the integrity of the pool, draining the water below
the minimum level needed to shield the Co-60 sources when the flood waters recede.

* The DEA fails completely to consider the impact on the irradiator pool integrity of
increased buoyancy, which can be caused by a temporary rise in sea level due to
hurricane surges. The range of consequences that must be analyzed include the risk that
increased buoyancy will lift or tilt the irradiator pool, compromising the pool's integrity
and/or allowing shielding water to drain into the surrounding environment.

* The DEA fails to analyze the full range of potential impacts from hurricane-force winds,
including fires from nearby fuel depots and grounded aircraft or equipment crushing
against the Irradiator facility.

* As discussed in expert reports prepared by Drs. Resnikoff, Sozen and Hoffmann, the
DEA fails to consider credible scenarios under which an aircraft crash might result in
exposures above regulatory limits, including, but not limited to, damage to the irradiator
pool structure under the floor level, resulting in a loss of irradiator pool shielding water,
and release of water contaminated with radioactive cobalt through a tear in the pool
lining, contaminating groundwater and nearby Ke'ehi Lagoon.

" The DEA also ignores the potential consequences should the force of the impact from an
air crash into the facility or the ensuing fire and explosion of aviation fuel destroy all
monitoring equipment and/or incapacitate irradiator personnel, rendering it impossible to
implement necessary emergency procedures to protect emergency responders and the
public at large.

" The DEA considers only "[tjransportation impacts from normal operations," failing to
examine the likelihood and consequences of accidents involving transportation of Co-60
sources to and from the proposed irradiator, without which the facility could not function.
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Failure To Consider Potential Impacts From Terrorism

The DEA improperly fails to analyze potential threats to the public and the environment
associated with Pa'ina's proposal to place a major sabotage target in the middle of urban O'ahu,
near to attractive terrorist targets like the international airport, Hickarn Air Force Base, and Pearl
Harbor (a particularly symbolic target). As recognized by the National Nuclear Security
Administration, Co-60 is an attractive target for terrorists because it can be used to make dirty
bombs. See April 13, 2005 press release from the National Nuclear Security Administration
(enclosed). It is also well-known that, in general, nuclear facilities are potential targets of the Al
Qaeda organization. If Co-60 were stolen from the proposed facility and then used in a dirty
bomb, or if the facility were directly attacked, Co-60 could be released into the environment,
causing adverse health effects and spreading contamination.

Pa'ina seeks a license to store up to a million curies of Co-60 at its irradiator. The
Federation of American Scientists ("FAS") has analyzed the effect of a terrorist incident
involving a much smaller quantity of Co-60, only 17,000 curies. See Public Interest Report, vol.
58, No. 2, March/April 2002 (enclosed). The FAS report estimates that, if a single Co-60
"pencil" were dispersed by an explosion at the lower tip of Manhattan, an area of approximately
one-thousand square kilometers would be contaminated, and tens of thousands of New York City
residents could die. Similarly disastrous consequences would occur in Hawai'i in the event of
dispersal of Co-60 from Pa'ina's proposed irradiator.

The DEA assumes that Co-60 sources would be shipped to Pa'ina's facility
approximately once per year. Such sources, in transit from Canada or Russia to the Pa'ina
Hawaii plant, would not be well-protected from a terrorist attack. The NRC does not require
armed escorts for Co-60 sources, and potential saboteurs have significant fire power at their
disposal. The TOW2 and MILAN anti-tank missiles have a range of one kilometer or more and'
can penetrate one meter of steel, far more steel and lead than the walls of a shipping cask. The
newer Russian Koronet missile, used by former Iraqi armed forces, can penetrate 1.2 meters of
steel-and can be aimed precisely at a distance up to five kilometers. These weapons have the
ability to penetrate a shipping cask and disperse its contents.

A Co-60 cask shipment, attacked within a city, could cause major environmental
pollution and cancer fatalities. Local residents would clearly have a greater risk than other
persons. While shipments could leave Canada or Europe by a number of routes, once they get
close to the facility, the route options are decidedly limited. Such an accident would subject the
airport passengers and workers and residents of neighboring communities to irreparable harm. In
addition to adverse health effects caused by contamination, such an accident would have
significant economic impacts, disrupting the major port of entry to the entire state of Hawai'i.

The DEA's complete failure to consider the potential impacts associated with terrorist
attacks on Co-60 stored at, or in transit to, the Pa'ina facility is inexcusable. While the NRC
historically has refused to analyze terrorist threats in its NEPA documents, the Ninth Circuit
Court of Appeals,' whose decisions bind NRC activities in Hawai'i, squarely rejected the NRC's
policy last year. Consequently, the DEA must analyze "the range of environmental impacts
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likely to result in the event of a terrorist attack" on the Pa'ina irradiator. San Luis Obispo
Mothers for Peace, 449 F.3d at 1034. Even if the NRC cannot precisely quantify the probability
of a terrorist attack occurring, it still must "assess likely modes of attack, weapons, and
vulnerabilities of the facility, and the pos~sible impact of each of these on the physical
environment, including the assessment of various release scenarios." Id. at 1031.

Failure TO Discuss Impacts Associated With Irradiating Food For Human Consumption

The DEA's failure to consider potential adverse affects on human health associated with
irradiating food for human consumption also violates NEPA. As discussed in the enclosed
declaration of Dr. William Au, a recently-discovered unique class of radiolytic products that are
generated from the irradiation of fat-containing food is 2-alkylcyclobutanone ("2-ACB") with
saturated and mono-unsaturated alkyl side chain: 2-decyl-, 2-dodecyl-, 2-dodecenyl-, 2-
tetradecyl- and 2-tetradecenyl-cyclobutanone. Studies have confirmed the presence of 2-ACB in
irradiated mango and papaya, two types of fruit proposed for processing at the Pa'ina's
irradiator, should it be approved.

Since 1998, concern regarding health hazards from the consumption of irradiated food
has focused on the toxicity of 2-ACB. Recent studies have demonstrated that 2-ACB
compounds, which are found exclusively in irradiated dietary fats, may promote colon
carcinogenesis in animals, identifying a new area of toxicity that neither the U.S. Food and Drug
Administration nor the World Health Organization has yet examined. These studies indicate that
consumption of irradiated food containing 2-ACB, such as the fruit Pa'ina proposes to process,
may increase the risk of humans developing colon cancer, which currently causes approximately
60,000 deaths per year in the United States.

There can be no serious dispute that Pa'ina's irradiator "would not be built but for the
contemplated" sale of irradiated food for human consumption. Thomas v. Peterson, 753 F.2d
754, 758 (9'h Cir. 1985); see also 71 Fed. Reg. at 78,231 ("The irradiator would primarily be
used for phytosanitary treatment of fresh fruit and vegetables bound for the mainland from the
Hawaiian Islands and similar products being imported to the Hawaiian Islands"). Since the
irradiator and the contemplated sale of irradiated food "are inextricably intertwined," they "are
'connected actions' within the meaning of the CEQ regulations," requiring the DEA to analyze
potential health impacts. Id. at 759. In addition, the fact the Pa'ina irradiator is intended to
increase the supply of irradiated food establishes the requisite "close causal relationship" to
trigger the Staff's obligations to analyze potential health impacts in the DEA. See DEA at 6, 8;
see also Ocean Advocates, 402 F.3d at 868. The DEA also must assess the potential for
cumulatively significant impacts from increasing the supply of irradiated food for human
consumption. Ocean Advocates, 402 F.3d at 868-70; see also 40 C.F.R. §§ 1508.25(a)(2),
1508.27(b)(7).
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Inadequate Discussion of Alternatives

In enacting NEPA, Congress intended that all federal agencies, including the NRC,
would consider in their review of project proposals "choices or alternatives that might be pursued
with less environmental harm." Lands Council v. Powell, 395 F.3d 1019, 1027 (9 th Cir. 2005).
"[C]onsideration of alternatives is critical to the goals of NEPA even where a proposed action
does not trigger the[environimental impact statement ("EIS")] process. Bob Marshall Alliance v.
Hodel, 852 F.2d 1223, 1228-29 (9 th Cir. 1988); see also 40 C.F.R. § 1508.9(b). Agencies must
consider "all possible approaches to a particular project ... which would alter the environmental
impact and the cost-benefit balance." Id. at 1228 (quoting Calvert Cliffs' Coordinating Comm.,
Inc. v. United States Atomic Energy Comm'n, 449 F.2d 1109, 1114 (D.C. Cir. 1971)).

"[T]he evaluation of 'alternatives' mandated by NEPA is to be an evaluation of
alternative means to accomplish the general goal of an action; it is not an evaluation of the
alternative means by which a particular applicant can reach his goals." Van Abbema v. Fornell,
807 F.2d 633, 638 (7th Cir. 1986). Thus, while Pa'ina may prefer to operate a nuclear irradiator
and locate it at the airport, the DEA's analysis of alternatives must focus on the general goal of
the undertaking: to treat "fresh fruit and vegetables bound for the mainland from the Hawaiian
Islands and similar products being imported to the Hawaiian Islands." 71 Fed. Reg. at 78,231.
The DEA violates this core requirement, failing to consider reasonable alternatives that would-
avoid impacts inherently associated with Pa'ina's preferred technology (a Co-60 irradiator) and
location (a site subject to aviation accidents and natural disasters).

Initially, the DEA fails adequately to analyze all reasonable alternative quarantine control
technologies. While it briefly mentions two alternate methods for controlling fruit flies, methyl
bromide gas. and heat treatment, its cursory discussion does not "[r]igorouslIy explore and
objectively evaluate" the relative environmental costs and benefits of using these technologies in
lieu of building and operating a Co-60 irradiator. Morongo Band of Mission. Indians v. Federal
Aviation Admin., 161 F.3d 569, 575 (91h Cir. 1998) (quoting 40 C.F.R. § 1502.14). The DEA
neither "fosters informed decision-making" nor "informed public participation," violating
NEPA's basic purpose. Id. (quoting City of Angoon v. Hodel, 803 F.2d 1016, 1020 (9th Cir.
1986); see also 40 C.F.R. § 1500.1 (b) ("Accurate scientific analysis, expert agency comments,
and public scrutiny are essential to implementing NEPA").

Even more glaring is the DEA's.failure. to consider the alternative control technology
most similar to the one Pa'ina proposes: a facility using electron-beam irradiation instead of Co-
60. As the DEA acknowledges, such a facility is currently in operation on Hawai'i Island,
performing the identical tasks Pa'ina plans to carry out. DEA at 6. Using a non-nuclear
technology would eliminate potential impacts associated with releases of radioactive material
and exposure to unshielded sources, and, thus, consideration of such an alternative "would alter
the environmental impact and the cost-benefit balance," as NEPA requires. Bob Marshall
Alliance, 852 F.2d at 1228. The NRC's failure to consider this reasonable alternative renders its
DEA "inadequate." Morongo Band of Mission Indians, 161 F.3d at 575.
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The DEA's failure to consider alternate locations for the proposed irradiator further
violates NEPA. The DEA's statement of purpose and need emphasizes the importance of
"[cJentrally located treatment of products" for export from, and import to, Hawai'i and claims
that locating a treatment facility on O'ahu is preferred, since it is "the central hub for air and sea
transportation." DEA at 6. Even if limiting alternatives to O'ahu would be reasonable, nothing
in the DEA suggests the parcel Pa'ina has selected at the airport is the sole possible location on-
the island for a treatment facility.2 To allow the NRC and the public to consider "alternatives
that might be pursued with less environmental harm," the DEA was obliged to consider alternate
sites. Lands Council, 395 F.3d at 1027.

Had the DEA done so, it would have highlighted the environmental inferiority of Pa'ina's
chosen site, as the enclosed expert reports make clear. Sites located inland and away from
Ke'ehi Lagoon would eliminate all threat from tsunami runup and hurricane storm surges. Sites
on solid ground, rather than unconsolidated fill, would lay to rest concerns about liquefaction
during earthquakes. Sites a mere ten miles from Honolulu International Airport's runways
would reduce the threat of an airplane accident by a factor of 1,000, placing the yearly crash
probably within the limits the NRC generally deems acceptable for nuclear facilities. Moving
out of urban Honolulu, away from strategic military bases, and far from Hawai'i's transportation
and financial hubs would reduce the risks of terrorist attack. The DEA improperly fails to
consider these reasonable alternatives, which would "avoid or minimize adverse effects of
[Pa'ina's] actions upon the quality of thehuman environment." 40 C.F.R. § 1500.2(e).

NEPA's Significance Criteria Trigger The NRC's Obligation To Prepare An EIS

To determine whether Pa'ina's proposed irradiator would have "a significant effect on the
environment," the NRC must consider a number of factors, any one of which can trigger the
obligation to prepare an EIS. National Parks & Conservation Association v. Babbitt, 241 F.3d
722, 730 (9th Cir. 2001); see also id. at 731; 40 C.F.R. § 1508.27. Among the factors that must
be considered are "[t]he degree to which the effects on the quality of the human environment are
likely to be highly controversial" or "are highly uncertain or involve unique or unknown risks."
40 C.F.R. § 1508.27(b)(4)-(5).

NEPA requires preparation of an EIS "where uncertainty may be resolved by further
collection of data, or where the collection of such data may prevent 'speculation on potential ...
effects."' National Parks & Conservation Association, 241 F.3d at 732 (internal citations
omitted). In addition, "[a]gencies must prepare [EISs] whenever a federal action is
'controversial,' that is, when 'substantial questions are raised as to whether a project ... may

2 At the February 1, 2007 hearing on the DEA, virtually every fruit producer who

testified and indicated a desire to use the irradiator came from Hawai'i Island. Since there are
many daily flights from airports on Hawai'i Island to the continental United States, reasonable
alternatives clearly include locating a second treatment facility on that island, which would save
the transportation costs of flying fruit to O'ahu for treatment prior to export.
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cause significant degradation of some human environmental factor' or there this 'a substantial
dispute [about] the size, nature, or effect of the major Federal action."' Id. at 736 (internal
citations omitted).

The enclosed expert reports make clear that both of these significance factors are present
here. An EIS is necessary to gather the data required to resolve existing uncertainties about
potential. impacts associated with natural disasters, aviation accidents, transportation of Co-60
sources, and terrorist attacks. Moreover, the expert reports reveal substantial disputes with the
NRC's consultants over the. reasonableness of the agency's preliminary conclusion there would
be no significant impacts. Each of these factors independently "necessitates preparation of an
EIS." Id. at 731.

We appreciate the opportunity to provide these comments which hopefully will prompt
the NRC to satisfy its obligations under NEPA by preparing the required EIS. Please feel free to
contact me should you wish to discuss our concerns.

Sincerely,

David Lane Henkin
Staff Attorney

DLH/tt
Enclosures
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NNSA Removes Radioactive Sources From University Facility

WASHINGTON, DC - Radioactive materials that could be used in a dirty bomb were
recently removed from at a University of Hawaii facility and have arrived safely at a secure
National Nuclear Security Administration (NNSA) facility, the agency said today.

NNSA removed a substantial quantity of radioactive cobalt-60 from a research
irradiator at the university. The removal is part of a national effort by NNSA's U.S.
Radiological Threat Reduction Pr-ogram to recover and secure radiological materials that
could be used to make a dirty bomb.

"The removal of these radiological sources has greatly reduced the chance that
radiological materials could get into the wrong hands," said NNSA Deputy Director for
Nonproliferation Paul Longsworth. "The University of Hawaii, its surrounding neighbors and
the international community are safer today as result of this effort."

The U.S. Department of Energy in the 1960s produced cobalt-60 sources and lent 100
of those sources to the university for agricultural research. When the facility stopped
conducting agricultural research, the remaining sources stored at the facility became a security
and safety concern.

To reduce this threat, NNSA facility contractors and subcontractors with expertise in
removing, packaging and transporting cobalt-60 completed removing the materials on March
28, 2005. The material arrived at a secure NNSA facility on April 12 and has been
permanently disposed.

The program is part of the Bush administration's Global Threat Reduction Initiative
(GTRI), which works to identify, secure, remove and/or facilitate the disposition of
vulnerable, high-risk nuclear and other radiological materials around the world as quickly and
expeditiously as possible.

GTRI has initiated radiological threat reduction efforts in 40 countries in Europe,
Asia, Africa, and South and Central America. NNSA recovers high-risk radioactive sealed
sources declared excess and unwanted by domestic licensees and securely stores them at
NNSA sites. To date, NNSA has recovered more than 10,500 high-risk sealed sources within
the United States.

Established by Congress in 2000, NNSA is a semi-autonomous agency within the U.S.
Department of Energy responsible for maintaining and enhancing the safety, security, reliability and
performance of the U.S. nuclear weapons stockpile without nuclear testing; working to reduce global
danger from weapons of mass destruction; providing the U.S. Navy with safe and effective nuclearUpropulsion; and responding to nuclear and radiological emergencies in the U.S. and abroad.

NA-05-07
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Dirty Bombs: Response to a Threat

March/April 2002

Henry Kelly testified before the Senate Foreign Relations Committee on March 6, 2002 on

the threat of radiological attack by terrorist groups. This excerpt is taken from the text of his
written testimony, based on analysis by Michael Levi, Robert Nelson, andJaime Yassif
which can be found at www.fas.org.

Surely there is no more unsettling task than considering how to defend our
nation against individuals and groups seeking to advance their aims by killing and
injuring iinocent people. But recent events make it necessary to take almost incon-
ceivably evil acts seriously. Our analysis of this threat has reached three principle
conclusions:
1. Radiological attacks constitute a credible threat. Radioactive materials that

could be used for such attacks-are stored in thousands of facilities around the
US, many of which may not be adequately protected against theft by deter-
mined terrorists. Some of this material could be easily dispersed in urban areas
by using conventional explosives or by other methods.

Continued on page 6

Making Sense of Information Restrictions
After September 11
By Steven Aftergood and Henry Kelly
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The Bush Administration intro-
duced a series of new restrictions'on
public access to government informa-
tion following the terrorist attacks of
last year. Under. the new policy,
agencies have removed thousands of
pages from government web sites and
withdrawn thousands of government
documents and technical reports from
public libraries. In one case, govern-
ment depository libraries around the
country were ordered to destroy their
copies of a recently issued USGS CD-
ROM on US water resources.

The new restrictions have alarmed
scientists, public interest groups, and
concerned citizens because they.fere with the conduct of research

in-it legitimate access to informa-
`0on needed for public discussion of key
pol icy issues. Con'tinued growth of
res~cic'tons without anv clear end in

:i-c ias Uijdt able zer-icer1

that we are watching a veil of indis-.
criminate security descending on
significant portions of the American
policy process.

Without debating the merits of
any particular case, it is clear that the
new information restrictions have been
undertaken in a largely ad hoc fashion.
While the unprecedented emergency
required quick action in the short term,
the inconsistent and often arbitrary
policies that have emerged are clearly
not satisfactory over the long term.
While terrorist threats require reshap-
ing some standards, they do not call for
wholesale abandonment of existing
processes and safeguards. Few of the
issues raised are new. The challenge of
drawing a line between what should be
protected and what should not has been
the subject of years of debate that has
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"Dirty Bombs" Continuedfrompage 1

2. While radiological attacks would
result in some deaths, they would
not result in the hundreds of
thousandsof fatalities that could
be caused by a crude nuclear
weapon. Attacks could contami-
nate large urban areas with
radiation levels that exceed EPA
health and toxic material guide-
lines.

3. Materials that could easily be lost
or stolen from US research
institutions and commercial sites
could contaminate tens of city
blocks at a level that would
require prompt evacuation and
create terror in large communities
even if radiation casualties were
low. Areas as large as tens of
square miles could be contami-
nated at levels that exceed
recommended civilian exposure
limits. Since there are often no
effective ways to decontaminate

* buildings that have been exposed.
at these levels, demolition may be
the only practical solution. If such
an event were to take place in a
city like New York, it would result
in losses of potentially trillions of
dollars.

Backgroiumd

Significant amounts of radioactive
materials are stored in laboratories, food
irradiation plants, oil drilling facilities,
medical centers, and many other sites.
Cobalt-60 and cesium-137 are used in
food disinfection, medical equipment
sterilization, and cancer treatments.
*During the 1960s and 1970s the federal
government encouraged the use of
plutonium in university facilities
studying nuclear engineering and
nuclear physics. Americium is used in.
smoke detectors and in devices that find
oil sources.

With the exception of nuclear
power reactors, commercial facilities do
not have the types or volumes of
mateTials usable for making nuclear

0 pons- Facility owners provide
. quate security when they have a

,ted interest in protecting commer-
dally valuable material. However, once
radioactive materials are no longer

needed and costs of appropriate disposal
are high, security measures become lax,
and the likelihood of abandonment or
theft increases.

We must wrestle with the possibil-
ity that sophisticated terroristgroups
may be interested in obtaining these
materials and with the enormous
danger to society that such thefts might
present. Significant quantities of
radioactive material have been lost or
stolen from US facilities during the past
few years and thefts of foreign sources
have led to fatalities. In the US, sources
have been found abandoned in scrap
yards, vehicles, and residential build-
ings.

much greater if the radiological device
in question released the enormous
amounts of radioactive material found
in a single nuclear reactor fuel rod, but
it would be quite difficult and dangerous
for anyone to attempt to obtain and ship
such a rod without death or detection.
The Committee will undoubtedly agree
that the danger presented by modest
radiological sources that are compara-
tively easy to obtain is significant as
well.

The impact of radioactive material
release in a populated area would vary
depending on a number of factors, such
as the amount of material released, the
nature of the material, the details of the
device that distributes the material, the

Figure 1. Long-term Contamination
Due to Cesium Bomb in
.Washington, DC

Inner Ring: One cancer death per 100
people due to remaining radiation

Middle Ring: One cancer death per
1,000 people due to remaining
radiation

Outer Ring: One cancer death per
10,000 people due to remaining ra-
diation; EPA recommends decontami-
nation or destruction

direction and speed of the wind, other
weather conditions, the size of the
particles released (which affects their
ability to be carried by the wind and to
be inhaled), and the location and size of
buildings near the release site. Uncer-
tainties inherent in the complex models
used in predicting the effects of a
radiologicalweapon mean that it is only
possible to make crude estimates of
impacts; the estimated damage we show
might be off by an order of magnitude.

In all three cases we have assumed
that the material is released on a calm
day (wind speed of one mile per hour)
and that the material is distributed by
an explosion that causes a mist of fine
particles to spread downwind in a
cloud. People will be exposed to
radiation in several Wvays.

They will be exposed to material
in the dust inhaled during the
initial passage of the radiation
cloud, if they have not been able
to escape the area before the dust

- If these materials were dispersed
in an urban area, they would pose a
serious health hazard. Intense sources
of gamma rays can cause acute radiation
poisoning, or even fatalities at high
doses. Long-term exposure to low levels
of gamma rays can cause cancer. If alpha
emitters, such as plutonium, americium
or other elements, are present in the
environment in particles small enough
to be. inhaled, these particles can
become lodged in the lungs and damage
tissue, leading to long-term cancers.

Case Studies

We have chosen three specific
cases tO illustrate the range of impacts.
that could be created by malicious use of
comparatively small radioactive
sources: the amount of cesium that was
discovered recently abandoned in
North Carolina, the amount of cobalt
commonly found in a single rod in a
food irradiation facility, and the amount
of americium typically found in oil well
logging systems. The impact would be

0
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cloud arrives. We assume that

about twenty percent of the

material is in particles small

enough to be inhaled. If this

material is an alpha emitter, it will

• stay in the body and lead to long

* term exposure.

Anyone living in the affected area

* will be exposed to material

deposited from the dust that settles

from the cloud. If the material

contains gamma emitters, resi-

dents will be continuously

exposed to radiation from this

dust. If the material contains alpha

emitters, dust that is pulled off the

ground and into the air by wind,

automobile movement, or other

actions will continue to be

inhaled, adding to exposure.

I in a rural area, people would also

be exposed to radiation from

contaminated food and water

sources.

The EPA has a series of recommen-

dations for addressing radioactive

contamination that would likely guide

official response to a radiological attack.

Immediately after the attack, authorities

would evacuate people from areas

contaminated to levels exceeding those

guidelines. People who received more

a twenty-five times the threshold

1ose for evacuation would have to be

taken in for medical supervision.

In the long term, the cancer

ltopaad from the remaining radioactive

Figure 2. Long-term Contamination Due
to cobalt Bomb in NYC -

EPA Standards

Inner Ring: One cancer death per 100

people due to remaining radiation

Middle Ring: One cancer death per 1,000

people due to remaining radiation .

Outer Ring: One cancer death per 10,000

,people due to remaining radiation; EPA rec-

ommends decontamination or destruction

Figure 3. Contamination Due to Cobalt IIIP

Bomb in NYC - Chernobyl Comparison

Inner Ring: Same radiation level as per-

manently closed zone around Chernobyl

Middle Ring: Same radiation level as per-

manently controlled zone around Chernobyl . .

Outer Ring: Same radiation level as peri-

odically controlled zone around Chernobyl F

contamination would have to be

addressed. Typically, if decontamination

could not reduce the danger of cancer

death .to about one-in-ten-thousand, the

EPA would recommend the contami-

nated area be eventually abandoned.

Several materials that might be used in a"

radiological attack can chemically bind

to concrete and asphalt, while other

materials would become physically

lodged in crevices on the surface of

buildings, sidewalks and streets.

Options for decontamination would

range from sandblasting to demolition,

with the latter likely being the only

feasible option. Some radiological

materials would also chemically bind to

soil in city parks, with the only disposal

method being large scale removal of

contaminated dirt. In short, there is a

high risk that the area contaminated by

a radiological attack would have to be

deserted.

Example 1:

Cesium (Gamma Emitter)

Two weeks ago, a lost medical

gauge containing cesium was discovered

in North Carolina. Imagine that the

cesium in this device was exploded in

Washington, DC in a bomb using ten

pounds of TNT. The initial passing of the

radioactive cloud would be relatively

harmless, and no one would have to

evacuate immediately. However,

residents of an area of about five city

blocks, if they remained, would have a

nne-in-a-thousand chance of getting

•.4..:

Queens*~

cancer. A swath about one milelong
covering an area of forty city blocks

would exceed EPA contamination limits,

with remaining residents having a one-

in-ten thousand chance of getting

cancer. If decontamination were not

possible, .these areas would have to be

abandoned for decades. If the device

was detonated at the National Gallery of

Art, the contaminated area might

include the Capitol, Supreme Court, and

Library of Congress, as seen if Figure 1.

Example 2:
Cobalt (Gamma Emitter)

Now imagine if a single piece of

radioactive cobalt from a food irradia-

tion plant were dispersed by an explo-

sion at the lower tip of Manhattan.

Typically, each of these cobalt "pencils"•

is about one inch in diameter and one

foot long, with hundreds of such pieces

often being found in the same facility.

Admittedly, acquisition of such material

is less likely than in the previous

scenario, but we still consider the

results, depicted in Figure 2. Again, no

immediate evacuation would be

necessary, but in this case, an area of

approximately one-thousand square

kilometers, extending over three states,

would be contaminated. Over an area of

about three hundred typical city blocks,

there would be a one-in-ten risk of

death from cancer for residents living in

the contaminated area for forty years.

Corni,,ued on page 8
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"j'~-i>- Ea.t Riwe ,..~q.~ ~ ' East River

Figure 4. Immediate Effects Due to Americium Bomb in New York City Figure 5. Contamination Due to Americium Bomb in New York City.

Inner Ring: Everyone must receive medical supervision Inner Ring: One cancer death per 100 people due to remaining radiation

Middle Ring: Maximum annual dose for radiation workers exceeded Middle Ring. One cancer death per 1,000 people due to remaining radiation

Outer Ring: Area should be evacuated before radiation cloud passes Outer Ring. One cancer death per 10,000 people due. to remaining radiation;
EPA recommends decontamination or destruction

"Dirty Bombs" Continuedfrompage7

The entire borough of Manhattan would
be so contaminated that anyone living
there would have a one-in-a-hundred
hance of dying from cancer caused by

•lae residual radiation. It would be
decades before the city was inhabitable
again, and demolition might be neces-
sary.

For comparison, consider the 1986
Chernobyl disaster, in which a Soviet
nuclear power plant went through a
meltdown. Radiation was spread over a
vast area, and the region surrounding
the plant was permanently closed. In
our current, example, the area contami-
nated to the same level of radiation as
that region would cover much of
Manhattan, as shown in Figure 3.
Furthermore, near Chemobyl, a larger
area has been subject to periodic
controls on human use such as restric-
tions on food, clothing, and time spent
outdoors. In the current example, the
equivalent area extends fifteen miles.

Example 3:
Americium (Alpha Emitter)

If a typical americium source used
in oil well surveying were blown up
with one pound of TNT, people in a

egion roughly ten times the area of the
.iitial bomb blast would require

.nedical supervision and monitoring, as
depicted in Figure 4. An area thirty
tones the size of the irst area (a swath
one kilometer long and covering twenty

city blocks) would have to be evacuated
• within half an hour. After the initial
passage of the cloud, most of the
radioactive materials would settle to the
ground. Of these materials, some would
be forced back up into the air and
inhaled, thus posing a long-term health
hazard, as illustrated by Figure 5. A ten-
block area contaminated in this way
would have a cancer death probability
of one-in-a-thousand. A region two
kilometers long and covering sixty city
blocks would be contaminated in excess
of EPA safety guaidelines. if the buildings
in this area had to be demolished and
rebuilt, the cost would exceed fifty
billion dollars.

Recommendations
A number of practical steps can be

taken that would greatly reduce the
risks presented by radiological weapons.
Since the US is not alone in its concern
about radiological attack, and since we
clearly benefit by limiting access to
dangerous materials anywhere in the
world, many of the measures recom-
mended should be undertaken as
international collaborations.

1. Reduce access to radioactive
materials

Measures needed to improve the
security of facilities holding dangerous
amounts of these materials will increase
costs. In some cases, it may be worth-
while to pay a higher price for increased
security, in other instances, however,

the development of alternative tech-
nologies may be the more economically
viable option. Specific security steps
include the following:

Fully fund material recovery and
storageprograms. Hundreds of pluto-
nium, americium, and other radioactive
sources are stored in dangerously large
quantities in university laboratories and
other facilities. In all too many cases
they are not used frequently, resulting
in the risk that attention to their
security will diminish over time. At the
same time, it is difficult for the custodi-
ans of these materials to dispose of them
since in many cases only the Depart-
ment of Energy (DOE) is authorized to
recover and transport them to perma-
nent disposal sites. The DoE Off-Site
Source Recovery Project, which is
responsible for undertaking this task,
has successfully secured over three-
thousand sources and has moved them.
to a safe location. Unfortunately, the
inadequate funding of this program
serves as a serious impediment to
further source recovery efforts. This
program should be given the needed
attention and firm goals should be set
for identifying, transporting, and
safeguarding all unneeded radioactive
materials.

Review licensing and security
requirements and inspectlion procedures for
all dangerous amounts of radioactive
material. Human Health Services, the

DoE, the Nuclcar Regulatory CornMmis-
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sion and other affected agencies should
be provided with sufficient funding to
ensure that physical protection mea-
sures are adequate and that inspections
are conducted on a regular basis. A
thorough reevaluation of security
regulations should be conducted to
ensure that protective measures apply to
amounts of radioactive material that
pose a homeland security threat, not
just those that present a threat of
accidental exposure.

Fund research aimed at finding
alternatives to radioactive materials. A
research program aimed at developing
inexpensive substitutes for radioactive
materials in functions such as food
sterilization, smoke detection, and oil
well logging should be created and
provided with adequate funding.

2. Early Detection

Expanded use of radiation detection
systems. Systems capable of detecting
dangerous amounts of radiation are
comparatively inexpensive and unob-
trusive. The Office of Homeland
Security should act promptly to identify
all areas where such sensors should be
installed, ensure that information from
these sensors is continuously assessed,

and ensure adequate maintenance and
testing. High priority should be given to
key points in the transportation system,
such as airports, harbors, rail stations,
tunnels, highways. Routine checks of
scrap metal yards and land fill sites
would also protect against illegal or
accidental disposal of dangerous
materials.

Fundresearch to improve detectors. A
program should be put in place to find
ways of improving upon existing
detection technologies as well as
improving plans for deployment of
these systems and for responding to
alarms.

3. Effective Disaster response

An effective response to a radio-
logical attack requires a system capable
of quickly gauging the extent of the
damage, identifying appropriate
responders, developing a coherent
response plan, and getting the necessary
personnel and equipment to the site
rapidly.

First responders and hospital
personnel need to understand how to protect
themselves and affected citizens in the

c Continued on page 10

Just.In! Results of the
FAS Member Survey

In early 2002, FAS conducted a
survey of our members. Our purpose
was to better understand member
interests, document expertise, and
engage members in helping affirm old
priorities and set new ones.

The survey's results profile a
highly educated membership with in-
depth expertise in such sciences as
physics, biology, and chemistry, and
who work either full-time in these fields
or are retired from positions in aca-
demic institutions. FAS members share
the concerns of civil rights, environ-
mental, and human rights organiza-
tions, and are active supporters of
Environmental Defense, the Natural
Resources Defense Council, the ACLU,
People for the American Way, and
Human Rights Watch. The largest
percentage of our members joined FAS
in the 1970s. When asked how mem-
bers came to join FAS, 60% said that
they had "known about FAS forever."
While half of FAS' responding members
are over 70 years of age, a growing
number of individuals under the age of
50 are joining up. We were pleased to
learn that 68% of our members find the
Public Interest Report "informative,
timely and relevant;" 20% agreed that
the PIR "is perfect as is;" and 19% would
like us to cover more energy and
environmental issues.

FAS' members are a group with
mutual concerns, common back-
grounds, and scientific interests. Their
survery responses do differ, though.
Let's take a closer look.

"My fields of expertise are..."

FAS was founded by physicists
working on the Manhattan Project in
1945 and was known back then as the
"scientists lobby" and the social
conscience of the nation's scientists.
When we asked members to identify the
fields in which they worked, sciences
such as physics, biology and engineer-
ing outnumbered the fields of foreign
policy, economics, law and finance.
Nearly 30% of survey respondents
identified themselves as physicists. The

Continued on page 10

FAS Conclusions

Radiological attacks constitute a credible threat. Radioactive materials that could be used
for such attacks are stored in thousands of facilities around the US, many of which may not
be adequately protected against theft by determined terrorists. Some of this material could
be easily dispersed in urban areas by using conventional explosives or by other methods.

Radiological attacks would not result in the hundreds of thousands of fatalities that could be
caused by a crude nuclear weapon, though they could contaminate large urban areas.

Materials that could easily be lost or stolen could contaminate tens of city blocks at a level
that would require prompt evacuation and create terror in large communities even if
radiation casualties were low. But, since there are often no effective ways to decontami-
nate buildings that have been exposed at these levels, demolition.may be the only practical
solution.

FAS Recommendations

Reduce access to radioactive materials
1. Fully fund material recovery and storage programs.
2. Review licensing and security requirements and inspection procedures for all dangerous
amounts of radioactive material.
3. Fund research aimed at finding alternatives to radioactive materials.

Early Detection
1. Expanded use of radiation detection systems.
2. Fund research to improve detectors.

Effective Disaster response
1. First responders and hospital personnel need to understand how to protect themselves
and affected citizens.
2. Research into cleanup of radiologically contaminated cities.

9
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"Dirty Bombs" Continued from page 9.

event of a radiological attack and be
able to rapidly determine if individuals
have been exposed to radiation. There
is great danger that panic in the event of
a radiological attack on a large city
could lead to significant casualties and
severely stress the medical system.
While generous funding has been made
available for this training, the program
appears in need of a clear management
strategy. Dozens of federal and state
organizations are involved, and it is not
clear how materials will be certified or
accredited.

Research into cleanup of radiologi-
cally contaminated cities has been
conducted in the past, primarily in
addressing the possibility of nuclear
war. Such programs should be revisited
with an eye to the specific requirements
of cleaning up after a radiological attack.

Conclusion

The events of September 11 have
created a need to very carefully assess
our defense needs and ensure that the
resources we spend for security are
aligned with the most pressing security
threats. The US has indicated its
willingness to spend hundreds of
billions of dollars to combat threats that
are, in our view, far less likely to occur
than a radiological attack. This includes
funding defensive measures that are far
less likely to succeed than the measures
that we propose in this testimony. The
comparatively modest investments to
reduce the danger of radiological attack
surely deserve priority support.

In the end, however, we must face
the brutal reality that no technological
remedies can provide complete confi-
dence that we are safe from radiological
attack. Determined, malicious groups
might still find a way to use radiological
weapons or other means when their
only goal is killing innocent people,
and if they have no regard for their own
lives. In the long run our greatest hope
must lie in building a prosperous, free
world where the conditions that breed
such monsters have vanished from the
earth. PiR

"Survey" Continued from page 9

next largest fields represented were
medicine (18%), biology (15%), engi-
neering (15%) and chemistry (13%).

It is especially interesting to
compare fields represented by FAS

Based on survey re-
sults, [FAS] members'
priorities are right on
target with FAS'
agenda.
earliest members with more recent
members. Nearly half of FAS members
who joined before 1955 are physicists.
FAS newest members, who joined since
2000, are also physicists (21%), but 29%
said their field of expertiseis national
security, 25% said aerospace, and 22%
said computer science. This reflects
significant growth in security-related
fields over the past decades-and an
increasingly diverse membership.
Other fields were environmental
science, psychology, public policy,
finance, law and transportation. Nearly
half of responding members work in
nonprofit or academic institutions as
opposed to private industry (13%) or in
government (8%).

"The highest level of education I
have attained is..."

FAS continues to attract highly
educated scholars and analysts, and the
compdsition of members' level of
education does not change as the fields
of expertise do from one age group to
another. Among all respondents, 63%
have Ph.Ds. Individuals with profes-
sional doctoral degrees such as doctors
or lawyers account for 14%. A master's
degree is the highest level of education
attained by 12%, and 7% have a
bachelor's degree. Two percent of
members are high school students or
graduates. These two latter goups are
our most recent members, having come
to us through our website.

"Go to <www.fas.org> ..

In addition to giving access to
technical information and policy
analysis, the FAS-website is our most
effective member recruitment tool.
Since 2000, 85% of FAS newest members
joined over the web. More than half of,/
these members also use the website once
a month; more than a third use it every
week. The survey also shows that
among FAS' earliest members (members
who joined between 1945 and 1970),
43% use the website once a month or
less. For members who joined in the
1980s and 90s, we see a modest increase
in members' use (46%). Only 7% of our
members have no access to the Internet.

The feature of the website that FAS
members use most often are the techni-
cal details about weapons technologies
and arms control treaties, and the
country-by-country weapons sales and
possessions tables. Eighteen percent
refer to the site for this information,
while 15% use the site to keep up to date
on FAS findings and projects. This does
not capture the hundreds of thousands
of hits that the website receives daily
from non-member users. Surprisingly,
one third of our members were not
aware of the site at all.

"I subscribe to ... p
The survey offered members a

wide range of choices of journals and
trade magazines, including Bulletin of
Atomic Scientists, Foreign Affairs,
Fortune, Time, Science, Scientific
American, and US News and World
Report. By far, the most subscribed to
magazines were Science (48%) and
Scientific American (36%). Subscribers
to the Bulletin of Atomic Scientists and
New Scientists each account for 21% of
member respondents. While subscrip-
tion to Science and Scientific American
is steady among FAS members through-
,out the generations, only 6% of our
most recent members subscribe to the
Bulletin.

" am also a member of..
Our survey shows that FAS

members live up to their reputation as
scientists with a conscience. They
support numerous causes, working to
protect the world's environmental
resources, eliminate weapons of mass

10
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SUMMARY

This report assesses the risks posed by Pa'ina Hawaii, LLC's proposed Cobalt-60 food irradiator
(Irradiator) in the'event of a natural disaster and analyzes the Draft Topical Report on the Effects
of Potential Natural Phenomena and Aviation Accidents at the Proposed Pa'ina Hawaii, LLC,
Irradiator Facility, prepared by the Center for Nuclear Waste Regulatory Analyses (CNWRA
Report), which supports the Nuclear Regulatory Commission's (NRC's) Draft Environmental
Assessment Related to the Proposed Pa'ina Hawaii, LLC Underwater Irradiator in Honolulu,
Hawai'i (DEA).1

The proposed Irradiator site, which is adjacent to Ke'ehi Lagoon and the Honolulu International
Airport, is relatively flat, at a low elevation, and within the tsunami evacuation zone, making it
susceptible to flooding by tsunamis and hurricanes and wind damage by hurricanes., It is also
proposed to be built on unconsolidated sediments, posing a risk of damage from earthquakes due
to liquefaction. Therefore, this site presents risks to operation of a nuclear irradiator that could
easily be avoided by siting the facility at a location away from the water's edge and on solid
ground. To protect the public and the environment firom unnecessary risk, the NRC ought to
consider alternate siting locations.

Hurricanes: Weakness in the semi-permanent subtropical high-pressure ridge north of the
Hawaiian Islands can allow a hurricane to hit on or near O'ahu and the proposed Irradiator site.
There is an 80% estimated probability that a hurricane or tropical storm will pass within 360
nautical miles of the Honolulu Airport. In the event of the maximum probable hurricane landing
on O'ahu, maximum sustained winds could reach up to 140 mph and gust up to 175 mph, with
severe flooding due to intense storm surges. Smaller hurricanes could also cause flooding from
the Ke'ehi Lagoon. The CNWRA Report and the DEA incorrectly assess the risks and effects of
hurricane-force winds and storm surges.

Tsunamis: There is a 100% statistical probability that a future major Pacific-wide tsunami will
impact the Hawaiian Islands, and the proposed Irradiator site is within a State Civil Defense
tsunami evacuation zone. Because damaging tsunami effects, such as runup and strong currents,
are exacerbated by the unique features of harbors and basins such as the Ke'ehi Lagoon, a pile-
up effect could occur at the head of Ke'ehi Lagoon near the proposed Irradiator site. Enhanced
tsunami waves could overtop Palekona Street and flood the site.

The CNWRA Report and DEA's reliance on the stylized fluid dynamic calculation to determine
that a tsunami will not have a significant impact ignores other potential effects of tsunamis, such
as flooding, which can be exacerbated in semi-enclosed bodies of water. Also, several factual
inaccuracies were identified, including the assertion that the airport is not in a tsunami
evacuation zone, and the statement that runup on south O'ahu has not exceeded 3 feet since
1837.

Seismic Hazards: Earthquakes have damaged Honolulu buildings in the past. The CNWRA
Report and the EA trivialize the possible effects of liquefaction on the Irradiator, proposed to be'

This document attempts to use correct Hawaiian spelling. however, the author will use the spelling of the official
business name "Pa'ina Hlawali, LLC"..



built on unconsolidated alluvial sediments (i.e., gravel and sand). They also ignore the potential
focusing effects of seismic energy on O'ahu, which can intensify ground motion, even for
earthquakes with small magnitudes. Further, there is no proper analysis of the sufficiency of the
load-bearing soil.

INTRODUCTION

Purpose and Scope

This report analyzes the potential impact of natural disasters on the proposed Pa'ina Hawaii
Irradiator site and structure adjacent to the Honolulu International Airport reef runway and
Ke'ehi Lagoon. The natural disasters with the greatest potential to affect the site - hurricanes,
tsunamis, and earthquakes - are discussed in detail. A historical description and geographical
delineation and distribution of each is provided, along with a discussion of the risks and
consequences of a natural disaster event at the proposed Irradiator site.

This risk assessment is based on thorough research and analysis of all potential natural disasters
specific to the proposed facility site and review of all available government databases,
institutional reports, and public records, including the background materials provided by Pa'ina
Hawaii's application to the NRC. The conclusions also analyze the DEA and CNWRA Report.

Physical Location and Description of the Proposed Cobalt-60 Irradiator Site

The proposed Irradiator site is about 375 feet from the Ke'ehi Lagoon shoreline and adjacent to
.the Honolulu International Airport reef runway at 192 Palekona Street. The site elevation is
about 5-6 feet from mean sea level, butless than 3 feet during the highest spring tide. Seawalls
and rock revetments surround the airport runways on the shores of both the ocean and Lagoon to
prevent shoreline erosion, including at the end of Palekona Street, however, there are no berms
or other physical barriers between the site and Ke'ehi Lagoon.

According to the Geoanalytical Report filed with Pa'ina Hawaii's NRC application, the entire
area, including the shoreline, airport, and proposed site is comprised of "an eight-foot-thick zone
of fill consisting of silty sand and gravel," and "the upper three feet of this fill is generally
compact to dense, but the remainder is soft or very loose." This fill was removed from Ke'ehi
Lagoon to reclaim land for sections of the airport, including the reef runway, and the surrounding
industrial tracts. The extensive land reclamation has transformed the Ke'ehi Lagoon coastline.
According to the Geoanalytical Report, "the fill pverlies typically very loose to semi compact
gravel and sand lagoon sediments to a depth of about 24.5 feet, below which are storm surge
*deposits composed of a dense, salty, gravelly sand to the maximum depth explored, about 36.5
feet. Ground water was intercepted at an average depth of about eight feet, near the contact
between the fill and the marine soils."

HURRICANE HAZARDS

Storm surges associated with hurricanes present the greatest hazard risk for the proposed
Irradiator site. High winds are als6 a concern. This section provides a detailed description of
recent historical hurricanes in Hawaii, as well as an extensive analysis of the risk of the
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proposed Irradiator site from potential future events. The description and the risk analysis are

based on tables, charts, historical hurricane storm tracks, and data (water levels/barometric

pressure, winds, waves, and tides) obtained from numerous reliable sources.

Historical Hurricanes and Storm Systems in the Hawaiian Islands

As detailed below, at least three major hurricanes have passed near or over the islands in the last

50 years,. generating strong winds, heavy rains, and flooding - Iniki (1992), Iwa (1982), and Dot

(1959). Although all three were centered over or near Kaua'i, O'ahu was considerably impacted,

particularly along the southern and west coasts. Prior to these hurricanes, tropical depressions

Hiki (1950) and Nina (1957) caused strong winds, heavy rains, and flooding on O'ahu. The

diagram below illustrates the path of hurricanes, tropical storms and depressions near the

Hawaiian Islands in recent years.
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Tracks of recent hurricanes, tropical storms and depression in the Hawaiian Island Region.

Hurricane Dot - July 24 - August 8, 1959. Dot formed as a tropical storm in the eastern

Pacific- west of Baja California. Dot tracked west northwest gaining strength until it passed

within 90 .Miles of H[awai'i Island's SoutU Point as a Category 4 hurricane. Dot turned northwest



aid made landfall on the island of Kaua'i as a Category 1 hurricane. Kaua'i was declared a
disaster zone, with substantial damage to homes and utility lines. Damage to the agriculture
industry was estimated at $5.5-$6 million in 1959 dollars. On O'ahu, flooding from heavy
rainfall, wind damage, and high waves caused damage over $300,000 in 1959 dollars.

Hurricane Twa - November 19- 25, 1982. Iwa formed as a tropical storm and reached Category
I hurricane status near the Island of Kaua'i. The highest sustained winds reached 90 mph, with
sudden gusts exceeding that velocity. When its energy finally dissipated, Iwa had taken one life
and devastated the islands of Ni'ihau, Kaua'i and O'ahu with property damage amounting to
over $250 million in 1982 dollars. On Wheeler Air Force Base on O'ahu, winds were measured
at 45 knots from the North/Northwest, gusting to 68 knots. At Barber's Point the winds were
from the Southwest at 37 knots and gusting to 61 knots.

Hurricane Iniki - September 5 - 13,1992. Category 4 hurricane Iniki is the most destructive
hurricane to hit the Hawaiian Islands in the 20th Century, and up until the 2005 hurricane
Katrina, was the third most damaging hurricane in U.S. history.

Iniki's Formation: Iniki formed as a tropical depression southwest of Baja California. As it
moved westward into the Central Pacific,. it began to intensify and was upgraded to a tropical
storm. It continued to strengthen while on a west-northwest course, and was upgraded to a
hurricane, as it passed 300 miles south of Hawai'i. 385 miles SSW of Hilo, its maximum
sustained winds reached 85 knots. Iniki continued west-northwest at a speed of translation
ranging between 12 and 15 knots until it reached 425 miles south of Honolulu, where it began to
slow its forward motion speed (speed of translation) and move in a westward direction at 10
knots. At the time, maximum sustained winds reached 100 knots with a central pressure of 951
millibars. Iniki slowed even more and started to turn northwest, and about 400 miles south of
Kaua'i, it strengthened with maximum winds estimated at 110 knots and gusts up to 135 knots.

Iniki continued to strengthen and accelerated as it turned more northward. Hurricane warnings
were extended eastward to include the island of O'ahu. Increased maximum sustained winds
were estimated at 125 knots with gusts as high as 150 knots, and the central pressure was
recorded at 938 millibars, the lowest ever recorded in a central Pacific hurricane up to that time.

Iniki's Landfall and Departure: In the afternoon of September 11, the eye of Iniki crossed
Kaua'i's south coast, with maximum sustained winds estimated at 145 mph over land, and
gusts up to 175 mph miles. After centering 50 miles north over Kaua'i's Nd Pali coast, the
hurricane warning for O'ahu was downgraded to a tropical storm warning, then cancelled.

Iniki's Damage and Destruction: Iniki's most severe wind conditions on O'ahu were
measured at Wheeler Air Force Base - winds of 29 knots from the Southeast, gusting to 47 knots.
At Barber's Point the winds were from the Southeast at 34 knots gusting to 45 knots. Iniki
produced tides of 1.7-3 feet (0.5-0.9 m) above normal on O'ahu. Prolonged periods of storm
waves superimposed on the elevated sea level severely eroded and damaged O'ahu's
southwestern coast, particularly Barbers Point through Ka'ena Point. The Wai'anae coastline
experienced the most damage on O'ahu, with waves and storm surge flooding the second floors



of beachside apartments. Hurricane Iniki ultimately caused 2 deaths on O'ahu and several
million dollars in property damage.

On Kaua'i, storm tides ranged from 4.5 to 6.3 feet above normal, with 20 to 35 foot storm waves
battering south Kaua'i. Maximum flooding began at the peak of the astronomical tide, and was
augmented by reduced barometric pressure. Inundation was reported at between 22-29 feet
above mean lower low water (MLLW). Property damage caused by Iniki reached close to $3
billion. 1,421 homes were completely destroyed, 5,152 suffered major damage, and another
7,178 received minor damage. Electric power and telephone service were lost throughout the
island, and four weeks after the storm, only 20 percent of the island's p~ower had been restored.
Crop damage was extensive, with sugar cane stripped, banana and papaya crops destroyed, and
fruit and nut trees broken or uprooted.

Hurricane and Storm Surge Risk Assessment for the Proposed Irradiator Site

Strong hurricane winds and storm surges can impact the proposed Irradiator site. Flooding due
to potential storm surges present a high risk for damage in the event of a hurricane. The
following is a brief overview of the basic concepts used to predict and quantify surge
components that cumulatively contribute to the generation of hurricane surge flooding.

Hurricane Surge

Extreme coastal water fluctuations during hurricane events are caused by a number of factors.
Cumulative hurricane surge height on an open-ocean coast depends on components such as
atmospheric pressure variation, the phase of astronomical tide, storm intensity, size, path,-
duration over water, speed of translation, winds and rainfall, initial water level rise, and surface
waves and associated wave setup and runup due to wind frictional effects. The bathystrophic
component is another important parameter of the coastal hurricane surge. In the northern
hemisphere, hurricane winds approaching a coast have a counterclockwise motion. Because of
the Coriolis effect caused by the earth's rotation, the flow of water induced by the cyclonic
winds deflectto the right, causing a rise in the water level. Therefore, the bathystrophic storm
tide is important in producing maximum surge even when the winds blow parallel to the coast.

To what extent the bathystrophic component will add to the flooding at a specific site on the
coast depends on the storm's direction of approach. Thus, the proposed Irradiator site could be
flooded to a greater extent if the hurricane makes landfall westward of the site, rather than to the
east. However, even if a hurricane does not make landfall on O'ahu but passes considerably
south of the island and is moving in a west/northwest direction at a distance of 150 miles or less,
flooding of the Irradiator site could occur.

In a semi-enclosed basin, such as Ke'ehi Lagoon, coastal morphology, direction of hurricane
approach, radius of maximum winds, coastal configuration, and geometry of the basin also affect
water level rise and the degree of surge flooding. An example is hurricane Katrina, which
resulted in a higher surge approaching from Lake Pontchartain, rather than from the Gulf of
Mexico, causing New Orleans levees to overtop and fail.



Prediction and Quantification of Hurricane Surge

Difficulties arise in the prediction of surge flooding because a hurricane is a three dimensional
weather system, with ever-changing dynamic meteorological and oceanic conditions, such as
wind speeds, directions, and atmospheric pressures. Predictions are primarily based on analytic
and mathematical models, which estimate interactions between winds and the ocean. Numerical
models develop the three dimensional wind field of a hurricane, the radius and changing
direction of maximum winds, the landfall, and the resulting storm surge flooding.

The simplest quasi-one-dimensional model is a steady-state integration of stresses of the
hurricane winds on the surface of the water from the edge of the Continental Shelf to the shore.
Sophisticated mathematical models have been developed in recent years to provide more
accurate three-dimensional estimates of energy flux and flooding that can be caused by a passing
hurricane. All mathematical models, regardless of sophistication of methodology, must use the
Bathystrophic Storm Tide Theory. The NRC has used numerical models in the past (e.g.
"Pararas-Carayannis 1975 - Verification Study of a Bathystrophic Storm Surge Model",
Technical Memorandum No. 50, U.S. Army, Corps of Engineers, Coastal Engineering Research
Center, Washington D. C., ,May 1975 - supported by the NRC for the licensing of the Crystal
River nuclear plant in Florida).

To model a hurricane and calculate maximum surge heights, certain meteorological parameters
must be-determined, including the hurricane's central pressure index, its peripheral pressure, the
radius to maximum winds, the maximum gradient wind speed, the maximum wind speed, and the
speed of hurricane translation (i.e., overall speed of the system). The models must also integrate
the astronomical tide, existing, ambient wave conditions, ocean surface and bottom friction, and
coastal topography. Once these parameters are established, complex hydrodynamic equations of
motion and continuity are applied, which are then solved to determine the time history of
expected sea level change associated. with the hurricane at any given point along a shore. Most
hurricane surge numerical model predictions are fairly accurate and have been verified with
historical data. Recently developed numerical models using a three dimensional approach, faster
and more efficient computers, and more accurate weather data from satellites, have greater
potential for more accurate predictions.

Statistical Probability of a Tropical Storm or Hurricane Striking O'ahu

Hurricanes similar in intensity to Iniki or Iwa can be expected to occur again near the Hawaiian
Islands, and could make landfall on O'ahu or pass close to the island. For example, as Iniki's
track shows, the hurricane was heading for an almost direct hit of O'ahu 24 hours before
changing direction, with the potential for much greater death and damage. Generally, a semi-
permanent subtropical high-pressure ridge northwest of the Hawaiian Islands helps to. keep
hurricanes south of the islands. The western edge of this high-pressure ridge deflected Iniki's
path from making landfall on O'ahu or passing closer, in 1992.

Nonetheless, the high-pressure ridge can develop weaknesses, and there is no guaranty that it

will always be strong enough to deflect hurricanes away from the islands. This situation
occurred in September 1992, when a large low system or trough began to drift south along and
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just east of the International Dateline, causing the high-pressure system to weaken. The change
in air mass flow caused Iniki to change its path northward, bringing it closer to the islands. If the-
large low system had been further east of the International Date Line, or if there were additional
weakness of the Pacific High that had occurred a day earlier, Iniki could have made landfall on
O'ahu. Hurri~ane Iwa is another example of how unexpected steering flow changes can occur.
Even though Iwa appeared to be too far west of the islands and heading north, its path suddenly
changed to the northeast, and the hurricane made landfall on Kaua'i.

Abrupt changes in atmospheric circulation have become more frequent in recent years, perhaps
because of global warming and a more intense El Nino ocean circulation. For example, in 2006,
anomalies in the flow of the jet stream caused atmospheric changes in the Central Pacific that
caused four months of heavy rains and flooding in the Hawaiian Islands. Thus, it is possible that
more frequent weakening of the Pacific High will occur in the future, allowing hurricanes to
travel closer to the Hawaiian Islands.

The U.S. Navy has determined that there is a 80% probability of a tropical storm or hurricane
passing within 360 nautical miles of Pearl Harbor (Department of Navy, Hawai'i Region, Civil
Emergency Management Program Manual - Instructions for Hurricane Preparedness by Naval
activities on Oahu in COMNAVBASEPEARLINST 3440.7, Pearl Harbor and Honolulu Harbor
Hurricane Haven Study, Fig. 14. (see map below)). The Navy study, which was based on 27
tropical storms and hurricanes occurring from 1949-1995, indicates that there is a 20%
probability that storm systems will approach O'ahu from the east-southeast direction, which
would facilitate the maximum probable hurricane scenario discussed below.
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Probability thai a tropical storm or hurricane will pass within 360 nmi of Pearl 'Harbor, and
approximate point of approach (CPA) (Pearl Harbor study).

7



Maximum Probable Hurricane Impact Scenario for the Proposed Irradiator Site

The maximum probable hurricane (MPH) at the Irradiator site would result from a Category 4
hurricane, similar in intensity to Iniki, approaching Honolulu from a southern or an east-
southeast direction and making landfall west of the proposed Irradiator site at a distance
corresponding to the radius of its maximum winds. The following analysis provides
documentation in support of such hurricane occurrence and estimates of expected winds and
surge inundation at the Irradiator site.

Sequence of Potential Winds and Surge Flooding at the Proposed Irradiator Site in Event
of a Maximum Probable Hurricane on O'ahu

The following analysis provides a probable time history of wind and surge flooding effects that
could be expected at the Irradiator site in the event of a MPH (category 4) with landfall near
Barber's Point. Under this scenario, the proposed Irradiator site, Honolulu Airport, and the rest.
of O'ahu would be in the dangerous semicircle of the hurricane's impact. Sustained winds could
reach up to 140 mph, with gusts up to 175 mph, and flooding would be severe.

Potential Winds: When the center of the MPH is about 180-200 miles south or southeast of
Honolulu, there will be strong winds at the proposed Irradiator site, with gusts up to 35-40 mph.
When the hurricane's center is about 130 miles south of Honolulu, the gusts could increase to
about 55 mph. As the MPH moves closer, winds at the site will be from the east northeast with
sustained speeds of 55 mph, gusting to about 60-65 mph. Wind damage will begin in the area
and sea level will start rising, both in the Ke'ehi Lagoon and the open coast along the reef
runway.

As the MPH gets even closer to Honolulu, the winds in the airport area will be from the east
(090) with average sustained speeds of about 80 mph and gusts ranging from 115 mph to 140
mph. Because the wind design threshold of 80 to '100 mph that applies to most of the buildings
within the Honolulu airport will be exceeded, gradual wind damage will begin.

As the center of the MPH nears the Honolulu coastline (perhaps 40 miles away or closer), winds
will be down slope and at their strongest. Thus, maximum winds can be expected along the
southern coast of O'ahu at the proposed Irradiator site before the hurricane's eye makes landfall.
Maximum sustained winds will be from an east-southeast direction at speeds of about 140 miles
per hour with peak gusts up to 175 miles per hour. At this time, major damage to the airport
hangar buildings in the area will occur. Also, the frictional effects of the wind will be in a
landward direction along Ke'ehi Lagoon.

Potential Hurricane Surge Flooding Effects: The flooding effects at the proposed Irradiator
site, the reef runway, and the entire southern and eastern coast of O'ahu will vary depending on
the hurricane speed of translation when it is near or over the island. A slow moving hurricane
with very low central barometric pressure (950 mm) will cause more flooding than a fast moving
one. Because the end of Palekona Street is at the apex of the Keehi Lagoon, flooding will begin
near the Irradiator site.
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Maximum flooding of 5 to 7 feet will occur if the hurricane makes landfall near the time of the
highest astronomical tide (spring tide). After the center of the MHP crosses the southern coast of
O'ahu near Barber's Point, the wind direction can be expected to change rapidly from the eastern
direction to south-southeast and then to a southern direction. Maximum surge flooding will
begin to occur along the ocean side of the reef runaway, and the protective wall will be breached.
completely.

At this time, wind friction, the bathystrophic component, and the wave setup will be at a
maximum along the reef runway. Coupled with the maximum astronomical tide and the rise in
sea level due to reduced atmospheric pressure (as the hurricane center passes), maximum
flooding will result along O'ahu's south coast and east of the hurricane's trajectory path. Storm
.waves will be superimposed on the elevated sea level and intensified at the proposed Irradiator
* site when the landward component of wind friction aligns along the 3-4 mile fetch within Ke'ehi
Lagoon, causing a pile-up of waves at the end of Palekona Street, and flooding the proposed
Irradiator site from the Lagoon.

Conclusions: Both winds and flooding from a severe hurricane could adversely impact the
Irradiator site, resulting in damage to the facility's superstructure. Additional collateral damage
could result from hurricane winds and surges uprooting trees and damaging airport hangar
facilities and grounded airplanes. The airplanes, trees, and other debris in the area could act as
missiles flying through the air and structurally damage the facility. Because nearby aviation fuel
storage tanks could ignite, fire is also a potential hazard.

Because of its low elevation, the proposed Irradiator site is also vulnerable to damage by small
hurricanes and hurricanes that do not pass directly over or near O'ahu. As discussed above, for
example, even with Iniki passing far from O'ahu, the Wai'anae coastline experienced flooding
reaching the second floor of beachside apartments. Category 1 or 2 hurricanes can be expected
to flood the proposed Irradiator site by about 1-3 feet of water. In the event of a Category 3 or 4
hurricane, inundation of up to 5-7 feet is possible, due to the combination of storm surges and
storm waves. The entire reef runway and the proposed Irradiator site can be expected to flood.

The applicant's Geoanalytical Report confirms the existence of past storm surge deposits in the
area (p. 192). In view of such considerations, the engineering design of the proposed Irradiator
must take into consideration at least the wind and surge flooding effects for the MPH scenario
described above, which is for a Category 4 event.

In addition, the Geoanalytical Report states that approximately 760 pounds per square foot would
be exerted against the bottom surface of the Irradiator pool at foundation level. The buoyancy
pressure at the foundation level can be expected, however, to increase significantly under
hurricane surge flooding conditions. Therefore, an additional buoyancy assessment of the
proposed irradiator pool for various flooding levels must be performed to ensure the pool (1) will
maintain its integrity (i.e., not be breached) and (2) will not tilt, losing vital shielding water and
possibly damaging the Cobalt-60 sources, under hurricane surge flood conditions.
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Comments on CNWRA Report and EA's Hurricane Analysis

Incorrect Assessment of Potential Peak Winds at the Proposed Irradiator Site - The
CNWRA evaluation of maximum possible wind speeds of 168 km/h [105 mph] (the American
Society of Civil Engineers standard) at the proposed irradiator site is insufficient. The
designation of the site as Exposure Category C contradicts the CNWRA Report's correct
assertion that Hurricane Nina (in 1957) produced record winds with gusts of 131 km/h [82 mph]
at the Honolulu International Airport.

Also, the CNWRA's analysis and conclusions are based on data that goes back only to 1950, and
incorrectly assumes that all future hurricanes in the region always pass south and west of O'ahu
and that none will ever pass closer or~make landfall on the island. As discussed above, this is
simply not correct. Hurricane Hiki in 1950 passed north of O'ahu. Other tropical storms passed
directly over O'ahu. In 1957, Nina - only a category 1 hurricane - passed at a distance which
was even further west of O'ahu than that of hurricanes Iniki (1992) and Dot (1959). Nina's
record winds of up to 131 km/h [82 mph] at the Honolulu International Airport significantly
exceeded the maximum wind speeds for designation of the irradiator site to Category C
Exposure.

The American Society of Civil Engineers standard designating maximum possible wind speeds
of 168 km/h (105 mph) represents an underestimate for the proposed site, even if a hurricane
passes to the south and west of O'ahu. Even without landfall on O'ahu, a hurricane similar to the
1994 Iniki (category 4), with as small of a diameter, passing south of O'ahu and heading in a
northwest direction at a distance which corresponds approximately to the radius of its maximum
winds, can be expected to have sustained winds of up to 225 Km/hr (about 140 mph) and gusts
of as much as 280 Km/hr (175 mph) at the Honolulu International Airport.

The conclusion that there is no danger to the proposed site because no hurricane on record had a
direct landfall on O'ahu is misleading. The historic record on storms and hurricanes in the
Hawaiian Islands covers only a short period of time. Contrary to the CNWRA analysis, as
discussed above, a future hurricane could make landfall on O'ahu's southern shore or pass closer
to the island.

Incorrect Assessment of Hurricane Surge Risk - The CNWRA and EA hurricane surge risk
analysis for the proposed irradiator site is unrealistic. The CNWRA Report applies the "stylized
fluid dynamic calculation" prepared for the tsunami risk analysis (discussed at page .18 below),
and concludes that because tsunami waves cannot generate the "wave velocity and shear forces
necessary to create a vortex inside the pool that would pull a radioactive Co-60 source assembly
out of the irradiator pool," then it follows that hurricanes waves could not either. First, the
conclusion is based on the erroneous presumption that hurricane surges and tsunami waves
behave similarly, which they do not.. For example, tsunami waves have shorter periods than
hurricane surges, so hurricane surges can create flooding at the site that will last considerably
longer than flooding from tsunami waves.

Second, the analysis incorrectly assumes that the only safety consideration for the proposed
Irradiator site is wave velocity lifting the radioactive source from the pool. Forces other than
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drag force could affect the safety of the Irradiator if flooded by storm surges. For example,
buoyancy forces from a rise in sea level due to hurricane surge may lift or tilt the Irradiator pool
and radioactive effluent could drain into the surrounding environment. The CNWRA Report
also ignores other effects of potential hurricane surges to the safety of the site, such as failure of
electric power supply, the destruction of back up generators that are needed to run Irradiator
pumps, possible fires from nearby fuel depots, aircraft or equipment crushing against the
Irradiator facility, or concurrent wind effects on the facility, and the mixing of seawater into the
Irradiator pool.

Incorrect Assessment of Potential Hurricane Surge Heights - The CNWRA Report
incorrectly assesses the height of sea level flooding that can be expected on O'ahu from potential
storm surges and downplays the impact on the safety of the Irradiator. It concludes erroneously
that none of the hurricanes that have passed near O'ahu sincethe 1950's "have produced a storm
surge that would pose a hazard to the facility." The Report incorrectly assumes that storm surges
"appear to be bounded by the more significant wave heights that could be generated by
tsunamis." In fact, potential hurricane surges could result in longer and more extensive flooding
at the site than from tsunamis. The analysis completely overlooks the proximity of the proposed
site to the shoreline of Ke'ehi Lagoon, and the long fetch of the Lagoon along which hurricane
wind frictional effects could add to other surge height components. Because the applicant's
Geoanalytical Report confirms the existence of past storm surge deposits in the area (p. 192), the
CNWRA Report and the EA are deficient in their failure to take into consideration the wind and
surge flooding effects for the MPH scenario (i.e., a Category 4 event).

The EA bases its conclusion of no significant impact on Table 3.3, which lists the historical
tropical cyclones within 322 km (200 mi) of Honolulu International Airport and the associated
maximum water levels above mean sea as recorded by the National Water Level Observation
Network and referenced to Honolulu Station 1612340. Based on this limited database for the
Honolulu station only, the CNWRA report concludes that since the maximum water-level
produced by Iniki in 1992 was 0.78 m (2.6 ft) at this station, this represents the maximum
possible water-level of hurricane surge that can be expected in the future, and therefore this
assures the safety of the proposed site.

The CNWRA conclusion is erroneous. The value of 2.6 ft above mean sea level for Iniki, which
was recorded by the Honolulu Station (owned and maintained by NOAA's National Ocean
Survey), and the 2.6 ft height that is given, represents an instrumental recordingby a tide gauge
inside the harbor (at end of Pier 4). This station, which is also a tsunami tide gauge station,
filters out the short-period storm waves that contribute to the total hurricane surge heights. The
storm waves superimpose on other component parts of the hurricane surge and contribute
significantly to greater maximum water level heights of the destructive hurricane effects
(Pararas-Carayannis, 1975). Such tide gauge measurements do not, therefore, give accurate or
realistic measurements of expected hurricane surge inundation on the island. In fact, along the
Wai'anae coast, Iniki's hurricane surge reached.the second story of apartment buildings and
houses and was extremely damaging.

11



TSUNAMI HAZARDS

As detailed below, the proposed Irradiator site is within the O'ahu Civil Defense tsunami
evacuation zone and is at risk of flooding from tsunamis. This section provides a detailed
description of recent tsunami events in Hawai'i and analysis of the risk from potential future
tsunami events on the proposed Irradiator site.

Tsunami Hazard Risk Assessment

The primary source of historical tsunami data is the "Catalog of Tsunamis in the Hawaiian
Islands," (Pararas-Carayannis 1967, 1974, 1977) published by the Hawai'i Institute of
Geophysics of the University of Hawai'i, updated in 1974 by the World Data Center A-Tsunami,
and further updated in 1977 by the World Data Center -A for Solid Earth Geophysics (U.S.
NOAA).

The runup data for major tsunamis impacting Hawai'i in 1946, 1952 1957, 1964 and 1975 is
based on original measurements and observations initially plotted on the U.S. Geological Survey
Topographic Quadrant Maps (Scale, 1:24,000) at the Hawai'i Institute of Geophysics (HIG)
(Pararas-Carayannis, 1964, 1965, 1967). These maps were subsequently summarized and
republished on charts supplied to the State Tsunami Observation Program and Civil Defense
agencies (Walker 2002). The National Geophysical Data Center also compiled secondary data
from the original HIG maps (Lander and Lockridge, 1989).

Historical Pacific-wide and locally generated tsunamis affecting O'ahu

The following overview discusses the six major tsunamis that have affected south O'ahu in the
last 50 years - 1946 (Aleutians), 1952 (Kamchatka), 1957 (Aleutians), 1960 (Chile), 1964
(Alaska), and 1975 (Hawai'i).

April 1, 1946 Aleutian Tsunami - One of the most destructive Pacific-wide tsunamis was
generated by a magnitude 7.8 earthquake near Unimak Island in Alaska's Aleutian Island chain.
A 35-meter wave completely destroyed the U.S. Coast Guard's Scotch Cap lighthouse on
Unimak, killing all five occupants. Five hours later, destructive tsunami waves reached the
Hawaiian Islands and completely obliteratedHilo's waterfront on the Big Island, killing 159
people. At the Big Island's Laupahoehoe Point, waves reached up to 8 meters and destroyed a
hospital and a school, both of which had not been evacuated. Altogether, 165 people were killed
across the islands and property damage was estimated at $26 million in 1946 dollars.

November 4, 1952 Kamchatka Tsunami - A magnitude 8.2 earthquake off the Kamchatka
Peninsula generated the 1952 tsunami which was felt throughout the Pacific Rim including the
Kamchatka Peninsula, the Kuril Islands and other areas of Russia's Far East, Japan, Peru, Chile,
New Zealand, Alaska and the Aleutian Islands, and California. The largest waves were recorded
in the Hawaiian Islands, outside the generating area. Damage was estimated to reach up to $1
million in 1952 dollars. Boats and piers were destroyed, telephone lines downed, and extensive
beach erosion observed.
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O'ahu's north shore experienced waves up to 4.5 meters, while on the south shore, the tsunami
was powerful enough to throw a cement barge in the Honolulu Harbor into a freighter. On the
Island of Hawai'i, tsunami runup reached 6.1 meters, and the bridge connecting Coconut Island
in Hilo Bay to the shore was destroyed by a tsunami wave lifting it off its foundation and
smashing it down.

March 9, 1957 Aleutian Tsunami - An 8.3 magnitude earthquake off Alaska's Aleutian Islands
of Alaska generated the 1957 Pacific-wide tsunami. Property damage in the Hawaiian Islands
was estimated at $5 million in 1957 dollars. Waves on the north shore of Kaua'i reached 16
meters, flooding the highway and destroying houses and bridges. At Hilo, Hawai'i, the tsunami
runup reached 3.9 meters, damaging buildings along the waterfront and covering Coconut Island
with 1 m of water. The bridge connecting it to the shore was again destroyed.

May 22, 1960 Chilean Tsunami - The largest earthquake (magnitude 8.6) of the 20th century
occurred off the coast of Chile and generated the 1960 Pacific-wide tsunami. 2,300 people were
killed in Chile alone, and more lives were lost throughout the Pacific. 61 people Were killed in
Hilo, Hawai'i, and property damage there was estimated at more than $500 million in 1960
dollars.

March 28, 1964 Alaska Tsunami - In 1964, a magnitude 8.4 earthquake off Alaska produced aS tsunami that affected southeastern Alaska, Vancouver Island (British Columbia), Washington,
California and Hawai'i, killing more than 120 people and causing $106 million in damages.

November 29, 1975 Local Hawai'i Tsunami: A 7.2 magnitude earthquake on Hawai'i Island's
south coast caused the most recent local tsunami on November 29, 1975. The tsunami was
destructive throughout Hawai'i Island.

Historical Tsunami Runup Heights Along the Southern Coast of O'ahu

Tsunami waves can be measured in terms of runup height and inundation. The tsunami
inundation limit is the horizontal measure of the maximum inland penetration of the tsunami
waves from a certain reference point, such as mean sea level. In other words, the farthest
distance inland that tsunami waves traveled. Runup refers to the maximum inland elevation
reached by tsunami waves, also generally measured in reference to the mean sea level. Thus, if
the reference point is mean sea level, runup is the elevation of the inundation limit.

Interpolations of tsunami runup at the proposed Irradiator site can be made based on reliable
runup measurements taken from the coastal areas to the east and west of the Honolulu Airport
during the tsunamis of 1946 (Aleutian Islands), 1952 (Kamchatka Peninsula), 1957 (Aleutian
Islands), 1960 (Chile), and 1964 (Alaska). As shown in the map below, tsunami runup on south
O'ahu shores has reached up to 9 feet, contrary to the incorrect statement made in the CNWRA
Report that maximum recorded runup since 1837 is 3 feet. 2

2 Prior to 1946, Chilean earthquakes generated tsunamis with considerable runups in Honolulu in 1837

(over 8-foot runup), 1868 (over 5-foot runup) and 1877 (almost 5-foot runup).(Pararas-Carayannis, G.,
and Calebaugh P.J., 1977. Catalog of Tsunamis in Hawaii, Revised and Updated, World Data Center A
for Solid Earth Geophysics, NOAA, 78 p., March 1977).
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I
Runup in feet for the 1946 (pink), 1952 (red), 1957 (yellow), 1960 (green) and 1964

. (blue) tsunamis near the proposed site for the Irradiator.

Because harbors and basins react differently with each tsunami, under the right set of conditions,

a tsunami with minimal runup on the open coast results in greater runups and stronger currents

within a harbor or semi-enclosed body of water. This can occur when resonance effects excite a

basin's natural modes of oscillation, resulting in greater runups and stronger currents. Greater

runups can also be generated when certain wave periods combined-with certain drainage

characteristics of a basin create a cumulative pile-up effect within the basin.

For example, in 1964, the pile-up effect caused extensive flooding and property damage in Port

Alberni, Canada, at the head of a 35-mile long inl&t on the west coast of Vancouver Island. The

first tsunami wave to reach the head of the inlet caused major flooding, but the second wave,

which arrived almost an hour later, caused the most destruction. Although the total tsunami

energy that entered the inlet was relatively small, a pile-up effect likely caused the second wave

to gain force, resulting in greater wave height and runup.

Notably, all the tsunami runup data on which the CNWRA report and DEA rely predate the

massive alterations of Ke'ehi Lagoon caused by dredging the lagoon for construction of

Honolulu Airport's reef runway, which began in 1973. Dredging deepened Ke'ehi Lagoon,

which could increase resonance effects and cumulative pile-up of a tsunami at the apex of the

basin, which, incidentally, is at the end of Palekona Street. Only numerical modeling, which

neither the CNWRA Report nor the DEA have performed, can reveal the full effects of dredging

the lagoon and altering the shoreline.

Tsunami Warnings

Tsunami warnings are issued throughout the state by the Hawai'i Civil Defense based on

warnings of the international Pacific Tsunami Warning Center. For tsunamis of distant sources,

warnings are issued in Hawai'i about three hours before the tsunami's estimated arrival, although

earlier advisories may also be issued. Warnings often stay in effect for several hours before

cancellation, because the danger of a tsunami often lies in multiple waves.
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Tsunami Evacuation Areas in the Vicinity of the Proposed Irradiator Site

The Hawai'i State Civil Defense requires evacuation of all low lying coastal areas, marked as
"tsunami zones" on Civil Defense maps, when tsunami warnings are issued for waves of over 3
feet. When a tsunami warning is issued, the present guidelines recommend evacuating, vertically
or horizontally, to a location at least 50 ft above sea level.

Map 19, provided below, indicates that the tsunami evacuation zone currently extends to the
'ewa (west) side of the last street on Lagoon Drive. Because Palekona Street is the last street on
Lagoon Drive, and the proposed Irradiator site is on the 'ewa side of Palekona Street, the
proposed Irradiator site is within the tsunami zone. Map 18 and 19 also show that the entire reef
runway is within the tsunami zone.

Current evacuation maps are based on original maps prepared by the late Prof. Doak Cox and the
present reviewer, which relied primarily on historical tsunami data using empirical methods,
rather than numerical modeling (Cox & Pararas-Carayannis, 1967). This method tends to
underestimate the potential impact of a tsunami, including inundation limits and runups. For
example, unusual underwater or shoreline barriers such as reefs, roads, trees, buildings, and other
features could focus the tsunami energy so strongly that runups and inundations could far exceed
current estimates.

The State Civil Defense, in accordance with the National Tsunami Hazards Mapping Program
guidelines, is in the process of updating the current evacuation maps based on accurate numerical
modeling of maximum expected tsunami runup values for a given shoreline. The present
reviewer is a member of the scientific advisory committee preparing the updated maps.

Map 18: Ewa Beach to Airport.
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Map 19: Airport to Waikiki V
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Tsunami Evacuation Maps from Ewa Beach to Airport, and from Airport to Waikiki (shaded

areas indicate potential inundation zones that need to be evacuated horizontally or vertically in
solid structures)

Tsunami Risk Assessment for the Proposed Irradiator Site

Due to its low elevation (3-6 feet, depending on tide) and proximity to Ke'ehi Lagoon (375 feet),
the proposed Irradiator site is vulnerable to the impacts of a future tsunami, particularly to
flooding from the Ke'ehi Lagoon.

Probability of Tsunami Occurrence: Based on the historical record, there is a 100% statistical
probability that a major Pacific-wide tsunami will occur again and greatly impact the Hawaiian
Islands. The last Pacific-wide tsunami occurred in 1964, and a major tsunami is long overdue.
Likely source areas for the generation of major tsunamigenic earthquak~es that will affect Hawai i
are the Aleutian Trench, the Gulf of Alaska, and the Chile-Peru Trench.

Potential Tsunami Impact at the Proposed Irradiator Site: The following assessment of the
tsunami hazard for the proposed Irradiator site is based on a physical inspection of the site,
during which geological conditions; elevation above sea level; distance to the Ke'ehi Lagoon
shoreline; background materials submitted with Pa'ina Hawaii'S NRC application pertaining to

* engineering design; photographs; and all available historical tsunami runup data were assessed.

The proposed Irradiator site is relatively flat, with a normal elevation of about 6 feet above mean
sea level. During the highest spring tide, elevation is less than 3 feet. The site is 373 feet from
the Ke'ehi Lagoon shoreline, and there is no berm Or physical barrier between the site and

Ke'ehi Lagoon. The Irradiator site is in a tsunami evacuation zone and is near a coastal region
that has been inundated by tsunamis in the past.

**Due to its low elevation, it is possible that tsunami waves will flood the Irradiator site from the
Ke'ehi Lagoon. As previously discussed, a tsunami that generates small runup on the adjacent
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open coast can still be damaging within Ke'ehi Lagoon. Resonance caused by the tsunami may
excite Ke'ehi Lagoon's natural modes of oscillation, and/or cumulative wave pile-up effects may
occur near the head of the Ke'ehi Lagoon basin, either of which would cause greater runup
within Ke'ehi Lagoon than the open coast.

Recent numerical studies for the Hawai'i Kai Basin involving tsunami waves of different periods
show overtopping of the highway and cumulative effects of runup at the head of the basin.3 Like
the Hawai'i Kai basin, Ke'ehi Lagoon is a semi-enclosed body of water, and under the right
conditions, a similar cumulative pile-up effect could occur at the apex of the basin, which is near
the proposed Irradiator site. Combined with a high astronomical tide, tsunami waves could
overtop the retaining wall at the end of Palekona street and flood the site.

Even without flooding, because of the site's proximity to Ke'ehi Lagoon, a lesser tsunami run-
up, superimposed on the ambient water table, could create buoyancy uplift forces on the concrete
slab floor and Irradiator platform housing.

Comments on CNWRA Report and EA's Tsunami Analysis

Tsunami Evacuation Limits - The EA and the CNWRA Report both fail to assess or even
mention the fact that the proposed Irradiator site is in a tsunami evacuation zone, based on the
Civil Defense maps. Also, the CNWRA Report incorrectly states that the O'ahu Civil Defense
Agency tsunami flood maps (2006) show the Honolulu International Airport above the tsunami
evacuation zone. The Civil Defense maps in fact show that the reef runway and some peripheral
airport facilities are within the zone of potential tsunami inundation.

Incorrect Assertion of Tsunami Runup - The CNWRA Report quotes a May 2005 letter from
the State of Hawai'i's Department of Transportation, which incorrectly states that "the south
shore of O'ahu has never sustained more than a 3 [foot] wave from any tsunami since 1837."
Contrary to this assertion, the historic runup record shows that a 1946 tsunami reached a
maximum runup on O'ahu's southern coast of 31 feet (Pararas-Carayannis, G., and Calebaugh
P.J., 1977, Catalog of Tsunamis in Hawaii, Revised and Updated, World Data Center A-for Solid
Earth Geophysics, NOAA, p. 78, March 1977). The O'ahu Tsunami Runup Maps show that the
1957 and 1960 tsunamis had maximum runups of 9 feet in east Pearl Harbor. Three Chilean
earthquakes generated tsunamis with runup in Honolulu of over 8 feet in 1837, over 5 feet in
1868, and nearly 5 feet in 1877.

Inadequacy of Tsunami Inundation Assessment - The CNWRA Report does not properly
consider flooding due to a tsunami. First, the analysis inaccurately relies on tide gauge -

.recordings as evidence of low tsunami runup. Tide gauges filter out short period waves, giving
smaller runup heights. Second, the report fails to distinguish between tsunami runup heights (a
vertical measurement) with tsunami inundation limits (horizontal measures of inland penetration
of a tsunami's waves). In low-lying areas, tsunami inundation can extend inland for several

3 Personal communication with Dr. Charles Mader, Los Alamos National Laboratory (LANL). Author
provides LANL scientists with tsunami source parameters for tsunami modeling studies. Hawai'i Kai
Basin models were prepared to illustrate to the Hawai'i Civil defense the potential vulnerability of the
coastline from tsunamis with certain characteristic periods and wavelengths.
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hundred yards, even with relatively low runup, depending on the stage of the astronomical tide
and the ambient storm wave conditions at the time the tsunami arrives. Third, as explained
above, small tsunami run-up height 6n an open coast does not necessarily mean that the tsunami
will not be damaging inside a harbor or within a semi enclosed body of water. The CNWRA
Report failed to take into account resonance effects or cumulative pile-up that could occur within
Ke'ehi Lagoon and cause higher runup at the proposed Irradiator site than on the open coast.
Fourth, runup potential cannot be adequately quantified without a proper numerical modeling
study, which CNWRA failed to do. Fifth, the report fails to take into account potential damage
from strong currents generated by certain periods of tsunami waves within Ke'ehi Lagoon, which
can increase runup.

Irrelevant Assertion of Site Safety Based on the Stylized Fluid Dynamic Calculation - The
CNWRA Report's "stylized fluid dynamic calculation" is devoid of any realistic practical value
in assessing the potential tsunami hazard or risk to the proposed irradiator site. The calculation
does not demonstrate the safety of the site from the potential impacts because it assumes that
lifting the source assembly out of the pool is the only danger to the public. It ignores other
potential direct impacts and collateral damage, such as failure of peripheral equipment, power
and back up generators needed to circulate and cool water in the irradiator pool, leaking of pool
water, and dispersal to the surrounding area by potential tsunami flooding, fires from nearby fuel
depots, or aircraft or equipment carriedand crushing against the irradiator facility, which could
affect the integrity of the pool, causing shielding pool water to leak. Reliance on the stylized
fluid dynamic calculation further indicates a lack of understanding of a tsunami's terminal
characteristics when it moves over land; there is no structured wave form but a chaotic turbulent
water mass that cannot be very well correlated to "wave velocity and shear forces necessary to
create a vortex inside the pool that would pull a radioactive Co-60 source assembly out of the
irradiator pool."

SEISMIC HAZARDS

Historical earthquakes in the Hawaiian Islands are well-documented in the modem (1959-1997)
and historic (1868-1959) catalog of the Hawaiian Volcano Observatory. Earthquakes generated
within the Moloka'i Fracture Zone and/or the postulated Diamond Head Fault resulted in the
upgrade of O'ahu's seismic code from seismic zone 1 to zone 2A.

Historic O'ahu Earthquakes

Earthquakes felt on Oahu generally occur on the Moloka'i Fracture Zone, a seafloor zone of
lithospheric weakness south of O'ahu. Two of the largest historical earthquakes, the Ldna'i
earthquake of 1871 and the Maui earthquake of 1938 (both about magnitude 7) occurred within
the Moloka'i Fracture Zone's complex of ridges and escarpments, which cross the islands south
of O'ahu. The 1871 earthquake near Lna'i caused damage to every building on the Punahou
School campus in Honolulu due to an apparent directional focusing of energy. As recently as 27
July 2006 a magnitude 4.5 earthquake occurred 37 km (23 miles) SSW of Makena, Maui -
shaking buildings in Honolulu. In 1948, a magnitude 4.8 earthquake occurred offshore from
Honolulu, and caused cracks and other damage in many Honolulu buildings. The 1948
earthquake could have been generated within the Moloka'i Fracture Zone or the postulated
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Diamond Head Fault.

Comments on CNWRA Report and EA's Seismic Activities Analysis

Seismic Ground Motions and Potential of Liquefaction - The CNWRA Report improperly
trivializes the potential intensity of ground motions and liquefaction potential at the proposed
Irradiator site. The Report relies on the assumption that the Modified Mercalli Intensity V
estimated for the island of O'ahu for the October 2006 earthquake, which is based on damage
reports and, observations, also represents the maximum earthquake ground forces that can be
expected at the proposed Irradiator site at Honolulu Airport. Unlike magnitude, which represents
a single quantity of an earthquake's energy release, intensity does not have one single value for a
given earthquake, but can vary significantly from place to place depending on substrata soil
conditions. Because the Modified Mercalli Intensity estimate may not have taken into account
the properties of unconsolidated sediments, the assumption that maximum ground forces at
Honolulu Airport of Intensity V may be incorrect for the proposed Irradiator site. Similarly, the
potential horizontal seismic ground motions given in Table 3-1 of the report represent statistical
estimates for the southern coast of O'ahu which may not necessarily be valid for the proposed
facility site, which is on land reclaimed with unconsolidated sediments.

The Report also fails to consider the potential focusing effects of seismic energy on O'ahu,. which can intensify earthquakes with small magnitudes. For example, the 15 October 2006
Hualdlai earthquake on O'ahu resulted in relatively high intensity, even though the magnitude
was only 6.7 (considerably less than that of 1868 and 1975 earthquakes) and the focal depth was
quite deep at 29 km. Unfortunately, it is not known whether any accelerometer readings were
taken for this event near Honolulu Airport or elsewhere on the island. Other examples are the
1948 4.6 magnitude earthquake that caused cracks and other minor damage in many Honolulu
buildings, and the 1871 earthquake near Ldna'i, which damaged every building on the Punahou
School campus in Honolulu. Like the 2006 eyent, these two historical earthquakes indicate that
there is an apparent directional focusing of seismic energy on O'ahu from certain seismic sources
which could affect the proposed Irradiator site.

Following an earthquake, ground liquefaction of unconsolidated sediments results primarily from
vertical rather than from horizontal ground motions. For example, considerable liquefaction and
damage to new buildings occurred in Mexico City during the Great Earthquake of 19 September
1985. Although the epicenter was more than 300 Km away, the valley of Mexico experienced
acceleration up to 17% g. with peaks concentrated at 2 sec. period. The extreme damage in
Mexico City was attributed to the monochromatic type of seismic wave with this predominant
period causing 11 harmonic resonant oscillations of buildings in downtown Mexico City
(Pararas-Carayannis, 1985). The ground accelerations were enhanced within a layer of 30 ft. of
unconsolidated sediments underneath downtown Mexico City, which had been the site of a lake
in'the 1 5th Century, causing many buildings to collapse.

Similarly, the 17 January 1994 Northridge Earthquake had unusually high ground accelerations,even though it had a moment magnitude (Mw) of only 6.7. Extremely strong ground motions -

among the strongest ever recorded - occurred in areas in the valley that had thick accumulations
of unconsolidated sediments, amplifying the seismic energy. and causing extensive damage. to the
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well-developed metropolitan areas of the San Fernando Valley. Accelerations in the range of 1.0
g and up to 1.78 g were recorded over a large area, and the Modified Mercalli Intensities ranged
from VIII to XI (Pararas-Carayannis, 2000). The earthquake was felt over an area of more than
200,000 square kilometers and as far away as 400 kilometers from the epicenter, and landslides
and ground failures occurred as far away as 90 kilometers from the epicenter. Extensive ground
liquefaction and landslides damaged many structures in San Fernando Valley.

Insufficiency of Load-Bearing Soil Evaluation - The CNWIRA Report states that the proposed
irradiator pool will be fabricated and installed in accordance with applicable industry codes - but
without indicating whether a similar construction of an irradiator has been made elsewhere on
reclaimed land that has similar soil conditions. The Report further states that most of the
irradiator pool will be below sea level and the load-bearing capability of the soil at the site
cannot be evaluated until the pool excavation phase is conducted. Regardless of the soil bearing
capacity, there may be a propensity for liquefaction if earthquake ground motions are enhanced
due to focusing of seismic waves, particularly if peak ground accelerations exceed 0.20 g.

Conclusions Regarding Safety of Proposed Irradiator at Honolulu International Airnort

The DEA and CNWRA Report conclusions that the potential effect of hurricanes, tsunamis, and
earthquakes are insignificant are misleading. The site proposed for the construction and
operation of the Honolulu Irradiator is clearly marginal and potentially unsafe given its low
elevation above sea level, proximity to Ke'ehi Lagoon, and location in the tsunami evacuation
zone. The site is particularly vulnerable to potential flooding by future hurricane surges and
tsunamis, which could pose environmental risks to public health and safety. Locating the site
inland and away from the shores of Keehi Lagoon would eliminate the risk of impacts from
tsunami runup and hurricane storm surges.
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* Geophysicist, Hawaii Institute of Geophysics, University of Hawaii (1963-1967).
* Research Chemist, Joanna Western Mills Company, Chicago, Illinois (1959-1963)..
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* Chief Scientist and Consultant to UNDP (United Nations Development Program) on Southwest

Pacific Mission to Develop a Regional Five Year Plan for Disaster Mitigation.
* Consultant to Intergovernmental Oceanographic Commission / Marine Sciences Section of

UNESCO.
* Consultant to UNDRO (United Nations Disaster Relief Organization), Geneva; Special training

programs in developing countries in South America.
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* Member: Special UNESCO Committee which developed the program of implementation for
the Secretary General of the United Nations on the International Decade for Natural Disaster
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* Quantitative surveys of the most important tsunamis to strike Hawaii for the last fifty years;
* Development of tsunami inundation limits for coastal evacuation and zoning;
* Development of mathematical modeling for tsunami travel times and paths;
* Development of methodology for fast earthquake epicenter determinations; real time

assessment of the tsunami hazard for warning purposes.
* Earthquake, Tsunami, and Hurricane Surveys.
* Environmental Impact Statements.
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* Development of a multi phase approach to environmental hazard vulnerability reduction and

preparedness.
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Plans for Civil Defense Agencies.
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2



* Chairman: XI Session of the International Tsunami Warning System in the Pacific, UNESCO-
IOC,September 1987, Beizing, China.
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This report evaluates the expected accident frequency, the number of accidents per year,
of an aircraft impacting the proposed Pa'ina Hawaii food irradiator. No quantitative
assessment is made of the consequences of an aircraft impact into the irradiator, though
some of the criteria used by the Department of Energy (DOE) and the Nuclear Regulatory
Commission (NRC), as they are applicable, are discussed.

The methodology follows the DOE standard, DOE-STD-3014-96, "Accident Analysis for
Aircraft Crash into Hazardous Facilities."' The DOE standard is similar to the NRC
methodology employed by the author in the NRC proceedings regarding the proposed
PFS spent fuel storage facility at Skull Valley, Utah, and the Atomic Safety and
Licensing Board accepted that testimony.2 Numerous other analysts have employed this
standard to analyze aviation risks at.DOE nuclear facilities. 3

Generally, the NRC methodology 4 in NUREG-0800 is used- for potential facilities Iocated
at some distance from an airport, not for facilities like the Pa'ina irradiator, which would
be in close proximity to airport runways. Accordingly, we question the Center for

Department of Energy, "Accident Analysis for Aircraft Crash into Hazardous

Facilities," DOE-STD-3014-96, October 1996, available at
http ://hss.energy.gov/NuclearSafety/techstds/standard/std3014/std3014.pdf.

State Of Utah's Prefiled Testimony Of Dr. Marvin Resnikoff For Contention Utah
K/Confederated Tribes B, Docket No. 72-22-ISFSI, ASLBP No. 97-732-02-ISFSI,
February 19, 2002.
3 DOE-STD-3014-96, p. B-24.
4 NUREG-0800, NRC Standard Review Plan, Section 3.5.1.6, Aircraft Hazards.
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Nuclear Waste Regulatory Analyses' (CNRWA's) decision to rely solely on NIJREG-
0800 for its analysis. 5

We contrast our methodology with that of CNWRA in a section of this report, but many
aspects are identical. Similar to the CNWRA analysis, we consider four types of aircraft:

.commercial air carriers, air taxis, general aviation and military aircraft. The specific.
aircraft types for commercial air carriers are generic, that is, no distinction is made for
major aircraft carriers between a Boeing 727, 737, 747 or 767 aircraft. For military
aircraft, as in the. CNWRA analysis, we consider only light fighter jets, like theF-16, and
ignore large military aircraft. Our calculation of the fly-in and skid-in area of the
proposed facility is identical.

If the impact frequency exceeds I in a million per year, the NRC has customarily
proceeded to the next step, evaluating the consequences of an airplane crash (i.e., the
likelihood that, in the event of an airplane crash, radiation releases would occur).
CNWRA devotes only a single paragraph to this important analysis and, without
presenting any calculations or other meaningful analysis, simply asserts there are no
consequences - end of story. This section of the CNWRA, and of the Environmental
Assessment that relies on it, will clearly have to be supplemented to provide a meaningful
discussion of the consequences of an aviation accident involving Pa'ina's proposed
irradiator.

In the next section we discuss the methodology and the selected data. We also contrast
our methodology and data with those of CNWRA. In the following section, we discuss
the results of our analysis and recommendations.

Methodology

Aircraft crash frequencies are estimated with a formula that takes into account (1) the
number of operations, (2) the probability that an aircraft will crash, (3) given a crash, the
probability that the aircraft will crash into a 1-square mile area where the facility is
located (the conditional probability), and (4) the size of the facility. 6 in the PFS
proceeding 7, we evaluated non-airport activities, that is, the number of crashes per square
mile per year expected to occur for Air Force fighter jets during the flight phase. In

5 Durham, J, et al, "Draft Topical Report on the Effects of Potential Natural Phenomena
and Aviation Accidents at the Proposed Pa'ina Hawaii, LLC, Irradiator Facility," Center
for Nuclear Waste Regulatory Analyses, December 2006.
6 DOE-STD-3014-96, p. 38.

7 Ref. 2 above
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contrast, for Pa'ina's proposed facility, we take into account only takeoffs and landings,
using a combination of Honolulu International Airport (HNL) specific information and
generic information. A second calculation we perform employs the default assumptions
of DOE's standard, DOE-STD-3014-96.

Mathematically the formula that is employed is. the following:

F= YN-k Pk fýk(x, y)Au (1)
j,j,k

where:

F estimated annual aircraft crash impact frequency into the proposed
irradiator (no./y),

Nijk= estimatedannual number of takeoffs and landings for each aircraft
category and each runway,

Pijk aircraft crash rate per take-off and landing for HNL or genericallyfor the
U.S.

fijk(X,Y) = crash location conditional probability - given a crash, the likelihood it will
be into the facility,

A= the effective area of the facility that includes skid-in and fly-in effective
areas for each aircraft, for takeoffs and landings,

i index for flight phase, i = 1,2,3 for take-off, in-flight and landing (for
purposes of this analysis, we ignore in-flight crashes),

j = index for aircraft category (Air Carrier Operations, Air Taxi Operations,
General Aviation Operations, and Military Operations),

k flight source (4 runways).

We next evaluate each of the parameters in Equation (1).

Number of Operations

We first estimate the number of aircraft operations Nijk, that is, the total takeoffs and
landings at the Honolulu International Airport, by averaging the historical data. The data
for each type of aircraft operation at HNL appear in Table 1; the data are provided by the
Federal Aviation Administration (FAA). Over a 30-year period of time, the average
number of aircraft operations at HNL, according to the FAA, is 356,772 per year.8. For

.h..'.....v .3 j.9.a.... .g, "APO Terminal Area Forecast Summary Report, HNL"
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2005, the number of air craft operations, according to the FAA, was 334,660.9 Hawaii
DOT says the number of aircraft operations in 2005 was 330,506. 10 The number of
aircraft operations at HNL declined following September I th, but increased in 2005. As
noted in the CNWRA analysis, the FAA expects the number of persons visiting Hawaii
and the number of aircraft operations at HNL to continue to increase, with an increase to
510,000 operations by fiscal year 2012. However, this potential increase is not factored
into CNWRA's probability calculations, nor ours.

The accident rates at HNL for each aircraft category, except for military aircraft (for
which HNL-specific accident rates were not available) appear in Tables 2 through 4.l
The average number of accidents per year at HNL, averaged over all non-military
aircraft, is 2.633; the average number. of fatal accidents per year, averaged over all non-
military aircraft, is 0.5. Expressed in terms of the average number of accidents per
100,000 takeoff and landings (excluding military aircraft), the number is 0.80; the
average number of fatal accidents per 100,000 takeoff and landings of non-military
aircraft at HNL is 0. 153.

The NTSB defines a crash as "any aircraft accident that results in destruction or
substantial damage to the aircraft."'12. A crash is therefore not necessarily an accident
involving fatalities, but for this analysis, we equate a fatal accident with a crash. Further,
we sum up all fatal accidents for all aircraft types to get an HNL-specific fatal accident
rate. Also we carry out a separate analysis employing the crash rates for individual
aircraft, as developed by the DOE.' 3 The contrasting crash rates are presented in Table 6.

9 Ibid. In contrast, CNVVRA claims the FAA has recorded 323,726 aircraft operations for
the year 2005. Since both CNWRA and RWMA state they are using data from the FAA,
the discrepincy between the two figures will have to be resolved.
0 Schlapak, B, email to M Blevins, NRC, 10/31/2006.
"Table 5 sets forth the annual number of departures and landings of military aircraft.
12 DOE-STD-3014-96
13 ]bid.
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Table 1. Departures and Landings for Honolulu International Airport,
1975-2005a

Page 5

Aircraft
Year Operations

All Fatal
Accidents Accidents

Acc/100,000
Incidents Dep + Land

Facc/100,00
0 Dep+Land

2005
2004
2003
2002
2001
20O0
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
1985
1984
1983

.1982
1981
1980
1979
1978
1977
1976
1975

318853 1
290737 2
294631 0
300111 1

323522 1
326698 1

323922 2
312596 0

340742 3

351065 3
352814 4

335532 , 2
341316 2

381879 3
369856 3
368827 0
362644 4

331229 2
365111 6

334884 2
323598 2

312492 3

297071 2
278589. 2

320079 2

352856 5
379488 4

329969 3
296869 9

274714 5
5

329756.5 2.633

0
0
0
0
0
0
0
0
0
0
1

2
2
2
0
0
1
0
1
0
0
0
0
0
1
1
0
0

3
2

0.314
0.688
0.000
0.333
0.309
0.306
0.617
0.000
0.880
0.855
1.134
0.596
0.586
0.786
0.811
0.000
1.103
0.604
1.643
0.597
0.618
0.960
0.673
0.71.8
0.625
1.417
1.054
0.909
3.032
1.820

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.283
0.298
0.586
0.524
0.000
0.000
0.276
0.000
0.274
0.000
0.000
0.000
0.000
0.000
0.312
0.283
0.000
0.000
1.011
0.728

0.500 average 0.800 0.153

a In.this table, military operations at HNL are excluded in determining total

operations and accident and fatal accident rates,
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Table 2. Departures
(HNL) Air Carrier

and Landings

Air Carrier All
Year Operations Accidents

Acc/100,000
Dep + Lnd

2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
1985
1984
1983
1982
1981
1980
1979
1978
1977
1976

184937
166121
167562
174544
196351
206786
192137
183856
186648
205600
199801
191176
187950
201999
194293
194000
195981
187445
214028
184523
163562
150273
137420
126981
123148
125185
132696
117663
112111
106447

1

2
1
1
2
2
2
1
1

1
1

1

.1

1

1
2

3
2

0
0.000
0.597
0.000
1,019
0.484
0.520
1.088
1.072
0.973
0.500
0.523
0.000
0.000
0.000
0.000

0.510
0.533
0.467

0.542
0.000
0.665
0.728
0.788
1.624
0.000
0.754
1.700
2.676
1.879
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Table 3. Departures
(HNL) Air Taxis

Air Taxi
Year Operations A

and Landings

All
.ccidents

Acc/100,000
Deo + Lnd

2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
1985
1984
1983
1982
1981
1980
1979
1978
1977
1976

65843
51030
46433
44742
35037
30402
38675
42195
68423
60536
70245
55425
55216
59984

63608
56909
67022
57366
65993
71823
78638
75101
74530
69106
75354
77632
87131
81108
66783
53896

0.000
0.000
0.000
2.235
0.000
0.000
0.000
0.000
1.461
0.000
0.000
0.000
0.000
0.000
1.572
0.000
0.000
1.7.43
0.000
0.000
0.000
1.332
0.000
1.447
0.000
2.576
1.148
0.000
1.497
0.000
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Table 4. Departures
General Aviation

General
Aviation

Year Operations

and Landings (HNL)

All Acc/100,000
Accidents Dep + Lnd

2005
2004
2003
2002
2001
2000
1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
1985
1984
1983
1982
1981
1980
1979
1978
1977
1976

68073
73586
80636
80825
92134
89510
93110
86545
85671
84929
82768
88931
98150

119896
111955
117918
99641
86418
85090
78538
81398
87118
85121
82502

121577
150039
159661
131198
117975
114371

1.469
2.718
0.000
0.000
1.085
1.117
1.074
0.000
0.000
2.355
3.625
2.249
2.038
2.502
1.786
0.000
3.011
1.157
4.701
1.273
2.457
1.148
1.175
1.212
1.645
1.999
1.253
2.287
5.086
2.623
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Table 5. Departures and .Landings
(HNL) Militarya

Military All Acc/100,000
Year Operations Accidents Dep + Lnd

2005 15807
2004 16847
2003 15884
2002 15978
2001 16465
2000 16598
1999 21080
1998 21685
1997 23991
1996 23900
1995 23410
1994 21584
1993 23879
1992 31846
1991 23853
1990 37998
1989 43466
1988 35912
1987 23924
1986 29011
1985 30293
1984 30938
1983 29669
1982 27403
1981 31813
1980 32607
1979 31888
1978 35564
1977 33704
1976 43473

a In our calculations for crash rates we use the data from DOE-STD-3014-96.
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From Tables 2,3 and 4, we see that the average number of accidents for air carriers, air
taxis and general aviation is, respectively, 0-655, 0.5 and 1.768 per 100,000 takeoffs and
landings. The accident rate for military aircraft was not provided by the Hawai'i
Department of Transportation, so we employed the average crash rate for small military
aircraft for the entire U.S., 0.18 and 0.33 crashes per 100,000 takeoffs and landings,
respectively. 1

4 For all of theabove aircraft categories, for the RWMA calculations, we
averaged the accidents due to takeoffs and due to landings at HNL, assuming the number
of takeoffs equal the number of landings. Table 6 compares our results to those of DOE.

Table 6.. Aircraft Accident Rates

DOE Crash Rate RWMA
HNL Takeoff,

Takeoff per Landing per Landing per
Aircraft 100,000 100,000 100,000

General
Aviation' 0.35 0.83 0.153

Air Carrier 0.019 0.028 0.153

Air Taxi 0.1 0.23 0.153

Military2 0.18 0.33 0.18/0.33

Notes:

1 Fixed wing turboprop
2 Small military aircraft includes fighter jets, attack aircraft and

trainers

The data for the DOE crash rates are taken from an NTSB data base, for the country as a
whole.' 5 As expected, the crash rate for landings is greater than the crash rate for
takeoffs. The RWVN4A crash rate combines takeoffs and landings (except for military
aircraft), but is specific to HNL. Except for air carriers, DOE's accident rate for all
aircraft is generally greater than RWMA's, but this is somewhat misleading, since air
carriers comprise over half the takeoffs and landings at HNL. Weighted by the number
of aircraft operations for each aircraft, DOE's average crash rate is actually smaller than
RWMA's, reflecting a higher than average crash rate at HNL.

The crash rate used in the CNWRA analysis is not directly comparable to the rates listed
in Table 6, since CNWRA combines the overall crash rate with a type of conditional
probability, as discussed further below. But it is important to note that the CNWIRA

" FAA data, footnote 8.
" DOE-STD-3014-96
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crash rate does not distinguish between takeoffs and landings, and this is clearly
incorrect. Further, conditional probability analysis takes into account the spatial
distribution of accidents, which will differ depending on whether a takeoff or landing is
involved. In contrast, RWMA's analysis considers takeoffs and landings, as well as the
specific aircraft involved, in calculating the conditional probabilities.

Conditional Probabilities

Given an air crash, we next have to determine the likelihood that the proposed irradiator
would be hit within a square mile area; this is called the conditional probability, fijik(x,y).
These conditional probabilities come from .NTSB national averages and appear in the
DOE report,' 6 updated to 1996. Essentially, from a large database listing locations of
crashes near airports, NTSB has determined, for each type of aircraft, the probability of
an air crash with distance from the center Of a runway. To utilize the database, one must
determine the location of the proposed facility with respect to the center of each runway.
A Cartesian coordinate system must be set up. See Figurel below. The origin is the
center of each runway.

Direction of Fllght

+y

Origin

Figure 1. Coordinate convention for use with crash location probability
tables for commercial and genera l aviation

The conditional probabilities for military aircraft are more complicated, but since the
basic information is presently not available to us, we have had to simplify the data.
Military aircraft land by first approaching parallel to the runway, turning 180 degrees and
then landing. See Figure 2. For this reason, the side of the runway the military aircraft
approaches before its base leg turn (called the pattern side), has a higher probability.
distribution. However, since we do not have information regarding military aircraft

6 DOE-STD-3014-96, Appendix B.
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landings at HNL, we have assumed that the pattern side is over the ocean. For military
aircraft, there is no pattern side for takeoffs.

Direction of Flight

- 7

Patwen side is indicafed by

Figure 2. Coordinate convention and pattern side, for use with crash
location probability tables for military aviation.

The conditional probabilities specify, given an air crash, the likelihood the accident will
take place at a specific location. We therefore have to place the proposed irradiator
facility in its relation to each of the four runways at Honolulu International Airport. The
locations of the runways at HNL and of the proposed Pa'ina Hawaii irradiator are shown
in Figure 3.

As seen in Fig. 3, the proposed facility is located extremely close to and lies between the
runways (4R,22L) and (8R,26L), the reefrunway. It is approximately ¼ mile from each
runway and a little more than ½/ mile from the major runway (8L,26R). Table 7 lists the
distances of the proposed facility from the center of each of the four runways. The
conditional probability distributions are probability estimates in one square mile blocks.
That is, given a crash, the conditional probabilities provide the probability that the crash
takes place in an area of one square mile. As seen in Table 7, the centers of all runways
are within one mile of the proposed facility.

Effective Area Calculations

Employing the conditional probabilities developed by DOE from the NTSB database, we
now have three parts of the probability calculation - the number of flights of each type
aircraft, the probability of a crash per 100,000 takeoff and landings, and the conditional
probability, if a crash takes place, that it will occur within a specific I-square mile area.
The final piece is to calculate the effective area of the facility such that if an unobstructed
aircraft were to crash within the area, it would impact the facility, either by direct fly-in
or by skidding into the facility. The effective area depends on the dimensions of the
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Table 7. (X,Y) Coordinates of Facility with Respect to Center of Each
HNL Runwaya

Page 13

8R 26L

Facility_ coordinates i (0.47,0.43) i (-047,-0.43)

" " 8L i 26R "
Landing coordinates. ; (-.17 3 :.70

Facility coordinates (..3,-0.81) (-0.3,0.381)
Distance from Runway Center 0.86 mi 0.86 mi

.. 4R ! 22L
Landing coordinates ( 40 -. 4Q

Facility coordinates(085)0.8055
-L=•,i- c o i f-ig ........ ----------------------------- ........ i- i - ------....

Distance from Runway Center 0 60 mi 0.60 I
4L 22R

Landing orm- inates (..0 65 00 . . ....
Facility coordqinates (0-360--- (0.28,-0.55) ...
Di-st a-nce from R~unway Center 0.81 mi 0.8 m----

Notes:
a. The center of each runway is located at (0,0).
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too? NOO2 Z)fla4S4t39

Xl$7,6$w

2 cýt:.mwict

Figure 3. Airport Diagram Honolulu International Airport
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proposed facility, the aircraft's wingspan and heading, and-the length of the skid. The
fly-in area is not just the two dimensional footprint of the building, but the shadow area
that takes into account the height of the proposed facility. For, this calculation, we will
provide two effective area estimates, one for the entire building and another for the
irradiator itself, which is a smaller area. We believe it is important to examinenot only
the probability of impacting the irradiator directly, but impacting the building as well..
This is because, as the 9/11 attack has shown, air carriers, particularly on takeoff, carry a
tremendous amount of fuel and this must be taken into account in any consequence
analysis. Further, as the consequence analysis by M. Sozen and C. Hoffinann has shown,
an air crash into the proposed facility will likely bring down part of the building. 17

A general diagram that shows the parameters used in the equations to calculate the
effective area is shown below in Figure 5.

/DIRECTION OFCRASH

Figure 5. Rectangular facility effective target elements

The effective area of the facility is composed of two elements, the fly-in area Af and the
skid-in area A,.

Aeff = Af + As (2)

17 Sozen, M. and Hoffmann, C., "Analysis of the Effect of Impact by an Aircraft on a

Steel Structure Similar to the Proposed Pa'ina Irradiator," January 2007.
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As shown in Equation (3), the effective skid-in area is the length of the diagonal of the
facility R plus the wingspan of the aircraft WS times the skid distance of the aircraft S.
The effective skid-in area is aircraft dependent.

As =(WS +R)*S (3)

where R is the length of the diagonal of the building or the irradiator, R = (L 2 + W2)0 5.
The length L = 64 ft and width W = 116 ft of the proposed irradiator facility" and theL

7.92 ft and width W = 6.75 ft of the irradiatoritself' 9 are taken from information
provided by the applicant. The facility height is 29.6 feet.

Average skid-in areas and wing spans for individual aircraft types are shown in Table 8
below.

Table 8. Skid-In Area (sq mi)

Skid-In Area (sq mi)
Skid-In Wing

Distance Span Irradiator
Aircraft (ft)M (ft)a Facility Irradiator

Air Carrier 1440 98 0.01667 0.005599

Air Taxi 1440 59 0.000611 0.000149
General
Aviation 73 60 0.000641 0.00018

Militaryb 347 78 0.003763 0.004566

a, From DOE-STD-3014-96, App B
b. Small aircraft -jet fighters, average of take-offs and landings

Note that the skid-in distance and skid-in area for the major air carriers are much greater
than for the other aircraft since it is difficult to stop a large, heavy aircraft. For small,
military aircraft we have averaged the takeoff and landing skid-in areas. Since there are
far fewer small military aircraft movements at HNL than air carrier movements, this
simplification has a small effect on the overall crash likelihood. The CNWRA and
RWMA skid-in areas are the same.

18 Pa'ina email communication (Oct. 23, 2006) (ML063060603).

" Paina Hawaii, Application for Material License, June 23, 2005, Fig. 9-F.
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The fly-in area is a sum of three elements - the footprint of the building, an additional
element due to the wing span, and a shadow area, taking into account the height of the
building. The effective fly-in area can be expressed as follows:

Af = (WS + R)*HcotOt + 2*L*W*WS/R + L*W (4)

where cotcl is the mean of the cotangent of the aircraft impact angle, based on accidents
investigated by the NTSB and the FAA. Based on the information provided by the
applicant, the height of the irradiator facility is 29.6feet. The same height is used to
calculate the fly-in areas for the irradiator itself.

The results from Eq. (4) for the fly-in area appear in Table 9 below. As seen, the fly-in
area for major carriers is much smaller than the skid-in area. Note: the fly-in and skid-in
areas calculated by CNWRA are the same as employed by RWMA.

Table 9. Fly-In Area (sq mi)

Fly-In-in Area
(sq mi)

Irradiator
Aircraft Facility Irradiator

Air Carrier 0.003156 0.001212

Air Taxi 0.002171 0.000628
Genl
Aviation 0.002349 0.000628

. Military 0.003419 0.000925

Finally, we combine the fly-in and skid-in areas, with the number of crashes for each
aircraft, the number of operations for each aircraft, and the conditional probabilities that
estimate locational probabilities given a crash, to obtain the yearly probability of a crash
into the irradiator fiacility, using H-Iih-specific crash rate (R. and IDOE crash rate
averages, by aircraft, for the entire U.S. These results are presented in Table 10 below.
As seen, the air carriers dominate the probability. The crash probability for RWMA
crash rate, number/year, is 5.69E-04. Using DOE (i.e., NTSB) national statistics, the
crash probability, number per year, is somewhat lower, 3.59E-04, but both rates are
significantly higher than that calculated by CNWRA, 2.OE-04.

)
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Table 10. Probability of Aircraft Accident
at Irradiator Facility (#/yr)

Aircraft DOE RWMA
General Aviation

Takeoff 5,87E-05, 2.56E-05
General Aviation

Landing 1.25E-04 2.30E-05
Air Carrier Takeoff 3.21 E-05 2.59E-04
Air Carrier Landing 2.50.E-05 1 36E-04

Air Taxi Takeoff 4.99E-05 7.63E-05
Air Taxi Landing 6.04E-05 4.02E-05
Military Aviation
Small Aircraft

Takeoff 2.90E-06 2.90E-06
Military Aviation
Small Aircraft

Landing 5.32E-06 5.32E-06

sum = 3.59E-04 5.69E-04
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Critique of the CNWRA Analysis
1) The crash data in NUREG-0800 employed by CNWRAis apparently

based on a 1973 paper by Eisenhut. 20 CNWRA thus relies on airplane
crash data that are more than thirty years old and not applicable to all
aircraft. In contrast, the DOE data we use are applicable to all aircraft,
including air taxis, and are updated to 1996. In addition, the CNWRA
analysis fails to account for the fact the air crash rates for HN-L are higher
than the national average.

2) The NRC and CNWRA methodology, in NUREG-0800, is not specific to
take-offs and landings. The crash rates shown in Table 2-6, which are
taken from NUREG-0800, are functions of the distance from the end of
the runway. However, as the NTSB data shows, landings have a higher
crash rate than takeoffs, and this is not taken into account in the CNWRA
report.

20 Eisenhut, D.G., "Reactor Siting in the Vicinity of Airfields," Paper presented at the

American Nuclear Society Annual Meeting, June 1973.
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3) Further, the NRC and CNWRA methodology employs an equal
probability of an air crash to all locations in the vicinity of an airport, and
this is not correct. To take one example, for military aircraft, planes fly
parallel to the runway, then make a U-turn and land. The side where
military planes first fly is called the "pattern" side. In the RWMA
analysis, we assume that the pattern side-is over the ocean. This type of
fine detail is missing from NUREG-0800 and the CNWRA analysis.

4) The number of aircraft operations at HNL used in the CNWRA analysis
understates the actual number of current operations, and also fails to
account for anticipated future growth during the time period for which
Pa'ina seeks a materials license. Although unstated inthe CNWRA
analysis, it appears it used the average number of aircraft operations at
HNL over the past five years, which would factor in the substantial
decrease in the number of operations at HNL following September 11,
2001. Since the number of operations at HNL did not begin to increase
again until 2005 and, as the CNWRA analysis concedes, is expected to
increase by another 20% during the 10-year period of Pa'ina's license
application, the number of operations CNWRA uses in its calculations is
unrealistically low. A more realistic, but still conservative, assumption is
to use current operational levels. The RWMA analysis took this approach,
using the most recent numbers available, which are from airport
operations in 2005.

5) Because of its methodological flaws, CNWRA underestimates the
probability an airplane will crash into the proposed Pa' ina irradiator.
Instead of the 2E-4 per year probability CNWRA calculated, the
probability should be 3.59E-4, if DOE/NTSB data are used. If HNL-
specific data are used, the crash probability should be increased to 5.69E-
4.

6) The consequence analysis by the NRC and CNWRA fails to provide any
data or calculations to support its conclusions and does not take into
account realistic accident scenarios. The CNWRA report asserts that
sources that can satisf the tests set forth in 10 C.F.R. § 36.21 would be
robust enough to survive an aviation accident, but never performs any
calculations to back up that claim. For example, CNWRA never
quantifies the impact of flying airplane debris to compare it with the
impact associated with a 2.5 cm-diameter, 2-kg steel weight dropped from
a height of 1 meter, the standard set forth in 10 C.F.R. § 36.2 1(d). Nor
does CNWRA assess the extreme temperatures that would be associated
with burning thousands of pounds of jet fuel,, which could far exceed the
600 TC for 1 hour standard in 10 C.F.R. § 36.21(b). The CNWRA's
analysis must be quantified to provide meaningful information about the
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possible consequences of an aviation accident involving the Pa'ina
irradiator.

7) Damage to the irradiator pool due to an air crash (such as from the shaft of
a jet plane striking the pool) may damage the pool structure under the
floor level, such as tears of the welds and consequent loss of irradiator
pool shielding water. Since the floor level is also the minimum water
level necessary to shield the Co-60 sources, such a breach of the pool
structure would eliminate the irradiator's passive shielding, on which the
NRC and CNWRA rely to justify their "no significant impact" conclusion.
Since the CNWRA analysis assumes the depth of the water table is 2
meters (6.6 feet) below the facility floor, its assumption that sea water
infiltrating through a breach would adequately shield the Co-60 sources is
unsupported.. It also ignores the potential for contamination of the water
in the pool in the event thatan airplane crash breaches the sources. If the
aviation accident also ruptured the pool lining, water contaminated with
radioactive cobalt could escape the facility, contaminating groundwater
and nearby Ke'ehi Lagoon. All of these risks need to be, but were not,
analyzed by the NRC and CNWRA.

8) The force of the impact from an air crash into the facility and/or the
ensuing fire and explosion of aviation fuel will likely lead to loss of all
monitoring equipment, loss of the structure itself, loss of irradiator
shielding, and the loss of all personnel (and consequent inability to
implement necessary emergency procedures). The NRC and CNWRA fail
to analyze any of these potential consequences, any of which would pose
significant threats to public health and safety.

Conclusions and Recommendations

As seen, using NTSB data and the DOE methodology, which is standard for these
calculations, the expected frequency of an aircraft impacting the proposed Pa'ina Hawaii
irradiator is quite high (3.59E-4), over 300 times greater than the NRC's guideline, i in a
million/year crash probability. The applicant and the NRC must therefore take the next
step, conducting a detailed, quantitative investigation of the consequences of an impact.
Using HNL specific crash rate, the expected frequency is 5.69E-4.

In this report, we have focused on the likelihood of an aircraft impact. The reason for the
high probability we identified is the proximity of the proposed facility to active runways

at HNL. If the proposed facility were located over ten miles from the center of the
runways, the conditional probability would decline by a factor of 1,000, placing the
yearly probability within the limits the NRC generally deems acceptable for nuclear
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facilities. The NRC should consider in its environmental review alternate locations,
which would substantially reduce risks to the public associated with aviation accidents.

The skid-in distance for air carrier operations appears to be the dominant factor behind
the high risk to the Pa'ina irradiator. If the facility remains in its present location, the
NRC must consider requiring Pa'ina to surround the facility with major obstructions,
such as earthen berms, or substantially hardening the facility, to mitigate and minimize
the threats to the public.

Potential aviation accidents include impacts into the proposed facility and into the
irradiator itself. Based on experiencewith the 9/11 attack, it is crucial, in evaluating the
consequences of an impact, to analyze the potential for a major fuel fire and explosion.
The NRC and CNWRA improperly fail to consider such consequences, which could
cause the loss of the Radiation Safety Officer and facility personnel, as well as the loss of
electricity and monitoring instruments, all of which would prevent implementation of
emergency procedures vital to protecting the general public. The fire and explosion from
an airplane crash could also evaporate or displace the irradiator's shielding water or
damage the irradiator pool, allowing the shielding water to escape. Sea water infiltrating
through a breach in the pool structure could cause contamination of the pool water.
Moreover, contaminated water could escape the facility through a breach in the pool
structure, contaminating groundwater. Any of these eventualities could expose surviving
facility personnel, emergency responders, the public and/or the environment to very high
radiation doses.

A direct fly-in into the irradiator itself, particularly if the engine shaft of a military
aircraft or major carrier were to strike the irradiator, could puncture the irradiator pool,
leading to a loss of shielding water, and shatter the Co-60 pencils.2 ' The forces exerted
by such a crash would far exceed the impact standards set forth in 10 C.F.R. § 35.21 on
which CNWRA bases its claim the public would be safe. The NRC and CNWRA need to
provide data and calculations to back up their currently unsupported claims of "no
significant impact."

21 This type of accident could also cause the loss of the RSO and facility personnel and

the loss of electricity and monitoring instruments, with the serious consequences
described above.)
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has served as an expert witness in state and federal court cases and agency proceedings. He has
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Summary

The numerical analysis generated by LS-DYNA (LSTC2005) indicates that a disastrous accident
could occur in the event of an airplane crashing into a steel structure built adjacent to the
Honolulu International Airport, similar to the proposed Pa'ina Hawaii nuclear food irradiator.
Such an accident would create conditions that could lead to introduction of radioactive Cobalt-60
into the human environment. None of these eventualities was considered by the NRC's EA or
Safety Report.

Introduction

This report describes a detailed numerical analysis conducted to investigate the potential for
damage from an aircraft striking a steel structure adjacent to active runways at the Honolulu
International Airport, similar to the proposed Pa'ina irradiator. The analysis involves modeling
in finite elements a realistic aircraft and typical industrial building using LS-DYNA computer
code. The use of the finite elements results in spatial discretization, allowing powerful
computers to solve engineering problems through the application of complex algorithms, with
the result in the form of a 3-dimensional simulation that is faithful to the physics of the collision.
LS-DYNA antecedents and derivatives are commonly used in the private sector and government
laboratories, including the Nuclear Regulatory Commission (NRC), for analyzing impact effects.

The numerical analysis assumes a typical industrial structure and one of the possible
combinations of aircraft type and speeds - a Boeing 767, traveling at 100 mph - that could strike
such a structure built near active runways at the Honolulu airport. An overall view of the aircraft
and the building is shown below in Figure 1.

1 Dr. Mete A. Sozen has been the Purdue University Kettelhut Distinguished Professor of Structural

Engineering since 1993. He has assisted in the development of structural criteria for earthquake and fire
resistant building design and helped develop the first set of regulations for earthquake-resistant design.
Dr. Sozen's current research focuses on vulnerability assessment of building and transportation structures
and effects of explosions and high-velocity impact on building structures. He has been retained by
numerous private organizations and state and federal agencies, including the NRC, on special projects
concerned with structural safety.

Dr. Christoph M. Hoffmann has been a Professor of Computer Science at Purdue since 1989 and is
currently the Director of Purdue's Rosen Center for Advanced Computing. Dr. Hoffmann recently
spearheaded the effort to simulate and visualize the September 11, 2001 attacks on the Pentagon and the
World Trade Center applying the same finite element crash analysis used in the present analysis.

Resumes for Drs. Sozen and Hoffmann are attached. Please note that Drs. Sozen and Hoffman have
performed this analysis independently; it is not a Purdue University undertaking.

I



Figure 1. B767 and typical steel industrial structure.

The analysis of the impacts to the structure are considered in reference to the NRC's Draft
Environmental Assessment Related to the Proposed Pa'ina Hawaii, LLC Underwater Irradiator
in Honolulu, Hawaii (DEA) and the Draft Topical Report on the Effects of Potential Natural
Phenomena and Aviation Accidents at the Proposed Pa'ina Hawaii, LLC, Irradiator Facility
(Safety Report).

Aircraft Model

The structure of the Boeing 767-200ER aircraft, including dimensions, mass, material, and yield
strengths, was modeled in detail based on known aircraft material property information that was
obtained from public sources. Figure 2 shows the overall dimensions of the aircraft.

15.8 m
48.5 m

Figure 2. Dimensions of a Boeing 767-200ER.
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Approximately 110,000 elements were used to numerically model the solid parts of the aircraft,
with a total dry mass of 98 tonnes. The fuel mass totals 30 tonnes and was modeled using
approximately 90,000 smoothed particle hydrodynamics (SPH) elements. SPH elements account
for the difference in impact effects of solids and fuel. The distribution of the mass along the
length of the aircraft is shown in Figure 3.

Mass Distribution for the B767-200ER
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Figure 3. Mass Distribution for a Boeing 767-200ER.

An aluminum material model with yield strength of 380 MPa (55,000 psi) and limiting unit strain
of 12% was used for the aluminum parts. For titanium elements, a titanium material model with
yield strength of 860 MPa (125,000 psi) and limiting unit strain of 12% was used. Metal
sheeting on the surfaces are 3 mm thick and have the same material properties as the main
elements.

Structure Model

The structure of the building was modeled as a ductile moment-resisting frame with perfect
continuity at the joints and at the bases of the column. Because the actual properties of the
building are unknown (due to Pa'ina's failure to provide construction plans), these conservative
assumptions were employed to create a model structure that is stronger than what is likely to be
achieved in practice. In other words, the proposed irradiator, if built, would suffer greater
damage in the modeled aircraft collision than the structure used in this analysis.

Normal specifications were also assumed. The columns (14WF48) and the girders (12WF40)
were modeled as structural steel with a normal yield strength of 345 MPa (-50,000 psi) and a
limiting unit strain of 40%. Columns were spaced at 24 feet in the long and 16 feet in the short
direction of the structure. Height to the roof was set at 30 feet, and the roof girders were spaced
at 6 feet. A total of -210,000 elements were used in the modeling of the building. The framing
is shown in Figure 4.
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The irradiator pool is modeled as made of a 1/4-inch stainless steel inner tank connected by
welded I-beams to a 1/4-inch carbon steel outer tank, with a 42-inch lip extending above the
facility floor. The space between the pool's inner and outer steel tanks is modeled as filled with
concrete with a yield strength of 4,000 psi.

Figure 4. Model framing of steel structure and pool lip.

Impact Simulation Results

Impact simulations were performed using the nonlinear finite-element-based dynamic analysis
software LS-DYNA [version 970 r5434a SMP] (LSTC2005) on a multi-processor nano-regatta
computer system.

The aircraft was assumed to impact the structure head-on while traveling on the ground at a
speed of 100 mph.2 The "flight path" was assumed to be parallel to the ground and
perpendicular to the rear facade of the structure. As depicted in Figure 5, the calculations
indicated that the aircraft will crash through the columns and girders of the building. Impact of
the structure at any angle would produce similar results.

2 100 mph is a conservative assumption for the aircraft speed, because most aviation crashes occur at

landing or take-off, and aircraft generally land and take off at speeds exceeding 100 mph.
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Figure 5. Impact of B767 with steel structure at 100 mph.

Because the building was modeled with a toughness that could not be achieved in practice, this
simulation results in acute bending of the columns and the girders, visible in Figure 5. Under
actual conditions, many of the columns and girders would fracture or be torn off the connections.
Debris and fuel would fill the structure, and the fuel would be expected to ignite explosively,
causing a massive conflagration. The total damage within the structure would depend on the
existing fire load, including the fuel load and the flammable materials within the building.
However, the fire is likely to soften all metals, bum all non-metals, and deteriorate the concrete.
This could result in a breach of both the source assemblies and the pool, allowing shielding water
to escape. The Co-60 sources could also be exposed if extreme temperatures evaporate the pool
water or if the force of the impact disperses the source. In addition, all personnel in the building
would likely be killed or incapacitated in the event of a crash and conflagration, and Pa'ina
Hawaii's proffered emergency procedures would be rendered useless, because no personnel
would be there to implement them.

Chunks of debris, such as engine and landing-gear components, traveling through the building at
great speed would likely destroy all equipment, controls, and instrumentation in the building. It
is possible that debris could enter the pool and breach the radioactive sources, Debris may
directly impact the sources or cause heavy equipment held in place above the pool to snap, fall
into the pool, and strike the source assemblies, resulting in dispersal of radioactive material.

The "very strong forces" that the source assemblies will have been tested against, according to
the Safety Report, will not stand up to the forces of an airplane crash. For example, the mass and
velocity of falling debris will deliver much more destructive energy than the NRC impact
standard for source assemblies, which is a 2-kg steel weight falling from a height of 1 meter.
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The lip of the irradiator pool, which extends 3 VM feet above the floor, will likely buckle under the
impact of an aviation crash, despite a 6-inch layer of reinforced concrete between two ¼4 inch
metal shells. Further, because the pool's inner and outer steel layers are likely connected with
welded I-beams, which do not perform well under extreme impact, the shock of the impact could
affect the welds and cause the pool to breach, allowing the water to drain out.

Conclusion

The preceding analysis leads to the conclusion that the effects of a plane crash on an industrial
building housing a nuclear irradiator would be devastating. Because the modeled steel structure
is more robust and more tenacious than what Pa'ina Hawaii is likely to build, the effects in,
reality are likely to be greater than the modeled effects. Such an impact could directly destroy
the building housing the irradiator and the 3 !/2 foot lip of the irradiator pool. Destruction of the
pool lip could undermine the integrity of the pooi, causing the water shielding the Co-60 sources
to drain out. A high-temperature confl agration caused by the impact could destroy the pool by
melting the steel. Flying debris could breach the source assembly or pool. In all of these
instances, a plane crash would create conditions that could lead to introduction of radioactive
Cobalt-60 into the human environment. None of these eventualities was considered by the
NRC's EA or Safety Report.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE SECRETARY

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 030-36974

)
Materials License Application )

DECLARATION OF DR. WILLIAM W. AU
IN SUPPORT OF PETITIONER'S AREAS OF CONCERNS

I, William W. Au, declare that if called as a witness in this action I could testify of my

own personal knowledge as follows:

I. • Since 1991, I have been employed as a Professor in the Department of Preventive

Medicine and Community Health, University of Texas Medical Branch, in Galveston, Texas.

My office address is:. Division of Environmental Toxicology, Department of Preventive

Medicine and Community Health, Ewing Hall, 700 Harborside Drive, University of Texas

Medical Branch, Galveston, Texas 77555-1110.

2. My curriculum vitae indicating my professional qualifications as a toxicologist is

attached hereto as Exhibit "A." My primary 'research interest is in conducting molecular and

cellular studies to elucidate toxicological mechanisms for the induction of human disease. Since

obtaining my Ph.D. ',rom t•hle University of Cincinnati, I have more than 20 years of expeence

teaching, conducting and publishing peer-reviewed research, consulting and speaking

internationally, editing professional publications, and serving on numerous expert committees. I

am a member of the major scientific societies related to toxicology and have received

approximately one dozen awards recognizing my professional contributions. I have delivered



more than 35 invited lectures internationally and published or co-published more than 200

articles in the toxicology field.

3. I have been retained by Concerned Citizens of Honolulu as an expert witness in a

proceeding before the U.S. Nuclear Regulatory Commission (NRC), regarding an application by

Pa'ina Hawaii, LLC for a license to build and operate a commercial pool type industrial

irradiator in Honolulu, Hawai'i, to treat tropical fruit and other produce grown in Hawai'i for

fruit flies, so that the produce may be exported to the continental United States.

4. The purpose of this declaration is to provide an evidentiary basis for Concerned

Citizens' contention that, due to the significant scientific controversy surrounding the health

impacts of consuming the irradiated food that the Pa'ina Hawaii irradiator would produce,

"special circumstances" exist that distinguish this project from more common medical

instrument sterilization and other non-food irradiators, precluding the NRC's use of a categorical

exclusion from the National Environmental. Policy Act's mandate to prepare either an

environmental assessmentor environmental impact statement for the proposed license. 10

C.F.R. § 51.22(b); see also id. § 2.335(b); 40 C.F.R. § 1508.4.

5. In formulating my opinions, I have reviewed relevant documents and studies and

conducted independent research. I have also published a paper in an international, peer-reviewed

journal on health hazards from the consumption of irradiated food (Ashley et al., 2004).'

6. My opinions, based on a reasonable degree of scientific certainty, are as follows:

a. The use of radiation, to treat produce destined for human consumption for fruit

flies and other agricultural pests should be evaluated for health concerns very carefully.

Radiolytic products are formed during the irradiation of food (Schubert, 1969). Some radiolytic

Full citations to the studies cited herein are attached to this declaration as Exhibit "'B"
and incorporated herein by reference.



products are unique to the food irradiation process, and there are scientific data indicating their

potential health hazards. More research is needed on the products that are unique to the

irradiation process.

b. A recently-discovered unique class of radiolytic products that are generated from

the irradiation of fat-containing food is 2-alkylcyclobutanone (2-ACB) with saturated and mono-

unsaturated alkyl side chain: 2-decyl-, 2-dodecyl-, 2-dodecenyl-, 2-tetradecyl- and 2-

tetradecenyl-cyclobutanone (Miesch et al., 2002). Studies have confirmed the presence of 2-

ACBs in irradiated mango and papaya, two types of fruit proposed for processing at the Pa'ina

Hawaii facility, should it be approved (Ndiaye et al. 1999; Stewart et al.,. 2000).

c. Since 1998, concern regarding health hazards from the consumption of irradiated

food has been focused on the toxicity of 2-ACB. Using in vitro assays, 2-ACB has been shown

to be genotoxic and mutagenic (Delincee and Pool-Zobel, 1998; Delincee et al., 1998; Delincee

et al., 2002; Burnouf et al., 2002). 2-ACB has also been tested in experimental animals. In one

report (Horvatovich et al., 2002), laboratory rats were fed a very low concentration of 2-ACB in

drinking water, and the absorption and excretion of the chemical were monitored. The study

showed that less than 1% of the administered chemical was excreted in feces. A portion of the

chemical crossed the intestinal barrier, entered the blood stream and accumulated in the adipose

tissues of the animal. It follows that consumption of irradiated food for a long time can cause

accumulation of toxic 2-ACB in the adipose tissues of human consumers.

d. The recent findings by Raul et al. (2002) raise a high level of concern. In the

study, Wistar rats received a daily solution of 2 -tetradecylcyclobutanone or 2-(tetradec-5'-enyl)-

cyclobutanone and a known colon carcinogen (azoxymethane [AOM)]. Observations were made

t two distinct intervals. At three months.after initiation of the exposure, no significant changes



in the number ofpre-neoplasticcolonic lesions were observed among the rats (all were exposed

to AOM). At six months, however, the total number and the overall size of tumors were

markedly increased in the 2-ACB-AOM treated rats as compared to the ethanol-AOM control

rats. This demonstrates that compounds found exclusively in irradiated dietary fats may promote

colon carcinogenesis in animals treated with a known carcinogen and identifies a new area of

toxicity that neither the U.S. Food and Drug Administration nor the World Health Organization

has yet examined.

e. A promoting agent does not usually cause cancer by itself but alters cellular

functions (Zheng et al., 2002; Yamagata et al., 2002). The unique concern with promoters is that

they can significantly enhance the carcinogenic effects of known carcinogens (Hecker et al.,

1980; Slaga, 1983; Langenbach et al., 1986). Experimental animals that are treated with both

promoters and carcinogens develop tumors much earlier and have more tumor nodules than

animals treated with the carcinogens alone. Animals treated with the promoters alone would not

develop tumors more often than the untreated animals.

f. Colon cancer (as was discovered in the rat study on 2-ACBs) is a serious health

problem in humans, causing approximately 60,000 deaths per year in the United States.

Consumption of improper diet is a major cause for colon cancer: foods that are high in fat

especially from animal sources, meat cooked with high heat, charred meat, and food with high

content of aromatic/heterocyclic amines (Colon cancer folder in the American Cancer Society

website - www.cancer.org; Lang et al., 1986; Vineis and McMichael, 1996). Consumption of

the improper diet together with food that contains 2-ACB, which acts as a tumor promoter, can

increase the risk for the development of colon cancer. Under this scenario, individuals who

would normally outlive the risk for colon cancer might develop the cancer.



g. Numerous other peer-reviewed published reports have long indicated the

mutagenic activities of irradiated foods.fed to mammals (Anderson et aL, 1980; Bhaskaram and

Sadasivan, 1975; Bugyaki et al, 1968; Maier et al., 1993; Moutschen-Dahmen, et al., 1970;

Vijayalaxmi, 1975, 1976, 1978; Vijayalaxmi and Rao, 1976; Vijayalaxmi and Sadasivan, 1975).

While the health concerns from consumption of irradiated food simply cannot be considered to

have been resolved conclusively (Louria, 2001), the data indicate that consumption of irradiated

food can cause genotoxic effects and therefore health hazards in the population. Moreover, there

may be subpopulations, such as children, who are most susceptible to toxic effects of irradiated

food. Strong reasons- exist for considering children generally to be especially susceptible to toxic

materials (Au 2002).

h. In the final analysis, the only thing certain about the impacts on human health

associated with the consumption of irradiated food, including the papayas, mangos, and other

produce proposed to be processed at the Pa'ina Hawaii facility, is that it is the subject of

considerable scientific debate. A recent article I co-authored summarizing the controversy over

this issue (Ashley et al., 2004) is attached hereto as Exhibit "C" and incorporated herein by

reference.

I declare under penalty of perjury that .! have read the foregoing declaration and know the

contents thereof to be true of my own knowledge.

Dated at Galveston, Texas, September 29, 2005.
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PRESENT POSITION AND ADDRESS:
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PROFESSIONAL AND TEACHING EXPERIENCE:

1991 -present Professor

I 988-present
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1985-present

Graduate Faculty

Associate Professor

Graduate Faculty

Division of Environmental Toxi-
cology, Department of Preventive
Medicine and Community Health,
University of Texas Medical Branch,
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1979-1980 Research Associate Department of Cell Biology, The
W University of Texas System Cancer
Center, M.D. Anderson Hospital and

Tumor Institute, Houston, TX

1977-1979 Post-doctoral fellow Department of Biology, The University
of Texas System Cancer Center, M.D.
Anderson Hospital and Tumor
Institute, Houston, TX

RESEARCH ACTIVITIES AND FUNDING HISTORY:

Dr. William Au's research interest is in conducting molecular and cellular studies to elucidate
toxicological mechanisms for the induction of human disease. The working hypothesis is that
individuals who have inherited variant metabolic and DNA repair gene alleles are susceptible to
the induction of chromosome aberrations/gene mutations and thus have increased health risk
from exposure to toxicants. Cancer patients are used as a model to document which susceptible
versions of polymorphic genes are significantly associated with the disease. Cigarette smokers
and populations wvith exposure to toxic substances are studied to demonstrate the toxicological
mechanisms in support of the association. Besides using human volunteers, experimental animal
and cells in culture are also used to conduct mechanistic studies under well-controlled exposure
conditions. Molecular techniques and cytogenetic assays are used for the investigations. These
studies provide data for understanding gthe etiology of disease, the toxicological mechanisms for
development of disease, and the application of the knowledge to risk assessment and disease
prevention.

COMMITTEE RESPONSIBILITIES:

National

Consultant for Food and Drug Administration (1981-1998)
Gene-Tox Committee Member of the Environmental Protection Agency (1979-1980)
Member - Membership Committee of Environmental Mutagen Society (1987-1988)
Member - Program Planning Committee of Southwest Environmental Mutagen Society

(1987-1988)
Member - Awards and Honors Committee of the Environmental Mutagen Society (1988-1989)
Member - Advisory Panel for the Texas Air Control Board (1989-1994)
Member - Peer Review Panel for Assessment of Radon Research Program for Department of

Energy (1990)
Member - Peer Review Panel on DNA Repair and Genetics for Department of Energy,

(1990; 1991)
Member - Sub-committee on Anesthetic and Life Support Drugs, Food and Drug

Administration (1990)
*S Memnber - Peer Review Panel for Medical Research and Development Command,

United States Army (1993-1998)
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* Organizer - Expert Panel on the Use of Genetic Monitoring for Risk Assessment in
Communities Exposed to Hazardous Chemicals, US EPA, February 7-8, 1994.

Member - Peer Review Panel for National Institute of Environmental Health Sciences
(1995 - 2001)

Member - Environmental Mutagen Society Diversity Committee (1995 - 1998).
Member - Program Planning Committee of the Environmental Mutagen Society (1996).
Member - Environmental Health Sciences Panel, National Institutes of Health, (1997 to

2001).
Chairman - Alexander Hollaender Fund for International Programs,

(1997 to present).
Councilor - U.S. Environmental Mutagen Society (1999- 2002).
Member- Board of Scientific Counselors, Agency for Toxic Substances and Disease

Registry (May, 1999 - April, 2004).
Chairman - Community and Tribal Subcommittee, Board of Scientific Counselors,

Agency for Toxic Substances and Disease Registry (May, 2000 - 2004).
Fellow - Collegium Ramazzini (life time member)

2. University of Texas Medical Branch

Member - University Curriculum Committee (1989-1991)
Member - University Chemical Safety Committee (1990-1994)
Member - Curriculum Committee, NIEHS - Toxicology Training Program

(1994-1999)
Member - Seminar Committee, NIEHS - Toxicology Training Program (1994-1999)
Member - Internal Advisory Committee - Center for Environmental Toxicology (1997-8)
Member - Committee in Support of Science Education (1997 - present).
Presentation Judge - Undergraduate Research symposium (1996 - present).
Member - Radiation Safety Committee (1998-2001).
Member - Radioactive Drug Safety Committee (1998 - 2001)
Member - Chancellor's councilor, The University of Texas System (1995 to present).
Member - Admissions Committee, School of Medicine (1999.- 2002).
Chairman - Credential Committee, Graduate Program of the Department of Biological

Chemistry and Genetics (2000 to present)
Member - Recruitment Committee, Graduate Program of the Department of Biological

Chemistry and Genetics (2000 to 2001)
Member - Curriculum Committee, Graduate School of Biomedical Sciences (2000-

present)
Member- Curriculum Committee, BBSC, Graduate School of Biomedical Sciences (2001

- present)

3. Departmental

Chairman Budget Committee - Graduate school program of the Department of Preventive.
Medicine and Community Health (1986-1987)

Vember, Long-Range Planning Committee for the Department of Preventive Medicine
and Community Health (1987-2001)



S Member, PMCH Residency Planning Committee (1987-1988)Member, Steering Committee for departmental review. (1989-1990)
Member, Appointment, Promotion and Tenure Committee (1990-1993)
Member, Admissions Committee, Department of Human Biological Chemistry and

Genetics (1991-1994)
Member, Seminar Committee, Department of Preventive Medicine and Community

Health (1994-2002)
Member and then Chairman - Advisory Committee, Graduate Program for

Department of Human Biological Chemistry and Genetics (1994-1997)
Member - Long Range Planning Committee, Cell Biology Graduate Program (1997-

2001)
Member - Credential Committee, Graduate Program for Department of Human

Biological Chemistry and Genetics (2000 - present)..
Member - Admission and Recruitment Committee, Cell Biology Graduate Program

(1999-2001).
Member - Graduate Policy Committee, Preventive Medicine and Community Health

(1999 - present).
Member - MPH course review committee, Preventive Medicine and Community Health

(1999 - present)
Member - Comprehensive Examination Committee for Ph.D. candidacy, Preventive

Medicine and Community Health (2003 and 2004)
Director - Graduate student seminar (2004 to present)

.4. International

Project officer for U.S.-Egyptian Cytogenetic Program, 1985 - 1987.
'Organizer - Participation of US scientists to present papers at the Second Southeast Asian

Workshop on Short-Term Assays to Detect Environmental Mutagens, Carcinogens and
Teratogens. Bangkok, Thailand, Feb. 6-17, 1989.

Uo-C-nairman: First International Confe renc on Environmental Mutagenesis on Human
Populations at Risk, Cairo, Egypt, January 20-25, 1992.

Co-Chairman: International Conference on Exposure to Carcinogens and Mutagens in
the Industrial and Ambient Environment. Jerusalem, Israel, January 29-30, 1992.

Member-Organizing and Scientific Committee, Satellite Meeting of the International Union of.
Toxicology, Bologna, Italy, June 4-6, 1992.

Member-Advisory Board of Latin American Environmental Mutagen Society,
1990-present

Member-International Advisory Board Pan African Environmental Mutagen Society,
1992-present

Co-Chairman: Second International Conference on Environmental Mutagens in Human
Populations, Prague, Czech Republic, August, 1995.

Co-Chairman: Third International Conference on Environmental Mutagens in Human
Populations, Bangkok, Thailand, December, 1998.

Councilor: International Association of Environmental Mutagen Societies, August, 1997
. - July, 2001.

ember-Program Committee: 8" International Conference on Environmental



Mutagens, Shizuoka, Japan, October 21 - 26, 2001
Chairman- 4 th International Conference on Environmental Mutagens in'Human

Populations, Brazil, 2003.
Scientific Advisor to Professor Dr. Her Royal Highness Princess Chulabhorn -

organization of thePrincess Chulabhorn Science Congress V, Bangkok, Thailand,
2004.

Chairman - International Advisory Board for the International Conference on
Environmental Mutagens, San Franscisco, September, 2005.

Fellow- Collegium Ramazzini, an international honor society for environmental and
occupational health, limited to 180 fellows with life-time membership, October,
2003.

Chairman - Hollaender course and conference on Environmental Health and Cancer, Iasi,
Romania, June 1-5, 2004.

TEACHING RESPONSIBILITIES AT UTMB:

Chairman - Dissertation Committee for Kanokporn Rithidech (1984-1987)
Chairman - Dissertation Committee for Hasnaa Shafik (1984-1987)
Member - Dissertation Committee for Glen Talaska (1984-1987)
Chairman - Dissertation Committee for Mary Lowery (1984-1987)
Chairman - Dissertation Committee for Renate MacLaren (1984-1988)
Member - Dissertation Committee for Pamela Harris of The University of Texas Health Science

Center in Houston (1987-1989)
Chairman - Dissertation Committee for Elie Hanania (1989-1992)
Member - Dissertation Committee for Zhidong Xu (1989-1992)
Chairman - Dissertation Committee for Treetip Chiewchanwit (1993-1996)
Chairman - Dissertation Committee for Lance Hallberg (1992-1997)
Chairman - Dissertation Committee for Randa EI-Zein (1992-1998)
Course Director - Cytogenetics HGCB 6221, 1987-88.
Lecturer - Somatic Cell Genetics HGCB 6222, 1987-88.
Lecturer - Cell-Gene Course for the Medical School (1987-1992)
Lecturer - Preventive Medicine and Community Health for Medical School. (1990-1999)
Lecturer - Genetic Toxicology, PMCH 6325 (1987-1998)
Supervisor - Research project of a medical student, Miss Georgina Loya, 1992-1993
Lecturer - Principles of Drug Action (1994- 1998).
Lecturer - Cell Biology (1995- 1998).
Lecturer - Experimental Design (1995 - 1998).
Director - Environmental Health and Toxicology course for Preventive Medicine

Residents and Graduate Students, PMCH 6328 (1996-present)
Lecturer - Issues in Preventive Medicine (1998 - 1998).
Lecturer - Oncogene course (1999 - 1998).
Lecturer - Environmental and Genetic Toxicology, for 4 th year medical students, School

of Medicine, PMCU 4002 (1999 to present).
Moderator - Practice of Medicine, School of Medicine (1999 - 2001)
Lecturer - Practice of Medicine, School of Medicine (1999 - 2001)
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* Lecturer - Cell Biology basic science course, Graduate School of Biomedical Sciences
(1999 -2000)

Director.- Gene, Environment and Disease course, Graduate School of Biomedical
Sciences, BBSC 6118 (2000 - 2003, lecturer; 2004 - present, Director)
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Group facilitator, Great Syndrome, School of Medicine (2001 - present)
.Training - Advanced Facilitator Training Workshop, 2000.
Director -Research Design Course in PMCH, Graduate School of Biomedical Sciences,

PMCH 6322, .(2002 - present)
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Elie Hanania (1992)
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Jeff Jones, M.D., (1998- 1999, M.S.)
Robert Cox (1997 - 2003)
Marc Madsen (1999 - 2000)
Philip Kovoor, medical student (2000)
Barbara Bowerstock, medical student (2000)
Boris Oberheitman, Germany (1998 - 2000)
Blake Chamberlain, Capstone project (2003 - 2004)
Mary Van Baalen, Ph.D. program (2003 - present)
Scott Alpard, M.D., Master of Medical Science (2004 to present)
Monica Longo, M.D., Ph.D. in Clinical Investigations (2003 to 2005)
Anita Reno, Ph.D. program in HBCG (2004 to present)
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1W Dr. Wagida Anwar - Fogarty International Fellow, Ain Shams University, Cairo, Egypt (May
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Dr. Sawsan El-Ghazali - Peace Fellow, Ain Shams University, Cairo, Egypt (September
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Dr. Moon-Young Heo - University Fellow, Kangweon National University, Chuncheon, Korea
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Dr.. Randa El Zein - Alexandria University, Alexandria, Egypt (January 1990-December 1990).
Professor Luz Stella Hoyos - University of Antioquia, Colombia, South America (September,

1990-August, 1991)
Dr. Csilla Kormos, National Research Institute for Radiobiology and Radiohygiene, Budapest,

Hungary (November, 1990-October, 1991)
Dr. Hongbao Ma, Tianjin Medical College, Tianjin, P.R. China (January, 1991-December 1992).

Dr. Shende Li, Chinese Academy of Medical Sciences, Beijing, P.R. China (April, 1991-
July, 1992)

Dr. Shimin Cao, Chinese Academy of Medical Sciences, Beijing, P.R. China (March
1992-September, 1992).

Dr. Fatma Mohammed, Ain Shams University, Egypt (October, 1994- September, 1995)
Dr. Nivea Conforti Froes, University of San Paolo, Brazil (July, 1995-June, 1996)
Lecturer Mila Serrana, Miriam College Foundation, Manila, The Philippines (May, 1997

- April, 1998).
Lecturer Suparp Kietthebthew, Prince of Songkla University, Songkla, Thailand,

October 1 - November 10, 1997.
Dr. Hyeong Oh, Director, Division of Genetic Toxicology, National Institute of

Toxicological Research, Korean Food and Drug Administration, Seoul, Korea,
December 26, 1998 - March 12, 1999.

Lecturer Suparp Kietthubthew, Prince of Songkla University, Songkla, Thailand,
March 20 - June 10, 1999.

Professor Moon Heo, Kwangeon National University, Korea, December 20, 1999 to
January 27, 2 0 0 l.

Dr. Concepcion Arrastia, Clinical Fellow, Department of Obstetrics and Gynecology,
The University of Texas Medical Branch, Galveston, Texas, March, 2000 to 2001.

Dr. Osama Badary, Department of Pharmacology and Toxicology, Al-Azhar University,

Nasr City, Cairo, Egypt, July 1 - December 10, 2000.
Dr. Boris Oberheitmann, University of Bremen, Bremen, Germany, April 1 130, 2001.

Dr. Salama A. Salama, Department of Pharmacology and Toxicology, Al-Azhar
University, Nasr City, Cairo, Egypt, October 1, 2001 - February 28, 2003.

Dr. Carsten Harms, University of Bremen, Bremen, Germany, November 15, 2001 -

February 28, 2002.
Dr. Panida Navasumrit, Chulabhorn Research Institute, Bangkok, Thailand, September,

2003.

MEMBERSHIPS IN SCIENTIFIC SOCIETIES:

* American Association for the Advancement of Science (1985- present)

, Environmental Mutagen Society (1979-present)



Sigma Xi (1981-present)
Southwest Environmental Mutagen Society (1986-present)
Society for Risk Analysis (1990-present)

CONSULTATION

Corporate consultant - Molecular Epidemiology; Simultec, Meilen/Zurich, Switzerland.

Scientific consultant - Consumer Reports magazine, 2003

PATENT

"Methods for identifying and isolating unique nucleic acid sequences", filed April 30, 2003
(National Stage Patent Application of PCT Application No. PCT/EP03/04570; R & W reference.
number: 026.00702)

AWARDS AND HONORS:

1. International Cancer Research Technology Transfer Fellowship (1986) from the Interna-
tional Union Against Cancer

2. Visiting Professor, University of Bologna, Italy (1987)

3. Visiting Professor, Ain Shams University, Cairo, Egypt (1988-1991).

4. Chairman - First International Conference on Environmental Mutagenesis on Human
Populations at Risk. Cairo, Egypt, January 20-25, 1992.

5. Chairman: International Conference on Exposure to Carcinogens and Mutagens in the
industrial and Ambient Environment. Jerusalem, Israel, January 29-30, 1992.

6. Chairman: Second International Conference on Environmental Mutagens on
Human Populations, Prague, Czech Republic, August, 1995.

7. Symposium organizer: Genetic Susceptibility. Symposium for the US Environmental
Mutagen Society, Minneapolis, Minnesota, April, 1997.

8. Chairman: Third International Conference on Environmental Toxicants on Human
Populations. Bankok, Thailand, December, 1998.

9. Distinguished lecturer: Presented by the Commissioner, Korean Food and Diug
Adminsitration, Seoul, Korea, June 16, 1999.

10. Recognition for Significant Contribution to the NATO (North Atlantic Treaty
Organization) Conference, Turkey, September 23 - October 3, 1999, from the Director of
the NATO Advanced Study Institute.



11. Award from the Environmental Mutagen Society for outstanding international education,
research and services, in the Annual Conference, New Orleans, Louisiana, April, 2000.

12: Award from the University of Hong Kong as the Keynote Speaker in the 7 th

International Cancer Congress, 7 - 9 December, 2000.

13: Keynote speaker: NATO Advanced Research Workshop on Human Monitoring
for Genetic Effects, Krakow, Poland, June 23-27, 2002.

14: Chairman: Fourth International Conference on Environmental Toxicants on

Human Populations. Florianopolis, Brazil, May 2003.

15: Fellow: Collegium Ramazzini, an International Honor Society for Environmental
and Occupational Health, with only 180 fellow members

16: Chairman: Hollaneder course and conference on Environmental Health and Cancer, Iasi,
Romania, June 2-5, 2004.

17: Keynote speaker medal: Jubilee Conference for the Oncological Institute "Prof. Dr. Ion
Chiricuta", Cluj, Romania, October 7-9, 2004.

EDITORIAL BOARD:

Member: Mutation Research (1990-present)
Member: Toxicology and Industrial Health, An International Journal(1990-present)

Associate Editor: Environmental Epidemiology and Toxicology (1998 to 2000)
Editor: International Journal of Hygiene and Environmental Health (2001 -

present)

ADDITIONAL INFORMATION:

Reviewer for Human Genetics
Reviewer for Mutation Research
Reviewer for Environmental and Molecular Mutagenesis
Reviewer for Radiation Research
Reviewer for Toxicology and Industrial Health
Reviewer for Environmental Health Perspectives
Co-Editor for Environmental Health Perspectives, vol. 103, supplement 3, 1993.
Co-Editor for Environmental Health Perspectives, 1996.
Co-Editor for Mutation Research, 1999.

INVITED LECTURES AND WORKSHOP PRESENTATIONS (Selected Since 1991):
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1. Seminar Speaker, Prediction of Potential Health Risks Using Short Term Cytogcnetic
Assays, The Upjohn Company, Kalamazoo, Michigan, January 21, 1991.

2. Symposium Speaker, Population Monitoring in First Latin American Workshop on
Mutagenesis, Carcinogenesis and Teratogenesis. May 26-29, 1991, Caxambu, Brazil.

3. Symposium Speaker, Cytogenetics and Related Genetic Endpoints for Detection of
Problems from Exposure to Hazardous Waste Chemicals. World Congress on Cell and
Tissue Culture. Anaheim, CA, June 16-20, 1991.

4. Symposium Speaker, Abnormal Chromosome. Repair and Risk to Develop Cancer. First
International Conference on Environmental Mutagenesis in Human Populations at Risk,
January 20-25, 1992, Cairo, Egypt.

5. Symposium Speaker, Identification of Potential Health Risk from Exposure to Occupa-
tional and Environmental Agents. Hebrew University, Jerusalem, Israel, January 29-30,
1992.

6. Symposium Speaker, Cytogenetic Approach to Document Factors that Contribute to the
Development of Cancer. World Conference on Cell and Tissue Culture. Washington,
D.C., June 20-25, 1992.

7. Symposium Speaker, Sensitivity and Application of Cytogenetic Assays for Detecting
Biological Effects and for Prediction of Potential Health Risk. IV European ISSX
Meeting, Bologna, Italy, July 3-6, 1992.

8. Course Director and Lecturer, Strategies for the Control of Mutagenic and
Carcinogenic Risk. Sao Paolo State University. Sao Jose du Rio Preto, Brazil,
August 12-22, 1992.

9. Invited symposium speaker on Environmental Mutagenesis and Carcinogenesis.
National Biological Sciences Conference in Colombia, Papayan, Colombia,
October 2-12, 1992.

10. Seminar Speaker, Cytogenetics and Molecular Biomarkers for Exposure to Toxicants and
for Potential Health Risk. U.S. Environmental Protection Agency, Environ-mental
Criteria and Assessment Office, Cincinnati, Ohio, March 8, 1993.

11. Seminar speaker and class lecturer, Prediction of potential health risk from exposure to
hazardous agents. University of Texas at El Paso, February 24-25, 1994.

12. Symposium speaker, International Symposium on Health Hazards of Glycol
Ethers, Nancy, France, April 19-21, 1994.

13. Member, Site Visit Team to Kazakhstan, Russia, to review radioactive contamina-
tion problems, July 29-August 9, 1994.

11



14. Symposium speaker, Induction of Abnormal DNA Repair Response from Exposureto
Environmental Toxicants, 2nd Latin American Conference on Environmental
Mutagenesis, Puerto Vallarta, Mexico, September 25-30, 1994.

15. Symposium speaker, Repair Deficiency in Cancer Susceptibility, Second
InternationalConference on Environmental Mutagens in Human Populations, Prague,
Czech Republic, August 20-25, 1995.

16. Keynote speaker, genetic predicposition for development of cancer. Colombian National
Scientific Conference, Bogota, October 9-11, 1995; monitoring exposed populations for
prediction of health risk. Workshop at University-of Cauca, Popayan, Colombia, October
12-17, 1995.

17. Keynote speaker, Approaches in UsingStandard and Molecular Biomarkers for Health
Risk. Conference for the Pan African Environmental Mutagen Society,Cape Town,
South Africa, January 23-25, 1996.

.18. Seminar speaker, Genetic factors for predisposition to development of cancer, University
of Texas MD Anderson Cancer Center, September 9, 1996.

19. Symposium speaker, Cancer risk assessment based on inheritance of polymorphic genes
and exposure to environmental toxicants. Korean Environmental Mutagen Society
Conference, Seoul, Korea, October 9-11, 1996.

20. Symposium speaker, IV Conference of the Asociacion Latinoamericana de
Mutagenesis, Carcinogenesis y Teratogenesis Ambiental, Vina del Mar, Chile,
November 3 - 7, 1996.

21. Symposium speaker, Princess Chulabhorn Conference on Environmental and
Industrial Toxicology, Bangkok, Thailand, November 9 - 13, 1996.

22. Invited speaker, Conference on Cancer and Genetic Risk Assessment: Low Dose
-Effect Studies. Heidelberg, Germany, September 4-6, 1997.

23. Invited Worshop faculty, 4th Alexander hollaender Training Course in Genetic
Toxicology. Cairo, Egypt, September 15 - 18, 1997.

24. Invited speaker to the 5 th Latinamerican Environmental Mutagen, Carcinogen
and Teratogen Society Conference, Curitiba, Brazil, November 15 - 18, 1998.

25. Invited speaker to the 3rd International Conference on Environmental Mutagens in

Human Populations. Bangkok, Thailand, November 28- Decemeber 4, 1998.

0 26. Invited speaker to the International Conference "Current Status and International
Strategy on Endocrine Disrupters", Korean Food and Drug Administration,
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Seoul, Korea, June 16 - 19, 1999. -Presentation title: Genetic Susceptibility and
Environmental Disease.

27. Invited by the Minister of Health and the Yang Ming University, Taiwain to
Present lectures, Taipei, Taiwan, June 21 - 26, 1999. Lecture title: Use of
Biomarkers for Exposure to Genotoxic Agents and for Health Risk Assessment.

28. Invited by the Osaka University Medical School to give lecture in the program "Research
for the Future"; Osaka, Japan,. June 26 - July 1, 1999. Lecture title: A New Technology to
Evaluate the Risk of Environmental Toxic Agents to Human.

29. Invited by the National Cancer Center Research Institute to give a lecture entitled. "Genetic
Variations in Metabolism of Environmental Toxicants and in Development of Environmental
Disease", Tokyo, Japan, July 1 - July 3, 1999.

30.: Invited by the NATO Advanced Study Institute to be a lecturer in the courseentitled "Human Monitoring after Environmental and Occupational Exposure to
Chemical and Physical Agents, September 23 - October 3, 1999, Antalya, Turkey.

3 1. Invited by the Brazilian Association for Environmental Mutagen'esis, Carcinogenesis and
Teratogenesis for a symposium lecture "Genetic Susceptibility to Environmental Disease",
Aquas de Sao Pedro, Brazil, December 5 - 8, 1999.

32. Invited by the Colombian National Congress of Genetics and the Hollaneder course to give a
lecture on "Genetic Susceptibility on the Quality of Life", Popayan, Colombia, February 23 -
25, 2000.

33. Invited by the 6'h International Symposium on Pharmaceutical Sciences to present a lecture
on "Metabolic Susceptibility on Environmental Disease and Response to Medication",

Ankara, Turkey, June 27 - 29, 2000.

34. Invited by the 30'h Annual•Meeting of the European Society for Radiation Biology to give a
lecture on "Inherited and Acquired Susceptibility on Environmental Disease", Warszawa,
Poland, August 27 - 31, 2000.

,35. Invited lecturer, "Life style factors and acquired susceptibility to environmental disease" in
the conference on Biomarkers for.Genetic and Acquired Susceptibility to Disease, Bremen,
Germany, August 31 - September 1, 2000.

36. Keynote Speaker, Hong Kong International Cancer Congress, on "Genetic Susceptibility to
Environmental Cancer." Hong Kong, December 6 - 9, 2000.

37. Invited speaker: 8th International Conference on Environmental Mutagens, on
"Acquired biological effects from exposure to environmental toxicants." Shizuoka,
Japan, October 21 - 26, 2001.

13



38. Keynote speaker: NATO Advanced Research Workshop on Human Monitoring for
Genetic Effects, on "Genetic and Acquired Susceptibility to Environmental Cancer",
June 23 - 27, 2002,. Krakow, Poland.

39. Seminar speaker: Susceptibility, biomarkers and environmental disease, University
of Mainz, Germany, October 5, 2002.

40. Invited symposium speaker: Infection and genetic susceptibility to environmental
cancer. McLaughlin Symposium on Infectious Diseases, Galveston, Texas,
February 13-15, 2003.

41. Invited symposium speaker, Genetic susceptibility to cervical and oral cancers. in
The 41h International Conference on Environmental Mutagens in Human
Populations, Florianopolis, Brazil, May 4-8, 2003.

42. Invited symposium speaker. Acquired and genetic susceptibility to environmental
cancer. The International Conference on Toxicology in Developing Countries.
Guilin, China, November 10 - 14, 2003.

43. Invited symposium speaker. Evolving Genetics and Its Impact on the World. The 5th

Princess Chulabhom Science Congress, Bangkok, Thailand, August 16 - 20, 2004.

44. Keynote speaker. Jubilee Conference for the Oncological Institute "Prof. Dr. Ion
Chiricuta", Cluj, Romania, October 7-9, 2004.

45. Invited symposium speaker. Heritable susceptibility factors for the development of cancer.
In: Transmissible Genetic Risk and Our Future, Osaka, Japan, March 17-20, 2005.
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Abstract

Food irradiation is being promoted as a simple process that can be used to effectively and
significantly reduce food-borne illnesses around the world. However, a thorough review of
the literature reveals a paucity of adequate research conducted to specifically, address health
concerns that may directly result from the consumption of irradiated food. Consequently,
there is considerable debate on the issue of health concerns from irradiated, food among
international agencies and between different nations. This report presents a critical review of
scientific data and recommendations from different agencies and consumer groups. The
objective of this review is to provide the scientific community and the general public with a
balanced discussion on irradiated food from the viewpoint of an environmental or public
health professional. As a result of this review, the authors conclude that current evidence
does not exist to substantiate the support or unconditional endorsement of irradiation of
food for consumption. In addition, consumers are entitled to their right of choice in the
consumption of irradiated versus un-irradiated food. Different countries should further
evaluate their local and global risks and benefits prior to developing and recommending

.national and international food irradiation policies.

Key words: Food irradiation - environmental health - public health - mutagenesis - tumor
promotion - food safety - food borne illness

Introduction

Food safety is a global issue with paramount
environmental and public health consequences if
inadequately maintained. With the increased globa-
lization of food supply, ensuring the safety of this
supply to consumers has become an international
collaborative endeavor. The concern for ensuring
food safety can be illustrated by the extent of food-
borne illnesses around the world. Even with a Well-

. established food inspectionand supply system in the
US, food-related health problems are estimated to
cause 76 million illnesses, 323,000 hospitalizations
and 5,000 deaths annually (Mead et al., 1999). A
large portion of the health problems is caused by the
contamination of food by infectious agents such as
Salmonella, E. coli and Listeria. The potential for
contamination is inherent at each step along the food
supply and preparation processes. Therefore, a
variety of procedures have been developed and
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used to reduce food-borne contamination Since the. late 1.980's, the World Health Organization and the
US Food and Drug Administration have approved
the irradiation of food by ionizing radiation at the
beginning of the food supply chain as an inexpensive
and effective procedure (http://www.cdc.gov/nci-
dod/dbhiid/diseaseinfo/foodirradiation.htm; http://
www.who.int/a rchives/inf-pr- 1997/en/pr97-
68.htnil). In a recent conference (First World Con-
fcrencc, 2003), it was estimated that there were
approximately 7,000 stores representing more than
50 retail chains that sold irradiated food. Addition-
ally, more than 2,000 restaurants (including major
fast food chains) served meals containing irradiated
food. Although the application of the food irradia-
tion procedure has been heavily promoted and
recommended, unresolved. health concerns related
to the consumption of irradiated food remain. In this
review, background information and concerns with
the use of irradiation for food preservation are
presented followed by recommendations for aca-
demic, industry and consumer consideration.

Food irradiation technology typically uses elec-
tron beam and ionizing radiation (e.g. X-rays). The
energy from the irradiation breaks chemical bonds
and produces toxic ions and free radicals that react
with cellular constituents in food to form altered

* products (often classified as radiolytic products).
With respect to dose, the amount of radiolytic
products increases in proportion to the radiation
dose (Federal Register; 1997). It is by breaking the
bonds in a microorganism's DNA structure and
prohibiting its replication that food irradiation
prevents spoiling and food-born illness. However,
irradiated food is not radioactive.

The radiation dose and exposure time can affect
the taste and consistence of foods in addition to its
effect on microorganisms. Odd odors and discolora-
tion have been noted in some irradiated foods in the
past, and radiolytic compounds have been inpli-
cated. Specifically, radiolytic compounds have been
shown to cause oxidation of myoglobin and fat in
meat:, which in turn is thought to produce foul odors
and discoloration. Ozone can be produced from
oxygen during irradiation which can also cause
discoloration. Irradiating food at appropriate doses
and under appropriate conditions such as a reduced
oxygen environimCnt and/or a frozen state can
minimize these effects (Federal Register, 1997).
Perhaps the most important radiolytic products are
2-alkvlcyclobutanones (2-ACBs) which are pro-
duced from the irradiation of fat in food. This
family of cyclobutanones includes 2-dodecylcyclo-

•b, butauone (2-DCB) from irradiation ofpalmitic acid,
2-tctra decylcyclobutanone (2-TCB)I from stearic

acid, and 2-tetradecenylcyclobutanone (2-TDCB)
from oleic acid (Delincee et al., 2002). To date there
is no evidence that 2-ACBs are found in any non-
irradiated foods and concern for cytotoxic and
genotoxic effects from these by-products has been
raised (Delincee et al., 2002).

Results

In vitro toxicological evaluation

The generation of altered cellular substances, e.g.
radiolytic products, by radiation has caused concern
regarding the mutagenicity of irradiated food.
Several in vitro studies have therefore been con-
ducted using bacterial mutagenic assays to address
this concern. A summary of these published studies is
shown in Table 1. In order to test irradiated food-
stuffs, which are complex macromolecules, early in
vitro tests were conducted utilizing natural juices,
extracts or digests from irradiated food. Inherent
limitations with these approaches are apparent. For
example, it is difficult to extract all compounds from
all food types. Chemically altered macromolecules
that are different from those found under human
study conditions may be formed during the prepara-
tion process. Cellular uptake of the mixtures by the
bacteria, especially the toxic component, is un-
known. Food juices, extracts, and digests may
contain compounds that interfere with the essential
component of the test, e.g., the presence of histidine
will render the Ames assay ineffective (Ames, 1975).
In addition, many of the in vitro assays were not
conducted in a systematic and comprehensive man-
ner. As shown in Table 1, the majority of the studies
using food juice, extracts and digests produce
negative results in mutagenic assays.

During the last few years, attention has been
focused oni evaluating the mutagenic effects of
unique radiolvtic products from irradiated food,
e.g., 2-ACBs, Testing of these products becomes
possible because they can be synthesized instead of

-extracted from irradiated food. As shown in Table I,
one of the 2-ACBs, 2-DCB, was tested in bacterial
and mammalian cells for toxic activities (Delincee
and Pool-Zobel, 1998; Delincee, 2002; Titeca et al.,
2003; Sommers, 2003). These studies did not depict
2-DCB as mutagenic. However, cytotoxic and other
biological effects were observed. As shown in the
next section, some radiolytic products have been
shown to be probable tumor promoters. Since tumor
promoters are not mutagenic agents, 2-ACBs are not
expected to cause gene mutations. However, testing
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Table 1. In vitro mutagenicity studies

Study Food Cell type Dose High dose irradiation muta- Author
(Kgy) genic effect

1 Glucose, peptone E. co/i 50 Negative Bugyaki et al., 1963
2 Sucrose Human lymphocytes 20 Possible' Shaw and Hayes, 1966

Chromosomal breaks in
human lymphocytes

3 Sucrose Vicia faba 20 Possible* Bradley et al., 1968
Chromosome changes

4 Strawberry Salmonella, Human 15 Negative Schubert etal., 1973
5 Paprika Salmonella 50 Negative Central Food Research

Institute, 1977
6 Sucrose, ribose Salmonella 20 Possible* Aiyar and Rao, 1977
7 Cod Salmonella 12 Negative loner et al., 1978
8 Growth medium Human lymphocytes 10, 20 Negative Vijayalaxmi, 1980
9 Herring Salmonella 12 Negative, Joner and Underdal, 1980

possible effect of nutrition or
diet

10 Dates, fish, chicken Salmonella, CHO cells 10 Negative Phillips et al., 1980a
11 Dates, fish, chicken CHO cells 10 Negative Phillips et al., 1980b
12 Onion powder Salmonella 13.6 Negative Mbinzer and Renner, 1981
13 Spice mix Salmonella 14, 45 Negative Farkas et al., 1981
14 Beef, pork, veal Salmonella 50 Negative Miinzer, 1983
15 Sucrose, fructose, glucose, Salmonella 50 Possible* Niemand et al., 1983

maltose, mango Simple sugar mutagenic in
one of five strains. Negative
in Mango

16 2-DCBs Rat and human colon N/A Possible Delinc~e and Pool-Zobel,
cells DNA strand breaks and 1998

oxidative damage, cytotoxic,
genotoxic

17 2-DCBs Human colon cells N/A Possible Delincee et al., 2002
Cytotoxic, genotoxic

18 2-DCBs Salmonella NIA Possible Titeca et al., 2003
Cytotoxic

19 2-DCBs E coli N/A Negative Sommers, 2003

May have this mutagenic effect as a result of radiation-induced chemistry of simple carbohydrate solutions
fable adapted from FAO/IAEAIW-HO 1999.

should still he conducted on 2-ACBs to determine
the degree of tumor promotion activity.

In vivo toxicological evaluation

Experimental animal studies with whole food
In 1999, the Food and Agriculture Organization
(FAO), International Atomic Energy Agency (IAEA)
and World Health Organization (WHO) reviewed
the scientific literature on in vivo toxicological
evaluation of irradiated food and produced the
Technical Report #890 that is entitled "High-Dose
Irradiation: Wholesomeness 'of Foods Irradiated
Above 1OKgy" (FAO/IAEA/WHO, 1999). A sum-
mary from the technical report is shown in Table 2.
The Table includes 27 peer-reviewed publications
that mostly report negative results but ignores 5

* peer-revicwed publications that illustrate toxicolo-
gic effects (Vi jayalaxrni, 1975; 1976; 1978; Vijaya-

laxmi and Sadasivan, 1975; Vijayalaxmi and Rao,
1976). The latter publications were disregarded
based on the decision that the observed toxicity
could have been caused by confounding factors such
as nutritional and dietary deficiencies. However, the
exclusion of these studies has been criticized
(Vijayalaxmi, 1999; Kimbrell and Hauter, 2002;
http://www.centerforfoodsafey.org/li.html).

Based on the review by the WHO and FDA (FAO/
IAEA/WHO, 1999; Food and Drug Administration,
1986), the wholesomeness of irradiated food is
generally considered to be safe to consumers. There
are, however, major limitations with regard to
published animal studies that were used in support
of this position. There is no documentation to
indicate that the experimental animals had in fact
consumed the putative hazardous (e.g. radiolytic)
products in the food mixture. In addition, the animal
bioassays arc not designed to show adverse effects
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Table 2. In vivo mammalian mutagenicity studies

Study Food type Species type Irradiation ,Notations Reference
no (% in diet) dose

(kGy)

1 Black beans Mouse 15, 20
Swiss-55

2 Chicken (35%)

3 Glucose powder

4 Glucose powder

5 Laboratory diet:
solid 'cakes

6 Laboratory diet:
pellets, enriched with
amino acids and vita-
mins

7 Laboratory diet:
food pellets

8 Laboratory diet:
pellets

Mouse

Mouse
Swiss

Mouse
Swiss

Mouse
C57BL

Rat
SPF Wistar

Mouse
Swiss SPF

Mouse

59

20, 50

20. 50

50

50

NHDIR.
Dominant lethal test. No difference in
pregnancy rates, total implants, live and
dead implants, sex distribution, or ab-
normalities.

NHDIR.
Dominant lethal test. Feeding of radiation-
sterilized chicken meat did not induce
dominant lethal events. Positive control
produced. negative results, unsuiTable for
supporting safety.

NHDIR.
Dominant lethal test. No mutagenic ef-
fects.

NHDIR.
Micronucleus test in bone marrow cells and
chromosomal aberration assay. No evi-
dence of mutagenic effects in somatic or
germ cells.

NHDIRIPEND.
Dominant lethal test. Increased pre-imple-
mentation embryonic deaths; not con-
firmed by cytological analysis.

NHDIR.
Dominant lethal test. No evidence of
mutation.

Bernardes et al.
(1981)

Raltech Scientific
Services (1978)

Varma et al. (1982)

Varma et al. (1986)

Moutschen-Dah-
men et al.,
(1970)

Eriksen and Em-
borg (1972)

Johnston-Arthur
et al. (1979)

Johnston-Arthur
et al. (1975)

0, 7.5, 15, 30 NHDIR/PEND.
Host-mediated assay. Significant increase
in the mutation frequency induced by the
high-dose irradiated food.

0, 7.5, 15, 30 NHDIR/PEND,
Host-mediated assay for 3 commercial food
pellets. Irradiation increased mutation fre-
quency between 10 and 60 fold for the 3
products compared to controls. Subsequent
extraction study found mutagenic agent
extracted by alcohol. Water extract had a
lower effect and ether extract had no
effect.

9 Laboratory diet,
10% moisture

10 Laboratory diet,
10% moisture

11 Laboratory diet:
pellets

12 Laboratory diet

13 Laboratory diet:
pellets

Rat
Wistar

Mouse
Swiss

Mouse

Mouse
BALB/c

25

25

45

NHDIR.
Dominant lethal test. No evidence of
mutagenic effects.

NHDIR.
Dominant lethal test. No evidence of
mutagenic effects,

NHDIR.
Host-mediated assay. No mutagenic ef-
fects.

NHDIR.
Bone marrow and male germ cells exam-
ined for chromosome aberrations. No
mutagenic effects.

Chauhan et al.
(1 975a)

Chauhan et al.
(1975h)

Mibnzer and Renner
(1975)

28.5 Leonard et al.
(1977)

Renner (1977)Chinese ham- 45 NHDIR/PEND.
ster No increase in chromosomal aberrations;
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0
Tab. 2 (cont.)

Study Food type Species type Irradiation Notations Reference
no (% in diet) dose

(kGy)

14 Laboratory diet

15 Laboratory feed

16 Milk powder
(35%)

17 Onion powder
(10%)

18 Paprika

19 Paprika.
(20%)
8.6% moisture

20 Spice mix
pepper

21 Spice mix

22 Spice mix
(25%)

23 Strawberry

24 Sucrose,
ribose solutions

25 Wheat
(50%)

26 Wheat
(freshly irradiated)

Mouse
CD1

Mouse,
SPF Ha/ICR
(Swiss)

Mouse:
NMRIlHan, .
Rat, Sprague-
Dawley

Chinese ham-
ster,
Mouse

Mouse

Mouse
Swiss

Rat
CFY

Rat
CFY

Rat
Sprague-Daw-
ley

Mouse

Mouse

Mouse

Chinese ham-
ster

slightly increased incidence of polyploidy.
10, 25, 50 NHDIR/PEND.

Domirnant lethal test. Used 4 diets on 2
strains. Some evidence of weakly muta-
genic effect with one diet.

30

45

13.6

50

30

15

15, 45

15

15

50

0, 50

NHDIR.
Host-mediated assay. No mutagenic ef-
fects.

NHDIR,
Dominant lethal test, reproduction. High
content of radicals in the irradiated food.
No harmful effects.

NHDIR.
Sister chromatid exchange tests negative in
hamsters and 3 strains of mice.

NHDIR.
Host-mediated assay. No increase in num-
ber of revertants.

NHDIR.
Micrornucleus test. No differences in the
incidence of erythrocytes with micronuclei,
and polychromadc:normal ratio compar-
able among all groups,

NHDIR.
E. coli inductest on blood of rats. No
induction of lysogenic bacteria.

NHDIR:
Negative Anies test on irradiated spice
extracts and on urine of rats fed irradiated
spices.

NHDIR.
Dominant lethal test. No significant differ-
ence between irradiated spice groups and
controls.

NHDIR.
No clastogenic effects.

NHDIR.
Host-mediated assay. No increase, in num-
ber of revertants.

NHDIRIPEND.
Chromosomal abnormalities in germ cells
presumed due to formation of peroxides
and radicals with subsequent loss of lipids
and carotenoid fractions in irradiated diet.

NHDIR.
No difference in polyploids in bone marrow
cells or micronuclei in reticulocytes 72h
after diets irradiated in N2 or air. Analyses
of micronuclei in peripheral blood of rat fed
wheat flour irradiated at 0.75kGy done at 6
and 12 weeks.

Anderson et al.
(1981)

Mbnzer and Renner
(1976)

Renner et al.
(1973)

Miinzer and Renner
(1981)

Central Food Re-
search Institute
(1977)

Chaubey et al.
(1979)

Farkas and Andras-
sy (1981)

Farkas et al. (1981)

Bama (1986)

Schubert et al.
(1973)

Aiyar and Rao
(1977)

Bugyaki et al.
(1968)

Tanaka et al.
(1992)

0, 15. 30

NHf DIR -= negaliwe to, high-dose irradiation effect (> 10 kGy); PEND = possible effect o-i autrition or diet; % in diet based on dri weight unless otherwise specified
irdicated. Information presented n bold font indicates positive findings
Table modified from FAOIIAE.4jWHO, 1999.
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from the consumption of a small amount of toxic
substances, e.g., 2-ACBs iil food. Traditionally, pure
compounds• not mixtU'es, arc tested in animal
bioassays to generate dose-response observations
and possibly to document the lowest no adverse
effect dose. With the data that is obtained, it is then
practical to evaluate the toxicity or safety of the
compound and to extrapolate experimental findings
to how it may pertain to human consumers. With
these major limitations, the current data from
animal studies are inadequate for making valid
health risk assessment and such assessment has not
enjoyed wide-spread acceptance.

Human studies with whole food
Only two human studies have been reported. In one
study, ten children (2 to 5 years old) suffering from
severe protein-caloric malnutrition were fed freshly
irradiated wheat (N = 5) or stored irradiated wheat
(N -=5) for six weeks (Bhaskaram and Sadasivan,
1975,). These ten children were compared to a
matched control group of five children who were
fed unirradiated food during the same time period.
The first group of five children developed signifi-
cantly more polyploid cells and other cellular
abnormalities in their lymphocytes than the five
who were fed the stored irradiated food. In addition,

* the abnormality persisted for up to two months after
the feeding period ended. None of the children fed
the un-irradiated diet developed any abnormal cells.

In another study, healthy adults were fed irradi-
ated food for three months (Institute of Radiation
Medicine, 1987). They did not display any increase
of chromosomal aberrations when compared to a
control group. Upon reanalysis of the data (Louria,
1990), an increase in chromosomal aberrations was
demonstrated. Although these results were from
small scale investigations, the information is based
on human responses and does raise some safety
concerns about the health risk of irradiated food.

Potentially harmful radiolytic products
In the modern era, a new concern has arisen in regard
to some of the radiolytic products formed uniquely
in irradiated food. Of particular interest is 2-ACB, a
radiolytic derivative of triglycerides. In one report
(Horvatovich et al., 2002), laboratory rats were fed
a low concentration of 2-ACBs in drinking water,
and the absorption and excretion of the chemicals
were monitored. The study showed that a substan-
tial portion of the chemical crossed the intestinal
harrier, entered the blood stream, and accumulated
in adipose tissue. Therefore, consumption of irra-
diated food can possibly result in a significant
accumulation of 2-ACBs in the adipose tissues of

consumers. The long-term health consequences of
this observation are unclear at this time.

In another study (Raul et al., 2002), Wistar rats
received a daily solution of 2-tDCB or 2-tDeCB
(while controls received ethanol) in combination
with an intraperitoneal injection of a known carci-
nogen (azoxymethane [AOMI). Observations were
made at two distinct intervals. At three months after
initiation of the exposure, no significant changes in
the number of pre-neoplastic colonic lesions were
observed among the rats (all were exposed to AOM).
At six months, however, the total number and the
overall size of tumors were markedly increased in the
2-ACB-AOM treated rats as compared to the
ethanol-AOM control rats. This demonstrates that
compounds found exclusively in irradiated dietary
fats may promote colon carcinogenesis in animals
treated with a known carcinogen and identifies a
new area of toxicity that the FDA and WHO have yet
to examine. The 2-ACB tumor promotion activities
should be further investigated, and their effects
evaluated systematically.

Recommendations from regulating agencies

Various agencies from around the world have made
recommendations regarding the safety of irradiated
food consumption. The recommendations from
major agencies that will be discussed in this review
are the World Health Organization, the European
Parliament, the US Food and Drug Administration,
and the US Department of Agriculture.

World Health Organization (WH1O)
The WHO has been an advocate of food irradiation
since their appraisal of the technology. Based on a
review of scientific evidence, their expert panel
concluded that food irradiated at an appropriate
dose was safe to consurre and nutritionally ade-
quate. The panel also concluded that an upper dose
limit did not need to be imposed; stating "irradiated
foods are deemed wholesome throughout the tech-
nologically useful dose range from below 10 kGy to
envisioned doses above .10 kGy" (FAO/IAEA/
WHO, 1999). In addition, they also stated that the
limit could be set as based on the deterioration on the
quality of the irradiated food. However, such
decision that is based on vigorous scientific evalua-
tion of public health impact should be more reliable.

Recently the Joint FAO/IAEA/WHO Food Stan-
dards Program (2003) under the United Nations
promoted irradiation doses beyond the 10 kGy
limit. During the deliberations, Germany objected
to the absence of a 10 kGy limit and the United
States argued for a 30 kGy limit to kill micro-
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Table 3. Radiation conditions recommended by the FDA

Approval date Food/product dose (kGy)* Purposey

1964, 1965 Potatoes, 0.05-0.15 Inhibit sprouting (and extend shelf life)
1983 Spices and dry seasonings, < 30 Disinfestation and decontamination
1985 Pork, 0.3 - 1.0 Control of Trichinel/a spira/is
1985, 1986 Dry or dehydrated enzymes, < 10 Control of insects and microorganisms
1986 Fruit, < 1 Delay maturation and disinfestation
1986 Fresh vegetables, < 1 Disinfestation
1986 Herbs, spices and seasoning, <30 Control of microorganisms,
1990 Poultry, fresh or frozen, < 3 Control of microorganisms
1995 Meat, frozenand packaged (solely for use in NASA), > 44 Sterilization
1995 Animal feed and pet food, 2-25 Control of Salmonella
1997, 1999 Red meat, meat products (uncooked) Control of microorganisms

Kv chilled (refrigerated), <4.5
Kv frozen, < 7.0

organisms on spices. In the end the Commission
adopted a revised standard over the objections of
Austria, Denmark, Germany, Greece, Hungary,
Italy, Mexico, Poland, Spain and Sudan. The Com-
mission argued that the higher levels of irradiation
(30 kGy) were justified to eliminate bacterial spores.
The Codex Alimentarius (Food Code) is a compila-
tion of standards, codes of practice, guidelines and
recommendations of the 169 countries represented

*in the Codex Alimentarius Commission, a subsidiary
body of FAO and WHO. This commission previous-
ly recommended a minimum of I kGy and a limit of
10 kGy.

The European Parliament
The European community has provided funding for
some of the recent studies on the safety of irradiated
food (e.g. Horvatovich et al., 2002; Raul et al.,
2002). Based on the observed adverse effects result-
ing from these investigations, the European Parlia-
ment has retained the 10 kGy limit and has issued a
moratorium on the addition of food items for
irradiation:

"In adopting this resolution, a majority of MIEPs
took the view that the current list of food ingredients
authorized for irradiation treatment should not be
extended at this stage. An amendment was adopted
in favor of the third Commission option, the most
restrictive one. The current list should be regarded as
comptcre, which would mean that only dried
aromatic herbs, spices and vegeTable seasonings
are permitted for irradiation in the European Union
as and when scientific knowledge suggested that it
was safe and efficacious to do so." (Breyer, 2002)

tion conditions are listed in Table 3. Since the
regulation does not supercede the authority of the
U.S. Department of Agriculture (USDA), anyone
irradiating food needs to corn ply with regulations set
forth by the Food Safety and Inspection Service.

Under general labeling requirements, the FDA
requires that the label bear the radura symbol and a
prominent phrase "treated with radiation" or "trea-
ted by irradiation." However, if irradiated ingredi-
ents are additives to foods that are not irradiated
they do not require any special labeling. Labeling is
also not needed for irradiated food items that arc
prepared and served in restaurants. To ensure foods
are not irradiated multiple times, pre-retail labeling
is required for any food that may need furrher
processing. The FDA encourages other truthful
statements about food irradiation on labels to
educate consumers.

U.S. Department of Agriculture (USDA)
In May of 1993, the USDA released specifications to
guide the National School Lunch Program in
purchasing irradiated ground beef. Under the 2002
Farm Bill, the USDA may not prohibit approved
food safety technologies on foods purchased for the
National School Lunch Program. In California, the
legislature has recommended that the local school
boards provide consumer educational materials on
irradiated food and decide on how to serve irradi-
ated food (Legislative Session in Sacramento, Cali-
fornia, June - July, 2004).

Meat and poultry establishments that use irradia-
tion must meet sanitation and Hazard Analysis and
Critical Control Point (HACCP) regulations. Addi-
tionally, the USDA conducts microbial testing to
ensure processing plants are producing wholesome
prodducts.0

The Food and, Drug Administration (FDA)
The regulations from the FDA are codified in CFR
21 Part 179 (1986) and the recommended irradia-
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Concerned citizen groups positions on irradiated
Ofood

Citizen groups, like citizens themselves, have widely
varying opinions on the safety of irradiated food. For
the context of tbis review, the consumer groups will
be classified broadly into those who oppose food
irradiation, those that are neutral, and those who
support it. In addition, only positions from repre-
senta tive citizen groups that are not observably
funded by industry or whose opinions are not
obviously based on financial or political interest
are presented.

Groups that are against food irradiation, e.g.
Public Citizen and The Center for Food Safety, base
their concerns on peer-reviewed journal articles that
state that the safety of consuming these foods has not
been established (Is Irradiated Food Safe, 2003;
Kimbrell and Hauter, 2002; http://www.centerfor-
foodsafety.org/Ji.html). They believe there are un-
ique by-products of irradiated fat that can poten-
tially cause cancer. They also believe that these
products, 2-ACBs, have not been tested properly in
the traditional toxicological manner. Another argu-
menit of the anti-irradiation food groups is the
concept of sterilized filth. These groups contend that
the food industry will use irradiation as a substitute

* for normal precautions when handling food, thus
leaving the entrails, feces, blood, pus, tumors and
other contaminates on the meat (Kimbrell and
Hauter, 2002). Providing credence to this statement,
the European Parliament has cited examples of
illcgal use of irradiation at European facilities to
clean up contaminated seafood (Breyer, 2002). The
consumer groups also contend that food irradiation
would lead to a.false sense of security in consumers.
Consequently, consumers of irradiated foods may
believe these foods cannot ever become contami-
nated, and would thus minimize traditional precau-
tions instituted to ensure sanitary and safe food
preparation, ultimately leading to more food-borne
illness.

*Another category of consumer groups is com-
prised of organizations that maintain a neutral
position (e.g. Consumer Reports, Safe Tables Our
Priority (ST1OP), The American Council on Science
and Health, and the Center for Science in the Public
Interest). These groups are well aware of the dangers
of food-borne pathogens and see a need to improve
the process of food handling overall. Some of them,
such as STOP are groups of concerned citizens which
have themselves, or have a relative, that has been a
victim of food-borne illness. In general, these groups

* have no official policy stance on food irradiation,
but they can see its potential benefit in protecting the

general public from food-borne pathogens such as
Escbericia coli, Salmonella and Carnpylobacter.
These groups do emphasize the need to maintain
normal safety precautions when handling food, and
recommend that food be irradiated in its final
packaging to reduce the chances of recontamination
(Donley, 1999; Consumer Union, 2003). They feel
that the irradiated products should be clearly labeled
and the words "treated by irradiation" be used, as
opposed to "cold pasteurized or electric pasteur-
ized" (Donley, 1999; Mitchell, 1999). As long as the
proper labeling (ýv'ich includes the radura Symbol)
is present, and the public is educated about the
possibility of recontamination, these groups contend
that consumers can vote with their pocketbooks,
thus choosing for themselves whether or not they
want irradiated food products. These groups believe
that the benefits of a safer food supply protected
from bacterial and viral pathogens may outweigh
any risks.

The last category of citizen groups, including the
Hudson Institute's Center for

Global Food Issues and the Competitive Enter-
prise Institute, endorse food irradiation. They con-
tend irradiation defeats well-known and potentially
deadly food-borne pathogens, and will save lives.
These groups cite the fact that food irradiation has
been used for decades by the military and NASA to
prepare long shelf-life food products for soldiers and
astronauts (CEJ Staff, 1999; Avery, 2003). They also
referenced estimates from the USDA that the Amer-
ican consumer would receive approximately $ 2 in
benefits from reduced spoilage and less illness for
each $ 1 spent on food irradiation (Loaharanu,
2003).

Whether citizen groups are for or against food
irradiation, nearly all groups agree the consumers
should be informed of any food that has been
irradiated. However, the groups that are most in
favor of irradiation do not usually mention the issue
of labeling.

Other methods for food preservation and sanitation.

In addition to destroying, inhibiting, or removing
microorganisms from food products, other goals of
food processing are to retard or prevent deleterious
biochemical, chemical and physiochemical changes,
to maintain and generate accepTable organoleptic
(taste, texture, color, and aroma) properties, and to
preserve and enhance the nutritive value. Examples
of bacteriostatic food processing methods include
drying, freezing, pickling, salting, smoking, and
fermenting. Bacteriocidal procedures include ther-
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mal processing, electric energy, high pressure pro-
* cessmng, and electromagnetic microwave technology.

Emerging electromagnetic microwave technology
has some highly desirable features

(http://www.pubit.it/sunti/eucO3O1q.html; http://
www.techmonitor.net/tecimon/0 3sep-oct/fpr/fpr-
preserve.htm). The process has the potential to
extend shelf life of food for a minimum of nine
months, elirninate the need for refrigeration and
offer the convenience of ready-to-ear food while
maintaining organoleptic qualities and more than
90% of the nutritional value. In addition, the process
uses a patented electromagnetic microwave (non-
ionizing radiation) that has not been shown to
generate unique radiolytic products. Nevertheless,
the overall quality and safety of the application
needs to be determined scientifically and system-
atically.

Regardless of the ultimate technology applied,
emphasis on sanitary processing of food prior to the
radiation phase and also at the time of food
preparation by the consumner, should not be under-
mined. To prevent food-borne illnesses, it would be
prudent to practice the four Cs of food safety: Clean
well, Cook thoroughly, Combat cross contamina-
tion (separate), and Chill (refrigerate).

Discussion

Improvement of food safety and prevention of food-
borne illness are fundamental and crucial public
health objectives. The use of radiation on food has
been heavily promoted as the approach to achieve
these stated objectives. However, less emphasis has
been placed on determining the potential health
consequences that can result from this process. The
justification used for approving food irradiation is
based mainly on early studies which demonstrate
that ( 1) the process did not generate substances that
are not also generated by other food preservation
procedures and (2) the wholesomeness of irradiated
food is safe based on animal bioassays. However,
recent studies have propagated uncertainty with
regard to the safety of irradiated food that is to be
provided to the consumer.

The in vitro and in vivo research outlined in this
review clearly depict the formation of radiolytic
products, e.g. 2-ACBs, in irradiated food that are not
found in food items prepared by using other food
processing technologies. Preliminary studies dem-
onstrate that 2-ACBs accumulate in fatty tissues in

* experimental animals, exhibit toxicity, and possess
tumor promoting activities. Testing for toxicity

using wholesome irradiated food in animal bioas-
says is not entirely appropriate because these assays
are not designed to show the adverse effects of
exposure to small concentrations of toxic substances
such as 2-ACBs in food. These assays are tradition-
ally used to test pure compounds, not mixtures, in
order to demonstrate a dose-response effect for
toxicity evaluation. Up to this point in time, there
have been no comprehensive and systematic studies
to assess human toxic effects resulting from irradi-
ated food. Given the history of use of this technology
thus far, one could argue that if it were unsafe then
we should have seen some specific adverse health
effects. However, if the toxic by-products are acting
as promoters we may only recognize a small increase
in cancer in the population (in terms of percentages-
but not in terms of number of affected individuals)
and it would be very difficult to prove that irradiated
food was in fact the direct cause of increased cancer
morbidity and mortality. Any argument would have
to be made inferentially based on the data presented;

The greatest concern expressed by mainstream
consumer advocacy groups is the use of the technol-
ogy without first informing the consumer. Even the
names used are confusing. The proposed labeling
statements "cold pasteurization" and "electronic
pasteurization" instead of radiation are misleading
to consumers.

There are many differing opinions on the use of
radiation in food processing. However, there ap-
pears to be universal support for sanitary processing
as being one of the most important considerations.
Irradiation of poorly processed food only sterilizes
something that should not be consumed in the first
place. In addition, other useful procedures that do
not generate health concerns should not be precipit-
ately discarded without due consideration. The
other major consideration is that evolving technol-
ogy may replace the need to use radiation as a means
to process food.

Recommendations

In summary, it is quite clear that additional research
is needed in order to fully address the issue and
concerns of irradiated food. The toxicity of unique
radiolytic products should be tested vigorously,
especially in regards to the tumor promoting activ-
ities. Animal bioassays should be conducted system-
atically and comprehensively with whole food and
with unique radiolytic products to generate a dose-
response understanding of the toxicity and safety of
irradiated food. It would prove beneficial to cstab-
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lish a dose that does not cause any observable toxic
* effects in an experimental animal model. The data

obtained would better substantiate extrapolation
and application in human health risk evaluation. In
addition, as of now, there are no extensive human
trials available to assess irradiated food safety in
human populations. Regulatory agencies in the US
and around the world need to be proactive in
resolving these health concerns prior to the ubiqui-
tous consumption of irradiated food. It is noTable
that the European Parliament has halttd the addition
of new food products for irradiation and has chosen
to mainriain the 1OkGy limit on irradiation.

In a global perspective, prevention of food-borne
illness is a critically important practice. Third world
countries with malnutrition, widespread famine and
limited hygiene resources may view the concept of
irradiated food differently from developed coun-
tries. Nevertheless, considerations for the approval
of irradiated food for consumption need to be based
on realistic and informed evaluation of the risk and
benefits to the populations.

This illustrates the core issue in processing food
with radiation. One can argue their respective
position based on sound reasoning and with a
convincing tone. Therefore, the decision to consume
irradiated food should be made through knowledge-. able risk assessment, using all available scientific
evidence-based data, and involving all stakeholders
prior to achieving an informed decision.
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)
Materials License Application )

DECLARATION OF DR. GORDON R. THOMPSON
IN SUPPORT OF PETITIONER'S AREAS OF CONCERN

I, Gordon R. Thompson, declare that if called as a witness in this action I could testify of

my own personal knowledge as follows:

I. INTRODUCTION

I-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, Massachusetts 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. In

addition to holding my position at IRSS, I am also a research professor at the George Perkins

Marsh Institute, Clark University, Worcester, Massachusetts. My professional qualifications are

discussed in Section ii of this declaration.

1-2. I have been retained by Concerned Citizens of Honolulu as an expert witness in a

proceeding before the US Nuclear Regulatory Commission (NRC), regarding an application by



Pa'ina Hawaii, LLC, for a license to build andoperate a commercial pool-type industrial

irradiator in Honolulu, Hawai'i, at the Honolulu International Airport.

1-3. The purpose of this declaration is to support Concerned Citizens' contention that

"special circumstances" exist, precluding the NRC's use of a categorical exclusion from the

National Environmental Policy Act's mandate to prepare either an environmental assessment

(EA) or environmental impact statement (EIS) in the context of the proposed license.' In this

declaration, I focus on the potential for acts of malice or insanity, related to the proposed Pa'ina

Hawaii irradiator, to cause harm to people and/or the environment. As part of that focus, I

address the potential to reduce the risk of harm by adopting alternatives to the proposed mode of

construction and operation of the irradiator. Also, I address the processes whereby acts of malice

or insanity could be considered in a licensing proceeding or during the preparation of an EA or

0, E EIS. My focus on the implications of potential acts of malice or insanity does not indicate that I

regard other issues, relevant to licensing of the proposed irradiator, as having a lesser

significance.

1-4. The remainder of this declaration has seven sections. Section II discusses my

professional qualifications. Section III discusses some of the characteristics of the proposed

Pa'ina Hawaii irradiator. The potential for commercial nuclear facilities, including irradiators, to

be affected by acts of malice or insanity is addressed in Section IV. That discussion is continued

in Section V, with a focus on irradiators. Section VI discusses the potential to reduce the risk of

harm, arising from acts of malice or insanity, by adopting alternatives to the proposed design and

mode of operation of the Pa'ina Hawaii. irradiator. Section VII addresses the processes whereby

acts of malice or insanity could be considered in a licensing proceeding, or during the

•) 10 C.F.R. § 51.22(b); see also id. § 2.335(b); 40 C.F.R. § 1508.4.
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preparation of an EA or EIS, for the Pa'ina Hawaii irradiator. Major conclusions are set foi~th in

Section VIII. Documents cited in this declaration are listed in a bibliography that is appended to

the declaration.

II. MY PROFESSIONAL QUALIFICATIONS

I1-1. 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.

11-2. 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. In a number of instances, my technical

findings have been accepted or adopted by relevant governmental agencies. To illustrate my

expertise, I provide in the following paragraphs some details of my experience.

11-3. During the period 1978-1979, 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 safety and security

* risks, and identified alternative options with lower risk. One of the risk issues that I identified
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* 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". 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,

terrorism and acts of war. Also, I identified and described alternative spent-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.

11-4. My work has influenced decision making by safety officials in the US 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. The Department subsequently reached the

same conclusion, and scrapped the reactors. 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.
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11-5. In 1977, and again during the period 1996-2000, 1 examined the safety and security

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 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. Asa direct result of my investigation, the UK

Nuclear Installations Inspectorate (NII) required the operator of the Sellafield site -- British

Nuclear Fuels -- to conduct extensive safety analyses. These analyses confirmed the significance

of the safety issues that I had identified, and in January 2001 the Ni1 established a legally

binding schedule for reduction of the inventory of liquid high-level radioactive waste at

Sellafield. 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.

11-6. In January 2002, I authored a submission to the UK House of Commons Defence

Committee, addressing the potential for civilian nuclear facilities to be used by an enemy as

radiological weapons. The submission drew upon my own work, and the findings of other

analysts, dating back as far as the mid- 1970s. My primary recommendation was that the

Defence Committee should call upon the Parliamentary Office of Science and Technology

(POST) to conduct a thorough, independent analysis of this threat. I argued that the UK

government and nuclear industry could not be trusted to provide a credible analysis. The

Defence Committee subsequently adopted my recommendation, and a study was conducted by

POST.
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11-7. I was the author or a co-author of two documents, published in 2003, that addressed

the safety and security risks arising from, the storage of spent fuel in high-density pools at US

nuclear power plants. 2 This work expanded on analysis that I had first conducted in the context

of the proposed nuclear fuel cycle center at Gorleben, as discussed in paragraph II-3, above. The

two documents became controversial, and their findings and recommendations were challenged

by the NRC. The US Congress recognized that our findings, if correct, would be significant for

national security. Accordingly, Congress requested the National Academy of Sciences (NAS) to

conduct an independent investigation of these issues. The Academy's report vindicated the work

done by my co-authors and me.'

III. CHARACTERISTICS OF THE PROPOSED IRRADIATOR

111- 1. According to the NRC, Pa'ina Hawaii has stated that the proposed irradiator would

be used primarily for the irradiation of fresh fruit and vegetables bound for the US mainland.

Other items to be irradiated would include cosmetics and pharmaceutical products.4 A story in

the technical press has stated that the irradiator would be the Genesis model manufactured by

Gray-Star, using a 1 million-Curie Cobalt-60 source located in a water-filled pool 22 feet deep.'

Cobalt-60 is a radioactive isotope with a half-life of 5.3 years, According to an April 2004 NRC

fact sheet, all US commercial irradiators regulated by the NRC currently use Cobalt-60; the

amount used at each irradiator typically exceeds I million Curies and can range up to 10 million

2 Thompson, 2003; Alvarez et al, 2003.

3 NAS, 2005.
O NRC, 2005.

Nuclear News, 2005.
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. Curies.6 The Cobalt-60 is present in the form of sealed sources typically consisting of metallicpencils" said to be about one inch in diameter and one foot long..

111-2. The version of Pa'ina Hawaii's license application that has been posted at the NRC

website has major redactions. That document does notallow the reaching of any conclusion

about the safety and security of the proposed irradiator.

IV. THE POTENTIAL FOR NUCLEAR FACILITIES TO BE AFFECTED BY ACTS
OF MALICE OR INSANITY

IV-1. No commercial nuclear facility in the United States was designed to resist attack.

Facilities have some capability in this respect by virtue of design for other objectives (e.g.,

resisting tornado-driven missiles). Beginning in 1994, with the NRC's promulgation of a

vehicle-bomb rule, each US nuclear power plant has implemented site-security measures (e.g.,

barriers, guards) that have some capability to prevent attackers from damaging vulnerable parts

of the plant. The scope of this defense was increased in response to the attacks of 11 September

2001. Nevertheless, it continues to reflect the NRC's judgment that a "light defense" of nuclear

power plants, to use military terminology, is sufficient.8 This judgment is not. supported by any

published strategic analysis. The NRC takes the same approach in regulating nuclear facilities

other than power plants, including commercial irradiators.

IV-2. A strategic analysis of needs and opportunities for security of a nuclear facility

should have three parts. It should begin with an assessment of the scale of damage that could

arise from an attack. A major determinant of this scale is the amount of radioactive material that

is available for release to the atmosphere or a water body; other determinants are the

6 NRC, 2004b.

7 Kelly, 2002.
8 NRC, 2004a.
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. ,vulnerability of the facility to attack, and the consequences of attack.9 The second step in the
strategic analysis should be to assess the future threat environment. The third step should be to

assess the adequacy of present measures to defend the facility, and to identify options for

providing an enhanced defense.

IV-3. The analyst should seek to understand the interests and perspectives of potential

attackers. To illustrate, a sub-national group that is a committed enemy of the United States

might perceive two major incentives for attacking a US commercial nuclear facility. First,

release of a large amount of radioactive material could cause major, lasting damage to the United

States. Second, commercial nuclear technology could symbolize US military dominance through

nuclear weapons and associated technologies such as guided missiles; a successful attack on a

commercial nuclear facility could challenge that symbolism. Conversely, the group might

perceive three major disincentives for attack. First, nuclear facilities could be less vulnerable

than other potential targets. Second, radiological damage from the attack would be

indiscriminate, and could occur hundreds of km downwind in non-enemy locations (e.g.,

Mexico). Third, the United States could react with extreme violence.

IV-4. The threat environment must be assessed over the entire period during which a

nuclear facility is expected to operate. For spent-fuel storage facilities, that period could exceed

a century. The risk of attack will accumulate over the period of operation. Forecasting

international conditions over several decades is a notoriously difficult and uncertain enterprise.

Nevertheless, an implicit or explicit forecast must underlie any decision about the level of

security that is provided at a nuclear facility. Prudence dictates that a forecast in this context

9 Direct release of radioactive material is not the only potential consequence of an attack
&n a nuclear facility. There is also concern that radioactive or fissile material could be removed

from the facility and incorporated into a radiological or nuclear weapon.
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should err on the side of pessimism. Decision makers should, therefore, be aware of a literature

indicating that the coming decades could be turbulent, with a potential for higher levels of

violence. 0 One factor that might promote violence is a perception of resource scarcity. It is

noteworthy that many analysts are predicting a peak in world oil production within the next few

decades." Also, a recent international, survey shows significant degradation in the Earth's ability

to provide ecosystem services."

IV-5. The potential for attacks on nuclear facilities has been studied for decades.'3

Nevertheless, the NRC remains convinced that these facilities require only a light defense. The

NRC's position fails to account for the growing strategic significance of sub-national groups as

potential enemies. Various groups of this kind could possess the motive and ability to mount an

attack on a US nuclear facility with a substantial probability of success. The unparalleled

military capability of the United States cannot deter such a threat if the attacking group has no

territory that could be counter-attacked. Moreover, use of US military capability could be

counter-productive, creating enemies faster than they are killed or captured. Many analysts

believe that the invasion of Iraq has produced that outcome.

IV-6. The discussion in the preceding paragraphs shows that it would be prudent to

consider options for providing an enhanced defense of nuclear facilities. Design studies have

identified a large potential for increasing the robustness of new facilities.'4 This finding argues

for careful consideration of alternative options during the licensing of a new facility. At existing

facilities, there is usually less opportunity for increasing robustness. Nevertheless, there are

10 Kugler, 1995; Raskin et al, 2002.

11 Hirsch et al, 2005.
12 Stokstad, 2005.

'3 Ramberg, 1984.
14 Hannerz, 1983.
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. many opportunities to enhance the defenses of an existing facility. Ihave identified such
opportunities in a number of instances. For example, I have identified a set of measures that

could provide an enhanced defense of the San Onofre nuclear power plant. 5

V. POTENTIAL ACTS OF MALICE OR INSANITY IN THE CONTEXT
OF IRRADIATORS

V-1. Section IV, above, shows that it would be prudent, in the licensing and regulation of

a range of nuclear facilities, to consider the implications of potential acts of malice or insanity.

Commercial irradiators, such as that proposed by Pa'ina Hawaii, are among the facilities for

which this consideration would be prudent. The reason is that these irradiators contain large

amounts of Cobalt-60. If that material were removed from its containment and brought into

proximity to humans and other life forms or their habitats, significant harm could occur. The

nature of that harm is illustrated by a case study that is discussed in paragraph V-3, below.

V-2. An act of malice or insanity could remove Cobalt-60 from its containment, and

bring this material into potential proximity to life forms, in two ways. First, a violent event

involving mechanisms such as blast, impact and fire could release Cobalt-60 to the atmosphere

from the irradiator facility or during transport of Cobalt-60 sealed sources to or from the

facility." This violent event could be a deliberate, attack or, conceivably, a collateral event

deriving from an attack directed elsewhere. Second, Cobalt-60 sealed sources could be removed

intact from the irradiator facility or during transport to or from the facility, and these sources

could be used to deliberately irradiate life forms or their habitats. This irradiation could be

accomplished by atmospheric dispersal of Cobalt-60 from a sealed source, with or without

15 Thompson, 2004-
16 After release to the atmosphere, the Cobalt-60 would be present in fragments or

particles of various sizes, which would eventually be deposited on the ground around or
downwind of the point of release.
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chemical and physical manipulation of the source prior to dispersal. 7 An explosive charge could

be used to achieve dispersal, a process that is commonly described as the use of a "dirty bomb".

Atmospheric dispersal might also be achieved, after chemical and physical manipulation of the

source, through mechanisms such as spraying and combustion. As an alternative to atmospheric

dispersal, hostile irradiation could be accomplished by clandestinely placing sealed sources, or

fragments thereof, in locations (e.g., bus or train stations) where targeted populations are likely

to be present."8

V-3. Findings of a theoretical case study on atmospheric dispersal of Cobalt-60 were

summarized in Congressional testimony by the Federation of American Scientists in 2002.'9 The

case study assumed that one Cobalt-60 "pencil" from a commercial irradiator would be

explosively dispersed at the lower tip of Manhattan. The results were compared with those from

an assumed dispersal of radioactive cesium, in the following statement: 20

"Again, no immediate evacuation would be necessary, but in this case [the Cobalt-60
dispersal], an area of approximately one thousand square kilometers, extending over three
states, would be contaminated. Over an area of about three hundred typical city blocks,
there would be a one-in-ten risk of death from cancer for residents living in the
contaminated area for forty.years. The entire borough of Manhattan would be so
contaminated that anyone living there would have a one-in-a-hundred chance of dying
from cancer caused by the residual radiation. It would be decades before the city was
inhabitable again, and demolition might be necessary."

V-4. Following an atmospheric dispersal of radioactive material such as Cobalt-60, the

area of land that would be regarded as contaminated, and the overall economic consequences of

the event, would depend on the contamination standard that would apply.2' At present, there are

17 Z'immerman and Loeb, 2004.
18 NRC, 2003.
"9 Kelly, 2002.
20 Kelly, 2002.
21 Reichmuth et al, 2005.
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. competing standards, and no clarity about which one would apply.2" Resolving this issue could
be politically difficult, either before or after a dispersal event. A further complicating factor is

the exclusion of radiation risk from virtually All insurance policies written in the United States.23

V-5. A malicious actor Who seeks to expose a population to radioactive material, such as

Cobalt-60, could have a range of goals including: (i) causing prompt casualties; (ii) spreading

panic; (iii) recruitment to the actor's cause; (iv) asset denial; (v) economic disruption; and (vi)

causing long-term casualties.24

V-6. Many public officials in the United States and elsewhere are aware of the threat of

malicious exposure to radioactive material. At times, substantial resources havebeen allocated

to addressing this threat. For example, a major US government effort was mounted in December

2003 to detect "dirty bombs" in various US cities.2
' Recently, the Australiangovemment has

located large, unsecured radioactive sources in two countries in Southeast Asia. At least one of,

these sources was Cobalt-60. 26 Acting in a manner that invites comparison with licensing of the

proposed Pa'ina Hawaii irradiator, the National Nuclear Security Administration (NNSA)

removed Cobalt-60 from an irradiator at the University of Hawai'i in March 2005.27 This

removal occurred during the same week in which the NRC issued a Notice of Violation that

responded to an NRC-observed security breach at the irradiator in March 2003.2" It is said that

22 Medalia, 2004; Zimmerman and Loeb, 2004.
23 Zimmerman and Loeb, 2004,
24 Medalia, 2004.
25 Mintz and Schmidt, 2004.
26 Eccleston and Walters, 2005.
27 NNSA, 2005.
28 Environment Hawai'i, 2005b.
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. the irradiator contained 1:-bout 1.000 Curies of Coba!t-h0.- 9 A, NFNSA offcial described the
removal of this Cobalt-60 as follows: 30

"The removal of these radiological sources has greatly reduced the chance that

radiological materials could get into the wrong hands. The university of Hawaii, its
surrounding neighbors and the international community are safer today as [a] result of
this effort."

V-7. There is a comparatively small technical literature on the safety and security of

commercial irradiators, although it is known that safety and security incidents have occurred at

these facilities." Irradiators represent one application of sealed radioactive sources. Overall, the

use of those sources has created grounds for concern from the perspective of security. According

to NRC data, there were more than 1,300 instances oflost, stolen and abandoned sealed sources

in the United States between 1998 and 2002.32

V-8. In June 2003, the NR.C issued its first security order requiring enhanced security at

olarge commercial irradiators.33 The nature and scope of the required security measures have not

been publicly disclosed. It is noteworthy that NRC officials have said that thle NRC lacks

sufficient staff to conduct inspections of all sealed-source licensees that are expected to receive.

security orders.34

V-9. If provided with relevant information about the design of commercial irradiators,

and the security measures that are in effect at these facilities, independent analysts could assess

the vulnerability of these facilities to potential acts of malice or insanity. That assessment could

be performed in a manner such that sensitive, information is not publicly disclosed. The

29 Environment Hawai'i, 2005a.
30 NNSA, 2005.
32 NRC, 1983.

GAO, 2003, page 17..
33AO, 2003, page 28.
3 3GAO, 2003, page 31.
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ass essmjent could, f %arnpie, assess the v-LI nerabIvyof irradIators to shaped charse.. Also,

the assessment could examnine the NRC's undocumented assertion that it has "preliminarily

determined that it would be extremely difficult for someone to explode a cobalt-60 source in a

way that could cause widespread contamination".36 As explained in paragraph V-2, above,

explosive dispersal of an intact Cobalt-60 sealed source is one, but not the only, mechanism

whereby Cobalt-60 could be brought into proximity to targeted populations.

VI. ALTERNATIVE OPTIONS

VI-1. The currently-proposed design and mode of operation of the.Pa'ina Hawaii

irradiator implies a risk of harm to people and/or theenvironment, arising from potential acts of

malice or insanity. Assessment of the nature and scale of that risk must await the provision of

more information about the facility than is now publicly available. It is, however, already clear

@othat lower-risk options exist. These options could be systematically examined in an EIS.

VI-2. Two options are available that could eliminate the risk. One such option would be

to adopt non-irradiative methods of treating fresh fruit and Vegetables. The second option would

to use an irradiator that does not require radioactive material such as Cobalt-60. In this context,

it is noteworthy that an existing commercial irradiator in Hawai'i employs electron-beam

technology. This facility, known as Hawai'i Pride, was built at Kea'au in 2000. Some observers

question whether two irradiators, or even One, can be economically viable in Hawai'i."7

VI-3. If the Pa'ina Hawaii irradiator were to be built and operated, using Cobalt-60, its

design, location and mode of operation could be modified to reduce the risk of harm arising from

potential acts of malice or insanity. For example, site security and the robustness of the facility

35 Walters, 2003.
3 NRC, 2004b.
37 Environment Hawai'i, 2005c.
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. could be enhanced. Alternative lc-ations could potentially reduce the rik i' two ways First,

the currently-proposed location might be especially attractive to attackers becauseof the

proximity of military and symbolic targets including Hickam Air Force Base and Pearl Harbor.

Second, the currently-proposed location at Honolulu International Airport might facilitate attack

from the air by, for example, an explosive-laden general aviation aircraft. Full delineation of

potential modifications, and assessment of their costs and contributions to risk reduction, must

await the p-ovision of more information about the facility than is now publicly available.

VII. CONSIDERATION OF. ACTS OF MALICE OR INSANITY IN A LICENSE
PROCEEDING, EA, OR EIS

VII-1. During an open session of a license proceeding, or in the published version of an

EA or EIS, it would be inappropriate to disclose information that could assist the perpetrator of

an act of malice or insanity that affects a nuclear facility. It does not follow, however, that acts

of malice or insanity cannot be considered in a license proceeding, an EA, or an EIS. Well-.

tested procedures are available whereby this consideration could occur without publicly

disclosing sensitive information. In the context of a license proceeding, some of the sessions,

and the accompanying documents, could be open only to authorized persons. Similarly, an EA

or EIS could contain sections or appendices that are available only to authorized persons.

Interested parties, including public-interest groups, could nominate representatives, attorneys and

experts who can become authorized persons on their behalf.

VII. MAJOR CONCLUSIONS

VIJI-L. Itwould be prudent, in the licensing and regulation of a range of nuclear

facilities, to consider the implications of potential acts of malice Or insanity. Commercial
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W irradiators, such as that proposed by Pa'ina Hawaii, are among the facilities for which this

consideration would be prudent.

VIII-2. The currently-proposed design and mode of operation of the Pa'ina Hawaii

irradiator implies a risk of harm to people and/or the environment, arising from potential acts of

malice or insanity. Assessment of the nature and scale of that risk must await the provision. of

more information about the facility than is now publicly available. It is, however, already clear

that lower-risk options exist. These options could be systematically examined in an EIS.

VIII-3. Well-tested procedures are available whereby acts of malice or insanity could be

considered in a license proceeding, an EA, or an EIS related to the proposed Pa'ina Hawaii

irradiator.

I declare under penalty of perjury that I have read the foregoing declaration and know the

SO contents thereof to be true of my own knowledge.

Dated at Cambridge, Massachusetts, 3 October 2005.

GORDON R. THOMPSON
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(Walters, 2003)
William Walters, "An Overview of the Shaped Charge Concept", paper presented at the 11 th
Annual ARL/USMA Technical Symposium, 5 and 7 November 2003. (This symposium was
sponsored by the Mathematical Sciences Center of Excellence at the US Military Academy
(USMA) and hosted by the US Army Research Laboratory (ARL) and USMA.)

(Zimmerman and Loeb, 2004)
Peter D. Zimmerman and Cheryl Loeb, "Dirty Bombs: The Threat Revisited", Defense Horizons
(a publication of the Center for Technology and National Security Policy, National Defense
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February 9, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Materials License Application )

INTERVENOR CONCERNED CITIZENS OF HONOLULU'S CONTENTIONS
RE: DRAFT ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL REPORT

I. INTRODUCTION

Pursuant to 10 C.F.R. § 2.309(c) and (f)(2) and the Board's January 10, 2007 order,

. intervenor Concerned Citizens of Honolulu hereby files contentions regarding the Draft

Environmental Assessment Related to the Proposed Pa'ina Hawaii, LLC Underwater Irradiator

in Honolulu, Hawaii ("Draft EA") (ADAMS Accession No. ML063 470231) and the Draft

Topical Report on the Effects of Potential Natural Phenomena and Aviation Accidents at the

Pa'ina Hawaii, LLC Irradiator Facility ("Draft Topical Report") (ADAMS Accession No.

ML063560344).' As discussed herein, the Draft Topical Report contains numerous deficiencies

While Concerned Citizens believes section 2.309(f)(2) alone provides adequate

authority to file contentions addressing these documents, which were not available at the time its
original petition had to be filed, in an abundance of caution, Concerned Citizens will also address
herein the factors set forth in section 2.309(c). See Entergy Nuclear Vermont Yankee, LLC, and
Entergy Nuclear Operations, Inc. (Vermont Yankee Nuclear Power Station), LBP-04-28, 60
NRC 548, 578 (2004) (noting section 2.309(c) and (f)(2) provide alternate means for intervenor
to file new contention where subsequently filed document "provides information 'not previously
available' that is 'materially different"'); see also id. at 567 n.24 ("If new and materially
different information later comes to light, we may entertain a motion for leave to file a new
contention under 10 C.F.R. § 2.309(f)(2)"); Licensing Board Order (Ruling on Admissibility of
Two Amended Contentions) at 4 (June 22, 2006) ("6/22/06 Order") (new or amended
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that preclude Pa'ina from relying on it to carry its burden of demonstrating its proposed

irradiator would "protect health and minimize danger to life or property," as required by 10

C.F.R. § 30.33(a)(2). See infra Part I11. In part because it relies on the Draft Topical Report's

faulty analysis, the Draft EA fails to take the required "hard look at the effects from proceeding

with [the proposed irradiator] and do[es] not provide sufficient information to permit meaningful

public scrutiny," violating the Nuclear Regulatory Commission's ("NRC's") obligations under

the National Environmental Policy Act ("NEPA"). Klamath-Siskiyou Wilderness Center v.

Bureau of Land Management, 387 F.3d 989, 1001 ( 9 th Cir. 2004); see infra Part IV. Moreover,

the Draft EA fails to consider reasonable alternatives to proceeding with a nuclear irradiator at a

site subject to aviation accidents and natural disasters, further violating NEPA. See 40 C.F.R. §

1508.9(b). The Board should admit Concerned Citizens' contentions since the issues they raise

are central "to the findings the NRC must make to support the action that is involved in the

proceeding," and Concerned Citizens otherwise satisfies all requirements for filing these

contentions. 10 C.F.R. § 2.309(f)(1)(iv); See infra Part IV.

II. PROCEDURAL AND FACTUAL BACKGROUND

On October 3, 2005, Concerned Citizens timely filed a request for hearing on Pa'ina's

application for a license for possession and use of byproduct material in connection with the

construction and operation of a commercial pool-type industrial irradiator using a cobalt-60

("Co-60") source at the Honolulu International Airport. Among other issues, Concerned

Citizens' hearing request included contentions regarding Pa'ina's "Failure to Address Risks of

contentions "evaluated using the applicable factors set forth in 10 C.F.R. § 2.309(c)" only if "not
filed in a 'timely fashion' under 10 C.F.R. § 2.309(f)(2)(iii)"); Licensing Board Order (Rejecting
Motion to Dismiss).at 5 (Jan. 25, 2007) ("1/25/07 Order") ("contention proffered at this stage in
the proceeding" must satisfy 10 C.F.R. § 2.309(f)(2)).
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Aviation Accidents" (Safety Contention #7) and the NRC's failure to explain its application of a

categorical exclusion to Pa'ina's proposed irradiator (Environmental Contention #1) and failure

to prepare an EA or environmental impact statement("EIS") (Environmental Contention #2).

10/3/05 Hearing Request at 15, 19-25.

On January 24, 2006, the Board granted Concerned Citizens' request for hearing, finding

Concerned Citizens had standing and its two environmental contentions were admissible. Pa'ina

Hawaii, LLC (Material License Application), LBP-06-04, 63 NRC 99 (2006). The Board

deferred consideration of Concerned Citizens' contentions related to safety to allow for

additional disclosures and briefing.

On March 24, 2006, the Board issued an order admitting three of Concerned Citizens'

safety contentions, including Safety Contention #7 challenging Pa'ina's "failure to assess the

probability and consequences of aviation accidents at the proposed irradiator site." Pa'ina

Hawaii, LLC (Material License Application), LBP-06-12, 63 NRC 403, 420 (2006).

On April 27, 2006, the Board accepted the NRC Staff's and Concerned Citizens' joint

stipulation settling Environmental Contentions #1 and #2. Licensing Board Order (Confirming

Oral Ruling Granting Motion to Dismiss Contentions) (Apr. 27, 2006). The stipulation provided,

among other things, that the Staff would prepare an EA for Pa'ina's proposed irradiator to

determine whether to prepare an EIS or a finding of no significant impact ("FONSI") and that,

prior to making any final FONSI for the proposed irradiator, the Staff would put a draft decision

out for public review and comment. Joint Stipulation and Order Regarding Resolution of

Concerned Citizens' Environmental Contentions at ¶¶ 1-2 (Mar. 20, 2006).

In December 2006, the Staff issued the Draft EA and placed the Draft Topical Report on

ADAMS. "[T]o eliminate any confusion regarding the submission of late-filed contentions
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relating to these two Staff documents," on January 10, 2007, the Board issued an order providing

that "all late-filed contentions relating to matters discussed in the Draft EA and the Draft Topical

Report shall be filed" by February 9, 2007. Licensing Board Order at 2 (Jan. 10, 2007).

III. PA'INA HAS FAILED TO CARRY ITS BURDEN OF ESTABLISHING ITS
PROPOSED IRRADIATOR WOULD "PROTECT HEALTH AND MINIMIZE
DANGER TO LIFE OR PROPERTY" IN THE EVENT OF AN AVIATION
ACCIDENT OR NATURAL DISASTER, AS REQUIRED BY 10 C.F.R. § 30.33(a)(2)

The NRC's regulations establish as a condition precedent to the issuance of the materials

license Pa'ina seeks that Pa'ina demonstrate its proposed irradiator would be "adequate to

protect health and minimize danger to life or property." 10 C.F.R. § 30.33(a)(2). "It is well

established that the Applicant carries the burden of proof on safety issues." Duke Power Co.

(Catawba Nuclear Station, Units 1 and 2), CLI-83-19, 17 NRC 1041, 1048 (1983).

Pa'ina's January 8, 2007 Motion to Dismiss Safety Contention #7 makes clear Pa'ina

intends to rely on the recently issued Draft Topical Report to satisfy its obligation to address the

likelihood and consequences of an aircraft crash involving its proposed irradiator. Having failed

previously to provide any analysis of the potential for natural phenomena such as earthquakes,

tsunami or hurricanes to cause radiation releases from its facility, Pa'ina presumably intends to

rely on the Draft Topical Report to satisfy its burden of proving safety with respect to those

threats as well. As detailed below, Pa'ina's reliance on the Draft Topical Report is misplaced

since the report's numerous factual and analytic deficiencies render it fatally flawed and wholly

inadequate to satisfy 10 C.F.R. § 30.33(a)(2); cf. Duke Energy Corp. (McGuire Nuclear Station,

Units 1 and 2; Catawba Nuclear Station, Units I and 2), CLI-02-28, 56 NRC 373, 383 (2002)

(when Omitted "information is later supplied by the applicant or considered by the staff[,] ...
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[ijntervenors must timely file a new or amended contention ... to raise specific challenges

regarding the new information").

A. Safety Contention #13:2 The Draft Topical Report Inadequately Analyzes Safety
Risks From-Aviation Crashes.

In ruling on Concerned Citizens' original safety contentions, this Board previously found

admissible Safety Contention #7, which faulted Pa'ina for failing to analyze aircraft crash

probabilities and consequences and claimed "such analysis is necessary to comply with 10

C.F.R. § 30.33(a)(2) because of the frequency of aircraft crashes at the proposed site of the

Applicant's pool irradiator." LBP-06-12, 63 NRC at 420. While the recently issued Draft

Topical Report admittedly discusses aviation accidents, its analysis of crash probabilities and

consequences is too deficient to demonstrate Pa'ina's proposed irradiator is "adequate to protect

health and minimize danger to life or property," as the NRC regulations require. 10 C.F.R. §

30.33(a)(2). To satisfy its burden of proof, Pa'ina must provide an analysis that accurately

calculates the annual probability of an airplane crashing into its facility and provides a

meaningful discussion of the consequences of such an event. To date, it has failed to do so.

1. The Draft Topical Report Underestimates Crash Probability.

As discussed in the declaration of Dr. Marvin Resnikoff and accompanying report, the

Draft Topical Report underestimates the probability of an aircraft impacting Pa'ina's proposed

irradiator by a factor of 2 to 3. Resnikoff Dec. ¶¶ 10-11 (probability is 1 in 2,786 or 1 in 1,757,

2 As the Board noted in its January 25, 2007 order, "[t]here is no practical difference

between the submission of a 'new' or 'amended' contention with regard to the Draft Safety
Topical Report or the Draft Environmental Assessment." 1/25/07 Order at 4 n. 13. For ease of
reference, Concerned Citizens has assigned the contentions presented herein the consecutive
number immediately following the number assigned to the last safety or environmental'
contention submitted in its original hearing request.
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depending on methodology, not 1 in 5,000); see generally Exh. 1: Resnikoff Report. There are

many reasons for the Draft Topical Report's substantial understatement of the crash probability,

including, but not limited to, its reliance on obsolete data, its failure to account for unusually

elevated crash rates at Honolulu International Airport and for the fact that landings have a higher

crash rate than takeoffs, and its use of an unreasonably low number of aircraft operations at the

Honolulu airport during the term of Pa'ina's license. Resnikoff Dec. 1¶ 11-14. Analysis of the

safety of Pa'ina's proposed irradiator must be based on an accurate assessment of the likelihood

an airplane will hit the facility, which the Draft Topical Report's flawed calculations fail to

provide.

2. The Draft Topical Report Fails To Conduct A Meaningful Analysis Of
Airplane Crash Consequences.

Whether the Board ultimately accepts-the Draft Topical Report's crash rate of 1 in 5,000

or the substantially higher probabilities presented in Dr. Resnikoff's report, the aviation impact

frequency exceeds by two orders of magnitude the one in a million per year threshold that

ordinarily triggers the requirement to evaluate the consequences of an airp!ane crash for non-

reactor facilities (i.e., the likelihood that, in the event of an airplane crash, radiation releases

would occur). Resnikoff Dec. ¶ 15; see also Private Fuel Storage, L.L.C. (Independent Spent

Fuel Storage Installation), CLI-01-22, 54 N.R.C. 255, 257 (2001). The Draft Topical Report

fails, however, to take into account realistic accident scenarios and does not provide any data or

calculations to demonstrate the design of Pa'ina's proposed irradiator would be adequate "to

protect health and minimize danger to life or property," as required by 10 C.F.R. § 30.33(a)(2).

There is simply no meaningful analysis to support the Draft Topical Report's vague assertion it
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is "highly unlikely" an aviation accident would cause a radiation release. Draft Topical Report at

2-12.'

The Draft Topical Report relies on the performance criteria set forth in 10 C.F.R. § 36.21

to justify its claim that Co-60 sources at the Pa'ina irradiator would be robust enough to survive

an aviation accident without being breached. Draft Topical Report at 1-1, 2-12. The report does

not, however, present any calculations to back up that claim. For example, it does not quantify

the impact of flying airplane debris following a collision to allow a comparison with the impact

associated with a 2.5 cm-diameter, 2-kg steel weight dropped from a height of 1 meter, the

standard set forth in 10 C.F.R. § 36.21(d). The report cannot merely assume an exploding

airplane would exert no more force on the irradiator's sources than a weight falling from the

height of a tabletop. Resnikoff Dec. ¶ 16. On the contrary, as noted by Structural Engineering

Professor Mete Sozen, "the mass and velocity of falling debris will deliver much more

destructive energy than the NRC impact standard for source assemblies." Exh. 6:

Sozen/Hoffmann Report at 5; see also Sozen Dec. ¶ 7 ("Flying debris could breach the source

assembly or pool," releasing "radioactive Co-60 ... to the human environment").

Likewise, the DraftTopical Report improperly fails to assess the extreme temperatures

that would be associated with burning tens of thousands of pounds of jet fuel, which could far

exceed the 600 TC for 1 hour standard in 10 C.F.R. § 36.21(b). Resnikoff Dec. ¶ 16; see also

Sozen Dec. ¶ 7. In the absence of calculations, there is no basis for the Draft Topical Report's

3 While Pa'ina and the Staff may quibble over whether the one in a million per year

threshold applies to irradiators, there can be no serious question the Board must consider the
likelihood an airplane crash into the proposed facility would cause radiation exposures in excess
of regulatory limits. To do that, the Board must have an accurate assessment of the
consequences of an aviation accident, which the Draft Topical Report fails to provide.
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assumption an airplane crash would not breach the sources, creating the potential for radiation

releases.

The Draft Topical Report fails to consider credible scenarios under which an aviation

accident might result in exposures above regulatory limits. For example, damage to the

irradiator pool due to an aircraft crash (such as from the shaft of ajet plane or falling girder

striking the pool) may damage the pool structure under the floor level, resulting in a loss of

irradiator pool shielding water. Resnikoff Dec. ¶ 17; Sozen Dec. ¶ 6; Sozen/Hoffimann Report at

6. Since the floor level is also the minimum water level necessary to retain shielding integrity

for the Co-60 sources, such a breach of the pool structure could dangerously reduce the

irradiator's passive shielding of the sources. Resnikoff Dec. ¶ 17; see also Draft EA at 3 &-Figs.

A-2, A-3. The Draft Topical Report fails to recognize that, since the depth of the water table is 2

meters (6.6 feet) below the facility floor, its assertion that sea water infiltrating through a breach

would adequately shield the Co-60 sources is completely unsupported. Draft Topical Report at

1-2, 2-13. In fact, any break in the pool lining below the floor level could severely reduce

shielding, threatening radiation exposure. Resnikoff Dec. T,¶ 4, 17.

The Draft Topical Report also ignores the potential for contamination of the pool water in

the event that an airplane crash breaches the sources. Id. ¶ 18. If, in addition, the crash ruptures

the pool lining, as discussed in the scenarios above, water contaminated with radioactive cobalt

could escape the facility, contaminating groundwater and nearby Ke'ehi Lagoon. Id. Having

failed to analyze the likelihood of such accidents, the Draft Topical Report has no basis for

concluding "the probability of the loss of control of radioactive material as a result of an aircraft

crash is negligible." Draft Topical Report at 2-13.
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Finally, the report fails to discuss the potential consequences should the impact of an

airplane crashing into the facility or the ensuing fire and explosion of aviation fuel destroy all

monitoring equipment and/or incapacitate irradiator personnel, rendering it impossible to

implement necessary emergency procedures to protect emergency responders and the public at

large. Resnikoff Dec. ¶ 19; Sozen/Hoffmann Report at 5. The numerous deficiencies of the

Draft Topical Report render it inadequate to satisfy Pa'ina's burden to demonstrate the safety of

its irradiator.

B. Safety Contention #14: The Draft Topical Report Inadequately Analyzes Safety
Risks From Natural Phenomena.

While the Draft Topical Report's stated objectives include "evaluating the environmental

impacts and potential consequences of natural phenomena ... associated with the proposed

irradiator facility," Draft Topical Report at 1-1, the numerous factual inaccuracies and flawed

assumptions on which it bases its analysis, as well as its failure to consider likely impacts, render

it inadequate to satisfy Pa'ina's burden of demonstrating its proposed irradiator complies with 10

C.F.R. § 30.33(a)(2). Concerned Citizens details the report's numerous deficiencies below.

1. Safety Risks From Hurricanes.

The Draft Topical Report bases its conclusion the proposed irradiator site is safe from

hurricane storm surge on the erroneous assumption that, since the maximum water-level rise

associated with hurricane storm surge in its database (from Hurricane Iniki in 1992) measured

only 0.78 meters, or 30 inches, storm surge in the future likewise could not reach above 30

inches. See Draft Topical Report at 3-8. The report ignores the fact that the data in question

came from a tsunami tide gauge station in Honolulu Harbor, which filters out the short-period

storm waves that significantly contribute to greater maximum water level heights. Pararas-
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Carayannis Dec. at ¶ 17. The report's reliance on such data is completely unjustified, since

tsunami tide gauges do not give accurate or realistic measurements of expected hurricane surge

inundation. Notably, along the Wai'anae Coast, Iniki's hurricane surge reached the second story

of apartment buildings and houses, heights far in excess of 30 inches, and was extremely

damaging. Id.

In downplaying the risk of hurricane-related flooding, the Draft Topical Report

completely overlooks the proximity of the proposed irradiator site to the Ke'ehi Lagoon

shoreline, as well as the long fetch of the Ke'ehi Lagoon along which hurricane wind frictional

effects could add to other surge height components. Id. ¶ 16. In addition, the report ignores the

existence of past storm surge deposits in the area, which are documented in Pa'ina's

geoanalytical report. This concrete evidence confirms the potential for significant hurricane

storm surges, which could cause flooding of up to seven feet at the proposed irradiator site. Id. ¶

15. The Draft Topical Report fails to perform any mathematical modeling of these potentially

severe storm surges, without which it cannot provide accurate and reliable information about

potential impacts from hurricanes to Pa'ina's proposed irradiator. Id. ¶ 18.

In addition, by focusing narrowly on whether hurricane storm surge is likely to remove a

Co-60 source assembly from the bottom of the irradiator pool, the Draft Topical Report ignores

potentially significant hurricane impacts. See Draft Topical Report at 3-8. Flooding from

hurricane surges could trigger failures of the irradiator's electric power supply, destroy its back

up generators, allow seawater to foul the irradiator pool, and dramatically increase buoyancy

forces on the irradiator pool structure. Pararas-Carayannis Dec. ¶ 15. Increases in buoyancy

forces from a rise in sea level due to hurricane surge are of particular concern, since they could

significantly increase the pressure exerted against the bottom surface of the irradiator pool

10



beyond that assumed in Pa'ina's geotechnical report. Id. ¶ 19. The Draft Topical Report fails to

assess this impact or consider potential consequences, such as damage to the irradiator pool's

integrity or lifting or tilting of the pool, all of which could allow the pool's shielding water - and,

if a source were breached, radioactive effluent -to drain into the surrounding environment. Id.;

see also Resnikoff Dec. ¶ 17 ("any break in the pool lining below the floor level ... could

dangerously reduce the shielding of the sources").

The Draft Topical Report also substantially underestimates the maximum possible wind

speeds at the proposed irradiator site. The report bases its assessment on inadequate data and the

incorrect assumption - disproved by both history and modeling - that future hurricanes will

always pass south and west of O'ahu and never pass close to or make landfall on O'ahu.

Pararas-Carayannis Dec. ¶ 20. Hurricanes can be expected to have sustained winds of up to 225

Km/hr (about 140 mph) and gusts of as much as 280 Km/hr (175 mph) at the Honolulu

International Airport, values well beyond those the Draft Topical Report incorporated into its

analysis. Id. ¶21.

The Draft Tropical Report's failure to consider potential consequences of hurricane

winds ignores potentially significant impacts. Uprooted trees, grounded airplanes, airport hangar

facilities, and other debris in the area can act as missiles flying through the air, causing structural

damage to the facility. Id. ¶ 22. In addition, hurricane winds can cause nearby aviation fuel

storage tanks to ignite, threatening fires at the facility. Id.

2. Safety Risks From Tsunami.

The Draft Topical Report similarly fails accurately to assess potential threats associated

with tsunamis at the site Pa'ina proposes for its irradiator. As a threshold matter, the report

.inaccurately asserts the O'ahu Civil Defense Agency flood maps for tsunami evacuation "show
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that.Honolulu International Airport is above the evacuation zone." Draft Topical Report at 3-4.

In fact, as Dr. Pararas-Carayannis, who helped develop those maps, makes clear in his attached

declaration, "the entire reef runway and various airport facilities," including the proposed

irradiator site, "are within the zone of potential tsunami inundation," official recognition of

potentially significant threats from tsunami and associated flooding. Pararas-Carayannis Dec. ¶

24; see also id. ¶ 12.

The Draft Topical Report bases its conclusion that "[1large tsunamis are not considered a

significant threat to Honolulu" on similarly faulty information and assumptions. Draft Topical

Report at 3-4. For example, the report relies on the Hawai'i Department of Transportation

("HDOT") Airport District Manager's unsupported claim that "the south shore of Oahu has

never sustained more than a 3 [foot] wave from any tsunami since 1837." Id. In fact, the historic

record shows that a 1946 tsunami reached a maximum runup on O'ahu's southern coast of 31

feet, tsunamis in 1957 and 1960 had maximum runups of 9 feet along O'ahu's south shore, and

three Chilean earthquakes generated tsunamis with runup in Honolulu of over 8 feet in 1837,

over 5 feet in 1868, and nerl 5 feet in 1877. Pararas-Carayannis Dec. ¶ 25. In addition.

repeating the error from its analysis of hurricane impacts, the Draft Topical Report uses tide

gauge recordings as evidence of low tsunami runup. Draft Topical Report at 3-3. As discussed

above, tide gauges filter out short period waves, recording smaller runup heights than actually

occurred. Pararas-Carayannis Dec. ¶ 26.

The Draft Topical Report's failure to consider the unique features of Ke'ehi Lagoon,

which can increase the potential for tsunami-related impacts, further undermines its conclusions.

Semi-enclosed bodies of water such as Ke'ehi Lagoon, unlike open coastlines, can exacerbate

the effects of tsunami waves through resonance effects or cumulative pile-up. Pararas-
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Carayannis Dec. T¶ 23, 28. These can increase tsunami runup at the lagoon's apex, where the

proposed irradiator site is located, causing it to overtop Palekona Street and flood the site. Id. ¶

23.4

The inclusion of the entire reef runway and various other airport facilities within the

tsunami evacuation zone belies HDOT's claim "that tsunami hazards are not considered a

significant threat to the safe operation of Honolulu International Airport," on which the Draft

Topical Report erroneously relies to reach its conclusions. Draft Topical Report at 3-4. As Dr.

P araras-Carayannis notes, the low elevation and relative flatness of the proposed irradiator site

render it "potentially unsafe and susceptible to flooding by tsunamis," requiring a thorough

analysis of potential safety risks, which the Draft Topical Report fails to provide. Pararas-

Carayannis Dec. ¶ 12.

The Draft Topical Report's reliance on a "stylized fluid dynamic calculation" to assess

tsunami impacts demonstrates a fundamental misunderstanding of a tsunami's terminal

characteristics when it moves over land. Draft Topical Report at 3-4; see also Pararas-

Carayannis Dec. ¶ 30. Over land, there is no structured wave form, but rather a chaotic turbulent

water mass that admittedly would be unlikely to create wave velocities sufficient to pull a Co-60

source assembly out of the irradiator pool. Pararas-Carayannis Dec. ¶ 30. Because it

misunderstands how tsunami affect coastlines, the Draft Topical Report fails to consider the most

likely impact: flooding at the proposed irradiator site. Id. ¶ 3 1. The report does not evaluate the

potentially severe consequences of tsunami-related flooding, such as the failure of peripheral

'Notably, all the tsunami runup data on which the Draft Topical Report relies predate the
massive alterations of Ke'ehi Lagoon caused by dredging the lagoon for construction of
Honolulu Airport's reef runway, which began in 1973. Exh. 9: Pararas-Carayannis Report at 14.
Dredging deepened Ke'ehi Lagoon, which could increase resonance effects and cumulative pile-
up of a tsunami at the apex of the basin, where Pa'ina proposes to build its irradiator. Id.
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equipment, power and back up generators, dispersal of leaking pool water, and grounded aircraft

or equipment being carried and crushed against the irradiator facility, which could compromise

the pool's integrity, draining the water below the minimum level needed to shield the Co-60

sources when the flood waters recede. Id.

3. Safety Risks From Earthquakes.

The Draft Topical Report improperly ignores the potential focusing effects of seismic

energy on O'ahu, which can intensify ground motion, even for earthquakes with small

magnitudes. Id. ¶ 32. Since Pa'ina proposes to build its irradiator on unconsolidated alluvial

sediments (i.e., gravel and sand), liquefaction is a real threat, which the Draft Topical Report

fails properly to evaluate. Id. The report trivializes the potential intensity of ground motions and

liquefaction potential at the proposed irradiator site, inaccurately assuming the Modified Mercalli

Intensity V estimated for the island of O'ahu for the October 2006 earthquake is the maximum

earthquake ground force that can be expected. Id. ¶ 33. There is no basis for this assumption

since, unlike magnitude, which represents a single quantity of an earthquake's energy release,

intensity does not have one single value for a given earthquake. Rather, it can vary significantly.

from place to place depending on substrata soil conditions. Id. There is no evidence the

Modified Mercalli Intensity estimate on which the Draft Topical Report relied took into account

the properties of unconsolidated sediments like those found at the irradiator site. Additional

analysis is needed to assess properly the risks earthquakes pose to the proposed irradiator. Id.

In addition, the Draft Topical Report's conclusion that earthquakes would not likely

cause exposure to excessive radiation is based on its assumption that "it is unlikely that the water

would be removed from the pool because most of the pool is below sea level and the source

assemblies would be shielded throughout the event." Draft Topical Report at 3-3. As discussed
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in Part III.A.2, supra, this assumption is fatally flawed. The Draft Topical Report fails to

recognize that the water table lies far below the minimum water level "that will retain shielding

integrity," which is level with the facility's floor. Draft EA at 3; see also id. at Figs. A-2 & A-3.

Thus, "any break in the pool lining below the floor level" due to an earthquake "could

dangerously reduce the shielding of the sources," threatening radiation exposure. Resnikoff Dec.

17; see also id. ¶ 4.

IV. THEDRAFT EA IS INADEQUATE TO SATISFY THE STAFF'S OBLIGATIONS
UNDER NEPA

"It is ... settled that the NRC has the burden of complying with NEPA." Duke Power

CO., CLI-83-19, 17 NRC at 1048. "Thus, the adequacy of the NRC's environmental review as

reflected in the adequacy of [the Draft EA] is an appropriate issue for litigation in a licensing

proceeding." Id_. As discussed below, the Draft EA fails to satisfy NEPA's mandate to take a

"hard look" at the potential environmental consequences of Pa'ina's proposed irradiator. Ocean

Advocates v. U.S. Army Corps of Engineers, 402 F.3d 846, 864 (2005). In addition, the Draft

EA fails to consider reasonable alternatives - including alternate locations and technologies -

that "might be pursued with less environmental harm," further violating NEPA. Lands Council

v. Powell, 395 F.3d 1019, 1027 (9th Cir. 2005). Due to the controversy over the significance of

the potential environmental impacts associated with Pa'ina's proposed irradiator, as well as the

need to obtain additional- information to resolve uncertainties regarding those impacts, NEPA

mandates the preparation of a comprehensive EIS. See National Parks & Conservation

Association v. Babbitt, 241 F.3d 722, 730-37 (9th Cir. 2001).
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A. Environmental Contention #3: The Draft EA Fails To Take A "Hard Look" At
The Potential Environmental Impacts Of Pa'ina's Proposed Irradiator.

1. The Draft EA Contains Insufficient Evidence And Analysis To Determine
Whether An EIS IS Required Or To Aid The NRC's Compliance With
NEPA.

The Draft EA's cursory discussion of the potential environmental impacts associated with

Pa'ina's proposed irradiator fails to satisfy the basic purposes of an EA: to "provide sufficient

evidence and analysis for determining whether to prepare an environmental impact statement or

a finding of no significant impact" and to "[a]id [the NRC's] compliance with [NEPA]" in the

event no EIS is prepared. 40 C.F.R. § 1508.9(a)(1), (2). The Draft EA devotes less than four

pages to potential impacts, in which it offers nothing more than "generalized conclusory

statements that the effects are not significant." Klamath-Siskiyou Wildlands Center, 387 F.3d at

996. For example, the Draft EA fails to provide:

Any discussion of the public and occupational health regulatory standards that
apply to the irradiator, including, but not limited to, any discussion of the level of
safety those standards are intended to ensure (Draft EA at 7);

* Any calculations, analysis or data substantiating its claim "the maximum dose at
the pool surface would be well ow 1 mremhour" (Id.);

" Any calculations, analysis or data substantiating its claim "it is improbable that an
employee could receive more than the occupational dose limit" or discussion or
quantification of what it means by "improbable" (Id.);

" Any calculations, analysis or data regarding its analysis of "expected dose rate"
inside and outside the irradiator (Id.);

* Any calculations, analysis or data substantiating its claim, "it is unlikely that a
member of the public could receive more than the public limit" or discussion or
quantification of what it means by "unlikely" (Id. at 8);

" Any calculations, analysis or data substantiating its claim "[t]ransportation
impacts from normal operations would be small" or discussion or quantification
of what it means by "small" (Id.);
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" Any calculations, analysis or data substantiating its claim "[t]he proposed
irradiator would potentially have small beneficial impacts to socioeconomics" or
discussion or quantification of what it means by "small" (d.);

* Any calculations, analysis or data substantiating its claim "the probability of an
aircraft crash into the proposed facility is 2.1 x 10-4" (Id.);

* Any discussion or quantification of the "significant forces" the Co-60 sources are
allegedly tested to withstand (ILd. at 9);

" Any calculations, analysis or data substantiating its claim "[i]t is highly unlikely
that a Co-60 sealed source would be breached in the event that an aircraft crashes
into the proposed facility" or discussion or quantification of what it means by
"highly unlikely" (Id);

* Any calculations, analysis or data substantiating its claim "a seismically-induced
radiological accident is considered negligible" (Id.);

" Any calculations, analysis or data used in the stylized fluid dynamic calculations
that purportedly quantify tsunami and hurricane risk (Id. at 9-10); dr

* Any calculations, analysis or data quantifying hurricane storm surge risk (Id. at

10).

Even if the statements in the Draft EA represent the conclusions of agency experts, it is

well-established that "NEPA documents are inadequate if they contain only narratives of expert

opinions." Klamath-Siskivou Wildiands Center, 387 F.3d at 996. Moreover, the Staff "cannot

avoid preparing an EIS by making conclusory assertions that an activity will have only an

insignificant impact on the environment." Ocean Advocates, 402 F.3d at 864. Because public

scrutiny of an agency's analysis is vital ýto accomplishing NEPA's goals, "NEPA requires that

the public receive the underlying environmental data from which [the NRC's experts] derived

[their] opinion[s]." Idaho Sporting Cong. v. Thomas, 137 F.3d 1146, 1150 (9' Cir. 1998); see.

also 40 C.F.R. §§ 1500.1(b), 1500.2(d). The Draft EA fails to comply with this mandate.

The Draft EA's constant refrain that potential impacts are "described in more detail in the

Safety Topical Report (CNWRA, 2006)" and its citations to documents in internal agency files
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do not remedy this fatal flaw. Draft EA at 8-10. To "provide the public with a basis for

evaluating the impact of the [proposed irradiator]," the data and analysis that purportedly support,

the Draft EA's conclusions must be contained in the Draft EA itself. Idaho Sporting Cong., 137

F.3d at 1150. The NRC cannot legally force the public to hunt down various documents to

verify the accuracy of- or unearth the flaws in - the'Draft EA's conclusory statements.5

Moreover, even if it were proper to require the public to track down a copy of the Draft

Topical Report, the numerous deficiencies - factual inaccuracies, analytic flaws and overlooked

impacts - detailed in Part III, supra, preclude the Staff's reliance on the report to satisfy NEPA.

See 40 C.F.R. § 1500.1 (b) (NEPA requires "high quality" information and "[a]ccurate scientific

analysis"). "A patently inaccurate factual contention can never support an agency's

determination that a project will have 'no significant impact' on the environment." Ocean

Advocates, 402 F.3d at 866.

2. The Draft EA Fails To Consider Potentially Significant Impacts From
Natural Disasters, Aviation Accidents and Transportation Of Cobalt
Sources.

While the Draft EA purports to consider impacts from natural disasters, aviation

accidents and transportation of sources to and from Pa'ina's irradiator, it fails to analyze many

potential consequences, violating NEPA's command to take a "hard look at the effects from

proceeding with [the proposed irradiator]." Klamath-Siskiyou Wilderness Center, 387 F.3d at

1001. For example, although the Draft EA mentions (albeit only briefly and without

'Notably, while the Draft EA claims the Draft Topical Report contains "more detail"
regarding the fluid dynamic calculations to determine impacts from potential tsunami-generated
wave run-ups, in fact, the report presents only a summary of the results, with no actual data or
calculations. Draft EA at 9; see also Draft Topical Report at 3-4. The NRC cannot, consistent
with its obligations under NEPA, send the public on an endless goose chase to evaluate whether
the Draft EA's conclusions have any basis.
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quantification) minor flooding due to hurricane surges, it fails completely to considerpotential

impacts associated with major flooding. As discussed in Part III.B.1, supr_, hurricane storm

surge could cause flooding of up to seven feet at the proposed irradiator site, and storm surge

deposits at the proposed irradiator site confirm that major flooding has happened in the past.

Potential hurricane surge heights can be accurately predicted and quantified using mathematical

models, Pararas-Carayannis Dec. ¶ 18, yet the Draft EA failed to quantify this risk, depriving the

NRC and the public of the environmental information they need to make an informed decision

about Pa'ina's proposal. See 40 C.F.R. § 1500.1(b), (c).

The Draft EA's analysis of tsunamii risks is similarly deficient. As Dr. Pararas-

Carayannis explains, there is a 100% statistical probability that a future major Pacific-wide

tsunami will impact the Hawaiian Islands, and the proposed site is in a tsunami evacuation zone.

Pararas-Carayannis Dec. ¶ 23. The Draft EA must, therefore, either quantify this risk through

numerical modeling or, at a minimum, analyze "the range of enviropmental impacts likely to

result in the event" of a major tsunami. San Luis Obispo Mothers for Peace V. Nuclear

Regulatory Comrm'n, 449 F.3d 1016,1034 ( 9 th Cir. 2006), cert. denied sub nom, Pacific Gas &

Elec. Co. v. San Luis Obispo Mothers for Peace, 75 U.S.L.W. 3365 (U.S. Jan 16, 2007); see also

40 C.F.R. § 1502.22(b). Instead, it focuses only solely on the improbable (a wave lifting a Co-60

source out of the pool irradiator), ignoring the credible threats cataloged in Part III.B.2, supra..

For both hurricane storm surge and tsunami inundation, it is possible to quantify runup

potential with numerical modeling; however, the Draft Topical Report failed to undertake such a

study. "General statements about possible effects and some risk do not constitute a hard look

absent a justification regarding why more definitive information could not be provided."

Klamath-Siskivou, 387 F.3d 989 at 994 (quoting Neighbors of Cuddy Mountain v. United States
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Forest Service, 137 F.3d 1372, 1380 (9th Cir 1998)). If it is possible to objectively quantify an

impact, NEPA requires that the agency do so. Id. Without the benefit of numerical modeling in

the Draft EA, the NRC is improperly left to speculate about the risks of a hurricane or tsunami,

using inaccurate and inadequate data.

The Draft EA fails to consider numerous other potential impacts related to natural

disasters (discussed in greater detail in Part III.B, suupra), such as the potential for increased

buoyancy due to hurricane storm surge or tsunami inundation to compromise the irradiator

pool's integrity or allow shielding water to drain out, damage from hurricane-force winds, and

liquefaction during an earthquake. The Draft EA similarly did not include any analysis of

credible scenarios under which an aircraft crash might result in exposures above regulatory

limits, including, butnot limited to, damage to the irradiator pool structure under the floor level,

resulting in a loss of vital pool shielding water, and release of water contaminated with

radioactive cobalt through a tear in the pool lining, contaminating groundwater and nearby

Ke'ehi Lagoon. See Part III.A.2, supra. These potential impacts must be thoroughly assessed.

The Staff "cannot avoid preparing an EIS by making conclusory assertions that an activity will

have only an insignificant impact on the environment." Ocean Advocates, 402 F.3d at 864.

In addition, while the Draft EA considers (albeit in a conclusory fashion)

"[t]ransportation impacts from normal operations," it fails completely to examine the likelihood

and consequences of accidents that might occur during the annual transport of Co-60 sources to

and from the proposed irradiator. Draft EA at 8. Since the facility could not function without

regular shipments of fresh sources, impacts associated with potential transportation accidents

must be evaluated in the Draft EA. See 40 C.F.R. § 1508.25(a)(1) (discussing "connected

actions").
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3. The Draft EA Illegally Ignores Potential Impacts From Terrorism.

The Draft EA improperly fails to analyze potential threats to the public and the

environment associated with Pa'ina's proposal to place a major sabotage target in the middle of

urban O'ahu, near to attractive terrorist targets like the international airport, Hickam Air Force

Base, and Pearl Harbor (a particularly symbolic target). Resnikoff Dec. ¶ 20; Exh. 10:

Thompson Dec. ¶ VI-3. As recognized by the National Nuclear Security Administration, Co-60

is an attractive target for terrorists because it can be used to make dirty bombs. Exh. 2: 4/13/05

National Nuclear Security Administration press release; see also Resnikoff Dec. ¶ 20; Thompson

Dec. T1¶ V-1 to -2, V-6. It is also well-known that, in general, nuclear facilities are potential

targets of the Al Qaeda organization. Resnikoff Dec. ¶ 20. If Co-60 were stolen from the

proposed facility and then used in a dirty bomb, or if the facility were directly attacked, Co-60

* could be released into the environment, causing adverse health effects and spreading

contamination. Id.; Thompson Dec. ¶ V-I to -5.

Pa'ina seeks a license to store up to a million curies of Co-60 at its irradiator. The

Federation of American Scientists ("FAS") has analyzed the effect of a terrorist incident

involving a much smaller quantity of Co-60, only 17,000 curies. Exh 3: Public Interest Report,

vol. 58, No. 2, March/April 2002. The FAS report estimates that, if a single Co-60 "pencil" were

dispersed by an explosion at the lower tip of Manhattan, an area of approximately one-thousand

square kilometers would be contaminated, and tens of thousands of New York City residents

could die. Thompson Dec. ¶ V-3. Similarly disastrous consequences would occur in Hawai'i in

the event of dispersal of Co-60 from Pa'ina's proposed irradiator, significant impacts the Draft

EA ignores entirely. Resnikoff Dec. ¶ 21.
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The Draft EA assumes that Co-60 sources would be shipped to Pa'ina's facility

approximately once per year. Draft EA at 8. Such sources, in transit from Canada or Russia to

the Pa'ina Hawaii plant, would not be well-protected from a terrorist attack. Resnikoff Dec. ¶

22. The NRC does not require armed escorts for Co-60 sources, and potential saboteurs have

significant fire power at their disposal. Id. The TOW2 and MILAN anti-tank missiles have a

range of one kilometer or more and can penetrate one meter of steel, far more steel and lead than

the walls of a shipping cask. The newer Russian Koronet missile, used by former Iraqi armed

forces, can penetrate 1.2 meters of steel and can be aimed precisely at a distance up to five

kilometers. These weapons have the ability to penetrate a shipping cask and disperse its

contents. Id.

A Co-60 cask shipment, attacked within a city, could cause major environmental

pollution and cancer fatalities. Id. ¶ 23. Local residents would clearly have a greater risk~than

other persons. While shipments could leave Canada or Europe by a number of routes, once they

get close to the facility, the route options are decidedly limited. Such an accident would subject

the airport passengers and workers and residents of neighboring communities to irreparable

harm. In addition to adverse health effects caused by contamination, such an accident would

have significant economic impacts, disrupting the major port of entry to the entire state of

Hawai'i. Id., see also Thompson Dec. ¶ V-4.

The Draft EA's complete failure to consider the potential impacts associated with

terrorist attacks on Co-60 stored at, or in transit to, the Pa'ina facility is inexcusable. While the

NRC historically has refused to analyze terrorist threats in its NEPA documents, the Ninth

Circuit Court of Appeals, whose decisions bind NRC activities in Hawai'i, squarely rejected the

NRC's policy last year. Consequently, the Draft EA must analyze "the range of environmental
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impacts likely to result in the event of a terrorist attack" involving the Pa'ina irradiator. San Luis

Obispo Mothers for Peace, 449 F.3d at 1034. Even if the Staff cannot precisely quantify the

probability of a terrorist attack occurring, it still must "assess likely modes of attack, weapons,

and vulnerabilities of the facility, and the possible impact of each ofthese on the physical

environment, including the assessment of various release scenarios." Id. at 1031. The Draft

EA's failure to include any discussion of impacts from terrorism renders it fatally flawed.

4. The Draft EA Improperly Fails To Discuss Impacts Associated With
Irradiating Food For Human Consumption.

The Draft EA ignores potential adverse affects on human health associated with

irradiating food for human consumption. A recently-discovered unique class of radiolytic

products that are generated from the irradiation of fat-containing food is 2-alkylcyclobutanone

("2-ACB") with saturated and mono-unsaturated alkyl side chain: 2-decyl-, 2-dodecyl-, 2-

dodecenyl-, 2-tetradecyl- and 2-tetradecenyl-cyclobutanone. Exh. 11: Au Dec. ¶ 6(b). Studies

have confirmed the presence of 2-ACB in irradiated mango and papaya, two types of fruit

proposed for processing at Pa'ina's irradiator, should it be approved. Id.

Since 1998, concern regarding health hazards from the consumption of irradiated food

has focused on the toxicity of 2-ACB. Id. ¶ 6(c). Recent'studies have demonstrated that 2-ACB

compounds, which are found exclusively in irradiated dietary fats, may promote colon

carcinogenesis in animals, identifying a new area of toxicity that neither the U.S. Food and Drug

Administration nor the World Health Organization has yet examined. Id. ¶ 6(d). These studies

indicate that consumption of irradiated food containing 2-ACB, such as the fruit Pa'ina proposes

to process, may increase the risk of humans developing colon cancer, which currently causes

approximately 60,000 deaths per year in the United States. Id. ¶ 6(f).
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There can be no serious dispute that Pa'ina's irradiator "would not be built but for the

contemplated" sale of irradiated food for human consumption. Thomas v. Peterson, 753 F.2d

754, 758 (9 th Cir. 1985); see also 71 Fed. Reg. 78,231, 78,231 (Dec. 28, 2006) ("The irradiator

would primarily be used for phytosanitary treatment of fresh fruit and vegetables bound for the

mainland from the Hawaiian Islands and. similar products being imported to the Hawaiian

Islands"). Since the irradiator and the contemplated sale of irradiated food "are inextricably

intertwined," they "are 'connected actions' within the meaning of the CEQ regulations,"

requiring the Draft EA to analyze potential health impacts. Thomas, 753 F.2d at 759. In

addition, the fact the Pa'ina irradiator is intended to increase the supply of irradiated food

establishes the requisite "close causal relationship" to trigger the Staff's obligations to analyze in

the Draft EA potential health impacts. See Draft EA at 6, 8; see also Ocean Advocates, 402 F.3d

at 868. The Draft EA also must assess the potential for cumulatively significant impacts from

increasing the supply of irradiated food for human consumption. Ocean Advocates, 402 F.3d at

868-70; see also 40 C.F.R. §§ 1508.25(a)(2), 1508.27(b)(7).

B. Environmental Contention #4: The Draft EA Fails To Consider Reasonable

Alternatives.

In enacting NEPA, Congress intended that all federal agencies, including the NRC,

would consider in their review of project proposals "choices or alternatives that might be pursued

with less environmental harm." Lands Council, 395 F.3d at 1027. "[C]onsideration of

alternatives is critical to the goals of NEPA even where a proposed action does not trigger the

EIS process." Bob Marshall Alliance v. Hodel, 852 F.2d 1223, 1228-29 ( 9 th Cir. 1988); see also
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40 C.F.R. § 1508.9(b).6 Agencies must consider "all possible approaches to a particular project

... which would alter the environmental impact and the cost-benefit balance." Bob Marshall

Alliance, 852 F.2d at 1228 (quoting Calvert Cliffs' Coordinating Comm., Inc. v. United States

Atomic Energy Comm'n, 449 F.2d 1109, 1114 (D.C. Cir. 1971)).

"[T]he evaluation of 'alternatives' mandated by NEPA is to be an evaluation of

alternative means to accomplish the general goal of an action; it is not an evaluation of the

alternative means by which a particular applicant can reach his goals." Van Abbema v. Fornell,

807 F.2d 633, 638 (7th Cir. 1986). Thus, while Pa'ina may prefer to operate a nuclear irradiator

and locate it at the airport, the Draft EA's analysis of alternatives must focus on the general goal

of the undertaking: to treat "fresh fruit and vegetables bound for the mainland from the

Hawaiian Islands and similar products being imported to the Hawaiian Islands." 71 Fed. Reg. at

78,231. The Draft EA violates this core requirement, failing to, consider reasonable alternatives

that would avoid impacts inherently associated with Pa'ina's preferred technology (a Co-60

irradiator) and location (a site subject to aviation accidents and natural disasters).

1. Failure To Consider Alternate Technologies.

Initially, the Draft EA fails adequately to analyze all reasonable alternative quarantine

control technologies. While it briefly mentions two alternate methods for controlling fruit flies,

methyl bromide gas and heat treatment, its cursory discussion does not "[r]igorously explore and

objectively evaluate" the relative environmental costs and benefits of using these technologies in

lieu of building and operating a Co-60 irradiator. Morongo Band of Mission Indians v. Federal

Aviation Admin., 161 F.3d 569, 575 (9th Cir. 1998) (quoting 40 C.F.R. § 1502.14); see also Draft

6 As discussed below, Concerned Citizens contends the Staff must prepare an EIS for

Pa'ina's proposed irradiator. However, even if the Board were to conclude NEPA requires
preparation of only an EA, the Staff would still be obliged to consider reasonable alternatives.
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EA at 11. The Draft EA neither "fosters informed decision-making" nor "informed public

participation," violating NEPA's basic purpose. Morongo Band of Mission Indians, 161 F.3d at

575 (quoting City of Angoon v. Hodel, 803 F.2d 1016, 1020 (9th Cir. 1986)); see also 40 C.F.R.

§ 1500.1 (b) ("Accurate scientific analysis, expert agency comments, and public scrutiny are

essential to implementing NEPA").

Even more glaring is the Draft EA's failure to consider the alternative control technology

most similar to the one Pa'ina proposes: an irradiation facility using an electron-beam instead of

Co-60 sources. As the Draft EA acknowledges, such a facility is currently in operation on

Hawai'i Island, performing the identical tasks Pa'ina plans to carry out. Draft EA at 6. Using a

non-nuclear technology would eliminate potential impacts associated with releases of radioactive

material and exposure to unshielded sources, and, thus, consideration of such an alternative

"would alter the environmental impact and, the cost-benefit balance," as NEPA requires. Bob

Marshall Alliance, 852 F.2d at 1228; see also Thompson Dec. ¶ VI-2. The NRC's failure to

consider this reasonable alternative renders its Draft EA "inadequate." Morongo Band of

Mission Indians, 161 F.3d at 575.

2. Failure To Consider Alternate Locations.

The Draft EA's failure to consider alternate locations for the proposed irradiator farther

violates NEPA. The Draft EA's statement of purpose and need emphasizes the importance of

"[c]entrally located treatment of products" for export from, and import to, Hawai'i and claims

that locating a treatment facility on O'ahu is preferred, since it is "the central hub for air and sea

transportation." Draft EA at 6. Even if limiting alternatives to O'ahu would be reasonable,

nothing in the Draft EA suggests the parcel Pa'ina has selected at the airport is the sole possible
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location on the island for a treatment facility.7 To allow the NRC and the public to consider

"alternatives that might be pursued with less environmental harm," the Draft EA was obliged to

consider alternate sites. Lands Council, 395 F.3d at 1027.

Had the Draft EA done so, it would have highlighted the environmental inferiority of

Pa'ina's chosen site. Sites located inland and away from Ke'ehi Lagoon would eliminate threats

from tsunami runup and hurricane storm surges. Pararas-Carayannis Dec. ¶ 13. Sites on solid

ground, rather than unconsolidated fill, would lay to rest concerns about liquefaction during

earthquakes. Id. Sites a mere ten miles from Honolulu International Airport's runways would

reduce the threat of an airplane accident by a factor of 1,000, placing the yearly crash probability

within the limits the NRC generally deems acceptable for nuclear facilities. Resnikoff Dec. ¶ 26.

Moving out of urban Honolulu, away from strategic military bases, and far from Hawai'i's

transportation and financial hubs would reduce the risks of terrorist attack. Id. ¶¶ 20-23;

Thompson Dec. ¶ VI-3. The Draft EA improperly fails to consider these reasonable alternatives,

which would "avoid or minimize adverse effects of [Pa'ina's] actions upon the quality of the

human environment." 40 C.F.R. § 1500.2(e).8

At the February 1, 2007 hearing on the Draft EA, virtually every fruit producer who
testified and indicated a desire to use Pa'ina's irradiator came from Hawai'i Island. Since there
are many daily flights from airports on Hawai'i Island to the continental United States,
reasonable alternatives clearly include locating a second treatment facility on that island, which
would save the transportation costs of flying fruit to O'ahu for treatment prior to export.

8 The hearing file makes clear that alternate locations, "further from an active runway and

further from the ocean," would be feasible. Exh. 12: 8/28/06 Email from Michael Kohn (Pa'ina)
to Jack Whitten (NRC) at 1, available on ADAMS at ML062770248. Indeed, alternate locations
might even have "commercial advantages" over the currently proposed site. Id.
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C. Environmental Contention #5: NEPA's Significance Criteria Trigger The NRC's
Obligation To Prepare An EIS.

To determine whether Pa'ina's proposed irradiator would have "a significant effect on the

environment," the NRC must consider a number of factors, any one of which can trigger the

obligation to prepare an EIS. National Parks & Conservation Association, 241 F.3d at 730; see

also id. at 731; 40 C.F.R. § 1508.27. Among the factors that must be considered are "[t]he

degree to which the effects on the quality of the human environment are likely to be highly

controversial" or "are highly uncertain or involve unique or unknown risks." 40 C.F.R. §

1508.27(b)(4)-(5).

NEPA requires preparation of an EIS "where uncertainty may be resolved by further

collection of data, or where the collection of such data may prevent 'speculation on potential ...

effects."' National Parks & Conservation Association, 241 F.3d at 732 (internal citations

omitted). In addition, "[a]gencies must prepare [EISs] whenever a federal action is

'controversial,' that is, when 'substantial questions are raised as to whether a project ... may

cause significant degradation of some human environmental factor,' or there is 'a substantial

dispute [about] the size, nature, or effect of the major Federal action."' Id. at 736 (internal

citations omitted).

The attached expert declarations and reports make clear that both of these significance

factors are present here. An EIS is necessary to gather the data required to resolve existing

uncertainties about potential impacts associated with natural disasters, aviation accidents,

transportation of Co-60 sources, and terrorist attacks. See, e.g., Pararas-Carayannis Dec. ¶¶ 18-

19, 29, 34; Resnikoff Dec. ¶¶ 15-16, 19-20, 23-25. Moreover, the expert testimony reveals

substantial disputes with the NRC's staff and consultants over the reasonableness of the Staff's

preliminary conclusion there would be no significant impacts. See, e.g., .Pararas-Carayannis
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Dec. ¶¶ 11-12; ResnikoffDec. ¶¶ 3-4, 6, 8. Each of these factors independently "necessitates

preparation of an EIS." Id. at 731.

V. CONCERNED CITIZENS' CONTENTIONS SATISFY THE REQUIREMENTS FOR
ADMISSION

A. The Contentions Satisfy 10 C.F.R. § 2.309(f)(1).

In the foregoing discussion, Concerned Citizens has provided specific statements of the

factual and legal issues to be raised, a brief explanation of the basis for each contention, and a

concise statement of the alleged facts and expert opinions which support Concerned Citizens'

position on the issues and on which Concerned Citizens intends to rely at hearing, as required by

10 C.F.R. § 2.309(f)(1)(i), (ii)" and (v). The core issues raised by Concerned Citizens' safety

contentions - whether Pa'ina has failed to carry its burden of ensuring adequate protection for

the public and environment in the event of aviation accidents or natural disasters involving the

proposed irradiator - and its environmental contentions - whether the Draft EA violates NEPA -

are both within the scope of this proceeding and material to the findings the Board must make

herein. See id. § 2.309(f)(1)(iii)-(iv); see also LBP-06-12, 63 NRC at 420 (Board must ensure

compliance with 10 C.F.R. § 30.33(a)(2)); Duke Power Co., CLI-83-19, 17 NRC at 1049 ("the

adequacy of the NRC's environmental review ... is an appropriate issue for litigation in a

licensing proceeding"). By pointing out the specific portions of the Draft EA and Draft Topical

Report it claims are deficient, as well as necessary information and. analyses that those

documents fail to provide, Concerned Citizens has established its contentions present genuine

disputes on material issues in accordance with 10 C.F.R. § 2.309(f)(1)(vi).
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2. The Contentions Satisfy 10 C.F.R. § 2.309(0(2).

Concerned Citizens' safety contentions challenge deficiencies in the Draft Topical

Report's analysis of the effects of natural phenomena and aviation accidents at Pa'ina's proposed

irradiator. Since evaluation of "the probability and consequences of aircraft crashes" and of

natural phenomena such as hurricanes, tsunamis and earthquakes was "entirely absent from

[Pa'ina's] application," 1/25/07 Order at 3-4,.and appears for the first time in the Draft Topical

Report, the information upon which the proffered safety contentions are based "was not

previously available" and "is materially different than information previously available," in

conformity with 10 C.F.R. § 2.309(f)(2)(i) and (ii).

Likewise, prior to the issuance of the Draft EA, there was no NEPA documentation or

other environmental review for Pa'ina's proposed irradiator. Thus, "the information upon which

[Concerned Citizens' environmental contentions are] based was not previously available" and "is

materially different than information previously available," as 10 C.F.R. § 2.3 09(f)(2)(i) and (ii)

require.

Concerned Citizens filed its contentions regarding the Draft Topical Report and the Draft

EA by the February 9, 2007 deadline set forth in the Board's January 10, 2007 order, and,

accordingly, they are "timely." Id. § 2.309(f)(2)(iii).

3. 10 C.F.R. § 2.309(c).

As discussed in footnote 1, supra, Concerned Citizens does not believe consideration of

10 C.F.R. § 2.309(c) is required before the Board can admit timely filed contentions related to

the deficiencies of documents submitted long after the original hearing petition had to be filed;

satisfying section 2.309(0(2) is sufficient. Even if section 2.309(c)'s factors were relevant to the

Board's decision, it still should admit the contentions.
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In analyzing contentions pursuant to section 2.309(c), "each factor is not necessarily

applicable to the present case, nor is it necessary or appropriate to assign each factor equal

weight." 6/22/06 Order at 13. "Rather, the first factor, 'good cause,' is the most important

factor." Id.

In this case, "because the probability and consequences of aircraft crashes were entirely

absent from the application," Concerned Citizens "could not have possibly challenged facts or

analyses that were not presented" at the time it filed its original hearing request. 1/25/07 Order

at 3-4. Likewise, Pa'ina's application contained no analysis of potential threats to the facility

from natural disasters such as hurricanes, tsunami or earthquakes, and the Draft EA is the first

environmental review prepared in this proceeding. Since the Draft Topical Report and Draft EA

"provide[] entirely new information," Concerned Citizens could not have challenged the

adequacy of the analyses prior to their issuance in December 2006 and, thus, had good cause for

not filing its contentions earlier. Id. at 4; see also Entergy Nuclear Vermont Yankee, LLC, and

Entergy Nuclear Operations, Inc. (Vermont Yankee Nuclear Power Station), LBP-04-33, 60

NRC 749, 754 (2004) (citing Consumers Power Co. (Midland Plant, Units I and 2), LBP-82-63,

16 NRC 571, 577 (1982)) ("Newly available material information has long been held to provide

good cause to file a new contention").

The Board has previously held Concerned Citizens has standing to participate in this

proceeding under either traditional judicial concepts of standing or proximity-plus standing, due

to the "obvious potential for offsite consequences from the significant source of radioactivity

housed within the irradiator." LBP-06-04 at 8. Since the Board has already found Concerned

Citizens' "interest may be affected by this proceeding," and no party has appealed that decision,

~ Concerned Citizens unquestionably has a right to participate in this licensing proceeding. Id. at 2
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(quoting 42 U.S.C. § 2239(a)(1)(A)); see also 10 C.F.R. § 2.309(c)(ii). As for the nature and

extent of its "interest in the proceeding," it is to avoid or minimize threats of injury from

radiation exposure associated with the irradiator, including exposures that could result from the

types of accidents and other incidents the Draft Topical Report and Draft EA are supposed to

address. 10 C.F.R. § 2.309(c)(iii).

"The proposed irradiator will not be operated without approval and a license from the

NRC." LBP-06-04 at 5. Consequently, whether and the degree to which Concerned Citizens

and its members face threats of injury from radiation is completely contingent on the ultimate

decision on Pa'ina's license application. Since the hearing on this application is the only forum

in which Concerned Citizens can seek to ensure Pa'ina's compliance with 10 C.F.R. §

30.33 (a)(2) and to compel the Staff to comply with its obligations under NEPA, the factors set

forth in section 2.309(c)(iv) and (v) weigh in favor of admitting the proffered contentions.

To date, the Staff has opposed admission of every contention Concerned Citizens has

proffered, and it is itself the author of the deficient Draft EA. There are no other intervenors in

this case, and, thus, no other existing parties who will or can represent Concerned Citizens'

interests. See 10 C.F.R. § 2.309(c)(vi).

Admitting the proffered contentions would not broaden the issues in this licensing

proceeding, since, with or without the contentions, the Board would be obliged to consider

whether Pa'ina's proposed irradiator would adequately protect the public and environment from

aviation accidents and natural disasters and whether the Staff has complied with NEPA. See 10

C.F.R. § 2.309(c)(vii). While allowing Concerned Citizens to present evidenceand argument

regarding its contentions may increase the time necessary to complete the licensing proceeding,

that factor alone does not militate against admitting the contentions. The primary effect of
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admitting the contentions would be to ensure the Board has a fully developed and sound record

on which to base its ultimate decision, with Concerned Citizens' experts providing information

that otherwise would be missing from the proceeding. See id. § 2.309(c)(viii).

VI. CONCLUSION

For the foregoing reasons, Concerned Citizens respectfully asks the Board to admit the

safety and environmental contentions presented herein.

Dated at Honolulu, Hawai'i, February 9, 2007.

Respectfully submitted,

DAVID L. HENKIN
Earthljustice
223 South King Street, Suite 400
Honolulu, Hawai'i 96813
Tel. No.: (808) 599-2436
Fax No. (808) 521-6841
Email: dhenkin@earthjustice.org
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CERTIFICATE OF SERVICE

The undersigned hereby certifies that, on February 9, 2007, a true and correct copy of the

foregoing document was duly served on the followingvia first-class United States mail, postage

prepaid:

Fred Paul Benco
Suite 3409, Century Square
1188 Bishop Street
Honolulu, Hawai'i 96813
Attorney for Pa'ina Hawaii, LLC

Office of the Secretary
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
Attn: Rulemakings & Adjudications Staff

Margaret J. Bupp
U.S. Nuclear Regulatory Commission
Office of the General Counsel
Mail Stop - 0-15 D21
Washington, DC 20555-0001

Administrative Judge
Paul B. Abramson
Atomic Safety & Licensing Board Panel
Mail Stop - T-3 F23
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Administrative Judge
Thomas S. Moore, Chair
Atomic Safety & Licensing Board Panel
Mail Stop -'T-3 F23
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Administrative Judge
Anthony J. Baratta
Atomic Safety & Licensing Board Panel
Mail Stop- T-3 F23
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

Dated at Honolulu, Hawai'i, February 9, 2007.

DAVID L. HENKIN
Attorney for Intervenor
Concerned Citizens of Honolulu
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NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Materials License Application )

DECLARATION OF MARVIN RESNIKOFF, Ph.D. IN SUPPORT OF
CONCERNED CITIZENS' CONTENTIONS RE: DRAFT

ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL REPORT

Under penalty of perjury, I, Dr. Marvin Resnikoff, hereby declare that:

1. I am a physicist with a Ph.D. in high-energy theoretical physics from the

University of Michigan and also the Senior Associate of Radioactive Waste Management

Associates ("RWMA"), a private technical consulting firm based in New York City. I

previously filed declarations in support of Concerned Citizens of Honolulu's Request for

Hearing. My credentials to discuss technical issues related to Pa'ina Hawaii, LLC's

proposed irradiator were previously stated in my prior declarations and will not be

repeated here.

2. I have reviewed the Draft Environmental Assessment Related to the

Proposed Pa'ina Hawaii, LLC Underwater Irradiator in Honolulu, Hawaii ("Draft EA")

(ADAMS Accession No. ML06347023 1), the Draft Topical Report on the Effects of

Potential Natural Phenomena and Aviation Accidents at the Pa'ina Hawaii, LLC

Irradiator Facility ("Draft Topical Report") (ADAMS Accession No. ML063560344),

and other documents from the hearing file.



3. As described in greater detail below, in my opinion, the Draft Topical

Report significantly underestimates the probability of an aircraft impacting Pa'ina's

proposed irradiator and fails to provide any meaningful analysis of the potential

consequences of an aviation accident, which could pose significant threats to public.

health and safety.

4. In addition, the Draft Topical Report inaccurately assumes the irradiator's

cobalt-60 ("Co-60") sources would remain shielded in the event of an aviation accident

or natural disaster that breaches the irradiator pool, allowing the water which serves as

passive shielding to leak out. The Draft Topical Report ignores that the depth of the

Water table is two meters (6.6 feet) below the irradiator floor, which marks the lowest

water level required to retain shielding integrity. Accordingly, any accident that allows

the water level in the pool to fall below the floor level would severely reduce shielding,

threatening radiation exposure. The Draft Topical Report fails, however, to examine

such threats.

5. Because of the Draft Topical Report's many flaws, Pa'ina cannot rely on it

to establish that its proposed irradiator design would be adequate. "to protect health and

minimize danger to life or property," as required by 10 C.F.R. § 30.33(a)(2).

6. Because the Draft EA relies on the Draft Topical Report's flawed analysis,

its discussion of potential environmental impacts associated with Pa'ina's proposed

irradiator is likewise lacking, failing to take into consideration potentially significant

impacts to public health and safety and to the environment from aviation accidents and

natural disasters. The Draft EA also fails to analyze potentially significant impacts

associated with terrorist attacks on the irradiator or on Co-60 sources being transported to
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or fromthe irradiator and does not consider transportation accidents involving such

sources.

7. Since the reason for the high probability of an aircraft impact is the

proximity of the proposed facility to active runways at Honolulu International Airport

("HINL"), the Draft EA should have evaluated alternate locations for the irradiator, far

from the airport, which would substantially reduce risks to the public associated with

aviation accidents.

8. Overall, the Draft EA fails to take a hard look at the potential impacts

associated with Pa'ina's proposal to operate a nuclear irradiator adjacent to active

runways at HNL and does not consider reasonable alternatives that would accomplish the

project's goals with less environmental harm.

9. Probability of Aircraft Impact into Proposed Pa'ina Irradiator. Using

the Department of Energy ("DOE") standard, DOE-STD-3014-96, "Accident Analysis

for Aircraft Crash into Hazardous Facilities," I calculated the expected accident

frequency (i e., the number of accidents per year) of an aircraft impacting the proposed

Pa'ina Hawaii irradiator. The DOE standard is similar to the Nuclear Regulatory

Commission ("NRC") methodology (NUREG-0800) I employed in the NRC proceedings

regarding the proposed PFS spent fuel storage facility at Skull Valley, Utah. Since

NUREG-0800 is designed primarily for potential facilities located at some distance from

an airport, not for facilities like the Pa'ina irradiator which would be immediately

adjacent to active airport runways, I question the Center for Nuclear Waste Regulatory

Analyses's ("CNRWA's") decision to rely solely on NUREG-0800 for the Draft Topical

Report's analysis.
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10. My report, a true and correct copy of which is attached hereto as Exhibit

"1" and is incorporated herein by reference, details the methodology and calculations I

employed to determine the probability of an aircraft impact into the proposed irradiator.

In summary, I concluded that the yearly probability using DOE's national crash statistics

would be 3.59E-04 (1 in 2,786). If HNL-specific crash rates are used, the yearly

probability increases to 5.69E-04 (1 in 1,757).

11. Both crash rates are significantly higher than the yearly probability set

forth in CNWRA's Draft Topical Report, 2.OE-04 (1 in 5,000). There are many reasons

for the Draft Topical Report's substantial understatement of the risk of an airplane

striking the proposed Pa'ina irradiator. First, CNWRA relies on airplane crash data that

are more than thirty years old and not applicable to all aircraft. In contrast, the DOE data

I used are applicable to all aircraft, including air taxis (which currently constitute over

20% of aircraft operations at HNL), and are updated to 1996. In addition, the Draft

Topical Report fails to account for the fact that air crash rates for HNL are higher than

the national average, as I did in my alternate calculations using HNL-specific crash rates.

12. Second, the methodology CNWRA used for the Draft Topical Report

looks solely at the distance a proposed facility is from the end of the runway, failing to

take into account that landings have a higher crash rate than takeoffs.

13. Third, the methodology CNWRA used for the Draft Topical Report

employs an equal probability of an air crash to all locations in the vicinity of an airport,

and this is not correct. To take one example, for military aircraft, planes fly parallel to

the runway, then make a U-turn and land. The side where military planes first fly is
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called the "pattern" side. Accordingly, my analysis assumed that the pattern side is over

the ocean. This type of fine detail is missing from the Draft Topical Report's analysis.

14. Fifth, the number of aircraft operations at HNL used in the Draft Topical

Report's calculations understates the actual number of current operations, and also fails

to account for anticipated future growth during the time period for which Pa'ina seeks a

materials license. Although unstated in the report's analysis, it appears CNWRA used

the average number of aircraft operations at HNL over the past five years, which would

reflect the substantial decrease in the number of operations at HNL following September

11, 2001. Since the number of operations at HNL did not begin to increase until the last

couple of years and, as the Draft Topical Report concedes, is expected to increase by

another 20% during the 10-year period of Pa'ina's license application, the number of

operations CNWRA uses in its calculations is unrealistically low. A more realistic, but

still conservative, assumption is to use current operational levels. My analysis took this

approach, using the most recent numbers available, which are from airport operations in

2005.

15. Consequences of Aircraft Impact into Pa'ina Irradiator. Whether the

Board accepts the Draft Topical Report's crash rate or those presented in my report, the

aviation impact frequency exceeds by two orders of magnitude the one in a million per

year threshold that ordinarily triggers the requirement to evaluate the consequences of an

airplane crash (i.e., the likelihood that, in the event of an airplane crash, radiation releases

would occur). The Draft Topical Report fails, however, to take into account realistic

accident scenarios and does not provide any data or calculations to demonstrate the
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design of Pa'ina's proposed irradiator would be adequate "to protect health and

minimize danger to life or property," as required by 10 C.F.R. § 30.33(a)(2).

16. While the Draft Topical Report asserts that Co-60 sources that can satisfy

the tests set forth in 10 C.F.R. § 36.21 would be robust enough to survive an aviation

accident, CNWRA never performs any calculations to back up that claim. For example,

it does not quantify the impact of flying airplane debris following a collision to allow a

comparison with the impact associated with a 2.5 cm-diameter, 2-kg steel weight dropped

from a height of 1 meter, the standard set forth in 10 C.F.R. § 36.21(d). It is not intuitive

that an exploding airplane would exert no more force on the irradiator's sources than a

weight falling from the height ofa tabletop. Likewise; the Draft Topical Report fails to

assess the extreme temperatures .that would be associated with burning tens of thousands

of pounds of jet fuel, which could far exceed the 600 TC for 1 hour standard in 10 C.F.R.

§ 36.21(b). In the absence of calculations, there is no basis for the Draft Topical Report's

assumption an airplane crash would not breach the sources, creating the potential for

radiation releases.

17. Damage to the irradiator pool due to an air crash (such as from the shaft of

a jet plane striking the pool) may damage the pool structure under the floor level, such as

tears of the welds and consequent loss of irradiator pool shielding water. Since the floor

level is also the minimum water level necessary to retain shielding integrity for the Co-60

sources, such a breach of the pool structure would reduce the irradiator's passive

shielding. The Draft Topical Report assumes the depth of the water table is 2 meters (6.6

feet) below the facility floor, and, thus, its assertion that sea water infiltrating through a

breach would adequately shield the Co-60 sources is unsupported. In fact, any break in
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the pool lining below the floor level - whether from an aviation accident or natural

disaster - could dangerously reduce the shielding of the sources.

18. The Draft Topical Report ignores the potential for contamination of the

pool water in the event that an airplane crash breaches the sources. If the aviation

accident also ruptured the pool lining, water contaminated with radioactive cobalt could

escape the facility, contaminating groundwater and nearby Ke'ehi Lagoon.

19. The force of the impact from an air crash into the facility and/or the

ensuing fire and explosion of aviation fuel will likely lead to loss of all monitoring

equipment, loss of the structure itself, loss of irradiator shielding, and the loss of:all

personnel-(and consequent inability to implement necessary emergency procedures).- The

Draft Topical Report fails to analyze any of the potential consequences discussed above,

any of which would pose significant threats to public health and safety. Since the Draft

EA relies on the Draft Topical Report for analysis of these potential impacts, its

discussion is similarly deficient.

20. Terrorist Attacks on Irradiator. The Draft EA improperly fails to

analyze potential threats to the public and the environment associated with Pa'ina's

proposal to place a major sabotage target in the middle of urban O'ahu. As recognized by

the National Nuclear Security Administration, Co-60 is an attractive target for terrorists

because it can be used to make dirty bombs. See April 13, 2005 press release from the

National Nuclear Security Administration, a true and correct copy of which is attached

hereto as Exhibit "2." It is also well-known that, in general, nuclear facilities are

potential targets of the Al Qaeda organization. If Co-60 were stolen from the proposed

facility and then used in a dirty bomb, or if the facility were directly attacked, Co-60
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could be released into the environment, causing adverse health effects and spreading

contamination.

21. Pa'ina seeks a license to store up to a million curies of Co-60 at its

irradiator. The Federation of American Scientists ("FAS") has analyzed the effect of a

terrorist incident involving a much smaller quantity of Co-60, only 17,000 curies. See

Public Interest Report, vol. 58, No. 2, March/April 2002, a true and correct copy of which

is attached hereto as Exhibit "3." The FAS report estimates that, if a single Co-60

"pencil" were dispersed by an explosion at the lower tip of Manhattan, an area of

approximately one-thousand square kilometers would be contaminated, and tens of

thousands of'New York City residents could die. Similarly disastrous consequences

would occur in Hawai'i in the event of dispersal of Co-60 from Pa'ina's proposed

irradiator. The Draft EA fails, however, to analyze these significant impacts.

22. Terrorist Attacks on Cobalt Sources in Transit. The Draft EA assumes

that Co-60 sources would be shipped to Pa'ina's facility approximately once per year.

Such sources, in transit from Canada or Russia to the Pa'ina Hawaii plant, would not be

well-protected from a terrorist attack. The NRC does not require armed escorts for Co-60

sources, and potential saboteurs have significant fire power at their disposal. The TOW2

and MILAN anti-tank missiles have a range of one kilometer or more and can penetrate

one meter of steel, far more steel and lead than the walls of a shipping cask. The newer

Russian Koronet missile, used by former Iraqi armed forces, can penetrate 1.2 meters of

steel and can be aimed precisely at a distance up to five kilometers. These weapons have

the ability to penetrate a shipping cask and disperse its contents.
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23. A Co-60 cask shipment, attacked within a city, could cause major

environmental pollution and cancer fatalities. Local residents would clearly have a

greater risk than other persons. While shipments could leave Canada or Europe by a

number of routes, once they get close to the facility, the route options are decidedly

limited. Such an accident would subject the airport passengers and workers and residents

of neighboring communities to irreparable harm. In addition to adverse health effects

caused by contamination, such an accident would have significant economic impacts,

disrupting the major port of entry to the entire state of Hawai'i. The Draft EA fails

completely to consider the potential environmental and economic impacts associated with

terrorist attacks on Co-60 shipments to the Pa'ina facility.

24. Transportation Accidents Involving Cobalt Sources. Even in the

absence of terrorist threats, transporting new Co-60 sources to the facility and used

sources from the facility each year poses threats to the public and environment that the

Draft EA fails completely to consider. The Draft EA states only that "[t]ransportation

impacts from normal operations would be small." There is no analysis of the impact

should an accident occur.

25. Without constant shipments of Co-60 to and from the facility, the

irradiator could not operate. The Draft EA must identify how the sources will be

transported .to the facility and then examine the likelihood and consequences of accidents

involving transportation of the sources.

26. Alternate Locations for the Irradiator. The reason for the high

probability of an aircraft impact discussed above is the proximity of the proposed facility

to active runways at HNL. If the proposed facility were located over ten miles from the
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center of the runways, the conditional probability of an aviation accident would decline

by a factor of 1,000, placing the yearly probability within the limits the NRC generally

deems acceptable for nuclear facilities. The Draft EA fails, however to consider any

alternate locations that might substantially reduce risks to the public associated with

aviation accidents.

I declare under penalty of perjury that the factual information provided above is

true and correct to the best of my knowledge and belief, and that the professional

opinions expressed above are based on my best professional judgment.

Executed at New York, New York on this 9h day of February, 2007.

• •r. l vin kzgrfnfofr,,J•nior Associate

dioactive Waste Management
526 West 26th Street, Room 517
New York, NY 10001
Phone (212) 620-0526
Fax (212) 620-0518
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Materials License Application )

DECLARATION OF METE A. SOZEN, Ph.D. IN
SUPPORT OF CONCERNED CITIZENS' CONTENTIONS RE:

DRAFT ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL REPORT

Under penalty of perjury, I, Dr. Mete A. Sozen, hereby declare that:

i. I am the Purdue University Kettelhut Distinguished Professor of Structural

Engineering, and have a Ph.D. in Civil Engineering. I have considerable training and

experience in the field of structural engineering, and I have assisted in the development

of structural criteria for earthquake and fire resistant building design and helped develop

the first set of regulations for earthquake-resistant design. I have been retained by

numerous private organizations and state and federal agencies, including the Nuclear

Regulatory Commission (NRC), on special projects concerned with structural safety and

potential structural damage. A true and correct copy of my resume is attached to this

declaration as Exhibit "4."

2. My research currently focuses on vulnerability assessment of building and

transportation structures and effects of explosions and high-velocity impact on building

structures. Together with Dr. Christoph Hoffmann, I recently simulated the September



11, 2001 attacks on the Pentagon and the World Trade Center using LS-DYNA

(LSTC2005) code.

3. In conjunction with Dr. Hoffmnann, I prepared a numerical analysis, using

LS-DYNA (LSTC2005) code, to simulate the potential for damage from an aircraft

striking a steel structure adjacent to active runways at the Honolulu International Airport,

similar to the proposed Pa'ina irradiator. To prepare this simulation, I reviewed Pa'ina's

materials. license application and other documents on file in this proceeding, including the

Draft Environmental Assessment Related to the Proposed Pa'ina Hawaii, LLC

Underwater Irradiator in Honolulu, Hawaii and the Draft Topical Report on the Effects of

Potential Natural Phenomena and Aviation Accidents at the Pa'ina Hawaii, LLC

Irradiator Facility. The result is a three-dimensional simulation that accurately reflects

the physics of the collision. A compact disc containing a true and correct copy of this

simulation (which can be viewed using QuickTime software) is attached as Exhibit "5."

4. The use of LS-DYNA to simulate the potential for damage from an

aircraft striking a steel structure similar to the proposed Pa'ina irradiator. is well-accepted.

The NRC has used LS-DYNA antecedents and derivatives in the past to analyze impact

effects on various nuclear facilities.

5. The simulation Dr. Hoffmann and I prepared, in my best professional

judgment, shows that a disastrous accident could occur in the event of an airplane

crashing into a steel structure built adjacent to the Honolulu International Airport, similar

to the proposed Pa'ina Hawaii nuclear food irradiator.

6. Because Pa'ina Hawaii failed to provide the building specifications for its

proposed irradiator, Dr. Hoffmann and I applied conservative assumptions to create a
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model structure that is stronger than what is likely to be achieved in practice. A true and

correct copy of the written analysis is attached as Exhibit "6," and describes the modeling

in greater detail, including the conservative assumptions built into the analysis. The

simulation assumes that the Boeing 767-200ER will crash into the building head on at

100 miles per hour. Since commercial airplanes takeoff and land at much greater speeds,

modeling the impact at 100 miles per hour is a credible accident event. Impact of the

structure at any angle would produce similar resultsl

7. The simulation results in acute bending of the columns and the girders,

however, because the building was modeled with a toughness that could not be achieved

in practice, under actual conditions, many of the columns and girders would fracture or

be torn off the connections. Such an impact could directly destroy the building housing

the irradiator and the 3 2 foot lip of the irradiator pool. Destruction of the pool lip could

undermine the integrity of the pool, causing the water shielding the Co-60 sources to

drain out. A high-temperature conflagration caused by the impact could destroy the pool

by melting the steel. Flying debris could breach the source assembly or pool. In all of

these instances, radioactive Co-60 could be introduced'to the human environment. None

of these eventualities was considered by the NRC's draft Environmental Assessment or

Topical Safety Report.

8. If Concerned Citizens' contentions are admitted, I would offer additional

testimony regarding the opinions set forth herein.

I declare under penalty of perjury that the factual information provided above is

true and correct to the best of my knowledge and belief, and that the professional

opinions expressed above are based on my best professional judgment.
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Executd at West Lafayette, Indiana on this 8t day of Februay, 2007.

Dr. MetA. Sozen
Licamdse Struc l Engineme (Illinois)
LafayeUe Indiana
550 Stadium Mall Drive
Wes Lafayette, IN 47907-2051
Phone (765) 494-2186
Fax (765) 494-0395
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Materials License Application )

DECLARATION OF CHRISTOPH M. HOFFMANN, Ph.D. IN
SUPPORT OF CONCERNED CITIZENS' CONTENTIONS RE:

DRAFT ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL REPORT

Under penalty of perjury, I, Dr. Christoph M. Hoffmnann, hereby declare that:

1. I have been a Professor of Computer Science at Purdue University since

1989. I am currently the Director of Purdue's Rosen Center for Advanced Computing

and Co-director of the Product Lifecycle Management Center of Excellence. My

research focuses on geometric and solid modeling, its applications to manufacturing and

science, and the simulation of physical systems. I recently. coordinated the effort to

simulate and visualize the September 11, 2001 attacks on the Pentagon and the World

Trade Center using LS-DYNA (LSTC2005) code, together with Dr. Mete Sozen. A true

and correct copy of my resume is attached to this declaration as Exhibit "7."

2. I assisted Dr. Sozen in the preparation of a numerical analysis, using LS-

DYNA (LSTC2005) code, to simulate the potential for damage from an aircraft striking a

steel structure adjacent to active runways at the Honolulu International Airport, similar to

the proposed Pa'ina Hawaii, LLC irradiator. To prepare this simulation, I reviewed

Pa'ina's materials license application and other materials on file in this proceeding,



including the Draft Environmental Assessment Related to the Proposed Pa'ina Hawaii,

LLC Underwater Irradiator in Honolulu, Hawaii and the Draft Topical Report on the

Effects of Potential Natural Phenomena and Aviation Accidents at the Pa'ina Hawaii,

LLC Irradiator Facility. Assisted by my student, Mr. Paul Rosen, I created the finite

element meshing of the aircraft and coordinated the post-processing of the simulation

runs. The result is a three-dimensional simulation that accurately reflects the physics of

the collision. A compact disc containing this simulation is attached as Exhibit "5."

3. The use of LS-DYNA to simulate the potential for damage from an

aircraft striking-a steel structure similar to the proposed Pa'ina irradiator is well-accepted.

I believe that the NRC has used LS-DYNA antecedents and derivatives in the past to

.analyze impact effects on various nuclear facilities.

4. The simulation Dr. Sozen and I prepared, in my best professional

judgment, shows that a disastrous accident could occur in the event of an airplane

crashing into a steel structure built adjacent to the Honolulu International Airport,

believed to be similar to the proposed Pa'ina Hawaii nuclear food irradiator.

5. Because Pa'ina Hawaii failed to provide the building specifications for its

proposed irradiator, Dr. Sozen and I applied conservative assumptions to create a model

structure that I believe is stronger than what is likely to be achieved in practice. The

written analysis, which is attached as Exhibit "6," describes the modeling in greater

detail, including the conservative assumptions built into the analysis. The simulation

assumes that the Boeing 767-200ER will crash into the building head on at 100 miles per

hour. Since commercial airplanes takeoff and land at much greater speeds, modeling the

2



at only 100 miles per hour was extremely conservative. Impact of the structure at any

angle would produce similar results.

6. If Concerned Citizens' contentions are admitted, I would offer additional

testimony regarding the opinions set forth herein.

I declare under penalty of perjury that the factual information provided above is

true and correct to the best of my knowledge and belief, and that the professional

opinions expressed above are based on my best professional judgment.

Executed at West Lafayette, Indiana on this 7t" day of February, 2007.

Christoph M. Hoffmann
Purdue University
Department of Computer Science
305 N. University Street
West Lafayette, IN 47907-2107
Phone (765) 494-6185
Fax (765) 494-0739
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML

Materials License Application )

DECLARATION OF GEORGE PARARAS-CARAYANNIS, Ph.D. IN
SUPPORT OF CONCERNED CITIZENS' CONTENTIONS RE:

DRAFT ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL REPORT

Under penalty of perjury, I, Dr. George Pararas-Carayannis, hereby declare that:

1. I have a Ph.D. in Marine Sciences from the University of Delaware, a

M.S. in Oceanography from the University of Hawai'i, and both a B.S. in Chemistry-

Mathematics and an M.S. in Chemistry from Roosevelt University., I have considerable

experience in mathematical modeling and field studies of natural disasters, environmental

engineering, coastal engineering, geology, seismology, volcanology, geophysics, risk

analysis, disaster planning/mitigation, real time data systems, and hazard reduction.

2. I have been Oceanographer/Geophysicist or consultant to a number of

government agencies including the State of Hawai'i, the Nuclear Regulatory Commission

("NRC"), the United States Army, the National Oceanic and Atmospheric

Administration, the Environmental Protection Agency, the Smithsonian Institute, and

numerous United Nations organizations.

3. I played a key role in the pioneering U.S. tsunami research efforts, when,

with the late Professor Doak Cox, I developed the tsunami evacuation zones for the State



of Hawai'i. These tsunami evacuation zones are still used by the Hawai'i State Civil

Defense today. My work has contributed significantly toward advances in tsunami

research and tsunami warning technology around the world.

4. From 1974 to 1992, I was the Director of the United Nations Educational.

Scientific and Cultural Organization's Intergovernmental Oceanographic Commission

International Tsunami Information Center in Honolulu.

5. As Oceanographer of the U.S. Army Corps of Engineers Coastal

Engineering Research Center in Washington, D.C., I advised the NRC on nuclear power

plant siting, evaluation of hurricanes and hurricane surge effects on nuclear power plants,

and reviews of environmental impact statements.

6. I assisted the NRC with the licensing of units 2 and 3 of the San Onofre

nuclear power plant in California and evaluated the potential effects of Gulf hurricanes

and surges at the Crystal River Nuclear Power Plant in Florida. The latter study required

a mathematical model for maximum probable hurricanes and the surges they can generate

and the verification of the mathematical model with known historical Gulf hurricanes,

beginning with the Galveston hurricane of 1900.

7. As a member of the American Nuclear Society, I co-authored the Society's

National and International Environmental Standards for Nuclear Power Plants.

8. A true and correct copy of my resume, which contains additional

information regarding my background and expertise, is attached hereto as Exhibit "8."

9. I have reviewed Pa'ina Hawaii, LLC's materials license application and

supporting documents on file in this proceeding. I have also reviewed the Draft Topical

Report on the Effects of Potential Natural Phenomena and Aviation Accidents at the
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Proposed Pa'ina Hawaii, LLC, Irradiator Facility, prepared by the Center for Nuclear

Waste Regulatory Analyses ("CNWRA Report") and the NRC's Draft Environmental

Assessment Related to the Proposed Pa'ina Hawaii, LLC Underwater Irradiator in

Honolulu, Hawaii ("DEA").

10. Based on my review of those documents, I prepared an independent

assessment of the natural hazard risk and compared my analysis with the CNWRA

Report and the DEA. A true and correct copy of my report, entitled "Assessment of

Natural Disaster Risks for the Proposed Site of Pa'ina Hawaii, LLC's Cobalt-60

Irradiator Facility At 192 Palekona Street, Honolulu, Hawai'i," is attached hereto as

Exhibit "9" and incorporated herein by reference.

11. For the reasons discussed in this declaration and analyzed in greater detail

in my report, my opinion is that the DEA and CNWRA Report's conclusions that

potential seismic, tsunami and hurricane activity would have no significant impacts on

public health and safety from the proposed irradiator are based on inaccurate assumptions

and faulty analysis. On the contrary, hurricanes, tsunamis, and earthquakes involving the

proposed irradiator may have significant impacts. that merit much more rigorous review.

12. The proposed irradiator site, which is adjacent to Ke'ehi Lagoon and the

Honolulu International Airport, is relatively flat, at a low elevation, and within the State

Civil Defense tsunami evacuation zone, making it potentially unsafe and susceptible to

flooding by tsunamis and hurricanes and wind damage by hurricanes. Pa'ina also

proposes to build its irradiator on unconsolidated sediments, posing a risk of damage

from earthquakes due to liquefaction.



13. The proposed irradiator site presents risks to operation of a nuclear

irradiator that could easily be avoided. Locating the site inland and away from the shores

of Ke'ehi Lagoon would eliminate the risk of impacts from tsunami runup and hurricane

storm surges. Siting the irradiator on solid ground, rather than unconsolidated fill, would

lay to rest concerns about liquefaction during earthquakes.

14. Risk of Hurricane Impact at the Irradiator Site. Contrary to the

CNWRA Report's analysis, a future hurricane could make landfall on O'ahu's southern

shore or pass closer to the island, potentially impacting the irradiator site. The U.S. Navy

estimated that there is an 80% probability that a hurricane or tropical storm will pass

within 360 nautical miles of the Honolulu International Airport. It is misleading for the

CNWRA Report to conclude that hurricanes are not a risk to the site merely because no

hurricane on record had a direct landfall on O'ahu, as the historic record covers only a

short period of time.

15. Incorrect Assessment of Hurricane Surge Risk and Impacts. The

DEA and CNWRA Report err in assuming that hurricane surges and tsunami waves

behave similarly. In fact, potential hurricane surges could result in longer and more

extensive flooding at the site than tsunamis. Category 1 or 2 hurricanes can be expected

to flood the proposed irradiator site by about 1-3 feet of water. In the event of a Category

3 or 4 hurricane, flooding of up to 5-7 feet is possible. The entire reef runway and the

proposed irradiator site can be expected to flood. The DEA and the CNWRA Report do

not consider potential consequences of flooding due to hurricane surges, such as failure

of electric power supply, the destruction of back up generators, mixing seawater into the

irradiator pool, or buoyancy forces (discussed below).
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16. The DEA and the CNWRA Report completely overlook the proximity of

the proposed site to the Ke'ehi Lagoon shoreline, and the long fetch of the Ke'ehi'Lagoon

along which hurricane wind frictional effects could add to other surge height

components. Further, the CNWRA Report and the EA ignore the existence of past storm

surge deposits in the area, which is confirmed in the applicant's Geoanalytical Report (p.

192). This indication of past storm surges requires the NRC to consider the potential

surge flooding effects for the maximum probable hurricane scenario (i.e., a Category 4

event). My report discusses the maximum probable hurricane scenario in further detail.

17. The CNWRA Report erroneously concludes that since Iniki's storm surge

measured 0.78 meters, or 30 inches, at a tide gauge inside Honolulu Harbor, that a

hurricane surge could not reach above 30 inches in the future and, thus, the proposed site

is safe. This station is a tsunami tide gauge station, which filters out the short-period

storm waves that significantly contribute to greater maximum water level heights.

Tsunami tide gauges do not give accurate or realistic measurements of expected hurricane

surge inundation on the island. In fact, along the Wai'anae coast, Iniki's hurricane surge

reached the second story of apartment buildings and houses and was extremely

damaging.

18. Potential hurricane surge heights can be accurately predicted and

quantified using mathematical models. Site-specific data, such as topography and tide,

meteorological parameters, and other conditions are used to solve complex hydrodynamic

equations of motion and continuity, to determine the time history of expected sea level

change associated with the hurricane at any given point along a shore. The DEA and
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CNWRA Report fail to perform any modeling, which is vital to accurately assess

potential impacts from hurricanes.

19, The DEA and CNWRA Report also fail to consider buoyancy forces

caused by a rise in sea level due to hurricane surge, a potentially significant impact. The

Geoanalytical Report accompanying Paina's application states that approximately 760

pounds per square foot would be exerted against the bottom surface of the irradiator pool

at foundation level. The buoyancy pressure at the foundation level can be expected to

increase significantly under hurricane surge flooding conditions, but the DEA does not

assess this impactor consider potential consequences, such as damage to the irradiator

pool's integrity, lifting, or tilting, all of which could allow the pool's shielding water -

and, if a source were breached, radioactive effluent - to drain into the surrounding

environment.

20. Incorrect Assessment of Potential Hurricane Winds. The DEA and

CNWRA Report's evaluation of maximum possible wind speeds at the proposed

irradiator site is inaccurate. The data on which the CNWRA bases its assessment are

insufficient, since they go back only to 1950, and the CNWRA incorrectly assumes future

hurricanes will always pass south and west of O'ahu and never pass close to or make

landfall on O'ahu. As both history and modeling (discussed in my report) confirm, a

hurricane could make landfall on, pass close to, or pass to the north of O'ahu (as

Hurricane Hiki did).

21. The designation of the irradiator site as Exposure Category C

underestimates the maximum possible wind speeds. For example, Hurricane Nina's

winds of up to 131 km/h (82 mph) at the Honolulu International Airport significantly
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exceeded the maximum wind speeds for designation of the irradiator site to Exposure

Category C. Even without landfall on O'ahu, a hurricane similar to Iniki (category 4),

with as small of a diameter, passing south of O'ahu and heading in a northwest direction

at a distance which corresponds approximately to the radius of its maximum winds, can

be expected to have sustained winds of up to 225 Km/hr (about 140 mph) and gusts of as

much as 280 Km/hr (175 mph) at the Honolulu International Airport.

22. The DEA's failure to consider potential consequences of hurricane winds

ignores potentially significant impacts. For example, uprooted trees, grounded airplanes,

airport hangar facilities, and other debris in the area can act as missiles flying through the

air, causing structural damage to the facility. In addition, hurricane winds can.cause

nearby aviation fuel storage tanks to ignite, threatening fires at the facility.

23. Risk of Tsunami Impact at the Irradiator Site. There is a 100%

statistical probability that a future major Pacific-wide tsunami will impact the Hawaiian'

Islands. Contrary to the CNWRA Report's claims, the proposed irradiator site is within a

State Civil Defense tsunami evacuation zone, and evacuation will be mandatory if a

tsunami warning is issued. Tsunami waves could be enhanced by the unique features of

Ke'ehi Lagoon, causing a pile-up effect at the apex of the lagoon, which is near the

proposed irradiator site. The waves could overtop Palekona Street and flood the site.

24. Incorrect Assessment of Potential Tsunami Runup Risk. The DEA

and the CNWRA Report do not properly consider the risk of tsunami runup, failing to

*assess or even mention that the proposed irradiator site is in a State Civil Defense

tsunami evacuation zone. The CNWRA Report also incorrectly states Honolulu

International Airport is outside the tsunami evacuation zone. In fact, the Civil Defense
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maps IFhelped develop show that the entire reef runway and various airport facilities are

within the zone of potential tsunami inundation.

25. The CNWRA Report relies on inaccurate information provided by the

State of Hawai'i's Department of Transportation that "the south shore of O'ahu has never

sustained more than a 3 [foot] wave from any tsunami since 1837." Contrary to this

assertion, the historic runup record shows that a 1946 tsunami reached a maximum runup

on O'ahu's southern coast of 31 feet, the O'ahu Tsunami Runup Maps show that the 1957

and 1960 tsunamis had maximum runups of 9 feet on O'ahu's south shore, and three

Chilean earthquakes generated tsunamis with runup in Honolulu of over 8 feet in 1837,

over 5 feet in 1868, and nearly 5 feet in 1877.

26. The CNWRA Report inaccurately relies on tide gauge recordings as

evidence of low tsunami runup. Tide gauges filter out short period waves, giving smaller

runup heights.

27. The DEA and the CNWRA Report fail to distinguish between tsunami

runup heights (a vertical measurement) and tsunami inundation limits (horizontal

measures of inland penetration of a tsunami's waves). In low-lying areas, tsunami

inundation can extend inland for several hundred yards, even with relatively low runup.

28. The DEA and the CNWRA Report do not consider resonance effects or

cumulative pile-up that could occur within Ke'ehi Lagoon and cause higher runup at the

proposed irradiator site than on the open coast and fail to take into account potential

damage from strong currents and resonance generated by certain periods of tsunami

waves within Ke'ehi Lagoon, which can increase runup.
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29. The DEA and the CNWRA Report fail to adequately quantify runup

potential with a proper numerical modeling study.

30. Incorrect Assessment of Potential Tsunami Impacts. The CNWRA

Report's and DEA's reliance on a "stylized fluid dynamic calculation" to assess tsunami

impacts demonstrates a lack of understanding of a tsunami's terminal characteristics

when it moves over land. Over land, there is no structured wave form, but rather a

chaotic turbulent water mass that is unlikely to create wave velocities sufficient to pull a

cobalt-60 source assembly out of the irradiator pool.

31. The DEA and CNWRA Report ignore the most likely result of a tsunami,

flooding at the proposed irradiator site. To assess tsunami impacts, the NRC must

evaluate the consequences of tsunami-related flooding, such as the failure of peripheral

equipment, power and back up generators, dispersal of leaking pool water, and grounded

aircraft or equipment carried and crushing against the irradiator facility, which could

affect the integrity of the pool, draining the water below the minimum level needed to

shield the CO-60 sources when the flood waters recede.

32. Risk of Liquefaction at the Irradiator Site. Earthquakes have damaged

Honolulu buildings in the past. The CNWRA Report and the DEA ignore the potential

focusing effects of seismic energy on O'ahu, which can intensify ground motion, even for

earthquakes with small magnitudes.

33. Pa'ina proposes to build its irradiator on unconsolidated alluvial

sediments (i.e., gravel and sand), where liquefaction can occur, particularly if earthquake

ground accelerations exceed 0.20 g due to focusing of seismic waves.
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34. The CNWRA Report improperly trivializes the potential intensity of

ground motions and liquefaction potential at the proposed irradiator site, inaccurately

assuming the Modified Mercalli Intensity V estimated for the island of O'ahu for the

October 2006 earthquake is the maximum earthquake ground force that can be expected

at the proposed site. There is no basis for this assumption since, unlike magnitude, which

represents a single quantity of an earthquake's energy release, intensity does not have one

single value for a given earthquake. Rather, it can vary significantly from place to place

depending on substrata soil conditions. There is no evidence the Modified Mercalli

Intensity estimate on which the CNWRA Report relied took into account the properties of

unconsolidated sediments like those found at the irradiator site. Additional analysis is

needed to assess properly the risks earthquakes pose to the proposed irradiator.

I declare under penalty of perjury that the factual information provided above is

true. and correct to the best of my knowledge and belief, and that the professional

opinions expressed above are based on my best professional judgment.

Executed at Honolulu, Hawai'i on this 9th day of February, 2007.

# D. D~ieorge P~araras--Carayanri S,"1/41 Ala Moana Blvd. #70 ,
Honolulu, HI 96815
Phone (808) 943-1150
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UNITED STATES OF AMERICA I
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

S) ASLBP No. 06-843-01-ML

Materials License Application )

DECLARATION OF DAVID L. HENKIN

I, David L. Henkin, declare:

1. I am an attorney at law, duly licensed to practice before all courts of the State of

Hawai'i, the U.S. District Court for the District of Hawai'i, the U.S. Court of Appeals for the 9th

Circuit, and the U.S. Supreme Court. I am the lead attorney for intervenor Concerned Citizens of

Honolulu.

2. I make this declaration in support of Concerned Citizens' Contentions Re: Draft

Environmental Assessment And Draft Topical Report. This declaration is based on my personal

knowledge, and I am competent to testify about the maters contained herein.

3. Attached hereto as Exhibit "10" is a true and correct copy of the Declaration of

Dr. Gordon R. Thompson In Support Of Petitioner's Areas Of Concern, which Concerned

Citizens filed herein with its October 3, 2005 hearing request.

4. Attached hereto as Exhibit "11" are true and correct copies of the Declaration of

Dr. William W. Au In Support Of Petitioner's Areas Of Concern and of Exhibits "A" through

"C," which are referenced in Dr. Au's declaration.' Concerned Citizens filed these documents

herein with its October 3, 2005 hearing request.



5. Attached hereto as Exhibit "12" is a true and correct copy of an August 28, 2006

email sent from Micheal Kohn, Pa'ina Hawaii, LLC, to Jack Whitten, Nuclear Regulatory

Commission Region IV. This document is available on ADAMS at Accession Number

ML062770248.

I declare under penalty of perjury that I have read the foregoing declaration and know the

contents thereof to be true of my own knowledge.

Dated at Honolulu, Hawai'i, February 9, 2007.

DAVID L. HENKIN
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March 19,2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Materials License Application )

INTERVENOR CONCERNED CITIZENS OF HONOLULU'S
REPLY IN SUPPORT OF ITS CONTENTIONS RE: DRAFT

ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL REPORT

I. INTRODUCTION

Pursuant to 10 C.F.R. § 2.309(h)(2) and the Board's March 15, 2007 Order, intervenor

Concerned Citizens of Honolulu files its reply to applicant Pa'ina Hawaii, LLC's Answer To

Intervenor Concerned Citizens of Honolulu's Contentions Re: Draft Environmental Assessment

And Draft Topical Report (dated March 8, 2007) and the Nuclear Regulatory Commission

("NRC") Staff's Response (dated March 12, 2007). As discussed in detail below, admission of

all five contentions Concerned Citizens filed on February 9, 2007 is warranted.

Il. THE BOARD SHOULD ADMIT SAFETY CONTENTION #13 IN ITS ENTIRETY

The Staff correctly acknowledges that "[t]he issue of aviation accident probability is

within the scope of the proceeding" and "does not contest the admissibility of [that] portion of

Safety Contention #13." Staff s Response at 4. It also does not object to admission of at least

portions of Safety Contention #13 challenging "the Staff s aviation accident consequence

EXHIBIT 4



analysis." Id) The Staff confusingly suggests, however, that these issues are material only to

"the findings the Staff must make under NEPA." Staff s Response at 4.

While Concerned Citizens concurs that, to comply with the National Environmental

Policy Act ("NEPA"), the Staff must thoroughly evaluate potential impacts associated with

aviation accidents, the issues raised in Safety Contention # 13 go beyond challenging the Staff s

NEPA compliance. As the Board found in admitting Safety Contention #7, "the probability and

consequences of aviation accidents at the proposed irradiator site" is relevant to determining

whether Pa'ina's proposed irradiator "satisfies the general requirement of 10 C.F.R. §

30.33(a)(2)." Pa'ina Hawaii, LLC (Material License Application), LBP-06-12, 63 NRC 403, 419

(2006). Since Pa'ina's facility must meet this requirement "to be licensed," Concerned-Citizens'

challenge is admissible as a safety contention, in addition to raising environmental issues. Id.

Pa'ina challenges the admission of Safety Contention #13 "upon the same grounds as [it]

requests that new Environmental Contention #3 be denied/dismissed." Pa'ina's Answer at 41.

Accordingly, Concerned Citizens will generally defer its explanation of why the Board should

disregard Pa'ina's objections until its discussion of the environmental contentions. A couple of

points, however, are best addressed in the context of this safety contention.

Initially, the Board should flatly reject Pa'ina's attempt to shift to Concerned Citizens the

burden of proof regarding the likelihood and consequences of an aviation accident. See, e.g.,

Pa'ina's Answer at 26 (faulting Concerned Citizens for not calculating "amount of shock or

The Staff expressly addresses only the portion of Safety Contention #13 "related to

analysis of debris force from potential aviation accidents." Id.; see also id. at 10. As discussed
in Concerned Citizens' moving papers, aviation accidents also pose threats from extreme
temperatures associated with burning jet fuel and by preventing implementation of necessary
emergency procedures. See 2/9/07 Contentions at 7, 9; see also Sozen Supp. Dec. ¶ 2., All of
these threats must be addressed, not only in the context of the Staff s NEPA review, but also in
determining whether Pa'ina's proposed irradiator complies with 10 C.F.R. § 30.33(a)(2).
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pressure [that] would be exerted on the source assemblies during an aircraft accident"). "It is

well established that the Applicant carries the burden of proof on safety issues." Duke Power

Co. (Catawba Nuclear Station, Units 1 and 2), CLI-83-19, 17 NRC 1041, 1048 (1983). Thus, the

burden is on Pa'ina "tQ establish that an aircraft crashing into the facility [is] not a 'credible

accident."' Private Fuels Storage, LLC (Independent Spent Fuel Storage Installation), LBP-05-

29, 62 NRC 635, 2005 WL 3827592, at *14 (2005). Should it fail to carry that burden (and,

given that even the Draft Topical Report's assessment of crash probability is orders of magnitude

greater than the one-in-a-million threshold, it will have a hard time proving a crash is not

"credible"), Pa'ina then bears the burden of establishing "the design of the facility is robust

enough so that a crashing [airplane] would not penetrate [the irradiator pool or sources] or that, if

it did, that there would be no significant radiation impact for the public." Id.

In Safety Contention #13, Concerned Citizens, through its experts, presents evidence both

that the risk of an aviation accident involving Pa'ina's proposed irradiator is considerably greater

than the one-in-a-million threshold the Board applies in similar situations and that there are

numerous credible scenarios involving airplane crashes that threaten radiation releases. The ball

is now in Pa'ina's court to come up with its own calculations to prove either that the accident

scenarios are not credible or that its proposed irradiator would be "adequate to protect health and

minimize danger to life or property" should those scenarios occur. 10 C.F.R. § 30.33(a)(2). A

hearing on this contention is needed to resolve the parties' disputes over these important safety

issues.

The Board should also dismiss Pa'ina's allegation that Concerned Citizens' critique of

the Draft Topical Report's application of NUREG-0800 and Dr. Resnikoffs use of an alternate

Department of Energy methodology to calculate the likelihood of an aviation accident constitute
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impermissible challenges to an NRC regulation. Pa'ina's Answer at 25-26. The Board has

previously held that NUREG-0800 does "not establish binding principles that must be followed

in all instances." Private Fuels Storage, LLC (Independent Spent Fuel Storage Installation),

LBP-03-04, 57 NRC 69, 92 (2003). It is only a guidance, not a regulation, and presents "just

'one way' of calculating the probability of an aircraft crash." Id. (quoting NUREG-0800 at

3.5.1.6-3). Thus, Concerned Citizens "is free to take issue with the terms of [NUREG-0800],

which represents only Staff guidance and thinking, not official Commission requirements." Id.

III. SAFETY CONTENTION #14'S CHALLENGE TO THE DRAFT TOPICAL
REPORT'S ANALYSIS OF SAFETY RISKS FROM NATURAL DISASTERS IS
ADMISSIBLE

The Staff inaccurately claims Concerned Citizens failed timely to raise contentions

related to Pa'ina's failure to provide the requisite "safety analysis of events caused by natural

phenomena." Staff's Response at 5. In fact, Concerned Citizens' initial hearing request

contained just such a claim, singling out the complete absence from Pa'ina's application of any

"discussion of the potential for ... emergency events" associated with natural disasters as

establishing Pa'ifma's failure to make "the requisite showing that its 'proposed equipment and

facilities. [would be] adequate to protect health and minimize danger to life or property."'

10/3/05 Hearing Request at 10, 15 (quoting 10 C.F.R. § 30.33(a)(2)); see also 12/1/05 Reply in

Support of Hearing Request at 18 (Safety Contention #6 challenged Pa'ina's failure to

demonstrate it "design[ed] its irradiator to withstand natural disasters, violating 10 C.F.R. §

30.33(a)(2)"). Thus, Concerned Citizens raised the need for a safety analysis. of natural disasters

at the outset of this proceeding. While the Board ultimately decided to admit Safety Contention

#6 solely as a contention of omission (due to the lack of required outlines of emergency

procedures for natural disasters), Concerned Citizens cannot be faulted for failing timely to raise
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.issues involving deficient (or, more accurately, non-existent) analysis of safety concerns related

to natural phenomena.

Since the Board did not deny Concerned Citizens' hearing request "in its entirety,"

Concerned Citizens has not yet had an opportunity to appeal the Board's exclusion of the aspect

of Safety Contention #6 challenging Pa'ina's failure to perform this analysis. Exelon Generation

Co., LLC (Early Site Permit for the Clinton ESP Site), CLI-04-31, 60 NRC 461, 468 (2004); see

also 10 C.F.R. § 2.311 (b). Now that the Draft Topical Report has been prepared, the relevant

inquiry has shifted to determining whether the report's discussion of safety issues related to

natural disasters (the first such analysis prepared by either the Staff or Pa'ina in this proceeding)

is adequate. Duke Energy Corp. (McGuire Nuclear Station, Units 1 and 2; Catawba Nuclear

,Station, Units 1 and 2), CLI-02-28, 56 NRC 373, 382, 384 (2002) (where "contention is

'superseded by the subsequent issuance of licensing-related documents,"' intervenor must file

new contentions). Concerned Citizens timely filed, prior to the deadline the Board established,

new safety contentions challenging the flaws in the Draft Topical Report's analysis.

As with Safety Contention #13, Pa'ina challenges the admission of Safety Contention

# 14 "upon the same grounds as [it] requests that new Environmental Contention #3 be

denied/dismissed."' Pa'ina's Answer at 41. For the reasons discussed in Part II, supra, the Board

should not allow Pa'ina to shirk "the burden of proof on safety issues." Duke Power Co., CLI-

83-19, 17 NRC at 1048. In its contentions, Concerned Citizens has identified credible scenarios

involving natural disasters that threaten radiation releases from the proposed irradiator. As with
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aviation accidents, Pa'ina now must demonstrate either that those scenarios are not credible or

that, if they did occur, the proposed irradiator design would adequately protect the public.2

IV. THE BOARD SHOULD REJECT PA'INA'S COLLECTIVE CHALLENGES TO
CONCERNED CITIZENS' ENVIRONMENTAL CONTENTIONS

At the outset of its Answer, Pa'ina advances several claims why, collectively, all three of

Concerned Citizens' environmental contentions allegedly should be dismissed. For the

following reasons, the Board should reject these challenges:

A. Concerned Citizens' Environmental Contentions Are Timely.

Since the adequacy of the NRC's NEPA analyses "cannot be determined before they are

prepared," the Commission has long held that "contentions regarding their adequacy cannot be

expected to be proffered at an earlier stage of the proceeding before the documents are

available." Duke Power Co., CLI-83-19, 17 NRC at 1049. Despite this well-settled precedent,

Pa'ina urges the Board to reject all of Concerned Citizens' environmental contentions as

untimely on the grounds that Concerned Citizens should have earlier offered comment on an

environmental analysis that did not yet exist. Pa'ina's Answer at 5-9. There is no support for

Pa'ina's position.

In Duke Power Co., the Commission noted that, where an applicant has prepared an

environmental report, an intervenor must timely file contentions challenging the adequacy of the

applicant's analysis, even though "the staff may provide a different analysis in its [draft

environmental statement]." 17 NRC at 1049. This, however, is not such a case. Prior to

issuance of the Draft EA, neither the Staff nor the applicant had prepared any environmental

2 Concerned Citizens addresses the remainder of Pa'ina's objections to Safety Contention

#14 below.
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analysis. Concerned Citizens therefore properly and timely included in its original hearing

request the only environmental contentions that then existed, challenging the Staff's failure to

justify its categorical exclusion of Pa'ina's proposed irradiator, as well as its refusal to prepare

the requisite NEPA analysis. 10/3/05 Hearing Request at 19-25. Indeed, it is only due to

Concerned Citizens' efforts, which resulted in a stipulation with the Staff to prepare at least an

EA, that there has been any environmental review of Pa'ina's proposed irradiator. See 3/20/06

Joint Stipulation and Order Regarding Resolution of Concerned Citizens' Environmental

Contentions; 4/27/06 Board Order (Confirming Oral Ruling Granting Motion to Dismiss

Contentions).

Nor has Concerned Citizens failed to "structure [its] participation so that it alerts the

agency to the [party's] position and contentions, in order to allow the agency to give the issue

'meaningful consideration."' Pa'ina's Answer at 4-5 (quoting Department of Transportation v.

Public Citizen, 541 U.S. 752, 764 (2004)). In Public Citizen, the Supreme Court held the

plaintiffs had forfeited their objections to the Department of Transportation's EA because they

had not "identified [them] in their comments." Id. in contrast, all of the contentions Concerned

Citizens presented to the Board regarding the Draft EA's shortcomings were detailed in the

comments Concerned Citizens and its experts timely submitted during the public comment

period. See 2/8/07 Earthjustice Letter, with enclosures, available on ADAMS at ML070470615.

Pa'ina fails to identify any authority to support its claim Concerned Citizens was obliged to raise

its concerns before the Staff circulated its Draft EA for public review and comment.'

While, to preserve its right to object to the draft EA's deficiencies, Concerned Citizens
was not required to provide input prior to the opening of the public comment period on the draft
EA, the discussion in Concerned Citizens' hearing request of the serious threats to public safety
and the environment associated with Pa'ina's proposed irradiator (from, among other things,
natural disasters, aviation crashes, transportation accidents, terrorist attacks, and human

7



B. Issues Related To The Standard Of Review And Burden Of Proof Are Irrelevant
To The Environmental Contentions' Admissibility.

Pa'ina's arguments about the standard of review the Board applies in evaluating the

Staff s compliance with its NEPA obligations and about the burden of proof go to the merits of

the environmental contentions, not their admissibility. See Pa'ina's Answer at 9-10. As the

Commission explained in extending the contention standard to proceedings regarding materials

license applications, "[t]he contention standard does not contemplate a determination of the

merits of a proffered contention." 69 Fed. Reg. 2,182, 2,190 (Jan. 14, 2004). This Board has

previously held that contentions challenging the Staff's compliance with NEPA, including

contentions identifying "specific omission[s] in the Staff's analysis" - the same types of

contentions Concerned Citizens now proffers - are admissible. Pa'ina Hawaii, LLC (Material

License Application), LBP-06-04, 63 NRC 99, 113 (2006); see also id. at 112. Resolution of

disputes about the proper standard of review and burden of proof is "a test for another day."

CFC Logistics, Inc. (Cobalt-60 Irradiator), LBP-03-20, 58 NRC 311, 326 (2003).

Should the Board nonetheless feel the need to reach the merits of these issues now,

Concerned Citizens properly identified the standard of review and burdens of proof in its

contentions. Pa'ina's statement that courts review agency compliance with NEPA pursuant to

the standards set forth in 5 U.S.C. § 706(2)(A) is generally accurate. See Pa'ina's Answer at 9;

Klamath-Siskiyou Wildlands Center v. Bureau of Land Management, 387 F.3d 989, 992 ( 9 th Cir.

2004).' That is not to say, however, that the standard as expressed in Concerned Citizens'

consumption of irradiated foods) clearly put the Staff on notice regarding key issues it would

have to address in its NEPA analysis. See 10/3/05 Hearing Request at 5-6, 15-17, 20-24.
4 The inaccuracy comes from Pa'ina's failure to mention that, in addition to reviewing an

agency's decision to see if it was "arbitrary and capricious, or an abuse of discretion," courts also
may find a NEPA violation if the agency's decision was "otherwise not in accordance with law."
Compare Pa'ina's Answer at 9 with Klamath-Siskiyou Wildlands Center, 387 F.3d at 992.
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moving papers was inaccurate. An alternate way to phrase the standard for reviewing an EA's

adequ acy is that "the task is to ensure that the agency has taken a 'hard look' at the potential

environmental consequences of the proposed action." Klamath-Siskiyou Wildlands Center, 387

F.3d at 993; see also 2/9/07 Contentions at 15. As for the burdens, "[i]t is ... settled that the

NRC has the burden of complying with NEPA" and "that the Applicant carries the burden of

proof on safety issues." 2/9/07 Contentions at 4, 15 (quoting Duke Power Co., CLI-83-19, 17

NRC at 1048).

C. Pa'ina's Factual Disputes Go To The Merits Of Concerned Citizens'

Environmental Contentions, Not Their Admissibility.

Pa'ina's claim that, viewed as whole, the record supports the Draft EA likewise goes only

to the merits of Concerned Citizens' environmental contentions, not their admissibility. See

Pa'ina's Answer at 11-12. Thus, to determine whether the Draft EA takes the requisite hard look

at potential impacts associated with tsunami runup, the Board will have to examine the EA's

analysis of, among other things, the issues Dr. Pararas-Carayannis raises in his expert review.

When it does so, the Board should reject Pa'ina's attack on Dr. Pararas-Carayannis's testimony

about risks from tsunami-related flooding, since Pa'ina fails to take into account. the fact that,

due to increased resonance effects and cumulative pile-up of tsunami waves at the apex of

Ke'ehi Lagoon, the construction of the Reef Runway can increase threats from tsunami runup at

the proposed irradiator site. See Pararas-Carayannis Supp. Dec. ¶ 4; Exh. 9: Pararas-Carayannis

Report at 14; see also Pa'ina's Answer at 11 n.4. Moreover, Pa'ina ignores that the methodology

used to develop the O'ahu Civil Defense tsunami evacuation maps tends to underestimate the

potential impact of a tsunami, including inundation limits and runups. See Pararas-Carayannis

Supp. Dec. ¶ 3; Pararas-Carayannis Report at 14. While Pa'ina's "challenges establish that.

9



factual disputes exist," confirming that the environmental contentions satisfy 10 C.F.R. §

2.309(f)(1)(vi), "the resolution of such disputes is not the appropriate subject of [the Board's]

inquiry at the contention admission stage of the proceeding." Pa'ina Hawaii, LBP-06-04, 63

NRC at 112.

The Board should also reject as "misguided" Pa'ina's use of its answer "to engage in an

attempted merit-based refutation of [Concerned Citizens'] contentions" regarding the potential

for releases of radioactive material from the proposed irradiator. Pa'ina Hawaii, LBP-06-12, 63

NRC at 406; see also Pa'ina's Answer at 12-14, 22-26. Eventually, the Board will have to

determine whether the testimony of Concerned Citizens' experts (who include a professor of

structural engineering with more than five decades of experience in the field and a renowned

expert on tsunamis, hurricanes, and earthquakes) or of the vice president of the company that

wants to sell Pa'ina an irradiator (who holds a Bachelor of Arts degree in economics and

concedes he lacks the expertise to evaluate "the potential likelihood and potential severity of the

various incidents at the site of the facility") is more credible regarding whether the proposed

irradiator would keep the public and the environment safe in the face of the unique threats of

aviation accidents and natural disasters inherent in Pa'ina's chosen site. Stein Dec. ¶ 7; see also

Exh. 13: 5/3/04 Email from GrayStar, available on ADAMS at ML041250238 (listing Stein's

"Formal Education" as B.A. in economics); Draft Topical Report at 3-3 (citing Pararas-

Carayannis); see generally Sozen Supp. Dec.; Pararas-Carayannis Supp. Dec. "At the contention

admissibility stage of the proceeding, however, [Pa'ina's proffered] factual defense is ...

irrelevant and inappropriate." Pa'ina Hawaii, LBP-06-12, 63 NRC at 406. Pa'ina's arguments

serve only to confirm there are a number of disputes over issues "within the scope of the

proceeding" and "material to the findings the NRC must make to support the action that is
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involved in the proceeding" that can be resolved only at a hearing on Concerned'Citizens'

contentions. 10 C.F.R. § 2.309(f)(1)(iii), (iv).

V. ENVIRONMENTAL CONTENTION #3 IS ADMISSIBLE

A. The Draft EA Violates NEPA's Requirement To Give The Public An Opportunity
To Review The Data And Calculations On Which The Staff Relies To Support Its
Conclusions About Potential Impacts.

To defend the Draft EA's failure to present the analysis on which the Staff based its

conclusions that various impacts would not be significant, both Pa'ina and the Staff rely on

regulations that allow agencies to. incorporate material by reference. See Staff's Response at 7;

Pa'ina's Answer at 16 & n,5 (citing 40 C.F.R. § 1502.24).' They ignore, however, the

requirement to ensure incorporation by reference will not "imped[e] agency and public, review of

the action," which would contravene NEPA's basic purposes. 40 C.F.R. § 1502.21; see also id. §

1500.1 (b) ("expert agency comments, and public scrutiny are essential to implementing NEPA").

Thus, 40 C.F.R. § 1502.21 expressly prohibits incorporation by reference when the materials are

not "reasonably available for inspection by potentially interested persons within the time allowed

for comment." Id. § 1502.21; see also NUREG-1748, "Environmental Review Guidance for

Licensing Actions Associated with NMSS Programs," § 1.6.4 (2003) (same).

Even if, as Pa'ina and the Staff argue, it was acceptable for the Draft EA to incorporate

by reference material from the Draft Topical Report, that would not mean that the Draft EA's

5 Pa'ina's reliance on 40 C.F.R. § 1502.24 is misplaced. The draft EA fails to satisfy the
regulation's requirement that the Staff identify and discuss in the draft EA itself (either in the
main body or an appendix) the methodologies used to conduct the analysis of potential impacts
to public and occupational health, socioeconomics, and ecology and to investigate the potential
for radiological accidents from seismic or hurricane events. See Draft EA at 7-10. That the draft
EA identified the methodologies used to analyze the risk of aviation accidents and the potential
for tsunamis to pull a Cobalt-60 source out of the irradiator pool does not excuse the Staff's
failure to comply with 40 C.F.R. § 1502.24 with respect to the other impacts it claims to have
investigated.
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incorporation by reference of other material, which was not "reasonably available for

inspection," passes legal muster. 40 C.F.R. § 1502.21. While the Staff claims the information

on which the Draft EA relied "has been placed in the NRC's ADAMS system or is otherwise

publicly available," Staff s Response at 7, the Draft EA in many cases failed to "indicate where

these references are available for public review," violating the Staff's own guidance. NUREG-

1748, § 1.6.4; see also Draft EA at 13-14 (listing references without indicating where they can be

found).

For example, a member of the public concerned about radiation exposure from

transporting Cobalt-60 sources to the irradiator would have no reasonable means to locate the

data or analysis on which the Staff based its finding of no significant impact. See Draft EA at 8.

Even if the concerned citizen knew to look on ADAMS to find the cited reference ("NRC,

2006d," a December 6, 2006 email entitled "Pa'ini [sic] Irradiator SER Input") and could figure

out how to navigate ADAMS - no mean feat for the uninitiated - to locate the document, she

would still find absolutely nothing to shed any light on how the Staff reached its conclusion. The

document merely states the "draft ser input" is attached - but no data is, in fact, attached to the

version of the document on ADAMS - and promises that "supporting information" would be

provided the next week. Exh. 14: 12/6/06 Email from E. Keegan to M. Blevins, available on

ADAMS at ML063480301.

The Draft Topical Report suffers from the same defect. The report's detailed discussion

of the data and formulae used to evaluate the likelihood of an airplane crashing into Pa'ina's

6 Similarly, the November 27, 2006 email the draft EA cites in support of its claim that

"[p]ublic and occupational health impacts are expected to be small," Draft EA at 7, mentions
"[a]ttached ... microshield calculation," but does not actually attach it, providing nothing for
experts or the public to review. Exh. 15: 11/27/06 Email from A. Turner Gray to M. Blevins,
available on ADAMS at ML063480293.
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proposed irradiator contrasts sharply with the complete absence of any calculations or other

meaningful analysis regarding the consequences of an aviation accident. Compare Draft Topical

Report at 2-5 to 2-12 with id. at 2-12 to 2-13. Having been provided the analytical data on which

the Staff based its conclusions about airplane crash frequency, Concerned Citizens - through its

expert, Dr. Resnikoff- was able to prepare an extensive critique of the data and methodology the

Draft Topical Report used, helping to ensure the NRC would make its decision on Pa'ina's

application "based on understanding of environmental consequences." 40 C.F.R. § 1500.1(c);

see also id. § 1500.1 (b) ("public scrutiny ... essential to implementing NEPA). No similarly

detailed review of the consequences of an aviation accident was possible, since the report

contained only "generalized conclusory statements that the effects are not significant,'" Klamath-

Siskiyou Wildlands Center, 387 F.3d at 996, rather than "the underlying environmental data"

from which the Staff derived its conclusions, as NEPA requires. Idaho Sporting Cong. v.

Thomas, 137 F.3d 1146, 1150 (9 th Cir. 1998); see also Resnikoff Dec. ¶ 15-19 (noting Draft

Topical Report's failure to analyze potential consequences of aviation accident); Sozen Dec. ¶ 7

(same); Sozen Supp. Dec. ¶ 10.

The Draft Topical Report likewise fails to set forth the bases for the Draft EA's

conclusions that various natural disasters involving the irradiator would not cause significant

impacts. See 2/9/07 Contentions at 9-15. While the report states that "a stylized fluid dynamic

calculation was conducted" to assess potential impacts associated with tsunamis and notes the

conclusions reached, it does not actually set forth for public review the calculations that were

performed or the data used. Draft Topical Report at 3-4.7 For all other threats involving natural

' Even if it were permissible for the Staff to require the public to look beyond the sources
cited in the Draft EA to locate information needed to understand the basis for the proposed
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phenomena, the report does not even claim any calculations were performed and, thus, does not

present them, even though, as Concerned Citizens' expert, Dr. Pararas-Carayannis explained,

such analysis would be necessary to reach any meaningful conclusions about potential impacts.

Pararas-Carayannis Dec. ¶¶ 11, 18-19, 28-31, 34; Pararas-Carayannis Supp. Dec. ¶¶ 4, 8.

As the Ninth Circuit stressed in Idaho Sporting Cong., "NEPA requires that the public

receive the underlying environmental data" from which the Staff derived the conclusions set

forth in the Draft EA. 137 F.3d at 1150.8 While the Staff and Pa'ina may dispute Concerned

Citizens' claims that the Draft EA and the documents it references failed to provide that data,

violating NEPA, Concerned Citizens has shown "that a genuine dispute exists.. on [this]

material issue," warranting admission of its contention. 10 C.F.R. § 2.309(f)(2)(vi).

B. The Draft EA's Conclusory Statements Do Not Satisfy NEPA.

Neither the Staff nor Pa'ina identifies any authority establishing that the less than four

pages the Draft EA devotes to potential impacts satisfy the Staffs duty under NEPA to take a

"hard look" at Pa'ina's proposed irradiator. Pa'ina merely notes there is nothing inherently

illegal about an EA using terms like. "negligible" or "immeasurable," citing Environmental

Protection Information Service ("EPIC") v. U.S. Forest Service, 451 F.3d 1005 (9th Cir. 2006).

Pa'ina's Answer at 21 n. 6. In that case, however, the agency spent fifteen pages discussing a

single potential impact, providing "at least seven different, detailed- reasons" why potential short-

term impacts would be "negligible." EPIC, 451 F.3d at 1013 (emphasis added). Here, in

Finding Of No Significant Impact ("FONSI"), the Draft Topical Report does not give any hint
where the public might be able to locate and review the analysis that was performed.,

8 In contrast to the Council on Environmental Quality's NEPA regulations, which are
binding, the CEQ's "Forty Questions" publication, on which the Staff relies to justify its failure
to provide the data on which the Draft EA relied, is "merely an informal statement and is not
controlling authority." Friends of the Earth v. Hintz, 800 F.2d 822, 837 n.15 ( 9 th Cir. 1986); see
also Staff s Response at 7.
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contrast, the Draft EA's conclusory statements - even when read' in conjunction with the Draft

Topical Report and the other documents incorporated by reference - give neither the public nor

the decisionmaker any way to evaluate how the Staff arrived at its proposed FONSI.9

While the Staff claims the opinions expressed in the Draft EA "are based on quantitative

data," with the exception of the Draft Topical Report's flawed calculation of the likelihood of an.

aviation accident, those quantitative data are nowhere in evidence. Staff s Response at 8. It is

well-established that "NEPA documents are inadequate if they contain only narratives of expert

opinions." Klamath-Siskiyou Wildlands Center, 387 F.3d at 996. Admission of Concerned

Citizens' contention is therefore appropriate to resolve the parties' dispute over the adequacy of

the Draft EA's analysis.

C. The Draft EA Must Consider Impacts From The Transportation Of Cobalt-60 To

The Proposed Irradiator.

Both the Staff and Pa'ina mistakenly conclude that, since the Board rejected a safety

contention claiming Pa'ina's application needed to address. risks associated with transporting

Cobalt-60 to the proposed irradiator, the Staff is absolved of its obligation to consider potential

transportation impacts - including the potential for transportation-related accidents - in

evaluating Pa'ina's proposed irradiator pursuant to NEPA. See Pa'ina Hawaii, LBP-06-12, 63 -

NRC at 421. Their arguments ignore NEPA's requirement that the EA include within the scope

of its analysis all actions "connected" to the activity for which Pa'ina seeks a license. 40 C.F.R.

' The "bullets" listed on pages 16-17 of Concerned Citizens' February 9, 2007
contentions are examples of the type of information about direct and indirect impacts the Draft
EA was obliged to provide to comply with NEPA's command to make "environmental
information ... available to public officials and citizens before decisions are made and before
actions are taken." 40 C.F.R. § 1500.1(b). NUREG-1748 similarly requires the draft EA to
"provide sufficient analysis to allow the decision maker to arrive at a conclusion." NUREG-
1748, § 1.6.4.

15



§ 1508.25(a)(1). Since Pa'ina's irradiator cannot function without regular shipments of Cobalt-

60, the transportation of radioactive material to and from the site is a "connected" action whose

potential impacts must be examined in the Draft EA. See Draft EA at 8.

Louisiana Energy Services, LLP (National Enrichment Facility), CLI-06-15, 63 NRC 687

(2006), which the Staff cites, supports admission of Concerned Citizens' contention. That case

involved review of an environmental impact statement's ("EIS's") discussion of impacts

associated with the disposal of depleted uranium. The Commission emphasized that the pending

proceeding was "to license a uranium enrichment facility, not a proceeding to license a near-

surface waste disposal facility." Id., slip op. at 3. The Commission nonetheless recognized that

NEPA required the Staff "to consider the reasonably foreseeable environmental impacts of a

proposed action,.even if they are only indirect effects" and concluded that "[d]epleted uranium

disposal from the proposed National Enrichment Facility would be an indirect effect." Id., slip

op. at 4.

There was no question in Louisiana Energy Services that the Staff needed to discuss

depleted uranium disposal in its NEPA analysis, even though licensing of a disposal facility was

not involved. Id., slip op. at 14 ("NEPA requires ... that we consider 'reasonably foreseeable'

indirect effects of the proposed licensing action"). Likewise, in this case, the Draft EA must

include an adequate analysis of potential impacts associated with transporting Cobalt-60 to and

from the irradiator.

The mere existence of a generic EIS discussing potential impacts from transportation of

radioactive materials does not, as the Staff asserts, excuse its failure to address such impacts in

the Draft EA. See Staff s Response at 9. While NEPA allows agencies to "tier" environmental

analyses, to comply with the tiering regulations, the Draft EA would have had to "summarize the
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issues discussed in the [generic EIS] and incorporate statements from the broader statement by

reference," concentrating on the transportation-related issues specific to Pa'ina's proposed

irradiator. 40 C.F.R. § 1502.20. The Draft EA did not do this. It made no mention of the

generic EIS (not even in the references), failed to disclose the calculations and data underlying

its conclusion that "[t]ransportation impacts from normal operations would be small," and

included no discussion at all of transportation impacts from abnormal operations (i.e., accidents).

Draft EA at 8 (emphasis added).

The Draft EA's silence regarding the generic EIS meant the public, including Concerned

Citizens, was unaware of its existence and alleged relevance'to evaluating Pa'ina's proposal

during the public comment period on the Draft EA. Consequently, no one was in a position to

comment on whetherthe generic EIS adequately analyzes issues related to transporting Cobalt-

60 to and from Hawai'i. Because NEPA recognizes the vital role the public plays in ensuring

agencies do not sweep important considerations under the rug, if the Staff had intended to rely on

the generic EIS, it was required to state, in the Draft EA, "where the earlier document is

available." 40 C.F.R. § 1502.20. Likewise, the NRC's guidance for preparing EAs provides that

"[tlhe new environmental document must identify the document from which it is tiered and both

documents must be available for public review." NUREG-1748, § 1.6.2. The Staff failed to

comply with any of these requirements.

D. The Staff Was Obliged To Evaluate All Potential Impacts Associated With
Airplane Crashes And Natural Disasters.

In their declarations and voluminous attached reports, Concerned Citizens' experts

specify numerous potential environmental impacts associated with airplane crashes and natural

disasters involving Pa'ina's proposed irradiator that the Staff failed to analyze in the Draft EA.
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Concerned Citizens contends the Draft EA's failure to evaluate all of these potential

"environmental impacts of the proposed action" precludes the NRC from making a fully

informed decision "whether to prepare an environmental impact statement," violating NEPA's

requirements to take a hard look at Pa'ina's project and to permit meaningful public scrutiny. 40

C.F.R. § 1508.9(a); see also Klamath-Siskiyou Wildlands Center, 387 F.3d at 993, 1001; 40

C.F.R. § 1508.8 (defining "effects" that agency must consider). Pa'ina's only response is to

attempt a "merit-based refutation of [Concerned Citizens'] contentions," which this Board has

repeatedly emphasized is "irrelevant and inappropriate" at the contention admissibility stage.

Pa'ina Hawaii, LBP-06-12, 63 NRC at 406; see also Pa'ina's Answer at 22726.

The Staff, for its part, concedes that Concerned Citizens' claims with respect to "analysis

of debris force from potential aviation accidents" and "hurricane frequency and strength" are

admissible, but objects to claims regarding the Draft EA's failure adequately to evaluate

"earthquake risks, the size of potential tsunamis, and the effects of increased buoyancy due to

inundation from a hurricane storm surge or a tsunami" as allegedly unsupported. Staff's

Response at 10. The Board should reject the Staff's objections, which reflect a fundamental

misunderstanding of how the NEPA process works.

Based on his extensive education and professional experience, Concerned Citizens'

expert, Dr. Pararas-Carayannis, has identified potentially significant threats that earthquakes,

hurricanes, and tsunamis pose to Pa'ina's proposed irradiator due to Pa'ina's decision to site its

facility on low-lying, unconsolidated fill, next to the ocean. See generally Pararas-Carayannis

Dec.; Pararas-Carayannis Report; Pararas-Carayannis Supp. Dec."° His declaration then details

10 Notably, the Draft Topical Report relies on Dr. Pararas-Carayannis's work to inform its

analysis of tsunamis, evincing the Staff's recognition of his expertise. See Draft Topical Report
at 3-3.
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how the Staff's "conclusions that potential seismic, tsunami and hurricane activity would have

no significant impacts on public health and safety from the proposed irradiator are based on

inaccurate assumptions and faulty analysis." Pararas-Carayannis Dec. ¶ 11; see also id. TT 14-

34. Finally, he identifies the additional analysis the Staff must conduct in order to assess

accurately the potential for natural disasters to result in significant environmental impacts.

Specifically, Dr. Pararas-Carayannis contends that the Staff based its assessment of

potential tsunami runup risk on inaccurate information, failed to quantify runup potential with a

proper numerical modeling study, and ignored "the most likely result of a tsunami, flooding at

the proposed site." Pararas-Carayannis Dec. T 31; see.also id. ¶T 24-30. He further notes the

Staff failed completely "to consider buoyancy forces" that "can be expected to increase

significantly under hurricane surge flooding conditions" or as a result of tsunami inundation and

can damage the irradiator pool's integrity or allow potentially contaminated shielding water to

escape. Id. ¶ 19; see also Pararas-Carayannis Report at 17. Moreover, Dr. Pararas-Carayannis

points out the Staff's failure "to assess properly the risks earthquakes pose to the proposed

irradiator," explaining that, to determine risks from liquefaction, the Staff must evaluate "the

potential focusing effects of seismic energy on 0'ahu" and take into account "the properties of

unconsolidated sediments like those found at the irradiator site." Pararas-Carayannis Dec. ¶¶ 32,

34.

The Staff s suggestion that Concerned Citizens must prove conclusively that natural

disasters involving Pa'ina's irradiator will cause significant harm to the environment reflects an

improper attempt to shift to the public "the burden of complying with NEPA," which lies with
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the Staff. Duke Power Co., CLI-83-19, 17 NRC at 1048."1 It is the Staff s duty, not Concerned

Citizens', to identify potential threats to the irradiator from natural disasters and take a "hard

look" at them to determine whether significant impacts on the human environment may occur,

triggering the Staff s duty to prepare an EIS. See Klamath-Siskiyou Wildlands Center, 387 F.3d

at 993; see also Idaho Sporting Cong., 137 F.3d at 1151-52 (failure to analyze potential effects of

timber sale on fisheries "implicate both of NEPA's disclosure goals, i.e., to insure the agency has

fully contemplated the environmental effects of its action and to insure the public has sufficient

information to challenge the agency"); 40 C.F.R. § 1508.9(a)(1). Concerned Citizens' expert

testimony detailing the Staff s failure "to conduct standard factual and scientific site specific

analysis" regarding threats from natural disasters and "to provide the analytic data necessary for

any public challenge to the proposed [irradiator]" adequately substantiates its contention the

Draft EA's analysis of these potential impacts is deficient. Idaho Sporting Cong., 137 F.3d at

1150: The Board should admit Environmental Contention #3 in its entirety to allow resolution of

the merits at hearing.

E. The Staff s NEPA Review Must Consider Impacts From Terrorism.

The Staff correctly acknowledges that the Ninth Circuit's recent decision in San Luis

Obispo Mothers for Peace v. Nuclear Regulatory Comm'n, 449 F.3d 1016 (9 t' Cir. 2006), cert.

denied sub nom, Pacific Gas & Elec. Co. v. San Luis Obispo Mothers for Peace, 75 U.S.L.W.

3365 (U.S. Jan 16, 2007), means that the Draft EA improperly failed to analyze "the range of

"Indeed, even to establish on the merits that the Staff was required to prepare an EIS
instead of an EA, Concerned Citizens "need not show that significant effects will in fact occur."
Idaho Sporting Cong., 137 F.3d at 1150 (quoting Greenpeace Action v. Franklin, 14 F.3d 1324,
1332 (9t" Cir. 1992); emphasis in Idaho Sporting Cong.). "Raising 'substantial questions
whether a project may have a significant effect' is sufficient." Id_. (quoting Greenpeace Action,
14 F.3d at 1332; emphasis added).

20



environmental impacts likely to result in the event of a terrorist attack," id. at 1034, and that,

accordingly, Environmental Contention #3 "as it pertains to inclusion of consideration of

potential impacts from terrorism" should be admitted. Staff's Response at 6; see also id. at 11-

12. As discussed below, Pa'ina provides no valid basis for the Board to do otherwise.

In Part V.C, supra, Concerned Citizens explained why the scope of the Draft EA properly

includes consideration of potential impacts associated with the transportation of radioactive

sources to and from Pa'ina's proposed irradiator. There is no support for Pa'ina's contrary claim

the Staff could lawfully ignore potential terrorist attacks on shipments of Cobalt-60 that would

not occur if Pa'ina's proposed irradiator were not licensed and operating.

Pa'ina's next argument, that res judicata bars the Concerned Citizens' contention,

ignores the fact that Safety Contentions #9 and 10 - which the Board previously held were

"beyond the scope of the proceeding" - involved claims that Pa'ina's application was deficient

because it failed to make adequate provision to protect Cobalt-60 sources from terrorists. Pa'ina

Hawaii, LBP-06-12, 63 NRC at 422-23.12 The question before the Board in ruling on Concerned

Citizens' initial safety contentions - whether Pa'ina was required, at the application stage, to

implement additional security measures - is entirely separate from the question posed by

Environmental Contention #3: whether the Staff has a duty under NEPA to evaluate terrorist

threats to Pa'ina's proposed irradiator. While the Board, in its January 24, 2006 order, answered

that latter question in the negative, it recognized that "future developments overruling current

controlling Commission precedent" might dictate a different outcome. Pa'ina Hawaii, LBP-06-

12 The fact that Concerned Citizens did not appeal the Board's March 24, 2006 order did

not, as Pa'ina argues, give up its right to object to adverse portions of that decision. Pa'ina's
Answer at 28 n.7. Since the Board did not deny Concerned Citizen's hearing request "in its
entirety," Concerned Citizens had no right to appeal from the March 24, 2006 order. Exelon
Generation Co., LLC, CLI-04-31, 60 NRC at 468; see also 10 C.F.R. § 2.311 (b)..
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04, 63 NRC at 113.13 Now that the Ninth Circuit has overruled that Commission precedent,

admission of Concerned Citizens' contention is warranted. As in the Pacific Gas & Electric Co.

proceeding, the. Staff must address in its EA "the likelihood of a terrorist attack" involving

Pa'ina's proposed irradiator "and the potential consequences of such an attack." Pacific Gas &

Electric Co. (Diablo Canyon Power Plant Independent Spent Fuel Storage Installation), CLI-07-

11, 64 NRC __,slip op. at 2 (Feb. 26, 2007).

Pa'ina's attempt to distinguish San Luis Obispo Mothers for Peace based on the type of

facility involved ignores the evidence Concerned Citizens has already presented that the National

Nuclear Security Administration considers Cobalt-60 irradiators as potential targets for dirty

bombers and that malicious detonation of even a single Cobalt-60 pencil could cause widespread,

catastrophic harm. See Exh. 2: 4/13/05 National Nuclear Security Administration press release;

Exh 3: Public Interest Report, vol. 58, No'. 2, March/April 2002; Resnikoff Dec. ¶¶ 20-21;

Thompson Dec. ¶¶ V-1 to -6. At most, Pa'ina's attempt to-distinguish thiscase on the facts.

creates a disputed issue for resolution at hearing."4

There is no basis for Pa'ina's final claim, that Concerned Citizens filed its contention

regarding terrorism too late. Pa'ina's Answer at 29. When the Ninth Circuit issued its decision

in San Luis Obispo Mothers for Peace, the Staff was busy preparing the Draft EA pursuant to the

Joint Stipulation the Board entered in April 2006, Prior to the Staff's circulation of the Draft EA

for public review at the end of December 2006, Concerned Citizens had no way of knowing the

Staff did not intend to comply with the Ninth Circuit's newly announced holding that NEPA

'3 As noted above, since the Board did not deny the hearing petition entirely, Concerned
Citizens has had no opportunity to appeal this aspect of the January 24, 2006 order.

14 The evidence Concerned Citizens has introduced more than satisfies its burden at the
contention admissibility stage to "[p]rovide sufficient information to show that a genuine dispute
exists with [Pa'ina] on a material issue of... fact." 10 C.F.R. § 2.309(f)(1)(vi).

22



required evaluation of threats from terrorism. Any contention filed before the release of the

Draft EA alleging a failure to consider terrorism would have been based on pure speculation and,

since the Draft EA did not yet exist, would have been unripe. As soon as the Draft EA came out,

Concerned Citizens became aware of the deficiency and properly filed its Environmental

Contention #3 within the time the Board established in its January 10, 2007 order.

F. The Draft EA's Failure To Consider Impacts From Human Consumption Of
Irradiated Food Violated NEPA.

In ruling on Concerned Citizens' initial environmental contentions, the Board determined

that "the possible health effects of irradiating papayas and mangos does not arise to the level of*

special circumstances necessary to invoke the exception Under 10 C.F.R. § 51.22(b) for the

categorical exclusion of irradiators." Pa'ina Hawaii, LBP-06-04, 63 NRC at 114-15. In other

words, the Board held the potential human health impacts from consuming food irradiated at

Pa'ina's facility did not trigger the Staffs obligation to prepare an EA. The Staff and Pa'ina fail

to appreciate that Environmental Contention #3 poses a very different question, which the Board

has not previously addressed: whether, once the Staff has decided to prepare an EA, NEPA

mandates that its analysis consider the impacts of increasing the supply of irradiated food for

humanconsumption.'

For the reasons set forth in its moving papers, Concerned Citizens submits that, under

controlling Ninth Circuit law, the Draft EA's failure to analyze these impacts violated NEPA.

See 2/9/07 Contentions at 24. Pa'ina's objection that potential health effects are uncertain does

not justify the Staff's decision to ignore them altogether. Rather, where "there is incomplete or

unavailable information," NEPA still requires the NRC to address the potential impacts and

provides detailed instructions on how it must satisfy its statutory duty: 40 C.F.R. § 1502.22.
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VI. ADMISSION OF ENVIRONMENTAL CONTENTION #4 IS NECESSARY TO
DETERMINE WHETHER THE DRAFT EA COMPLIES WITH NEPA'S MANDATE
TO CONSIDER REASONABLE ALTERNATIVES

To comply with NEPA, the Draft EA must apprise the NRC and the public of reasonable

alternatives to Pa'ina's proposed irradiator that "might be pursued with less environmental

harm." Lands Council v. Powell, 395 F.3d 1019, 1027 ( 9 th Cir. 2005). The discussion of

alternatives must be "sufficiently detailed ... so as to permit informed decision making," id., and

to foster "informed public participation." California v. Block, 690 F.2d 753, 767 (9th Cir. 1982);

see also Morongo Band of Mission Indians v. Federal Aviation Admin., 161 F.3d 569, 575 (9th

Cir. 1998). For the reasons set forth in Concerned Citizens' moving papers, the cramped

discussion of alternatives in the Draft EA - which fails to quantify the impacts or benefits of

taking no action or using the two treatment alternatives it does mention, does not analyze the

most analogous alternate technology (electron-beam irradiation), and does not consider any

alternate locations where the irradiator might be safe from aviation accidents and natural

disasters - falls far short of the satisfying the Staff's legal obligations. See 2/9/07 Contentions at

25-27. While the Staff and Pa'ina may dispute the merits of Concerned Citizens' claims,

resolution of the parties' disputes "is not the appropriate subject of [the Board's] inquiry at the

contention admission stage of the proceeding." Pa'ina Hawaii, LBP-06-04, 63 NRC at 112.

The Staff's actions following the Draft EA's issuance belie its claim its NEPA review

adequately canvassed reasonable alternate technologies. On February 14, 2007, the Staff wrote

Pa'ina's president, stating that, "[a]s part of the development of the final EA[,] it would be

helpful if you could elaborate on any consideration you gave to alternate technologies (e.g.,

electron beam or heat treatment)." Exh. 16: 2/24/07 Email from M. Blevins to M. Kohn,

available on ADAMS at ML070600583. While the applicant cannot lawfully dictate the range of
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alternatives the NRC evaluates, seeking information from the applicant (and others) about non-

nuclear technologies that could substitute for Cobalt-60 irradiation is certainly an important part

of the NEPA process. See Van Abbema v. Fornell, 807 F.2d 633, 638 (7th Cir. 1986). The

Staff's failure to take even this initial step prior topreparing the Draft EA provides additional

proof it has yet to comply with NEPA's command to consider reasonable alternatives.' 5

Pa'ina's assertion the Draft EA discussed "the electron-beam alternative[] in some detail"

is completely unsupported. Pa'ina's Answer at 32. The Draft EA's only mention of an electron-

beam irradiator is in the section addressing "need," not alternatives. Draft EA at 6. There, the

document notes that, "for various reasons including product restrictions and high shipping costs,"

some producers are precluded from using the existing treatment facilities, all of which, including

an electron-beam irradiator, are located on Hawai'i Island. Id. The Draft EA never considers

whether construction'of an electron-beam irradiator on O'ahu could reduce those shipping costs

and alleviate the alleged need, providing a reasonable alternative to the Cobalt-60 irradiator

Pa'ina proposes. The Board should admit Environmental Contention #4 to resolve the parties'

dispute over whether the absence of any consideration of an electron-beam alternative, as well as

the cursory treatment afforded other alternate technologies, means the Draft EA fails the basic

test of "foster[ing] informed decision-making and informed public participation." Block, 690

F.2d at 767.

Admission of Environmental Contention #4 is likewise justified to consider whether the

Staff s refusal to consider any alternate sites for the irradiator violated NEPA. The evidence

Concerned Citizens submitted with its moving papers makes clear that even Pa'ina recognizes

'5 The fact that an electron-beam irradiator is already up and running in Hawai'i,

performing the identical tasks Pa'ina.plans to carry out, should have dispelled the Staff s alleged
doubts whether "use of an electron-beam irradiator would be reasonable in the present instance."
Staff's Response at 14.
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there are alternate locations where it could undertake its project, including ones that might

present "commercial advantages" over the airport location. Exh. 12: 8/28/06 Email from M.

Kohn to J. Whitten at 1, available on ADAMS at ML062770248. The fact that Pa'ina has

"entertain[ed] the idea of changing the proposed location from that listed in the license

application" disproves the Staff's and Pa'ina's assertions that the -proposed site is the only

feasible one. Id.16 At a minimum, therefore, the Draft EA should have analyzed the alternative

of siting the irradiator on Ualena Street, which has "several commercial buildings that would be

acceptable to Pa'ina." Id."7 Because this location is "further from an active runway and further

from the ocean," id., such an alternative may well accomplish the goals of the project "with less

environmental harm." Lands Council, 395 F.3d at 1027; see also Pararas-Carayannis Dec. ¶ 13.

The NRC, and the public, will know for certain only when the Staff complies with its duty to

consider alternate siting locations.

Concerned Citizens' discussion of the Ualena Street alternative in its moving papers

refutes Pa'ina's claim Concerned Citizens has not identified any "specific alternative sites" the

Draft EA should have considered. Pa'ina Answer at 33. That said, none of the authorities Pa'ina

cites supports its argument that Concerned Citizens "must specifically identify what lot sites

would be appropriate for the NRC to study." Id. at 34 (emphasis added). Environmental

Contention #4 identifies with adequate specificity the types of alternative sites that would "avoid

or minimize adverse effects of [Pa'ina's] actions upon the quality of the human environment,"

16 Since "the evaluation of 'alternatives' mandated by NEPA is to be an evaluation of

alternative means to accomplish the general goal of an action" and "not an evaluation of the
alternative means by which a particular applicant can reach his goals," whether Pa'ina
subjectively would be willing to consider another location is irrelevant to defining the range of
reasonable alternatives. Van Abbema, 807 F.2d at 638.

" Since "there are no guarantees that the proposed [airport] location will still be available
at the end of the [NRC] process," consideration of alternative sites seems only prudent. Id.
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and, thus, should have been evaluated in the Draft EA. 40 C.F.R. § 1500.2(e); see also 2/9/07

Contentions at 27.18

Unlike the defendant agency in Morongo Band of Mission Indians, the Staff failed to

develop or discuss any alternate sites for the proposed irradiator, violating its duty under NEPA

,to "study, develop, and describe appropriate alternatives." 161 F.3d at 576 (quoting 42 U.S.C. §

4332(2)(E)). As the Ninth Circuit recently held in 'Ilio'ulaokalani Coalition v. Rumsfeld, 464

F.3d 1083 (9th Cir. 2006), where a project's purpose "is not, by its own terms, tied to a specific

parcel of land," an agency's categorical refusal to consider any alternate locations violates

NEPA. Id. at 1098 (quoting Methow Valley Citizens Council v. Regional Forester, 833 F.2d

810, 815 (9 th Cir. 1987); emphasis in 'Ilio'ulaokalani Coalition). Since the Draft EA expressed a

need for "[a] treatment facility on Oahu," not only at the specific airport parcel Pa'ina proposes,

the Staff was obliged to consider alternate locations that might accomplish the project's purpose

with fewer impacts. Draft EA at 6 (emphasis added).

VII. THE BOARD SHOULD ADMIT ENVIRONMENTAL CONTENTION #5 TO
RESOLVE THE PARTIES' DISPUTES ABOUT WHETHER AN EIS IS REQUIRED

To determine whether the controversy over a project's impacts triggers an agency's

obligation to prepare an EIS, the Ninth Circuit looks to whether, during the NEPA process, there

have been numerous responses from "knowledgeable individuals" who are "critical of the EA"

and "disput[e] the EA's conclusions." Friends of Endangered Species v. Jantzen, 760 F.2d 976,

986 (9t' Cir. 1985). In this case, the Staffhas received just such an outpouring of criticism in

18 There is no support for Pa'ina's suggestion there are no sites currently zoned for

industrial use on O'ahu that are far from active runways, away from the ocean's edge and on
solid ground. See Pa'ina's Answer at 35. On the contrary, Pa'ina's consideration of alternate
* locations on Ualena Street confirms that neither land-use policy nor zoning laws would need to
be altered to move the proposed irradiator away from at least some of the unique threats inherent
in the airport site.
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response to the Draft EA. In addition to the comments submitted by Concerned Citizens'

experts,"9 the editorial staff of Hawai'i's largest newspaper, as well as numerous elected officials,

have weighed in to express their dismay at the Draft EA's inadequate analysis of the irradiator's

potential impacts to Hawai'i's people, economy, and environment and failure to evaluate less

harmful alternatives to Pa'ina's proposal. See, e.g., Exh. 17: 12/27/06 Honolulu Advertiser

editorial entitled "Irradiator study needs additional disclosures," available at

http://the.honoluluadvertiser.com/article/2006/Dec/27/op/FP612270322.html; Exh. 18: 1/30/07

Comment on Draft EA from Hawai'i State Senators Suzanne Chun Oakland and Gordon Trimble

and Hawai'i State Representatives John Mizuno and Karl Rhoads; Exh. 19: 1/23/07 Comment on

Draft EA from Hawai'i State Representative Karl Rhoads; Exh. 20: 1/24/07 Comment on Draft

EA from Hawai'i State Senator Norman Sakamoto..

Pa'ina's narrow focus on how many of the people in attendance at the February 1, 2007

public were "for" or "against" the irradiator is completely irrelevant, as the determination

whether a project is "highly controversial" for purposes of NEPA has nothing to do with the

existence or non-existence of mere "opposition to a use." Blue Mountains Biodiversity Project

v. Blackwood, 161 F.3d 1208, 1212 ( 9 th Cir. 1998), cert. denied sub nom Malheur Lumber Co. v.

Blue Mountains Biodiversity Project, 527 U.S. 1003 (1999). Since Concerned Citizens has

"produced evidence from numerous experts showing the [EA's]. inadequacies and casting serious

doubt on the [agency's] conclusions," the Ninth Circuit has indicated "[tihis is precisely the type

of 'controversial' action for which an EIS must be prepared." Id. (quoting Sierra Club v. United

'9 Concerned Citizens fails to see the relevance of Pa'ina's comment on where its experts
reside. See Pa'ina's Answer at 38 n.9. As the experts' resumes reflect, all have significant,
relevant expertise regarding the evaluation of potential impacts associated with Pa'ina's
proposed irradiator. In addition, Pa'ina gives the Board no valid reason to strike thedeclarations
of Drs. Thompson and Au, which are relevant to the Board's consideration of newly proffered
contentions challenging the Draft EA's adequacy.
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States Forest Serv., 843 F.2d 1190, 1193 (9th Cir. 1988)).2' Admission of Environmental

Contention #5 is warranted to resolve Concerned Citizens' dispute with Pa'ina regarding this

issue.

The Staff's claim "there is no true controversy between the Staff and [Concerned

Citizens] as to the significance of the potential impacts" does not justify excluding this

contention. Staff s Response at 16. The Staff s suggestion Concerned Citizens should wait

"[u]ntil a Final FONSI is issued," id., ignores the rule requiring intervenors "to raise issues as

early as possible" based on the environmental documentation then availablý. Duke Power Co.,

CLI-83-19, 17 NRC at 1050; see also 1/10/07 Board Order at 2 (contentions relating to the Draft

EA must be filed by February 9, 2007).

At this stage of the proceeding, the Staff has made an initial, draft determination that

Pa'ina's proposed irradiator would have no significant impacts. As discussed in its moving

papers, Concerned Citizens contends that, in light of the substantial uncertainty about potential

impacts associated with natural disasters, aviation accidents, transportation of Cobalt-60 sources,

and terrorist attacks (which has resulted, in large part, from the Staffs failure adequately to

analyze these issues), as well as the controversy over the reasonableness of the Draft EA's

conclusions, the Staff must prepare an EIS, not a FONSI. See 2/9/07 Contentions at 28-29.

Should the Staff reverse course after completing the final EA and decide to prepare an EIS, it

might be appropriate, at that time, to dismiss Environmental Contention #5. See Duke Power

Co., CLI-83-19, 17 NRC at 1050 (if contentions "are superseded by the subsequent issuance of

licensing-related documents, those changes can be dealt with by either modifying or disposing of

20 Pa'ina's compliance with local land-use and zoning laws is only "a factor" supporting a

FONSI. Goodman Group, Inc. v. Dishroom, 679 F.2d 182, 186 (9" Cir. 1982). It does not
conclusively resolve the issue whether an EIS is required, as there are many other "significance"
criteria. See 40 C.F.R. § 1508.27.
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the superseded contentions"). For now, however, there is a live dispute - at least with Pa'ina -

which calls for admitting the contention.

VIII. CONCLUSION

For the foregoing reasons, Concerned Citizens respectfully asks the Board to admit the

safety and environmental contentions filed herein on February 9, 2007.

Dated at Honolulu, Hawai'i, March 19, 2007.

Respectfully submitted,

DAVID L. HENKIN
Earthjustice
223 South King Street, Suite 400
Honolulu, Hawai'i 96813
Tel. No.: (808) 599-2436
Fax No. (808) 521-6841
Email: dhenkin@earthjustice.org
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) .ASLBP No. 06-843-01-ML
Materials License Application )

SUPPLEMENTAL DECLARATION OF GEORGE PARARAS-CARAYANNIS,
Ph.D. IN SUPPORT OF CONCERNED CITIZENS' CONTENTIONS RE:

DRAFT ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL REPORT

Under penalty of peijury, I, Dr. George Pararas-Carayannis, hereby declare that:

1. I have over 40 years of experience in the field of natural disaster risk

assessment. Details of my education and experience relating to natural disasters, along

with a true and correct copy of my resume, were set forth my original declaration.

.2. I have reviewed Pa'ina Hawaii, LLC's Answer to Concerned Citizens of

Honolulu's contentions, paying particular attention to the declaration of Gray*Star, Inc.

Vice President and Chief Operating Officer Russell N. Stein. Nothing in Pa'ina's

materials provides any reason to alter my opinions about the serious public safety threats.

posed by Pa'ina's choice of irradiator site, which is susceptible to flooding by tsunamis

and hurricanes, wind damage by hurricanes, and liquefaction by earthquakes. The risk of

releases of radioactive materials due-to these natural phenomena could easily be avoided

by locating the site inland and on solid ground, rather than unconsolidated fill.

3. In its Answer, Pa'ina improperly relies, on the notation on the current

Hawai'i State Civil Defense tsunami evacuation maps to refute my conclusion that the



proposed irradiator site is at risk of flooding from tsunami. As noted in the report

attached to my original declaration as Exhibit "9," the current evacuation maps are based

on maps I helped prepare in 1967, which relied primarily on historical tsunami data using

empirical methods, rather than numerical modeling. This method tends to underestimate

the potential impact of a tsunami, including inundation limits and runups. Thus, the

notation on the Civil Defense maps that the rise in water levels within Ke'ehi Lagoon

should not exceed four feet is unsupported.

4. Moreover, Pa'ina ignores that the data on which the current tsunami

evacuation maps are based predate the massive alterations of Ke'ehi Lagoon caused by

dredging the lagoon for construction of Honolulu Airport's reef runway, which began in

1973. As I explained in my report, both the presence of the Reef Runway and the

deepening of Ke'ehi Lagoon through dredging could increase resonance effects and

cumulative pile-up of a tsunami at the apex of the basin, which is at the end of Palekona

Street, where Pa'ina proposes to place its irradiator. Pa'ina has failed to conduct any

numerical' modeling, which is the only accepted means to reveal the full effects of

dredging the lagoon and altering the shoreline.

5. As for Mr. Stein, he provides no reason to questionmy conclusions that

the proposed site for Pa'ina' s irradiator is unsafe because of its vulnerability to natural

disasters. At the outset of his declaration, he admits he has no background in disaster risk

analysis and that he cannot evaluate the potential likelihood and severity of disaster

incidents that may impact the site of the proposed irradiator. Stein Decl. ¶ 7. Despite his

lack of expertise, Mr. Stein asserts that all, potential effects of all natural hazards at the

site, no matter how severe, have been accounted for through the irradiator design, and
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there could never be a release of radioactive material into the environment. Mr. Stein's

statements lack any support; there is simply no evidence his generic irradiator design

would provide adequate protection under the unique conditions at issue in this case:

construction on a landfill site, with substrata of unconsolidated, alluvial, and storm surge

sediments, that lies within a tsunami evacuation zone and is vulnerable to flooding by

hurricane surges.

6. Mr. Stein fails to account for the fact that construction of a critical facility

on a landfill site next to the sea is not the same as construction at higher elevation, at a

safer location and on firmer ground. There is no material strength or strain compatibility

between the different alluvial deposits of a landfill location. What holds the landfill

material is not internal strength, but simply cohesion and friction of one type of material

against another type of material. It is this friction and cohesion that renders some degree

of strength to a landfill site. The strength depends on how hard the materials are pushed

together, like two pieces of sandpaper rubbing together. This strength can diminish

significantly by the ground accelerations (horizontal and vertical) of an earthquake, or by

the flooding effects of tsunami or hurricane surge.

7. As recognized in Pa'ina's Geoanalytical Report, the site where Pa'ina

proposes to put its irradiator is comprised of "an eight-foot-thick zone of fill consisting

• of silty sand and gravel," with the lower five feet of fill "soft or very loose." Below these

layers of loose soft material are storm surge deposits to a depth of about 36.5 feet. Such

landfill areas are extremely susceptible to ground liquefaction. The Marina District of

San Francisco suffered great damage during the 1989 Loma Prieta earthquake because it
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was located on such unconsolidated sediments on land reclaimed following the 1906 San

Francisco earthquake.

8. Mr. Stein makes an unsupported general statement that support beams, I-

beams, and backfill material surrounding and at the bottom of the pool will anchor the

irradiator in the event of storm surges or liquefaction. There is no indication, however,

that Mr. Stein's design specifically considered how the pool can be anchored in "soft or

very loose" sediments or the effect of hydrostatic forces on the irradiator pool due to

elevated water levels from tsunamis or hurricane surges. Such questions cannot be

answered based on a generic design. Analysis of the facility's safety must take into

account the characteristics of the proposed site, which is particularly vulnerable to natural

disasters, but, to date, Pa'ina has failed to present any such analysis.

9. In summary, as I determined through my risk assessment and stated in my

prior declaration, hurricanes, tsunamis, and earthquakes pose a real risk at the proposed

irradiator site that merits rigorous review. Mr. Stein neither refutes this position nor

demonstrates that such a rigorous review has been undertaken.

I declare under penalty of perjury that the factual information provided above is

true and correct to the best of my knowledge and belief, and that the professional

opinions expressed above are based on my best professional judgment.

Executed at Athens, Greece on this 15'h day of March, 2007.

9i./9leorge Pararas-Carayannis
17341 Ala Moana Blvd. #70
lonolulu, HI 96815
Phone (808) 943-1150
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Materials License Application )

SUPPLEMENTAL DECLARATION OF METE A. SOZEN, Ph.D. IN
SUPPORT OF CONCERNED CITIZENS' CONTENTIONS RE:

DRAFT ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL REPORT

Under penalty of perjury, I, Dr. Mete A. Sozen, hereby declare that:

1. As stated in my original declaration, I am the Purdue University Kettelhut

Distinguished Professor of Structural Engineering, and have a Ph.D. in Civil Engineering.

I have over 50 years of training and experience in the field of structural engineering, and

I have been retained by numerous private organizations and state and federal agencies,

including the Nuclear Regulatory Commission ("NRC"), on special projectsconcerned

with structural safety and potential structural damage. A true and correct copy of my

resume is attached to my original declaration.

2. Together with Dr. Christoph Hoffmann, I prepared a numerical analysis to

simulate the potential for damage from an aircraft striking a steel structure adjacent to

active runways at the Honolulu International Airport, similar to the proposed Pa'ina

irradiator. I then concluded, based on this simulation and my expertise and experience as

a structural engineer, that an aircraft impact at the considered ground speed (which, as

discussed in our report, was chosen to ensure our analysis would be conservative) could



destroy the building housing the irradiator and the 3. Y2 foot lip of the irradiator pool. I

also concluded that destruction of the pool lip could undermine the integrity of the pool,

causing the water shielding the Co-60 sources to drain out; a high-temperature

conflagration caused by the impact could destroy the pool by heating the steel; and flying

debris could breach the source assembly or pool. In all of these instances, radioactive

Co-60 could be introduced to the human environment.

3. I have reviewed Pa'ina Hawaii, LLC's Answer to Concerned Citizens of

Honolulu's contentions, with particular attention to the declaration of Gray* Star, Inc.

Vice President and Chief Operating Officer Russell N. Stein. Pa'ina does not dispute Dr.

Marvin Resnikoff s conclusion that the likelihood of an aviation crash is more than the

one-in-a-million threshold the NRC uses to evaluate aviation risks or Dr. Hofflnann's and

my findings that the building housing the irradiator, as well as the irradiator pool's lip as

modeled, would be destroyed in the event of an aircraft impact. Pa'ina does attempt to

refute, through Mr. Stein's declaration, my conclusion that an aircraft crash may cause

radioactive Co-60 from the irradiator to be introduced to the human environment. I

address Mr. Stein's declaration below.

4., Initially, it troubles me that Mr. Stein claims to be responsible for all

design and engineering for the Genesis irradiator that Pa'ina proposes to build and

operate, because Mr. Stein has not demonstrated he has any training or experience as an

engineer. In fact, it appears from the files of another NRC proceeding that Mr. Stein's

only "formal education" was as an economist, having received a Bachelor of Arts degree

in that field. See 5/3/04 Email from GrayStar (ML041250238), a true and correct copy of

which is attached hereto as Exhibit "13." It is obviously one thing to design an irradiator
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thatcanb .... ........ viable ., and.entirl anothr to .r..... nn rrnc1intnr that crn

withstand the forces of an airplane crash.

5. Despite his stated lack of expertise evaluating the "potential severity of

various incidents that may have impact at the site of the facility," Mr. Stein nonetheless

asserts, with no basis in fact or quantitative analysis, that his irradiator design could

prevent nuclear materials from dispersing, even in the event of an aviation accident.

Stein Deci. ¶ 7. He claims the numerical model Dr. Hoffmann and I prepared is based on

"false premises" because we allegedly did not have a "proper understanding of the

design." I!d. ¶¶ 6 and 8. According to Mr. Stein, we failed to consider that the 42" lip of

irradiator is to be made of only ¼" stainless steel, with no concrete or structural I-beams,

and is "designed to be sacrificial." Id. ¶ 10(A).

6. Any misunderstanding about the construction of the pool lip is due to the

imprecise description provided in Pa'ina's application, which states that the pool is

"constructed of two steel layers with a concrete filled six-inch space between them."

Application at 23. The application notes that "[t]he pool is mainly below ground with a

42" upper lip extending above the facility flo6r;" it does not indicate explicitly that the

construction of the lip differs from that of the rest of the pool, of which it is a part. Id.

The drawings to which Mr. Stein refers similarly do not clearly indicate the pool lip is

made up of only ¼/4" stainless steel.

7. In any event, Mr.. Stein's comments about the construction of the pool lip

serve only to demonstrate his lack of understanding of the structural defense mechanisms.

of the system. The lip that Dr. Hoffmann and I modeled with concrete and structural I-

beams (based on the description in the application) is much stronger and tougher than the

3



design Mr. Stein describes. Thus, damage to the lip and resulting damage to the

irradiator pool that Pa'ina apparently proposes to build would be considerably more than

what was calculated. That Dr. Hoffmann and I modeled using conservative assumptions

merely confirms that Mr. Stein's less robust design could certainly not stand up to a.

similar aircraft impact. Mr. Stein's notation in paragraph 1 O(A) that "most of the

stainless steel inner liners on other irradiators are less than '¼" thick" misses an important

point: Other irradiators are not located immediately adjacent to active runways at an

international airport and, thus, do not have to be robust enough to withstand the impact of

a passenger jet.

8. Further, Mr. Stein's assertion that he intended the irradiator pool lip "to be

sacrificial" is irrelevant to the structural analysis of what would happen to the integrity of

the pool in the event of an aviation accident. As stated in my report and prior declaration,

damage to the lip, which is. attached to the pool, will undermine the structural stability of

the pool, creating a situation of potential release of radioactive material. Mr. Stein has

not provided quantitative evidence to challenge this conclusion (and, since presumably

his irradiator design has not previously been hit by an airplane, has no empirical data on

which to rely) and has not even attempted to show that radioactive material could not be

released under the phenomena associated with an aviation accident.

9. Mr. Stein's declaration notably fails to address situations in which flying

debris - pieces of the airplane that hit the irradiator facility and/or portions of the

building itself- breach the source assembly or pool. As discussed in my previous

declaration and attached report, it is my opinion, based on over five decades of
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experience in the field of structural engineering, that, in such circumstances, radioactive

Co-60 could be introduced to the human environment.

10. While Mr. Stein accuses Dr. Hoffmann and me of speculation, he offers

no hard proof contradicting the conclusions we derived from our numerical modeling and

professional experience. For example, Mr. Stein asserts that the source retaining

mechanisms are designed to disconnect and leave the source at the bottom of the pool, yet

offers no experiential proof or mathematical modeling to demonstrate the sources could

not be pulled out of the pool in the event of an aviation accident: Similarly, rather than

offer alternate analysis, he merely asserts that impact to the lip could not transfer

significant forces to the pool itself. Mr. Stein also fails to provide any evidence to back

up his assertion that damage to the sources from an airplane crash would "not lead to an

environmental issue." Stein Decl. ¶ 10(B).

11. I stand by the opinions offered in my original declaration, which were

based on a reliable numerical modeling study using methodologies accepted in the

structural engineering field, as well as my experience as a structural engineer and

researcher.
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I declare under penally o" pejury that the [actual information provided above is

true and correct to the best of my knowledge wid belief, and .hait the professio-nal

opinions expressed above are based on my best profess.iona! judgiment.

Executed in San Diego, CA. on this 15ýh day of March, 2007.

Dr. Mete A. Sozcn
Licensed Structural E'ngineer (111iloi9s)
Lafayette, Indiana
550 Stadium Mall Drive
West Lafayette, IN 47907-2051
Phone (765) 494-2186
Fax (765) 494-0395
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Materials License Application )

SUPPLEMENTAL DECLARATION OF DAVID L. HENKIN

I, David L. Henkin, declare:

1. I am an attorney at law, duly licensed to practice before all courts of the State of

Hawai'i, the U.S. District Court for the District of Hawai'i, the U.S. Court of Appeals for the 9 th

Circuit, and the U.S. Supreme Court. I am the lead attorney for intervenor Concerned Citizens of

Honolulu.

2. I make this supplemental declaration in support of Concerned Citizens'

Contentions Re: Draft Environmental Assessment And Draft Topical Report. This declaration is

based on my personal knowledge, and I am competent to testify about the matters contained

herein.

3. Attached hereto as Exhibit "14" is a true and correct copy of a December 6, 2006

email from Elaine Keegan to Matthew Blevins entitled "Pa'ini [sic] Irradiator SER input." This

document is available on ADAMS at Accession Number ML063480301.

.4. Attached hereto as Exhibit "15" is a true and correct copy of a November 27,

2006 email from Anita Turner Gray to Matthew Blevins entitled "Microshield Calculation

Review." This document is available on ADAMS at Accession Number ML063480293.



5. Attached hereto as Exhibit "16" is a true and correct copy of a February 14, 2007

email from Matthew Blevins to Micheal Kohn of Pa'ina Hawaii, LLC regarding Pa'ina's

consideration of alternate treatment technologies. This document is available on ADAMS at

Accession Number ML070600583.

6. Attached hereto as Exhibit "1 7" is a true and correct copy of an editorial that

appeared in the December 27, 2006 edition of the Honolulu Advertiser entitled "Irradiator study

needs additional disclosures." This document is available on the Advertiser's website at:

http://the.honoluluadvertiser.com/article/2006/Dec/27/op/FP612270322.html. The Advertiser is

the newspaper in Hawai'i with the largest daily circulation.

7. Attached hereto as Exhibit "18" is a true and correct copy of a letter dated January

30, 2007, containing the testimony on the Draft Environmental Assessment ("Draft EA") of

Hawai'i State Senators Suzanne Chun Oakland and Gordon Trimble and Hawai'i State

Representatives John Mizuno and Karl Rhoads. At the request of Senator Chun Oakland, I

personally submitted a copy of this letter at the February 1, 2007 public hearing on the Draft EA.

For reasons unknown, the Staff has not yet added this letter'to ADAMS.

8. Attached hereto as Exhibit "19" is a true and correct copy of a letter dated January

23, 2007, with additional testimony on the Draft EA from Hawai'i State Representative Karl

Rhoads. This document is available on ADAMS at Accession Number ML070330024.

9. Attached hereto as Exhibit "20" is a true and correct copy of a letter dated January

24, 2007, with testimony on the Draft EA from Hawai'i State Senator Norman Sakamoto,

together with the cover email. This document is available on ADAMS at Accession Number

ML070290589.
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I declare under penalty of perjury that I have read the foregoing declaration and know the

contents thereof to be true of my own knowledge.

Dated atHonolulu, Hawai'i, March 19, 2007.

41 )P -.~~
DAVID 

L. HENKIN

DAVID L. HENKIN

In the Matter of Pa'ina Hawaii, LLC, Docket No. 30-36974-ML, ASLBP No. 064843-01-ML;
SUPPLEMENTAL DECLARATION OF DAVID L. HENKIN RE: CONCERNED CITIZENS'
CONTENTIONS RE: DRAFT ENVIRONMENTAL ASSESSMENT AND DRAFT TOPICAL
REPORT
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ABSTRACT

In accordance with 10 CFR Part 36, Pa'ina Hawaii, LLC, submitted a license application to the
U.S. Nuclear Regulatory Commission (NRC) for the possession and use of sealed sources in a
proposed commercial pool-type industrial irradiator to be located near Honolulu International
Airport on the island of Oahu, Hawaii. To meet its responsibilities in accordance with the
National Environmental Policy Act as determined in a settlement agreement (NRC, 2006), NRC
agreed to prepare an environmental assessment to evaluate the potential for significant
environmental impacts of the proposed irradiator. The objective of this report is to assess the
potential effects of natural phenomena (seismic events, tsunamis, and hurricanes) and potential
aircraft crashes on the proposed irradiator facility. The analyses presented in this report are
based on data available to the general public on the geology of Hawaii as it pertains to
earthquakes, tsunamis, and'hurricanes. The analysis of the hazard associated with a potential
aircraft crash uses the methodology described in NUREG-0800 (NRC, 1981) to determine the
annual probability of an aircraft crash into the proposed facility based on flight data from
Honolulu International Airport. It is concluded that the potential for a tsunami or a storm surge
to remove a Co-60 source assembly from the irradiator pool is negligible. Additionally, there are
no historical data that support an earthquake at Honolulu International Airport being large
enough to cause a source assembly to be removed from the irradiator pool by ground motion.
The annual probability of an aircraft crashing into the proposed facility was estimated to be
2.1 x 10- yr' or one such accident every 5,000 years, and this value is believed to be an
overestimate. It was further determined that a loss of control of radioactive material as the
result of an aircraft crash into the facility is not feasible.
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I INTRODUCTION

1.1 Background

In accordance with 10 CFR Part 36, Pa'ina Hawaii, LLC, submitted a license application to the
U.S. Nuclear Regulatory Commission (NRC) for the possession and use of sealed sources in a
proposed commercial pool-type industrial irradiator to be located near Honolulu International
Airport on the island of Oahu, Hawaii (NRC, 2005). The license application states that the
irradiator will be used primarily for research and irradiation of food, cosmetics, pharmaceutical
products, and a wide range of other materials.

To meet its responsibilities under the National Environmental Policy Act as defined in a
settlement agreement (NRC, 2006), NRC agreed to prepare an environmental assessment to
evaluate the potential for significant environmental impacts from the proposed irradiator. The
environmental assessment must include evaluation of the environmental impacts and pot ential
consequences of natural phenomena and aircraft crash hazards associated with the proposed
irradiator facility. This topical report assesses the effects of potential aircraft crashes and
natural phenomena, including tsunamis, hurricanes, and seismic events.

The proposed Genesis i1 IrradiatorTM is designed, manufactured, and marketed by
GRAY*STAR, Inc. The Clayton H. Landis Company, Inc. provides engineering support and the
fabrication of the irradiator under contract to GRAY*STAR, Inc. The Genesis II IrradiatorTM is
classified as an underwater, self-shielded, Co-60 irradiator. The Genesis II IrradiatorTM design
qualifies as an underwater irradiator because the source remains in the shielded position during
irradiation, and the item to be tested is lowered in an airtight container into the radiation field.

The proposed irradiator uses multiple source assemblies.that consist of an inner capsule
containing nickel-coated activated-cobalt metal discs and slugs. The inner capsule is either
stainless steel or zircalloy and has two fusion-welded end plugs. This capsule has an inner
diameter of 6.35 mm [0.25 in], a wall thickness of 0.6 mm [0.24 in], and a length of 449 mm
[0.39 in]. This capsule is sealed in a stainless steel outer capsule with an outer diameter of
12.7 mm [0.5 in], a wall thickness of 0.7 mm [0.028 in], and a length of 455 mm [17.9 in]. The
weight of a typical source assembly is 0.26 kg [0.57 Ib]. The source assemblies are tested to
meet 10 CFR 36:21 requirements for leak tests, corrosion, temperature shock, pressure, impact,
Vibration, puncture, and bending. Of particular importance to this report is the ability of the
source assembly to withstand the forces exerted during the pressure, impact, puncture, and
bending tests. As required by 10 CFR 36.21, prototype source assemblies have been shown
to pass the following tests:

The test source must be twice subjected for at least 5 minutes to an external pressure
(absolute) of 2 million-newtons per square meter

A 2-kilogram steel weight, 2.5 centimeters in diameter, must be dropped from a height of
1 meter onto the test source

A 50-gram weight and pin, 0.3-centimeter pin diameter, must be dropped from a height
of 1 meter onto the test source

1-1



If the length of the source is more than 15 times larger than the minimum cross-sectional
dimension, the test source must be subjected to a force of 2000 newtons at its center
equidistant from two support cylinders, the distance between which is 10' times the
minimum cross-sectional dimension of the source

In addition, in accordance with the requirements of 10 CFR 36.21, the sealed source has a
certification of registration issued under 10 CFR 32.210. According to the source registry (MDS
Nordion, 2002), the source design has passed ANSI test E65646 (U.S. Department of
Commerce, 1978), which includes

* A temperature test of -40 0C [-40 OF] for 20 minutes, 800 °C [1,472 OF] for 1 hour, and a
thermal shock of 800 'C [1,472 'F] to 20 °C [68 OF] by immersion in a large volume of
water within 15 seconds. Fire tests within the furnace use an industry-accepted 800 0C

to simulate hydrocarbon fires.

An external pressure test from 25 kN/m 2 [3.63 lb/in2] absolute to 70 MN/m 2

[10,153 lb/in2] absolute.

An impact test of 20 kg [44 Ib] dropped from a height of I m [39.37 in].

Three vibration test cycles of 30-minutes duration each from 25 to 80 Hz at 1.5 mm
[0.6 in] amplitude peak to peak and from 80 to 2,000 Hz at 20 g.

A puncture test from a 1-kg [2.2-1b] pin dropped from a height of 1 m [39.37 in].

The irradiator main components include a pool, a source-holding mechanism and stainless steel
plenum for holding the source assemblies in place, a surge tank, and a hoist and rail transfer
system for moving product into place during irradiations. The surge tank and hoist and rail
system are above the pool water level, while the source-holding mechanism and source plenum
are located within the pool. The top of the pool is at ground level. A 107-cm [42-in] protective
barrier rail, which serves to prevent personnel from accidentally falling into the pool, extends
above the facility floor (Figure 1-1). The pool extends to a depth of 5.4 m [18 ft] below the
facility floor, and the source assemblies are held in place at the bottom of the pool by a source
plenum. The source plenum covers the sources and is designed to distribute helium around the
sources such that water does not come into direct contact with the sources. The depth of the
water table is 2.4 m [8 ft] below the facility floor; thus, the source assemblies normally reside
below the water table (Wiedig Geoanalysts, 2005). During routine operations, the source
assemblies are placed in a source holder contained within the stainless steel plenum. The
source assemblies are mechanically isolated from the plenum or other structure within the pool.
Thus, any forces that impact the plenum or other structure will not be directly transferred to the
source assemblies'. In addition, the pool structures are mechanically isolated from the facility,
the surge tank, and the hoist and rail system. In the event of damage to the plenum
structure, the source assemblies would either remain in the source holder or fall to the floor of
the irradiator.

It is planned to house the irradiator in a building made of standard construction materials that
has a length of 19.5 m [64 ft] and a width of 35.3 m [116 ft]. The planned building will be
significantly larger than the footprint Of the irradiator pool, which is approximately 2.05 x 2.41 m
[81 x 95 in] (NRC, 2005), or 1 percent of the planned building floor area. The remaining area of
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the building will house the hoist and rail transfer system, the surge tank, offices, and product
handling areas.

1.2 Scenarios To Be Considered

The consequence to be avoided in the event of an aircraft accident or natural phenomenon is
loss of control of radioactive material, which occurs when source material is physically removed
from the pool or when water becomes contaminated above some concentration limit and is
released from the pool. To remove source material from the pool, a mechanical source
retaining mechanism and lock (not shown in Figure 1-1) must be overcome, the plenum must be
removed, the source must be removed from the source rack, and the source must be lifted
5.4 m [18 ft] out of the pool. For the irradiator pool water to become contaminated, the inner
and outer capsules must be breached to expose the radioactive Co-60 slug, and the slug must
be allowed to corrode in the water. Even if the building is destroyed and the pool damaged by
the accident or natural phenomenon, control of the source is not lost unless the source material
is removed from the pool. Similarly, the loss of operating monitoring equipment during an
accident or natural phenomenon does not lead to the loss of control of radioactive material.
Finally, a reduction in the water level may result in increased dose rates in a well-collimated
beam directly above the pool. However, the increased dose rate can be readily shielded and
would not have an environmental effect on the area around the proposed facility. In addition, if
the water level drops, worker doses are not expected to be significantly increased in the area
around the pool.

For pool water contamination to occur, the source must be removed from the source plenum,
and the inner and outer containment capsules must both be breached. The cobalt slugs inside
the source capsules are plated with nickel-a material that is not radioactive and does-not
readily corrode in water. Therefore, corrosion of the cobalt can occur only if a slug is cracked or
split, exposing the cobalt to the pool water. Then, a significant amount of the cobalt source
material must corrode to the extent that corroded cobalt metal significantly contaminates
the water.

Two aspects of corrosion must be evaluated to determine whether the cobalt will corrode. First,
the thermodynamic aspects must be evaluated. Below a pH of 9, cobalt metal forms cobaltous
ions, which are a form of corrosion. Because the pool water.is anticipated to have a pH of
about 7, it is thermodynamically possible for cobalt to corrode. Thus, it is necessary to consider
the kinetics of the corrosion'reaction. In other words, the corrosion rate must be determined. In
general, corrosion rates are higher at higher temperatures {typically greater than 100 °C [212
OF]} and are higher when ions are present in the solution. The quantity of ions in the water is
measured indirectly as the conductivity of the water. In the irradiator pool, the conductivity is
continuously monitored to ensure that the level is low (i.e., low concentrations of dissolved
ions). Since the pool water will be maintained at a low temperature and at a low conductivity,
the cobalt corrosion rate is anticipated to be very low. Although no data were found on the
corrosion rate of cobalt in water, corrosion rates in highly acidic solutions with ,high conductivity
are less than 108 pm/yr [0.004 in/yr] (Kim, et al., 2003). The corrosion rate in a solution with
low conductivity is typically one to two orders of magnitude less. Thus, it is not feasible that a

.significant amount of contamination can be released into the pool water and lead to
contamination of the surrounding environment in the timeframe of days to weeks considered in
the case of an aircraft accident or damage by natural phenomena. For the remainder of this
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report, release of contaminated pool water to the environment is not considered as a
possible outcome.

1.3 Objectives and Scope

The objective of this report is to assess the potential effects of natural phenomena (tsunamis,
hurricanes, and seismic events) and potential aircraft crashes on the proposed irradiator facility.
The conclusions in this report are based on a review of the license application and supporting
reports submitted by Pa'ina Hawaii, LLC (NRC, 2005) and on a review of existing public data on
airport activity, seismic activity, tsunamis, and hurricanes that are applicable to the irradiator
facility. No new data were measured or derived in preparing this report.,

The scope of this report is to compile public data and perform basic analyses to determine the
potential for a radiological release from the proposed irradiator. This report does not offer a
comparison to the risks associated with other nuclear facilities. However, this report provides a
technique for assessing whether an aircraft crash or natural phenomena may lead to the loss of
control of radioactive material.

1.4 Methodology

The analysis of the hazard associated with a potential aircraft crash in Chapter 2 uses the
methodology described in NUREG-0800 (NRC, 1981),to determine the annual probability of an
aircraft crash into the proposed facility based on flight data from Honolulu International Airport.

A qualitative analysis of the likelihood of the loss of control of a Co-60 source assembly is
provided to give an estimate of the potential radiological hazard associated with an
aircraft accident.

The analyses presented in Chapter 3 of this report are based on data available to the general
public on the geology of Hawaii as it pertains to earthquakes, tsunamis, and hurricanes. A
recent history of the frequency and magnitude of each of these events is compiled, and the
potential hazard to the proposed facility is determined.
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2 ESTIMATION OF ANNUAL FREQUENCY OF AIRCRAFT CRASHES

This chapter describes the methodology and data used to determine the probability of an
aircraft crash into the proposed facility. The pertinent aspects of the flight environment and
proposed facility are also described, followed by an estimation of the probability of an aircraft
crash that damages the facility, including a discussion of the conservatisms that are inherent in
the estimation. Finally, the potential impacts to the environment are summarized.

2.1 Flight Environment and Proposed Facility

To estimate the probability of an aircraft crash into the proposed facility, information about the
flight environment and the proposed facility must be collected. The flight environment includes
flights originating and terminating at Honolulu International Airport and Hickam Air Force Base
(which share the same runways) as well as a description of the types of aircraft that use
these facilities and the number of flights. In addition to the description of the facility given in
the previous section, this section presents information that is needed to complete the
probability estimation.

2.1.1 Honolulu International Airport and Hickam Air Force Base

Honolulu International Airport is one of the busiest airports in the United States. Domestic and
international flights use the main terminal of this.airport as the principal aviation gateway to the
State of Hawaii. In addition, interisland flights use the interisland terminal, and commuter flights
use the commuter terminal. This airport is the principal hub of Aloha Airlines and Hawaiian
Airlines. These airlines fly to other islands and several other domestic and international
airports. Many other domestic and international airlines also use Honolulu International Airport
(AirNav, LLC, 2006).

Hickam Air Force Base shares operations facilities and uses the runways at Honolulu
International Airport for military flights. The 1 9 9 th Fighter Squadron of the Hawaii Air National
Guard uses F-15 A/B Eagle aircraft for maintaining interceptor capability for the State air
defense system. This squadron also augments the active duty U.S. Air Force when needed.
The 203rd Air Refueling Squadron uses KC-135R Stratotanker aircraft for air-refueling
operations worldwide. The 204th Airlift Squadron Uses C-130H2/H3 Hercules tactical aircraft for
airlift operations. The 15th Airlift Wing of the Air Force uses C-17 Globemaster III aircraft for
worldwide missions in support of the Pacific Air Forces (Hawaii Air National Guard, 2004).

There are four runway surfaces at Honolulu International Airport: Runway Surface 8LJ26R,
Runway Surface 8R/26L, Runway Surface 4R/22L, and Runway Surface 4L/22R (AirNav, LLC,
2006). The length of each runway surface is provided in Table 2-1. The dual designation for a
single runway surface indicates that a single runway surface serves as two runways in opposing
1800 directions. For instance, Runway Surface 8L/26R is designated Runway 8L when aircraft
are landing from the west and Runway 26R when aircraft are landing from the east. For the
remainder of this report, Runway 8L will be considered a separate runway from Runway 26R,
even though they both refer to the same concrete slab.

Due to predominant northeasterly trade winds (Barnes, et al., 2001), Runway 8L is used for
instrument landings and is the primary daytime runway for landing wide-body jet aircraft.
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Table 2-1. Length of Runways*

Runway Length

m ft Statute mi

8R/26L 3,658 12,000 2.27

8L/26R 3,749 12,300 2.33

4R/22L 2,743 9,000 1.70

4L122R 2,119 6,952 1.32
*AirNav, LLC. "Runway Information." 2006. <http:/fwww.airnav.com/airportfPHNL> (December 14, 2006).

Runway Surface 8R/26L is known as the Reef Runway, and it has a left-hand traffic pattern.
The Reef Runway is used for instrument landings and takeoffs by wide-body jet aircraft to
reduce the effects of noise on the city (Barnes, et al., 2001). Runway Surface 4R/22L has a
left-hand traffic pattern, and Runway 4R is used for instrument landings. Runway
Surface 4L/22R has a left-hand traffic pattern, and only visual landings are conducted on this
runway. In addition, there are two designated offshore (water surface) waterways, 26W/8W
{length 1,524 m [5,000 ft]} and 22W/4W {length 914 m [3,000 ft]} for seaplanes. The location of
each runway/waterway is shown in Figure 2-1.

The two waterways were not included in the current analysis for two reasons. First,
seaplanes are small aircraft that do not have the mass or fuel capacity to cause extensive.
damage to the proposed irradiator. Second, the number of seaplanes that use the waterways
is expected to be relatively small.

The airspace above Honolulu International Airport is designated by the Federal Aviation
Administration (FAA) as Class B airspace, which means that the air traffic control system
provides radar sequencing, aircraft separations, and air traffic safety advisories to aircraft flying
under instrument and visual flight rules via specific approach and departure routes. Procedures
for using these published arrival and departure routes at Honolulu International Airport indicate
that aircraft with missed approaches to landings on Runways 8L and 8R will climb and then turn
right to a holding pattern over the ocean. Similarly, aircraft with missed approaches to landing
on Runways 4L and 4R will climb and then turn right into a holding pattern, again over the
ocean. Aircraft takeoffs from Runways 8L, 8R, 4L, and 4R must complete the right turn to the
assigned headings within 3.7 km [2.3 mi] of the departure end of the runway. Similarly, aircraft
taking off from Runways 22L, 22R, 26L, and 26R must complete a left turn to the assigned
headings within 3.7 km [2.3 mi] of the departure end of the runway (AirNav, LLC, 2006).

2.1.2 Aircraft Operations at Honolulu International Airport

Statistics are compiled on the number of aircraft flights at Honolulu International Airport and, for
the purposes of this analysis, are classified into four general categories: commercial, general
aviation, air taxis, and military aircraft. Commercial aircraft include large passenger aircraft that
typically arrive from overseas. General aviation aircraft arrive in Hawaii from overseas or are
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licensed in Hawaii. Air taxi is a classification of certified commercial air carriers defined by the
FAA as aircraft transporting people, property, and mail in accordance with 14 CFR Part 135
using smaller aircraft than the commercial air transportation system: air traffic controllers
classify a particular aircraft operation as air taxi if, in general, it consists of commercial services
carrying fewer than 70 passengers (Kimura, et al., 1996). Military aircraft are not distinguished
by size and include any aircraft owned and operated by the military.

Statistics on the number of aircraft operations at Honolulu International Airport were obtained
from three independent sources: AirNav, LLC (2006), the FAA (2006a), and Schlapak (2006),
Oahu District Manager of the Hawaii State Department of Transportation. The flight information
from Schlapak includes landings, takeoffs, touch-and-go operations, and flybys. The
information obtained from these three sources is provided in Table 2-2 and is consistent from
source to source. Therefore, the data from the FAA are used for subsequent calculations
because the data are publicly available from a recognized government authority. The
differences are small enough that using either of the other two data sources would have only
small effects on the results of this analysis.

The direction of flight is an important component of estimating the risk of an aircraft crash
because the upwind leg (after takeoff) and the final approach leg (before landing) are the
portions of the traffic pattern where aircraft crashes are most likely. Information provided by
Schlapak (2006) stated that approximately 45 percent of the traffic at Honolulu International
Airport is handled by Runway Surface 8L/26R. Runway Surface 4R/22L handles roughly 28
percent of the traffic. The remaining traffic is handled by Runway Surface 8R/26L (17 percent)
and Runway Surface 4L/22R (10 percent). Tropical trade Winds blow from the northeast at an
angle 400 to 900 from the north for a major portion (about 75 percent) of the year
(Schlapak, 2006).

Alternatively, the warm ocean temperature in the central Pacific Ocean reverses the trade wind
pattern, and wind blows from the southwest. This is called the Kona wind and lasts from a few
days to a few weeks sporadically throughout the year. When the Kona wind contributes a tail
wind component of more than 14.8 km/hr [8 knots], landing at Runway 26R is required instead

Table 2-2. Number of Flights Per Aircraft Type at Honolulu International Airport

Type of AirNav, LLC FAA* Schlapakt

Aircraft Flights Frequency Flights Frequency Flights Frequency

Total 326,640 100% 323,726 100% 330,506 100%

Commercial 177,870 54% 176,755 55% 181,780f 55%

General
Aviation 84,090 26% 84,099 25% 66,100-+ 20%

Air Taxis 48,510 15% 47,057 15% 66,100f 20%

Military 16,170 5% 15,815 5% 16,525t 5%

*FAA = Federal Aviation Administration
f-Schlapak, B. "Aircraft-Specific Information Related to Pa'ina Irradiator." Email communication (October 31) to
M. Blevins, U. S. Nuclear Regulatory Commission. ML070110036. Oahu, Hawaii: Hawaii State Department
of Transportation. 2006.
t7The number of flights is based on total flights multiplied by the estimated percentage of aircraft types.
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of Runway 8L. Approximately 25 percent of the time, the Kona wind blows with enough strength
to cause this change in the landing directions. Similarly, Runway 26L is preferred for landing
and takeoff when the Kona wind blows. Because the direction of the Kona wind varies from
1500 to 2700, it is also expected that the landing and takeoff traffic on Runways 4L122R and
4R/22L would be similarly affected.

No data are compiled on the number of times each type of aircraft uses specific runways in a
year. Flight tracks of aircraft by individual runway are preserved for only 2 weeks and are not
summarized (Schlapak, 2006). Based on operations information distributed among the four
runways and a 75:25 ratio between the directions of each runway, the estimated number of
landings and takeoffs for each runway are given in Table 2-3. Additionally, the FAA and AirNav,
LLC, provide the fraction of operations conducted by each type of aircraft. In the absence of
other information, the number of landings is assumed to be equal to the number of takeoffs.
The estimated number of landings and takeoffs for each runway is given in Table 2-4.

2.1.3 Proposed Facility

The proposed irradiation facility would be located on space 011 109 at Honolulu International
Airport. This space is 36 x 36 m [120 x 120 ft]. Space 011 108, adjacent to this space, is
available for possible future expansion of the facility although this expansion is not part of the
Pa'ina Hawaii, LLC license application. The length of the proposed facility is 19.5 m [64 ft], the
width is 35.3 m [116 ft], and the height is 9 m [29.6 ft].' The approximate location of the facility
is shown in Figure 2-2.

Table 2-3. Estimated Number of Annual Operations for Each Runway .

Runway Estimated Number of Annual Operations

8L 109,258

26R 36,418

8R 41,276

26L 13,756

4R 67,982

22L 22,662

4L 24,282

22R 8,092

1Kohn, M. "Draft Request for Additional Information Related to Environmental Review." E-mail communication
(October 23) to M. Blevins, U.S. Nuclear Regulatory Commission. Honolulu, Hawaii, Pa'ina Hawaii, LLC. 2006.

2-5



Table 2-4. Annual Operations for Each Type of Aircraft (Takeoff or Landing) at

Honolulu International Airport

Runway

Aircraft Type 8L 26R 8R 26L 4R 22L 4L 22R

Air Carrier 59,496 19,832 22,476 7,492 37,020 12,340 13,222 4,406

Air Taxi 16,226 5,408 6,130 2,042 10,096 3,364 3,606 1,202

General 28,126 .9,374 10,624 3,540 17,500 5,834 6,250 2,082
Aviation,

Turboprop

Military 5,408 1,802 2,042 680 3,364 1,122 1,202 400
Aircraft

2.2 Estimation of Annual Crash Frequency

The annual frequency of aircraft crashing onto the proposed facility is estimated using the
methodology given in Section 3.5.1.4 of NUREG-0800 (NRC, 1981). A brief description of the
estimation methodology follows, along with a discussion of the pertinent factors.

2.2.1 NUREG-0800 Methodology

According to NUREG-0800 (NRC, 1981), the annual frequency of an aircraft crashing into a
facility, PA, located at some distance from an airport is the product of three terms: (i) the
probability per square mile of an aircraft crash, (ii) the number of aircraft performing landings or
takeoffs per year, and (iii) the effective area of the facility. This is expressed mathematically as

j=1 j=1

(2-1)

where

M
L
Ci

A1

number of different types of aircraft using the airport
number of flight trajectories affecting the facility
probability per square mile of a crash per aircraft movement for the jth aircraft
number of aircraft movements per year by the jth aircraft along the ith flight path
effective area of the facility for the rth aircraft

In the following section, these terms are discussed, and the basis for the values used
is provided.
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2.2.2 Probability Per Square Mile of a Crash Per Aircraft Movement

The probability per square mile of a crash per aircraft movement depends on the type of aircraft
and the distance from the end of a runway. NUREG-0800 (NRC, 1981) provides the value of Cj
for four broad classes of aircraft: air carrier, general aviation, U.S. Navy and Marine Corps, and
U.S. Air Force. These classifications differ from the classifications shown in Table 2-2.
Therefore, the classifications (and their respective number of flights) were grouped by
combining the commercial and air taxi classifications in Table 2-2 to make the air carrier
classification in NUREG-0800 (NRC, 1981).

The location of the proposed facility with respect to the four runway surfaces is shown in
Figures 2-3 through 2-5. As defined in NUREG-0800 (NRC, 1981), the ends of the runways at
Honolulu International Airport are either 0 to 1.6 km [0 to 1 mi] or 1.6 to 3.2 km [1 to 2 mi] from
the facility. The methodology described in NUREG-0800 provides equal probability of an
aircraft crash regardless of the spatial orientation of the facility with respect to the runway
orientation and whether the aircraft is landing or taking off. Values for Cj applicable to the
proposed facility are given in Table 2-5 for different aircraft types and for the two
distance ranges.

The last factor needed to determine the probability of an aircraft crash is the effective area of
the facility, that is, the ground surface area surrounding the facility such that an unobstructed
aircraft would affect the facility if it were to crash within the area. The impact could be either by
direct fly-in or skid into the facility (DOE, 1996). The effective area of a facility, Aeff, for a given
type of aircraft is given as the sum of the effective fly-in area, At and the effective skid-in area,
As (DOE, 1996). This is written mathematically as

Aeff = A, + A, (2-2)

where

At =(WS+R).Hcot(9) + 2 -L.W-WS +L.W (2-3)
R

and

As (WS + R). S (2-4)

In these equations

WS = aircraft wing span
L = length of the facility
W = width of the facility
H = height of the facility
R = length of the diagonal of the facility = L2 + 2

S = mean aircraft skid distance
cot(/) = mean cotangent of the aircraft impact angle
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Table 2-5. Values of C, from NUREG.-0800*

Distance From Probability of a Fatal Crash Per Square Mile Per Aircraft Movement
End of Runway

km [mi] Air Carrier General Aviation U.S. Navy U.S. Air Force

0-1.6 [0-1] 16.7 x 10-8 84 x 10-' 8.3 x 10-8 5.7 x 10-'

1.6-3.2 [1-2] 4.0 x 10-" 15 x 10-8 1.1 x 10-8 2.3 x 10-'

*U.S. Nuclear Regulatory Commission (NRC). NUREG-0800, "Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants. Standard Review Plan Section 3.5.1.6--Aircraft Hazards."
Washington, DC: NRC. June 1981.

The wingspan, skid distance, and mean cotangent of the impact angle for each aircraft type,
obtained from DOE (1996), are presented in Table 2-6. Using Eqs. (2-1) through (2-4) and the
information presented in Tables 2-5 and 2-6, the effective area of the proposed facility
estimated for each aircraft type is given in Table 2-7.

2.2.3 Evaluation of Runways for Potential for Aircraft Crashes

The final task in estimating the annual frequency of aircraft crashes is to identify the runway
events (landings and takeoffs) that have the potential for an aircraft crash that could strike the

Table 2-6. Characteristics of the Aircraft*

Wingspan WS, m Mean Cotangent of Skid Distance S, m
Aircraft Type [ft] Impact Angle cot(4') [ft]

Air Carrier 29.4 [98] 10.2 432 [1,440]

Air Taxi 17.7 [59] 10.2 432 [1,440]

Large Military 66.9 [223] 7.4t/9.7t 234t/1 10: [780t/368t]
Aircraft

Small Military 23.4 [78] 8.41"/10.4t: 741-/134: [2461-/447::]
Aircraft (High
Performance)

General Aviation, 15.0 [50] 8.2 18 (60)
Piston Engine

General Aviation, 21.9 [73] 8.2 18 (60)
Turboprop

General Aviation, 15.0 [50] 8.2 18 (60)
Turbojet

*DOE. DOE-STD-3014-96, "DOE Standard: Accident Analysis for Aircraft Crash Into Hazardous Facilities."
Washington, DC: DOE. 1996.
tTakeoff
t Landing
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Table 2-7. Estimated Effective Area (Aeff) of the Facility for Each Type of Aircraft

Effective Facility Area (Aeff)

Aircraft Type km? mi2

Air Carrier 0.03905 0.01506

Air Taxi 0.03233 0.01247

Large Military Aircraft 0.03604*/0.02467t 0.01390"/0.00952t

Small Military Aircraft (High Performance) 0.01119*/0.01628t 0.00431"/0.00628-

General Aviation, Piston Engine 0.00635 0.00245

General Aviation, Turboprop 0.00724 0.00279

General Aviation, Turbojet 0.00635 0.00245
* Takeoff

" Landing

proposed facility. Landing phase crashes historically occur short of the runway (Glaser, 1996).
Based on analysis of data, Kimura, et al. (1996) concluded that a crash during landing occurs
on the average approximately 2.3 km [1.4 mi] short of the threshold end of the runway.
Similarly, a crash during takeoff occurs on the average approximately 1 km [0.6 mi] beyond the
departure end of the runway. Based on information of historical crash locations (Glaser, 1996;
Kimura, et al., 1996); each of the runways at Honolulu International Airport were evaluated. The
results are provided in Section 2.2.4.

The following discussions provide a brief description of operations and assessment of facility

strike potential for each runway at Honolulu International Airport.

Runway 8L

The proposed facility is located closer to the departure end (during takeoff) of this runway in a
direction perpendicular to, the runway centerline. Barnes, et al. (2001) have observed that wide-
body aircraft would land at this runway and exit at taxiway S or H {2,210 m [7,250 ft] and
2,500 m [8,200 ft] from the Runway 8L threshold} near the overseas terminal (Figure 2-1),
respectively. Informal Land and Hold Short procedures occur frequently while landing at this
runway. However, nearly all narrow-body aircraft in interisland operations would exit the runway
at either taxiway L or G {1,495 m [4,900 ft] and 1,645 m [5,400 ft] from Runway 8L threshold},
respectively, to expedite arriving at the interisland terminal of the airport (Figure 2-1). This
practice effectively shortens the 3,749-m [12,300-ft] runway to approximately 1,525 m [5,000 ft]
from the Runway 8L threshold (Barnes, et al., 2001). An aircraft landing at this runway and
skidding from the runway while decelerating toward the proposed facility must pass through a
wooded area to reach the proposed building site. The probability of an aircraft crash into the
proposed facility while attempting to land at this runway is negligible because of the distance
between the landing threshold and the proposed facility. There are no documented cases of
such an accident (Glaser, 1996; Kimura, et al., 1996).
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An aircraft on takeoff roll on this runway would have to skid off in a direction perpendicular to
the runway centerline. The probability of a crash onto the proposed facility after takeoff is
calculated in Section 2.2.4.

Runway 26R

The proposed facility is in a direction perpendicular to the runway centerline at the threshold.
The probability of an aircraft crashing into the proposed facility is provided in Section 2.2.4.
However, it is expected that this probability is an overestimate because an aircraft on takeoff roll
on this runway would have to skid in a direction perpendicular to the' runway centerline to reach
the facility, crossing two other runway surfaces on the way. The skid angle becomes steeper as
the aircraft traverses further along the runway, gathering speed. Therefore, the potential for a
crash onto the proposed facility while taking off from this runway is negligible.

Runway BR

This runway is the preferred departure runway for wide-body aircraft. Aircraft make a right turn
to a crosswind leg after takeoff to reach the assigned route, which could bring the aircraft in a
direction opposite the facility. During its takeoff roll, an aircraft would have to skid to the left
through a taxiway and several other structures to reach the proposed facility. Again, as the
aircraft gathers speed while moving down the runway, it becomes increasingly difficult to reach
the facility because the required angle of travel becomes increasingly steeper. Were air traffic
control to direct general aviation/narrow-body aircraft to use a left-hand pattern on takeoff from
this runway, there is a nonnegligible probability of a fly-in crash from the crosswind leg.

It is not feasible that aircraft landing at this runway could reach the facility because the facility is
almost 3.2 km [2 mi] from the runway threshold. An aircraft would have to skid across a taxiway
and perhaps into other structures to reach the facility. A fly-in crash into the facility while
landing at this runway is not feasible.

Runway 26L

An aircraft on its takeoff roll on this runway is unlikely to skid into the proposed facility because
it would have to skid to the right across a taxiway and perhaps into a fire station before colliding
with the proposed facility. The apex of Keehi Lagoon is also between the runway and the
proposed facility. The probability of an aircraft crash involving the proposed facility during
takeoff is, therefore, negligible.

The calculated probability of an aircraft crashing into the proposed facility on final approach to
this runway or on its landing roll is given in Section 2.2.4. However, the probability does not
reflect that the accident would require precise positioning-for the aircraft to fly into the effective
area of the building. The actual probability for the precise positioning necessary to produce a
credible scenario would be less than the calculated probability.

Runway 4R

While it is conceivable that an aircraft on takeoff from this runway could collide with the
proposed facility, the proposed facility is located beyond the runway threshold and to the right.
Further, aircraft skidding from the runway would first traverse a general aviation tie-down area
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O and probably crash into hangar buildings before colliding with the proposed facility. Therefore,the potential for crashing into the proposed facility is negligible. However, the~probability of an
aircraft crashing into the proposed facility on final approach has been included in Section 2.2.4.
This probability does not reflect that this type of accident would require precise positioning for
the aircraft to fly into the effective area of the building. Thus, the actual probability would be
less than the calculated value provided in Section 2.2.4.

Runway 22L

The proposed facility is not beyond the departure end of this runway. If a landed, decelerating
aircraft were to skid off the runway to the left, it would have to pass through a natural area,
taxiways, and a general aviation tie-down area before colliding with the proposed facility.
Therefore, the probability of an aircraft crashing into the proposed facility while landing at this
runway is negligible. An aircraft could crash into this facility while banking its
upwind-to-crosswind turn from the departure end of this runway, and this probability is
calculated in Section 2.2.4.

Runway 4L

The proposed facility is behind and to the right of the point where aircraft start their takeoff roll.
Therefore, the probability of an aircraft crash into the proposed facility during takeoff is
negligible. The probability of an aircraft crashing into the proposed facility during final approach
for a landing on this runway is given in Section 2.2.4.

S Runway 22R

The proposed facility is perpendicular to the departure end of this runway. The probability of a
fly-in aircraft crash into the proposed facility during landing is negligible. If a landed,
decelerating aircraft were to skid off the runway to the left, it would have to pass another
runway, natural areas, taxiways, and a general aviation tie-down area before colliding with the
proposed facility. The probability of an aircraft crashing into the facility while banking its
upwind-to-crosswind turn from the departure end of the runway is given in Section 2.2.4. By
procedure, pilots must complete this left turn within 3.7 km [2.3 mi] of the departure end of
the runway.

2.2.4 Estimated Annual Frequency

The annual frequency of aircraft crashing into the proposed facility has been estimated using
the methodology given in NUREG-0800 (NRC, 1981). The annual aircraft crash frequency was
estimated by multiplying the number of landings and takeoffs in a year by different types of
aircraft at each runway (Table 2-4); the crash rate corresponds to the relative location of the
facility with respect to the runway end (Table 2-5) and the estimated effective area (Table 2-7).
The estimated aircraft crash frequencies are shown in Table 2-8. To ensure that the probability
of an aircraft crash is not underestimated, it has been assumed that all general aviation aircraft
are turboprop types, because this type of aircraft results in the largest effective area of the
facility. Moreover, it has been assumed that all military aircraft are F-15 jets, classified as small
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Table 2-8. Estimated Annual Crash Frequency During Landing and Takeoff

Runway Landing Takeoff

8L -0 2.8 x 10'-

26R 9.4 x 10-6 -0

8R -0 4.7 x 10-5

26L 1.6 x 10-5 ~0

4R 7.8 x 10-5 -0

22L -0 5.8 x 10-6

4L 2.8 x 10-5 -0

22R •~0 2.1 x 1076

Cumulative Total 2.1 X 10-4

high-performance aircraft. Honolulu International Airport is also used by large military aircraft
(e.g., KC-135R Stratotanker, C-130H2/H3 Hercules, and C-17 Globemaster III aircraft).
Although the effective area of the facility will be larger for these aircraft, the crash rates for these
multiengine aircraft are significantly lower than the crash rate for the twin-engine F-15 aircraft.

2.3 Overestimation in the Estimated Annual Frequency

A certain amount of overestimation is possible in the analysis methodology and data used to
estimate the annual frequency of aircraft crashes involving the proposed facility. This section
discusses the main assumptions that result in possible overestimations.

The NUREG-0800 (NRC,. 1981) methodology is independent of the radial orientation of
the proposed facility with respect to the runway orientation. Information obtained since

the publication of the NUREG-0800 methodology (e.g., DOE, 1996) suggests that the
locations of aircraft crashes during takeoff and landing are oriented mostly along the
extended centerline of the runway. The conditional probability of hitting a location
across and away from the runway given a crash has taken place is significantly lower
than that of a facility that is located along the extended centerline of the runway. The
proposed facility is on the side of the runways at Honolulu International Airport and is at
a direction perpendicular to the runway centerline. Therefore, it is expected that the
annual frequency of aircraft crashes into the proposed facility will be less than
estimated here.

NUREG-0800 (NRC, 1981) assumes that the aircraft crash probability for takeoff
operations is the same as that for landing operations. Recent data suggest that during
takeoff, the probability of an aircraft crash is slightly lower than during landing (e.g.,
DOE, 1996). Therefore, the actual annual crash frequency of aircraft during takeoff from
Honolulu International Airport will be less than estimated here. Because half of the
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annual operations at the airport are assumed to involve takeoff, the calculated crash
frequency of half of the annual operations is likely overestimated.

In the NUREG-0800 (NRC, 1981) methodology, the origin of the coordinate system is at
the end of the runway. The positive x-direction is taken along the centerline of the
runway and away from it. It is not clear whether the crash rate given in NUREG-0800
for the positive x-direction would be the same in the negative x-direction (i.e., toward the
centerline of the runway), as used here in many cases. More recent information from
DOE (1996) suggests that the crash rate probabilities are not uniform around the runway
end. Therefore, the assumption that the crash rate away from the runway end is the
same as the crash rate inside the runway toward the runway centerline probably
overestimates the frequency.

Honolulu International Airport is classified by the FAA as Class B airspace. -Therefore,
air traffic control provides radar sequencing, aircraft separations, and safety advisories
to aircraft flying under both instrument and visual flight rules via specific approach and
departure procedures. Based on departure procedures at Honolulu International Airport
specified by the FAA, all aircraft taking off from any runway with the exception of
Runways 4L and 4R would bring the aircraft away from the proposed facility. Similarly,
any missed approach while landing at any runway would take the aircraft away from the
proposed facility. Therefore, the crash potential should also have a similar bias toward
the ocean side instead of the symmetry assumed in the NUREG-0800 methodology.

The crash rate of military aircraft is decreasing over time (Government Accounting
Office, 1996). Information from Aviation Safety Network (2007) on civilian aircraft shows
a decreasing trend in hull-loss mishaps in takeoff and landing phases. No credit has
been taken for this trend in this analysis. Since 1962, only two aircraft accidents that
involved fatalities have occurred at Honolulu International Airport (Schlapak, 2006).

2.4 Impact of Aircraft Crash on Proposed Facility

The probability that an aircraft will crash into the proposed facility does not reflect the potential
for loss of control of radioactive material. For the purposes of this report, loss of control of
radioactive material is defined in Section 1.2. A portion of the force generated by an aircraft
crash will damage the building and the structures in the pool. Transferring the remaining force
vertically through water to the bottom of the pool will also likely result in significant absorption of
the force. Finally, the aircraft crash must result in a force large enough to lift and remove the
source from the pool to result in loss of control of radioactive material. As shown in the next
section, the force required to remove a source from the bottom of the pool is very large. It is not
feasible that the source could be removed from the pool as the result of an aircraft crash.

An aircraft crash into the proposed facility could also lead to a jet fuel fire. Jet fuel is less dense
than water; thus, burning jet fuel will burn above the water and will not lead to a significant
amount of evaporation of the pool water until the fuel is nearly depleted, at which time
evaporation will be minimal. Further, it is not possible for the burning jet fuel to damage the
source assemblies. Jet fuel burns in air at a temperature of up to 315 'C [599 OF]. In
accordance with ANSI test E65646 (U.S. Department of Commerce, 1978), the source
assemblies have been tested to withstand temperatures of 800 °C [1,475 OF] for 1 hour. This
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temperature is selected as the industry consensus standard to simulate a fuel fire. The
adiabatic flame temperature of most hydrocarbon fuels, including jet fuels, ranges from
approximately 1,980 to 2,080 °C [3,610 to 3,770 OF]. However, these fuels do not produce
adiabatic temperatures when free burning, as they do not burn with 100-percent efficiency. For
comparison purposes, 10 CFR 71.73 requires shipping containers to be tested in an open fuel
fire with an average measured temperature of 800 °C [1,475 OF] for a period of 30 minutes.
This average temperature is specified because the measurement junctions of the
thermocouples are not always directly in the flame. Thermocouples in the flame measure
temperatures averaging 1,100 'C [2,000 OF] with peaks of approximately 1,200 'C [2,200 OF].
This is the industry-accepted value for a hydrocarbon fire (Turns, 2000). In addition, the melting
temperature of cobalt is 1,495 0C [2,723 OF] (Bolz and Tuve, 1973). Therefore, it is not feasible
for cobalt to melt in a jet fuel fire even when it is immersed in the burning fuel.

In 1998, the FAA projected that nationwide commercial aircraft operations would increase from
28.6 million in 1998, to 36.6 million in 2010, and to 47.6 million 2025. Thus, an increase in
U.S. commercial aviation operations of .66 percent was projected for 2025. The projections for
general aviation operations predicted an increase from 87.4 million operations in 1998 to 92.8
million operations in 2010 and to 99.2 million operations in 2025, an increase of 14 percent
(FAA, 1999). The FAA also estimated that the growth in operations a Honolulu International
Airport would increase by one-third from 382,466 operations in 1997 to 510,000 operations in
2012 (FAA, 2006b). However, the data in Table 2-2 show that the annual number of recent
flight operations actually decreased by 58,740 operations compared to the 1998 data. Thus, it
is difficult to assess if the number of flight operations at Honolulu International Airport will
increase during the 10-year period of the license application. Any increase in the number of
flight operations will increase the probability of an -aircraft crash into the facility, but the
likelihood that the source assemblies will be removed from the source pool remains negligible.

2.5 Aircraft Crash Summary and Conclusions

This chapter has provided the data and methodology for calculating the annual probability of an
aircraft crashing into the proposed facility. The probability was estimated to be 2.1 x 10-4 per
year. One way of interpreting this value is that one aircraft crash into the proposed facility is
expected every 5,000 years. Furthermore, as described in Section 2.3, it is expected that the
actual crash frequency is less than the calculated estimate of once every 5,000 years. The
applicant is requesting a license for 10 years; over such a short period of time, it is unlikely that
the facility will be involved in an aircraft crash. Further, it has been shown that an aircraft crash
will not be able to impart enough force to the source assembly to remove it from the source
plenum and eject it from the bottom of the irradiator pool. In addition, the depth of the pool
extends below the water table, making it unlikely that the water would be completely removed
from the pool and cause the sources to become unshielded. Even in the event of a jet fuel fire,
the source will not melt and will remain controlled. Therefore, the probability of the loss of
control of radioactive material as a result of an aircraft crash is negligible.
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3 NATURAL PHENOMENA

This chapter discusses the potential effects of natural phenomena on the proposed facility. The
natural phenomena considered are earthquakes, tsunamis, and hurricanes; each of these is
affected by the natural setting of the Hawaiian Islands..

The Hawaiian Archipelago consists of a series of shield volcanoes that erupted tholeitic basaltic
magma from deep within the earth's mantle (e.g., MacDonald, et al., 1983). Wilson (1963) first
suggested that the Hawaiian Islands were formed as the Pacific tectonic plateinched slowly
northeastward over a hot spot or fixed plume of melted mantle material. Over many millions of
years, additional island volcanoes in the chain were formed as the older volcanoes drifted off
the mantle plume, eroded, and in some cases subsided to become seamounts below sea level.
Only the youngest volcanic island (the big island of Hawaii), which rests above the hot spot, is
volcanically active. Morgan (1972) showed that the Hawaiian hot spot chain joins with the
Emperor Sea Mount chain near Midway Island, forming a hot spot track that extends northwest
and then north for more than 5,000 km [3,100 mi] from Hawaii to the western Aleutian Islands.
The Emperor-Hawaiian hot spot track incorporates more than 125 volcanoes and seamounts
and comprises more than 70 million years of hot spot volcanism.

The seven principal islands of the Hawaiian chain (Hawaii, Maui, Oahu, Kauai, Molokai, Lanai,
and Kahoolawe) incorporate the last dozen volcanoes in the hot spot track. The big island of
Hawaii is the youngest and currently rests atop the hot spot. Volcanic activity on this island is
ongoing, including two of the largest and most active shield volcanoes in the world, Mauna Loa
and Kilauea. Other islands in the Hawaiian chain are no longer active and become
progressively older to the northwest. Oahu lies about 240.km [150 mi] northwest of Hawaii and
is home to two extinct shield volcanoes, Koolau and Waianae, which formed between 1.7 million
and 3.9 million years ago (Clague and Dalrymple, 1988). There has also been a rejuvenated
stage of volcanism on Oahu in the past million years that produces small volume, late-stage
(posterosional) vents along rifts that cut the older massive shield volcanoes. These late-stage
eruptions tended to be very small (compared to the shield volcanoes), explosive, and composed
of ash or tuff. Most of the vents are along the coast, including Diamond Head, Hanauma Bay,
and Salt Lake Crater. The best dated late-stage vent is at Black Point, dated at 410,000 years
(Lanphere and Dalrymple, 1980). According to the U.S. Geologic Survey (USGS) (Crandell,
1975) and the -State of Hawaii Hazard Mitigation Plan (Honolulu City and County, 2006), there,
are currently no active volcanoes on Oahu.

3.1 Earthquakes

Earthquakes on the Hawaiian Islands are produced either from magma ascending in the Earth's
crust through dikes or from an accumulation and release of lithospheric stresses due to the
accumulating mass of volcanic material that loads the crust as the islands grow. Most of the
historic earthquakes have occurred around the- big island of Hawaii, with the number decreasing
northwest along the Hawaiian chain (Figure 3-1). Klein, et al. (2001) shows that it is 20 times
more likely for an earthquake with a magnitude greater than or equal to M = 4.0 to occur nearer
Hawaii than Oahu.

The largest earthquake on record in the Hawaiian Islands was the 1868 Great Kau earthquake,
with an estimated magnitude of M = 7.9 (VWyss, 1988). This earthquake triggered a relatively
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large tsunami and spawned numerous landslides that killed 77 people. The only other
earthquakes with a recorded magnitude greater than M = 7.0 were the 1975 Kalapana
earthquake with a moment magnitude" of Mw = 7.2 and the 1871 earthquake near Lania
(Figure 3-1) with a magnitude of M = 7.0. The 1975 Kalapana earthquake also occurred
beneath the south flank of Kilauea. The Kalapana coast subsided as much as 3.4 m [11 ft],
generating a tsunami that killed two people near the Hawaii Volcanoes National Park.

Early on the morning of October 15, 2006, two earthquakes shook the northwest side of the big
island of Hawaii (Figure 3-1). The first earthquake had a magnitude of M = 6.7 and was located
20 km [12.5 mi] northeast of the Kona airport at a depth of 38 km [23.75 mi]. The second
earthquake had a magnitude of M = 6.0 and was located 44 km [27.5 mi] north of the Kona
airport at a depth of 20 km [12.5 mi]. While the two earthquakes occurred seven minutes apart,
the USGS (2006a) considers them to be independent events rather than part of a main shock
and aftershock sequence, in part because of the differences of their focal depths. These two
earthquakes produced noticeable shaking across the Hawaiian Islands and were most strongly
felt in the North Kona and Kohala areas. Damage was reported on the west side of Hawaii, with
minimal structural damage to facilities on the other islands, including Oahu. There were no
reported fatalities. Power stations tripped off on the big island of Hawaii, which then triggered
power outages on the other islands as all the power stations on the grid tried to compensate for
the loss of power on the big island.

Based on damage reports for the October 2006 earthquakes, the Modified Mercalli Intensity on
Oahu was measured at Force V (USGS, 2006b). Only two historical earthquakes produced
greater force intensities on Oahu. Force VI intensities were recorded in Honolulu after the 1871
Lanai earthquake, with an estimated magnitude of M = 6.8 (USGS, 2006c),. In 1948, a small
earthquake with an estimated magnitude of M = 4.6 (Cox, 1986) also produced Force VI
intensity. The epicenter of the 1948 earthquake was only a few miles south of Honolulu, and
the Force VI damage was limited to a region nearest the epicenter.

The Force V Modified Mercalli Intensity for the recent'earthquakes is consistent with the current
seismic hazard maps for Oahu. In the late 1980s, the Uniform Building Code in Honolulu was
upgraded from seismic zone 1 to zone 2A (Oahu Civil Defense Agency City and County of
Honolulu, 2003). The USGS probabilistic seismic hazard maps for Hawaii (2-percent probability
of exceedance in 50 years or 2,500-year return period) show a horizontal peak ground
acceleration for Honolulu of 0.26 g and a 5-Hertz spectral acceleration (5-percent critical
damping) of 0.61 g'(Klein, et al., 2001). Peak ground acceleration values from the USGS maps
are shown in Figure 3-1. Table 3-1 summarizes some of the ground motion measures for
Honolulu, based on the USGS seismic hazard mapping information. The data shown in
Table 3-1 represent the design basis for seismic compliance with the International
Building Code (International Conference of Building Officials, 1997).

After reviewing the available data on earthquakes that could affect Honolulu International Airport
and vicinity, it is concluded that the potential for damage to the proposed irradiator facility is
small. The irradiator pool will be fabricated and installed in accordance with applicable industry
codes, including an evaluation of the sufficient load-bearing capability of the soil during the pool

1The moment magnitude, M,, is a modern term to measure the strength of an earthquake that replaced the Richter
Scale (M) circa 1985.
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Table 3-1. Potential Horizontal Ground Motions at the Proposed Facility Site (21.340 N,
157.94°W)

10% Probability of 2% Probability of

Frequency (Hz) Exceedance in 50 years (g) Exceedance in 50 years (g)

Peak Ground Acceleration 0.13 0.26

5 Hz (5% of critical damping) 0.28 0.61

3 Hz(5% of critical damping) 0.27 0.58

1 Hz (5% of critical damping) 0.08 0.17

excavation phase. Although the irradiator pool will be installed to mitigate the consequences of
a seismic event, including liquefaction, it is emphasized here that the proposed facility is not
mechanically connected to the source assemblies. Any damage sustained by the facility during
an earthquake would not be transferred to the sources; the forces could damage the facility and
potentially damage the source holder and source plenum, but the sources would simply fall to
the bottom of the irradiator pool. The forces generated during an earthquake are not strong
enough to remove a source assembly from the bottom of the pool, and it is unlikely that the
water would be removed from the pool because most of the pool'is below the water table and
the source assemblies would be shielded throughout the event. Thus, the probability of loss of
control of a radioactive source during an earthquake is negligible.

3.2 Tsunamis

3.2.1 Tsunami History in Hawaii

In addition to earthquakes and volcanoes, Hawaii is susceptible to tsunamis from local
earthquake and submarine landslide sources, as well as large magnitude distant teleseismic
earthquakes from elsewhere in the Pacific Basin. The Catalogue of Tsunamis in the Hawaiian
Islands (Pararas-Carayannis and Calebaugh, 1977) lists 85 tsunamis since the earliest reported
tsunami in 1813 or 1814. Fifteen tsunamis have caused significant damage. Only four of these
originated from earthquake or submarine landslide activity near Hawaii. The rest were triggered
by distant earthquakes due to subduction zone earthquakes in the Pacific Northwest, Aleutians,
or western South America.

One of the largest and most devastating tsunamis affecting Hawaii was in 1946, triggered by
the Unimak, Alaska, earthquake with a moment magnitude of M, = 8.6. The most
extensive damage was at Hilo and Pololu Valley on the northeast shore of the big island of
Hawaii, which incurred $26 million in damage and 159 fatalities. Runup heights on the big
island reached a maximum of 12 m [39 ft] (Pararas-Carayannis and Calebaugh, 1977). Other
significant tsunamis include one generated by the 1960 earthquake in southern Chile, with a
moment magnitude of Mw = 9.5 and one generated by the 1964 Good Friday earthquake in the
Gulf of Alaska, with a moment magnitude of Mw = 9.2. The 1960 Chile earthquake generated a
10.7-m [35-ft] wave at Hilo, causing 61 deaths and $23 million in damage. The Good Friday
tsunami generated only small runups in Hawaii. On the island of Oahu, maximum runup was
4.8 rn [16 ft], but the Honolulu tide gauge on the south side of Oahu only measured a 0.5-m
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[1.6-ft] change in sea level. At Kahului, Maui, maximum runup was 3.7 m [12 ft]. On the
big-Island of Hawaii, the maximum runup was 3 m [9.6 ft], and the tide gauge at Hilo recorded a
2.1-rn [6.9-ft] change in sea level.

The historic record of tsunami activity shows that the tsunami hazard for Honolulu, Oahu,
Hawaii, is small. Although the tsunami hazard is a significant threat to the Hawaiian Islands in
general, especially the big island of Hawaii, large tsunamis are not considered a significant
threat to Honolulu or Oahu. Teleseismic tsunamis on record in the Pacific basin did not produce
runups that would significantly affect the proposed irradiator. As stated in a May 2005 letter2

from the State of Hawaii's Transportation Department, "the south shore of Oahu has never
sustained more than a 3 [foot] wave from any tsunami since 1837." For Hawaii, the Pacific
Tsunami Warning Center issues tsunami warnings for local earthquakes with a M, >6.9 and a
focal depth of <100 km [62 mi].

3.2.2 Force Calculations for Loss of Control of Radioactive Material

To further constrain the potential for tsunami-generated runups to lead to a loss of control of
radioactive material, the CNWRA staff conducted a stylized fluid dynamic calculation. This
calculation was made to determine the wave velocity necessary to pull a radioactive Co-60
source assembly out of the pool. This wave velocity was then evaluated with respect to
potential tsunami-generated waves. The calculations are considered to place reasonable limits
on velocity because they assumed a pool in which the incident caused the irradiator plenum and
source holder structure to fail. Radioactive Co-60 source assemblies were thus released as
single bodies inside the pool.

In the calculations, the irradiator pool was modeled as a two-dimensional deep cavity of the
appropriate dimensions with an intact Co-60 source assembly resting on the bottom of the pool.
The model assumed a wave of water will induce a shear force that will create a vortex inside the
pool. This vortex will exert forces on the Co-60 source assembly and cause it to be displaced in
the water. Under limiting conditions, the weight of a source assembly must be the same as the
drag induced by the rotating fluid to be displaced. This drag force depends on a number of
factors, including the effective area and orientation of the source assembly with respect to the
fluid. Calculations were performed on a cylindrical source with an outer diameter of 1.27 cm
[0.5 in], a length of 45.5 cm [17.9 in], and a mass equal to the mass of an intact capsule. The
source was oriented as lying lengthwise on the bottom of the pool.

The calculations showed that for a cylinder equivalent to a full-sized source assembly, a vertical
velocity of 0.9 m/s [2 mph] is required to induce a drag force sufficient to lift the 0.26 kg [0.57 Ib]
source assembly. It has been determined that this vertical velocity would be generated by a
shear velocity of between 90 m/s [203 mph] and 180 m/s [406 mph]. The. drag coefficient for the
source assembly was determined from standard drag curves (Fox, et al., 2006), and the
correlation between the shear velocity and critical drag velocity were obtained from accepted
published values (Bouffanais, et al., 2006).

2Schlapak, B.R. "Response to Fax Dated May 4, 2005, Asking Whether Lots #011109 and 011108 Are in a Tsunami
Flood Evacuation Zone." Letter (May10) to M. Kohn, Equipment Team Hawaii, Honolulu, Hawaii. Honolulu, Hawaii:.
State of Hawaii Department of Transportation, Airports Division. 2005.
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At the shore, tsunami waves up to 10 m [32.8 ft] can reach velocities up to 13 m/s [29'mph]
(Chen, et al., 2003; National Aeronautics and Space Administration; 2006). This velocity is less
than 15 percent of that necessary to remove the source assembly from the bottom of the pool.
Water velocities for smaller tsunami waves more typical for the southern shore of Oahu would
be substantially slower than for the large waves and may not reach the southern shore of the
facility. Regardless, the calculations show that it is not feasible for tsunami waves to have
sufficient velocity to remove the Co-60 source assemblies from the irradiator pool.

In summary, tsunamis are known to affect the Hawaiian Islands. However, the wave velocities
associated with the largest historical tsunamis would.not be sufficient to remove a source
assembly from the bottom of the pool, even if the facility has sustained enough damage that the
source holding equipment and source plenum were destroyed.

3.3 Hurricanes

Hurricanes form over warm, tropical oceans and are accompanied by enhanced thunderstorms.
The National Weather Service classifies tropical cyclones and typhoons (hurricanes) into
several classes based on the Saffir-Simpson scale (National Oceanic and Atmospheric
Administration, 2006a) shown in Table 3-2. Hurricanes are generally rare in the Hawaiian
Islands, although strong winds from major storms and depressions in the central Pacific
Ocean have affected these islands. Historic records indicate that no Category 5 hurricanes
have made landfall on the Hawaiian Islands.

Because of its location in the central Pacific Ocean, the Hawaiian Islands are susceptible to
infrequent but potentially damaging tropical cyclones or hurricanes. Detailed recordings of
these storms began in 1950, and Hurricane Hiki, which occurred in August 1950, is the first
officially named hurricane to cross Hawaiian waters. Based on a few written records and ship
reports, there were at least 19 tropical cyclones or tropical storms between 1832 and 1949. The
National Oceanic and Atmospheric Administration reports that an average of four to five tropical
cyclones are observed in the Central Pacific every year. The maximum number in any year
since 1950 was 11, which occurred in 1992 and again in 1994. Most of these storms traverse

Table 3-2. Saffir-Simpson Scale of Tropical Cyclones and Typhoons

Class Description

Tropical Depression (TD) Wind speed less than 62 km/h [39 mph]

Tropical Storm (TS) Wind speed 62-117 km/h [39-73 mph]

Category 1 Hurricane (H1) Wind speed 118-152 km/h [74-95 mph]

Category 2 Hurricane (H2) Wind speed 153-177 km/h [96-110 mph]

Category 3 Hurricane (H3) Wind speed 178-208 km/h [111-130 mph]

Category 4 Hurricane (H4) Wind speed 209-248 km/h [131-155 mph]

Category 5 Hurricane (H5) Wind speed above 248 km/h [155 mph]
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Hawaii from southeast to northwest. Based on the National Hurricane Center and National
Oceanic and Atmospheric Administration online databases, 20 hurricanes or tropical storms
have passed within 322 km [200 mi] of Honolulu International Airport since 1950 (Table 3-3);
dominant storm trends tend to be such that these storms make landfall to the west of Oahu. As
a point of reference for Table 3-3, the proposed irradiator site is located at 21.340 N, 157.940W.

Table 3-3. Tropical Cyclones Within 322 km [200 mi] of Honolulu International Airport With
Maximum Water Levels Above Mean Sea Level*

Storm Closest Approach Peak Winds Storm Water Level
Name Date Lat. ("N) Long. (°W) (KTS)t Category* (m above MSL)§

Hiki 8/18/1950 22.50 -166.50 75.0 H1 0.447

Della 9/11/1957 22.70 -169.40 100.0 H3 0.386

Nina 11/30/1957 14.40 -161.30 75.0 H1 0.417

Nina 12/2/1957 21.40 -161.40 75.0 H1 0.417

Not Named 8/811958 20.30 -157.50 25.0 TD 0.478

Dot 8/4/1959 16.30 -150.40 120.0 H4 0.569

lrah 9/15/1963 21.10 -139.00 45.0 TS 0.539

Diana 8/14/1972 17.20 -130.20 95.0 H2 0.478
Gwen 8/14/1976 23.80 -134.40 35.0 TS 0.008

Jova 9/18/1981 20.10 -138.60 65.0 H1 0.575

Daniel 7/12/1982 15.50 -116.80 100.0 H3 0.505
Gilma 7/30/1982 16.00 -137.50 105.0 H3 0.505

Gilma 8/1/1982 18.00 -154.20 35.0 TS 0.481

Iwa 11/24/1982 23.30 -158.40 80.0 H1 0.63

Gil 7/29/1983 17.50 -123.50 65.0. HI 0.514

Gil 8/3/1983 22.20 -157.90 40.0 TS 0.606
Raymond 10/15/1983 17.60 -143.50 120.0 H4 0.414

Gilma 7/30/1988 16.10 -136.80 35.0 TS 0.606

Gilma 8/3/1988 20.60 -156.00 20.0 TD 0.597

Dalilia 7/19/1989 15.80 -152.50 65.0 H1 0.581
Iniki 9/12/1992 21.50 -159.80 115.0 H4 0.776

Eugene 7/20/1993 16.80 -127.60 100.0 H3 0.456

Daniel 7/28/2000 17.20 -138.20 100.0 H3 0.606
Daniel 8/1/2000 22.90 -156.10 45.0 TS 0.503

Barbara 6/22/2001 16.50 -139.00 35.0 TS 0.473

*Hurricane data from the National Hurricane Center, water levels referenced to Honolulu Station 1612340
Mean Sea Level (MSL) over Epoch 1983-2001 as recorded by the National Water Level Observation
Network.
tPeak winds reported in knots (KTS). To convert to km/h, multiply by 1.853.
tStorm category is based on the Saffir-Simpson hurricane scale. TD = tropical depression; TS tropical
storm; H1 = Category 1 hurricane; H2 = Category 2 hurricane; H3 = Category 3 hurricane; H4= Category
4 hurricane; H5 = Category 5 hurricane.
§MSL for this location and epoch is 1.412 m. To convert m to ift, multiply by 3.281.
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O Four storms that caused significant damage to property on one or more of the Hawaiian islandsare discussed next.

(1) Hurricane Nina (November 29-December 7, 1957) produced record winds in Honolulu.
Honolulu International Airport recorded all-time record gusts of 131 km/h [82 mph] on the
evening of November 30. Oahu experienced moderate rains along with a 72 km/h
[45 mph] sustained wind. The highest wind speed of 147 km/h [92 mph] was on Kauai at
Kilauea Light on December 1. A very high surf {height of 10.7 m [35 ft]} was reported on
the south coast of Kauai.

(2) Hurricane Dot (August 1-8, 1959) passed across the island of Kauai on the night of
August 6. The wind at Kauai had gusts of 165 km/h [103 mph] with sustained wind
speeds of 130 km/h [81 mph]. On Kauai, the wind speed may have locally exceeded
200 km/h [125 mph]. This hurricane brought more than 5.1 cm [5 in] of rain in Oahu.
Although the highest recorded wind speed at the Waianae coast was only 64 km/h
[40 mph], the wind gusts at Barbers Point locally exceeded 96 km/h [60 mph]. Although
this was a Category 4 hurricane, it had reduced to a Category 3 hurricane when it
affected Kauai and Oahu.

(3) Hurricane Iwa (November 19-24, 1982) caused severe property damage on Kauai. The
south shore of Kauai experienced severe surf damage. In addition, all islands reported
surf damage along their southwest-facing shores. Pockets of Oahu suffered wind
damage. The sustained wind speed of this Category I hurricane was recorded at
147 km/h.[92 mph] at a location 400 km [250 mi] southwest of Honolulu.

(4) Hurricane Iniki (September 5-13, 1992) made landfall at Kauai with a sustained wind

speed of 208 km/h [130 mph] and caused approximately $3 billion in property damage.

On the morning of September 10, a top wind speed of 184 km/h [115 mph] was recorded
when the hurricane was 656 km [410 mi] south of Honolulu. A wind speed of 230 km/h
[144 mph] with gusts up to 276 km/h [173 mph] for this Category 4 hurricane was
recorded 208 km [130 mi] southwest of Lihue. The estimated maximum sustained wind
when it crossed Kauai was 224 km/h [140 mph] with gusts reaching 280 km/h [175 mph].
This was the most powerful hurricane to strike the Hawaiian Islands in recent history.
The coastal areas from Barbers Point to Kaena Point suffered damage on Oahu.

Information from the Central Pacific Hurricane. Center of the National Weather Service for
locations where all cyclones (tropical depressions, tropical storms, and hurricanes) first
developed maximum sustained winds was used to develop Figure 3-2. Information presented in
Figure 3-2 is summarized in Table 3-4 in terms of the recorded maximum wind speed.

Figure 3-2 shows that the first occurrence of maximum wind speeds-was generally recorded
far from Honolulu International Airport and the rest of the Hawaiian Islands. Information
presented in the web publication of the Central Pacific Hurricane Center of the National
Weather Service (National Oceanic and Atmospheric Administration, 2006b) also supports this
conclusion. This publication indicates that no tropical cyclones classified as major hurricanes
have developed or made landfall near Honolulu International Airport since 1950.
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Storms Rated With
Saffir-Simpson Hurricane
Damage Potential Scale
Tropical Depression (<39 mph)

G Tropical Storm (39-73 mph)
D Category 1 (74-95 mph)
• Category 2 (96-110 mph)
o Category 3 (111-130 mph)

Category 4 (131-155 mph)
Cateqory5 f >155 mph)

Figure 3-2. Locations Where Hawaiian Cyclones (Depressions, Storms, or
Hurricanes) First Developed Maximum Sustained Wind Speeds Recorded by the

National Weather Service (National Oceanic and Atmospheric
Administration, 2006b)
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Table 3-4. Distribution of Tropical Cyclones in 1980-2005

Total Number From
Cyclone Type 1980-2005 Percentage of All Cyclones

Tropical Depression 44 35.5

Tropical Storm 43 34.7

Category 1 Hurricane 13 10.5

Category 2 Hurricane 7 5.6

Category 3 Hurricane 7 5.6

Category 4 Hurricane 7 5.6

Category 5 Hurricane 3 2.4

Information presented for major, hurricanes affecting the Hawaiian Islands and information on all
tropical cyclones since 1980 suggest that the island of Oahu and Honolulu International Airport
in particular, have not experienced cyclonic wind speeds in excess of 160 km/h (100 mph) in the
recent past (at least since 1980). Information from the National Weather Service also suggests
that this may be true for conditions recorded since 1950. The American Society of Civil
Engineers Standard SEI/ASCE 7-02 (2003) suggests a value of 168 km/h [105 mph] should be
the nominal design for the facility, with a 3-second gust wind speed at 10 m [33 ft] above ground
for Exposure Category C. Honolulu International Airport has a flat open surface including an
open water surface (ocean). Therefore, the proposed facility site could be classified asS Exposure Category C. The recommended design wind speed value is for the 50-year return
period. This standard also gives the annual probability of exceeding this wind speed value. For
other return periods, conversion factors are provided to estimate the peak gust wind speed.

The tsunami analysis discussed in Section 3.2.2 of this report is considered to appropriately
capture adverse safety concerns related to storm surges associated with tropical cyclones or
tropical storms. Since the 1950s, there have been a number of hurricanes that have passed
near Oahu, but none have produced a storm surge that would pose a hazard to the facility. The
maximum water-level rise in the database compiled for this evaluation was 0.78 m [2.6 ft] above
mean sea level, produced by Iniki in 1992. Based on this information, storm surge effects from
tropical cyclones or tropical storms at the proposed facility in Honolulu do not appear to pose a
sufficient risk of loss of control of radioactive material; the potential effects of storm surges
associated with these storms appear to be bounded by the greater wave heights that could be
generated by tsunamis. The wave velocity associated with a wind-generated storm surge of
this size is, therefore, less than that associated with a tsunami. As shown in Section 3.2, even a
hypothetical large tsunami with a 10-m [33-ft] wave height is not capable of removing a Co-60
source assembly from the bottom of the proposed irradiator pool. Therefore, a likely smaller
storm surge associated with a hurricane resulting in the loss of control of a Co-60 source
assembly is not feasible.
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4 CONCLUSIONS

This report analyzes the hazards associated with aircraft accidents and natural phenomena on
a proposed irradiator facility to be located near Honolulu International Airport. The sources in
the irradiator are irradiated Co-60. They are robust, undergo rigorous testing for certification,
and are not dispersable. The outcome to be avoided from these hazards was shown to be the
loss of control of radioactive material, which is defined for this report as the removal of a source
from the irradiator pool. Given this scenario, damage to buildings and surface facilities by
themselves is not enough to result in loss of control of radioactive material. It was further
shown that radioactive contamination of the pool water by the sources is not feasible.

The aircraft crash analysis assessed the number and types of aircraft involved in flight
operations at Honolulu International Airport, the annual crash rate of each type of aircraft, the
effective size of the proposed facility, and the potential that the facility could be involved in an
aircraft crash given its location relative to-the position and direction of each of eight'runways
located at the airport. The probability that an aircraft will crash into the proposed -facility was
determined for each runway and in total using the methodology described in NUREG-0800
(NRC, 1981). The calculated annual probability of an aircraft crashing into the proposed facility
was estimated to be 2.1 x 10-4 yrl, or one such accident every 5,000 years. The actual
probability is expected to be lower for a number of reasons discussed in the report. Given the
10-year license term, it is unlikely that an aircraft crash into the proposed facility will occur. The
impact of an aircraft crash on the source assemblies located in the irradiator is reduced
because the source assemblies are located at a depth of 5.4 m [18 ft] in a water pool that is not
mechanically connected to the surface facility. It was determined that the probability of a loss of
control of radioactive material as the result of an aircraft crash into the facility is small. In
addition, even if the aircraft crash resulted in a jet fuel fire, the testing and source certification
indicates that control of the source would not be jeopardized.

This report also assessed natural phenomena that have the potential for posing a hazard to the
proposed facility, including earthquakes, tsunamis, and hurricanes. The discussion included the
geological history of Hawaii; historical data on the number and severity of earthquakes,
tsunamis, and hurricanes; and an analysis of the speed of a tsunami or storm surge that would
be required to remove a Co-60 source assembly from the bottom of the irradiator pool into the
unshielded environment, given that the source plenum had been previously destroyed. The
wave velocity required to remove a Co-60 source assembly from the bottom of the pool is larger
than the wave velocity of any historical tsunami in Hawaii. It was therefore concluded that the
potential for a tsunami or a wind-generated storm surge to remove a Co-60 source assembly
from the irradiator pool is negligible. Additionally, there are no historical data that support an
earthquake near Honolulu International Airport large enough to cause a source assembly to be
removed from the irradiator pool by ground motion alone. Effects of seismic activity are
mitigated by compliance of the facility with the International Building Code (International
Conference of Building Officials, 1997) and the design of the source to minimize the amount of
force that is transferred to the source.

Based on the best available information, the potential is negligible for natural phenomena
(tsunamis, earthquakes, and hurricanes) or an aircraft crash to result in a loss of control of
radioactive material that would have an adverse impact on public health and safety or
the environment.
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June 1, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Material License Application )

INTERVENOR CONCERNED CITIZENS OF
HONOLULU'S AMENDED SAFETY CONTENTIONS #13 AND #14

I. INTRODUCTION

Pursuant to 10 C.F.R. § 2.309(c) and (f)(2) and this Board's May 1, 2006 order,

intervenor Concerned Citizens of Honolulu hereby files amended Safety Contentions #13 and

#14 in response to the issuance of the Final Topical Report on the Effects of Potential Natural

Phenomena and Aviation Accidents at the Pa'ina Hawaii, LLC Irradiator Facility ("Final Topical

Report") (ADAMS Accession No. ML071280833). While the Final Topical Report. generally

repeats the same flawed analysis from the Draft Topical Report, which Concerned Citizens

challenged in its previously filed contentions, it does contain some new information considered

by the Nuclear Regulatory Commission ("NRC") Staff and on which Pa'ina Hawaii, LLC is

likely to rely to carry its burden of demonstrating its proposed irradiator would "protect health

and minimize danger to life or property," as required by 10 C.F.R. § 30.33(a)(2). Concerned

Citizens files these amended contentions "to raise specific challenges regarding the new

information" set forth in the Final Topical Report. Duke Energy Corp. (McGuire Nuclear
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. Station, Units 1 and 2; Catawba Nuclear Station, Units 1 and 2), CLI-02-28, 56 NRC 373, 383
(2002).

As detailed in Concerned Citizens' Contentions Re: Draft Environmental Assessment

And Draft Topical Report (filed Feb. 9, 2007) ("2/9/07 Contentions"), the Draft Topical Report

contained numerous deficiencies that precluded Pa'ina from relying on it to carry its burden of

demonstrating compliance with 10 C.F.R. § 30.33(a)(2). As discussed herein, the Final Topical

Report perpetuates many of these deficiencies, as well as introducing new ones. See infra Part

III. The Board should admit Concerned Citizens' 2/9/07 Contentions, as amended herein, since

the issues they raise are central "to the findings the NRC must make to support the action that is

involved in the proceeding," and Concerned Citizens otherwise satisfies all requirements for

filing these contentions. 10 C.F.R. § 2.309(f)(1)(iv); see infra Part IV.

S II. PROCEDURAL AND FACTUAL BACKGROUND

On October 3, 2005, Concerned Citizens timely filed a request for hearing on Pa'ina's

application for a license for possession and use of byproduct material in connection with the

construction and operation of a commercial pool-type industrial irradiator using a cobalt-60

("Co-60") source at the Honolulu International Airport. Among other issues, Concerned

Citizens' hearing request included contentions regarding Pa'ina's failure to address risks of

aviation accidents (Safety Contention #7), the NRC's failure to explain its application of a

categorical exclusion to Pa'ina's proposed irradiator (Environmental Contention #1), and the

NRC's failure to prepare an environmental assessment ("EA") or environmental impact

statement ("EIS") (Environmental Contention #2). 10/3/05 Hearing Request at 15, 19-25.
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On January 24, 2006, the Board granted Concerned Citizens' request for hearing, finding

Concerned Citizens had standing and finding admissible its two environmental contentions.

Pa'ina Hawaii, LLC (Material License Application), LBP-06-04, 63 NRC 99 (2006).

On March 24, 2006, the Board issued an order admitting three of Concerned Citizens'

safety contentions, including Safety Contention #7 challenging Pa'ina's "failure to assess the

probability and consequences of aviation accidents at the proposed irradiator site." Pa'ina

Hawaii, LLC (Material License Application), LBP-06-12, 63 NRC 403, 420 (2006).

On April 27, 2006, the Board accepted the NRC Staff's and Concerned Citizens' joint

stipulation settling Environmental Contentions #1 and #2. Licensing Board Order (Confirming

Oral Ruling Granting Motion to Dismiss Contentions) (Apr. 27, 2006). The stipulation provided,

among other things, that the Staff would prepare an EA for Pa'ina's proposed irradiator to

determine whether to prepare an EIS or a finding of no significant impact ("FONSI") and that,

prior to making any final FONSI for the proposed irradiator, the Staff would put a draft decision

out for public review and comment. Joint Stipulation and Order Regarding Resolution of

Concerned Citizens' Environmental Contentions at ¶¶ 1-2 (Mar. 20, 2006).

In December 2006, the Staff issued the Draft EA and placed the Draft Topical Report on

ADAMS (ADAMS Accession No. ML063 560344), which addressed safety concerns including

aviation crashes and natural disasters. Pursuant to the Board's May 1, 2006 and January 10,

2007 scheduling orders, Concerned Citizens submitted contentions relating to these documents

on February 9, 2007, two of which - Safety Contentions #13 and #14 - directly challenged

deficiencies in the Draft Topical Report. Pa'ina and the Staff filed responses to the 2/9/07

Contentions on March 8 and 12, 2007, respectively, and Concerned Citizens, in turn, filed a reply

on March 19, 2007. The Board has not yet ruled on the admissibility of these contentions.
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On May 8, 2007, the Staff posted the Final Topical Report on ADAMS, presenting new

information Concerned Citizens now addresses by submitting timely, amended contentions

pursuant to 10 C.F.R. § 2.309(c) and (f)(2) and this Board's May 1, 2006 order.

III. PA'INA HAS FAILED TO CARRY ITS BURDEN OF ESTABLISHING ITS
PROPOSED IRRADIATOR WOULD "PROTECT HEALTH AND MINIMIZE
DANGER TO LIFE OR PROPERTY" IN THE EVENT OF AN AVIATION
ACCIDENT OR NATURAL DISASTER, AS REQUIRED BY 10 C.F.R. § 30.33(a)(2)

In its 2/9/07 Contentions, Concerned Citizens explained that, by relying on the Topical

Report to address safety concerns, Pa'ina had failed to carry its burden to establish its proposed

irradiator would be "adequate to protect health and minimize danger to life or property," as

required by 10 C.F.R. § 30.33(a)(2). 2/9/07 Contentions at 4 (citing Duke Power Co. (Catawba

Nuclear Station, Units 1 and 2), CLI-83-19, 17 NRC 1041, 1048 (1983) ("It is Well established

that the Applicant carries the burden of proof on safety issues.")). Concerned Citizens contended

that, because the Draft Topical Report contained numerous factual and analytic deficiencies, it

was "fatally flawed and wholly inadequate" to satisfy Pa'ina's burden of proof on safety. Id.

Specifically, Safety Contention # 13 asserted the Draft Topical Report inadequately

analyzed safety risks from aviation crashes by underestimating the annual probability of airplane

crashes at the irradiator site and omitting any discussion of the consequences of an airplane

crashing into the irradiator facility. Id. at 5-9. Safety Contention #14 claimed the Draft Topical

Report's analysis of risks from natural phenomena was inadequate because it was based on

factual inaccuracies and flawed assumptions and failed to consider all potential impacts. Id. at 9-

15. As discussed below, the Final Topical Report fails to correct the draft's numerous

deficiencies. Accordingly, Pa'ina cannot rely on the Final Topical Report to demonstrate its

compliance with 10 C.F.R. § 30.33(a)(2).
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A. Amended Safety Contention #13:1 The Final Topical Report Inadequately
Analyzes Safety Risks From Aviation Crashes.

The Final Topical Report does not materially improve upon the draft's analyses of

aircraft crash probability or consequences; indeed, in most places the final version merely

incorporates verbatim language from the draft. Accordingly, Concerned Citizens re-alleges and

incorporates herein Contention #13, as amended below. While the data inputted into the

probability calculations appear to be slightly altered, the result is the same and continues to

underestimate the probability of an airplane crashing into the irradiator. In addition, although the

Final Topical Report provides some additional discussion of potential consequences, its analysis

continues to be "too deficient to demonstrate Pa'ina's proposed irradiator is 'adequate to protect

health and minimize danger to life or property[.]"' 2/9/07 Contentions at 5 (citing 10 C.F.R. §

30.33(a)(2)).

1. The Final Topical Report Underestimates Crash Probability.

The Final Topical Report continues to underestimate the probability of an aircraft striking

Pa'ina's proposed irradiator. As set forth in the 2/9/07 Contentions, the Draft Topical Report

underestimated the probability of a crash by a factor of 2 to 3, and the Final Topical Report does

not address this deficiency in any way. 2/9/07 Contentions at 5-6 (citing Resnikoff Dec. ¶¶ 10-

1 1) (probability is 1 in 2,786 or 1 in 1,757, depending on methodology, not 1 in 5,000).

While the Final Topical Report attempts to show how its 1 in 5,000 aircraft crash

probability was overestimated, it continues to ignore significant factors that cut the other way.

Final Topical Report at 2-16 to 2-17. For example, the Final Report continues to rely on

For ease of reference, Concerned Citizens, will not assign new numbers to the amended
contentions presented herein; the numbers therefore remain the same as those used for the
corresponding 2/9/07 Safety Contentions.
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obsolete data and fails to account for unusually elevated crash rates at Honolulu International

Airport and the higher proportion of crashes at landings than takeoffs. 2/9/07 Contentions at 6

(c Resnikoff Dec. ¶¶ 11-14). Moreover, the Final Topical Report continues to use an

unreasonably low number of aircraft operations at the Honolulu airport (apparently relying on a

five-year average that includes the sharply reduced operations in the years following September

11, 2001) and fails to factor in the projected 20% increase in operations during the ten-year term

of Pa'ina's license. Resnikoff Dec. ¶14, attached to 2/9/07. Contentions; Draft Topical Report at

2-13. Properly addressing these important factors results in a substantially higher crash

probability estimate. 2/9/07 Contentions at 6-7. Because the Final Topical Report's analysis of

the safety of Pa'ina's proposed irradiator is not based on an accurate assessment of the likelihood

an airplane will hit the facility, a genuine dispute exists with regard to a material issue of law or

fact, and Contention #13, as amended, is admissible. 10 C.F.R. § 2.309(f)(1)(iv).

2. The Final Topical Report Fails To Conduct A Meaningful Analysis Of
Airplane Crash Consequences.

Even if the Board accepts the Final Topical Report's estimated crash rate probability of 1

in 5,000, the Final Topical Report's analysis of the consequences of an airplane crash is too

deficient to carry Pa'ina's burden of demonstrating the safety of its proposed irradiator. As the

Board noted in its April 30, 2007 order, theDraft Topical Report lacked "any context or

description of the regulatory criteria by which the acceptability of [its] computed [crash rate]

probability is to be assessed." Licensing Board Order at 3 (Posing Questions for the Parties)

(April 30, 2007). The Final Topical Report likewise lacks analysis of the requisite standards.

Moreover, it continues to' ignore or unreasonably discount realistic accident scenarios and fails to

provide data or calculations to demonstrate the design of Pa'ina's proposed irradiator would be



adequate "to protect health and minimize danger to life or property" in the event of an aviation

accident. 10 C.F.R. § 30.33(a)(2).

.In its 2/9/07 Contentions, Concerned Citizens challenged the Draft Topical Report's

failure to substantiate with any calculations its assumption the performance criteria set forth in

10 C.F.R. § 36.21 would ensure Co-60 sources at the Pa'ina irradiator would be robust enough to

survive an aviation accident without being breached. 2/9/07 Contentions at 7. Remarkably,

although the Staff previously conceded this aspect of Safety Contention #13 was admissible, it

failed to ensure the Final Topical Report contained an "analysis of debris force from potential

aviationaccidents." 3/12/07 Staff Response at 10. Instead of quantifying the impact of flying

aircraft or building debris on the Co-60 sources and evaluating the likelihood radioactive

material would be dispersed, the Final Topical Report improperly takes it on faith the

,performance standards in 10 C.F.R. § 36.21 - which were not designed to ensure safety in the

event of aviation accidents - would be adequate to protect the public and environment.2

Moreover, it completely ignores the potential for physical destruction of the sources to

contaminate the pool water or allow dispersal of pulverized Co-60 via breaches in the pool

lining, considering instead only rates of corrosion. See Final Topical Report at 1-3.

2 The Final Topical Report notes that Co-60 sources provided by Nordion would also

have passed ANSI test E65646, but fails to mention Nordion is only one of two possible
suppliers of sources for the Pa'ina irradiator. Final Topical Report at 1-2; see also 6/27/05
Application at 3 (source manufacturer would be MDS Nordion, Inc. "And/or" REVISS Services,
Inc.). There is no showing that, sources from REVISS could pass ANSI test E65646 and,
consequently, no basis for the Final Topical Report's assumption that sources at Pa'ina's
proposed irradiator - all of which might come from REVISS - would satisfy the additional
standards. In any event, the Final Topical Report lacks any calculations to back up its
assumption the ANSI standards would be adequate to prevent dispersal of radioactive material in
the event of an aviation accident. Thus, the requisite safety showing has not been made, even if
all sources were assumed to come from Nordion.
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The Final Topical Report likewise fails to provide any calculations to back up its

assertion that "[i]t is not feasible that the source could be removed from the pool as the result of

an aircraft crash." Id. at 2-17. The report purports to contain such analysis, alleging on page 2-

18 that "it has been shown that an aircraft crash will not be able to impart enough force to the

source assembly to remove it from the source plenum and eject it from the bottom of the

irradiator pool." Nowhere, however,.does the report actually present any calculations of the

force an aircraft crash would impart or analysis of why that force would, allegedly, be

insufficient to disperse Co-60.

The Final Topical Report slightly improves on the draft in that it at least mentions the

potential for an'aviation crash to cause a jet fuel fire at Pa'ina's proposed irradiator. See id. at 2-

17 to 2-1.8. The single paragraph devoted to the topic is, however, rife with unsubstantiated

assumptions that preclude reliance on its analysis to demonstrate the facility's safety. The report

initially assumes burning jet fuel will not come into contact with the sources, ignoring the

potential for an aviation accident to breach the irradiator pool, allowing shielding water to

escape. Then, without any calculations about rates of evaporation or the length of time a fuel fire

would be expected to burn, the report baldly asserts the burning jet fuel "will not lead to a

significant amount of evaporation of the pool water until the fuel is nearly depleted, at which

time evaporation will be minimal." Id. at 2-17. Such speculation cannot substitute for hard

proof Pa'ina's design would be adequate to protect the public and environment.

Concerned Citizens vigorously disputes the Final Topical Report's ultimate conclusion

that "it is not possible for the burning jet fuel to damage the source assemblies" as unsupported

by either calculations or empirical data. Id. Recent events in the San Francisco Bay area

illustrate the catastrophic damage that fire from burning fuel can cause to steel structures.. Sozen
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Dec. ¶ 3. On April 29, 2007, a crash involving a tanker truck carrying 8,600 gallons of fuel led

to the collapse of the steel structure for a highway overpass in Emeryville, California. Id. ¶ 4;

Exh. 21: Demian Bulwa & Peter Fimrite, Tanker fire destroys part of MacArthur Maze, S.F.

CHRONICLE, Apr. 29, 2007; Exh. 22: Photographs of tanker fire and damage to overpass, S.F.

CHRONICLE, Apr. 30, 2007.V A Boeing 767-200ER carries 23,980 gallons of fuel, nearly three

times the amount of fuel involved in the Emeryville accident, and, thus, an aviation accident at

Pa'ina's proposed facility could involve many times the amount of burning fuel involved in the

Emeryville incident. Sozen Dec. ¶ 4; Exh. 23: Boeing, "Technical Characteristics - Boeing 767-

200ER."

In Emeryville, the fuel fire raised temperatures in the steel structure high enough to cause

buckling of the web in the supporting plate girders, even though the fire occurred in an

essentially open environment. Sozen Dec. ¶ 5; see also Exh. 24: San Francisco Workers Get

Free-Transit After Partial Freeway Collapse, FoxNews.com, Apr. 30, 2007. In order to cause

this type of instability in the overpass's structural steel elements, the fuel fire must have reached

temperatures approaching 600 degrees Celsius or higher. Sozen Dec. ¶ 5. The Emeryville

incident demonstrates that the Final Topical Report is inaccurate when it makes its unsupported

claim on page 2-17 that "[j]et fuel burns in air at a temperature of up to 315 'C [599 'F]." Sozen

Dec. ¶ 5. The Emeryville fire was nearly double that temperature, and perhaps even hotter. Id.

Significantly, the fire in Emeryville occurred in open air. A fire associated with an

airplane crash into. Pa'ina's proposed irradiator would likely occur in a more confined

3 Since these amended safety contentions incorporate by reference Safety Contentions
#13 and #14 filed on February 9, 2007, including all exhibits filed in support of those '
contentions, Concerned Citizens has assigned the exhibits attached hereto the consecutive
numbers immediately following the number assigned to the last exhibit submitted in support of
the 2/9/07 Contentions.
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environment, where much higher temperatures would be expected. Id. ¶ 6. The Final Topical

Report fails to take into account this factor, further rendering its analysis unreliable. Id.

The Emeryville incident highlights the need for a serious analysis of the potential

consequences of an aviation fuel fire involving Pa'ina's proposed irradiator and Co-60 sources,

including providing defensible calculations. Id. ¶ 7. In the absence of such a quantitative

analysis, there is no basis for the Final Topical Report's assumption that temperatures involved

in an airplane crash cannot breach the sources, creating the potential for radiation releases.

The Final Topical Report also improperly downplays the consequences of a loss of

shielding water due to an airplane crash, which threatens exposures above regulatory limits. See

2/9/07 Contentions at 8. The Final Topical Report concedes that "a reduction in the water level

may result in increased dose rates in a well-collimated beam directly above the pool," but fails to

present any analysis of what dose rates would be expected. Final Topical Report at 1-3. It then

asserts the beam could be shielded with no environmental effect or significant increase in

radiation exposure to facility workers or, by implication, to emergency personnel responding to

an aviation accident. Id. The report's discussion is pure speculation, lacking any quantitative

analysis of radiation exposure levels.

Although Concerned Citizens presented in its 2/9/07 Contentions credible scenarios in

which a loss of shielding water could occur, including damage to the irradiator pool due to

falling debris breaching the pool or a fuel fire melting the pool frame, the Final Topical Report

fails to undertake a meaningful evaluation of the potential-impacts of such an event. This is a

serious concern that must be addressed; since the depth of the water table is at least 2 meters (6.6

feet) below the facility floor, any break in the pool lining could - as the Final Topical Report

apparently concedes - severely reduce shielding. 2/9/07 Contentions at 8 (citing Resnikoff Dec.
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¶ 17); see also Final Topical Report at 1-2 (claiming depth of water table is 2.4 m (8 feet) below

the facility floor). The Final Topical Report improperly omits any quantitative analysis of

potential radiation exposures to workers, first responders, and the public at large.

Finally, the Final Topical Report has no basis for dismissing potential safety concerns in

the event an airplane crash destroys all monitoring equipment and/or incapacitating irradiator

personnel. See 2/9/07 Contentions at 9 (citing Resnikoff Dec. ¶ 19; Sozen/Hoffmann Report at

5). The Final Topical Report asserts "the loss of operating monitoring equipment during an

accident or natural phenomenon does not lead to the loss of control of radioactive material."

Final Topical Report at 1-3. Even if true, the inability to implement necessary emergency

procedures threatens to put first responders and the general public in harm's way. Such potential

consequences must be thoroughly evaluated before Pa'ina's proposed irradiator is deemed

adequate "to protect health and minimize danger to life or property." .10 C.F.R. § 30.33(a)(2).

For the foregoing reasons, the Final Topical Report continues to be inadequate to satisfy

Pa'ina's burden to demonstrate the safety of its irradiator from aviation accidents, and Safety

Contention # 13 should be admitted as amended.

B. Amended Safety Contention #14: The Final Topical Report Inadequately
Analyzes Safety Risks From Natural Phenomena.

In almost all respects, the Final Topical Report's discussion of'safety risks from natural

phenomena is essentially identical to the draft's and, accordingly, Concerned Citizens generally

re-alleges and incorporates herein by reference Safety Contention #14 as set forth in its 2/9/07

Contentions. The one material change involves the Final Topical Report's discussion of safety

risks from tsunami, which fails to remedy the deficiencies found in the Draft Topical Report.
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The Final Topical Report properly deletes the draft's erroneous statements that the

"Honolulu International Airport is above the evacuation zone" and that "tsunami waves are not

considered a significant threat to the safe operation of Honolulu International Airport." Compare

Draft Topical Report at 3-4, With Final Topical Report at 3-5 to 3-6. These corrections do

nothing, however, to improve the adequacy of the overall analysis of threats from tsunami. The

Final Topical Report fails to mention, must less analyze, the significant fact that Pa'ina's

proposed irradiator site lies within the Hawai'i Civil Defense evacuation zone. As discussed in

Concerned Citizens' original Safety Contention #14, the low elevation and relative flatness of

the proposed irradiator site render it "potentially unsafe and susceptible to flooding by tsunamis,"

requiring a thorough analysis of potential safety risks, which the Final Topical Report fails to

provide. Pararas-Carayannis Dec. ¶ 12, attached to 2/9/07 Contentions; see also 2/9/07

Contentions at 11-14.

While the "stylized fluid dynamic calculation" results set forth in the Final Topical

Report estimate a lower velocity is required to lift the source out of the pool than the velocity

stated in the draft, compare Final Topical Report at 3-5, with Draft Topical Report at 3-4, the

analysis still fails to account for a tsunami's terminal characteristics, which involve a chaotic

turbulent water mass, and not a structured wave form. See 2/9/07 Contentions at 13 (citing

Pararas-Carayannis Dec. ¶ 30). The Final Topical Report does not, accordingly, improve on the

draft, and its safety analysis continues to ignore credible impact scenarios, like flooding, while

focusing only on implausible ones, like a wave pulling the source from the bottom of the

irradiator pool.

For the foregoing reasons, the Final Topical Report continues to be inadequate to satisfy•

Pa'ina's burden to demonstrate the safety of its irradiator'from natural disasters, and Safety
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Contention # 14 should be admitted as amended.

IV. CONCERNED CITIZENS' CONTENTIONS SATISFY THE REQUIREMENTS FOR
ADMISSION

A. The Contentions Satisfy 10 C.F.R. § 2.309(f)(1).

In the foregoing discussion and in its 2/9/07 Contentions, which are incorporated herein

by reference, Concerned Citizens has provided specific statements of the factual and legal issues

to be raised, a brief explanation of the basis for each amended contention, and a concise

statement of the alleged facts and expert opinions which support Concerned Citizens' position on

the issues and on which Concerned Citizens intends to rely at hearing, as required by 10 C.F.R. §

2.309(fJ(1)(i), (ii) and (v). The core issues raised by Concerned Citizens' safety contentions -

whether Pa'ina has failed to carry its burden of ensuring adequate protection for the public and

environment in the event of aviation accidents or natural disasters involving the proposed

irradiator - are within the scope of this proceeding and material to the findings the Board must

make herein. See id. § 2.309(f)(1)(iii)-(iv); see also LBP-06-12, 63 NRC at 420 (Board must

ensure compliance with 10 C.F.R. § 30.33(a)(2)). By pointing out the specific portions of the

Final Topical Report it claims are deficient, as well as necessary information and analyses that

that document fails to provide, Concerned Citizens has established its amended contentions

present genuine disputes on material issues in accordance with 10 C.F.R. § 2.309(f)(1)(vi).

B. The Contentions Satisfy 10 C.F.R. § 2.309(f)(2).

Concerned Citizens' amended safety contentions challenge deficiencies in the Final

Topical Report's analysis of the effects of natural phenomena and aviation accidents at Pa'ina's

proposed irradiator. While the Draft Topical Report also addressed these potential impacts, the

Final Topical Report's analysis differed in some material respects, as detailed above, and
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* Concerned Citizens seeks to amend its contentions to address only those differences. Prior to the

Staffs posting of the Final Topical Report on ADAMS, the information upon which the

proffered amended safety contentions are based "was not previously available," and that

information "is materially different than information previously available," in conformity with

10 C.F.R. § 2.309(f)(2)(i) and (ii).

In accordance with the Board's May 1, 2006 order, Concerned Citizens filed its amended

contentions regarding the Final Topical Report within 30 days of the report's May 8, 2007

posting on ADAMS, and, accordingly, the amended contentions are "timely." Id. §

2.309(f)(2)(iii).

C. 10 C.F.R. § 2.309(c).

As discussed in its 2/9/07 Contentions, Concerned Citizens does not believe

-I.. consideration of 10 C.F.R. § 2.309(c) is required before the Board can admit timely filed

contentions related to the deficiencies of documents submitted long after the original hearing

petition had to be filed. 2/9/07 Contentions at 1 n. 1 (citing, inter alia, Entergy Nuclear Vermont

Yankee, LLC, and Entergy Nuclear Operations, Inc. (Vermont Yankee Nuclear Power Station),

LBP-04-28, 60 NRC 548, 578 (2004) (noting section 2.309(c) and (f)(2) provide alternate means

for intervenor to file new contention where subsequently filed document "provides information

'not previously available' that is 'materially different"'); and id. at 567 n.24 ("If new and

materially different information later comes to light, we may entertain a motion for leave to file a

new contention under 10 C.F.R. § 2.309(f)(2)")).

Even if section 2.309(c)'s factors were relevant to the Board's decision, the Board still

should admit the amended contentions. In analyzing contentions pursuant to section 2.309(c),

"each factor is not necessarily applicable to the present case, nor is it necessary or appropriate to
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assign each factor equal weight." Licensing Board Order at 13 (Ruling on Admissibility of Two

Amended Contentions) (June 22, 2006). "Rather, the first factor, 'good cause,' is the most

important factor." Id.

In this case, new analysis and conclusions were presented in the Final Topical Report

relating to important safety issues, and Concerned Citizens "could not have possibly challenged

facts or analyses that were not presented" at the time it filed its original hearing request.

Licensing Board Order at 3-4 (Rejecting Motion to Dismiss) (Jan. 25, 2007). Since the Final

Topical Report "provides entirely new information," Concerned Citizens could not have

challenged the adequacy of its analysis prior to its issuance on May 8, 2007, and, thus, had good

cause for not filing its amended contentions earlier. Id. at 4; see also Entergy Nuclear Vermont

Yankee, LLC, and Entergy Nuclear Operations, Inc. (Vermont Yankee Nuclear Power Station),

LBP-04-33, 60 NRC 749, 754 (2004) (citing Consumers Power Co. (Midland Plant, Units 1 and

2), LBP-82-63, 16 NRC 571, 577 (1982)) ("Newly available material information has long been

held to provide good cause to file a new contention").

The Board has previously held Concerned Citizens has standing to participate in this

proceeding under either traditional judicial concepts of standing or proximity-plus standing, due

to the "obvious potential for offsite consequences from the significant source of radioactivity

housed within the irradiator." LBP-06-04, 63 NRC at 107. Since the Board has already found

Concerned Citizens' "interest may be affected by this proceeding," and no party has appealed

that decision, Concerned Citizens unquestionably has a right to participate in this licensing

proceeding. Id. at 103 (quoting 42 U.S.C. § 2239(a)(1)(A)); see'also 10 C.F.R. § 2.309(c)(ii).

As for the nature and extent of its "interest in the proceeding," it is to avoid or minimize threats

of injury from radiation exposure associated with the irradiator, including exposures that could
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result from the types of accidents and other incidents the Final Topical Report is supposed to

address. 10 C.F.R. § 2.309(c)(iii).

"The proposed irradiator will not be operated without approval and a license from the

NRC." LBP-06-04, 63 NRC at 105. Consequently, whether and the degree to which Concerned

Citizens and its members face threats of injury from radiation is completely contingent on the

ultimate decision on Pa'ina's license application. Since the hearing on this application is the

only forum in which Concerned Citizens can seek to ensure Pa'ina's compliance with 10 C.F.R.

§ 30.33(a)(2), the factors set forth in section 2.309(c)(iv) and (v) weigh in favor of admitting the

proffered contentions.

There are no other intervenors in this case, and, thus, no other existing parties who will or

can represent Concerned Citizens' interests. See 10 C.F.R. § 2.309(c)(vi).

Admitting the proffered contentions would not broaden the issues in this licensing

proceeding, since, with or without the contentions, the Board would be obliged to consider

whether Pa'ina's proposed irradiator -would adequately protect the public and environment from

aviation accidents and natural disasters. See 10 C.F.R. § 2.309(c)(vii). While allowing

Concerned Citizens to present evidence and argument regarding its contentions may increase the

time necessary to complete the licensing proceeding, that factor alone does not militate against

admitting the contentions. The primary effect of admitting the contentions would be to ensure

the Board has a fully developed and sound record on which to base its ultimate decision, with

Concerned Citizens' experts providing information that otherwise would be missing from the

proceeding. See id. § 2.309(c)(viii).
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V. CONCLUSION

For the foregoing reasons, Concerned Citizens respectfully asks the Board to admit the.

amended safety contentions presented herein.

Dated at Honolulu, Hawai'i, June 1, 2007.

Respectfully submitted,

DAVID L. HENKIN
Earthjustice
223 South King Street, Suite 400
Honolulu, Hawai'i 96813
Tel. No.: (808) 599-2436
Fax No. (808) 521-6841
Email: dhenkin@earthjustice.org
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-01-ML
Material License Application )

DECLARATION OF METE A. SOZEN, Ph.D. IN SUPPORT OF
CONCERNED CITIZENS' AMENDED SAFETY CONTENTIONS #1 3 AND #14

Under penalty of perjury, I, Dr. Mete A. Sozen, hereby declare that:

1. As previously stated, I am the Purdue University Kettelhut Distinguished

Professor of Structural Engineering, and have a Ph.D. in Civil Engineering. Details

regarding my more than 50 years of training and experience in the field of structural

engineering were provided in my declaration dated February 8, 2007.

2. In my declarations in support of the contentions Concerned Citizens filed

on February 9, 2007, I noted the failures of the draft Environmental Assessment and draft

Topical Safety Report to analyze the potential for a high-temperature conflagration

associated with an aviation accident to release radioactive Cobalt-60 into the human

environment. While the final Topical Safety Report adds a paragraph discussing the

potential consequences of a fuel fire following a plane crash, its analysis is flawed and

cannot support a finding that Pa'ina's proposed irradiator design is safe.

3. Recent events in the San Francisco Bay area illustrate the catastrophic

damage that fire from burning fuel can cause to steel structures, confirming both the need

for the Nuclear Regulatory Commission to analyze seriously the consequences of an



airplane striking Pa'ina's proposed irradiator and illustrating the deficiency of the final

Topical Safety Report's analysis.

4. On Sunday, April 29, 2007, a crash involving a tanker truck carrying

8,600 gallons of fuel led to the collapse of the steel structure for a highway overpass in

Emeryville, California. See Demian Bulwa & Peter Fimrite, "Tanker fire destroys part of

MacArthur Maze," S.F. Chronicle, Apr. 29, 2007, a true and correct copy of which is

attached hereto as Exhibit "21;" see also Photographs of the tanker fire and resulting

damage to the highway overpass which were posed on the S.F. Chronicle website on

April 30, 2007, true and correct copies of which are attached hereto as Exhibit "22." An

aviation accident at Pa'ina's proposed facility could involve far greater amounts of

burning fuel. When fully loaded, the Boeing 767-200ER that Dr. Christophe Hoffmann

and I used in our analysis of potential effects of an aviation crash (discussed in my

February 8, 2007 declaration) carries 23,980 gallons of fuel, nearly three times the

amount of fuel involved in the Emeryville accident. See Boeing, "Technical

Characteristics - Boeing 767-200ER," a true and correct copy of which is attached hereto

as Exhibit "23."

5. Based on my review of photographs of the incident as well as reports by

agency officials, it is abundantly clear the temperatures in the steel structure reached

levels that were adequate to cause buckling of the web in the supporting plate girders,

even though the fire occurred in an essentially open environment. See "San Francisco

Workers Get Free Transit After Partial Freeway Collapse," FoxNews.com, Apr. 30, 2007,

a true and correct copy of which is attached hereto as. Exhibit "24." In order to cause this

type of instability in the overpass's structural steel elements, the fuel fire must have
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reaceid temperatures approaching 600 degrees Celsius or igher_. The.Eheryvilie
incident demonstrates that the fInal Topical Safety R.eport is it ceurate when ts

unsupported claim on page 2-17 that "UJ]ct fuel bums in ait at a temperature:' of ip to, 315

.°C [599 0Fl." The Emeryviflle fire was nearly double that ter.peratre, and perhaps even

hotter.

6, Significantly, the fire in Emnervville occurred in open air. A fire associated

with an airplane crash into Pa'ina's proposed irradiator would likely occur in a more

confined enviromn.ent, where much higher temperatures would be expected. The final

Topical Safety Report fails to take into account this factor, further rendering its analysis

unreliable.

71 The reent incidernt in Emeryville highlights the importance of assessing

the consequences ofpossible avia-tion accidents thoroughly, including damage to P in s

proposed irradiator pool and Co-60 sources from burning fi6te[, to determine the

likelihood that radioactive Co-60 may be introduced into the human environment.

I declare under penalty of perjury that the factual information provided above iN

true and correct to the best of my knowledge and belief, and that the professional

opinions expressed above are based on my best proressioral judgment,

Bxecuted at Soke, Turkey, on this 1" day of June, 2007.

Dr. Mete A, Sozen

Lafayette, ndiana

West Lafayette, .IN 47907-2051

Fax (765) 494-0395



July 3, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

) ASLBP No. 06-843-0 1-ML
Material License Application

INTERVENOR CONCERNED CITIZENS OF HONOLULU'S REPLY TO PA'INA
HAWAII, LLC'S ANSWER TO AMENDED SAFETY CONTENTIONS #13 AND #14

I. INTRODUCTION

Pursuant to 10 C.F.R. § 2.309(h)(2), Concerned Citizens of Honolulu files its reply to

applicant Pa'ina Hawaii, LLC's Answer To Intervenor Concerned Citizens Of Honolulu's

Amended Safety Contentions #13 And #14 (dated Jum. 26,2007). Concerned Citizens originally

filed Safety Contentions #13 and #14 on February 9, 2007, addressing the many omissions and

deficiencies in the Draft Topical Report on the Effects of Potential Natural Phenomena and

Aviation Accidents at the Proposed Pa'ina Hawaii, LLC Irradiator Facility ("Draft Topical

Report"). On May 8, 2007, the Nuclear Regulatory Commission ("NRC") Staff posted on

ADAMS the Final Topical Report on the Effects of Potential Natural Phenomena and Aviation

Accidents at the Proposed Pa'ina Hawaii, LLC Irradiator Facility ("Final Topical Report").

On June 1, 2007, Concerned Citizens timely filed its Amended Safety Contentions #13

and #14, based on the material changes between the Draft and Final Topical Reports. As

discussed in detail below, because the amended contentions raise genuine issues of material fact

and are based on materially different information set forth for the first time in the Final Topical

EXHIBIT 7



Report, the Board should reject Pa'ina's arguments and admit Amended Safety Contentions #13

and #14. See 10 C.F.R. § 2.309(f)(1)(vi), (2)(ii).

II. CONCERNED CITIZENS' AMENDED CONTENTIONS PROPERLY ADDRESS
MATERIALLY DIFFERENT INFORMATION IN THE FINAL TOPICAL REPORT

Concerned Citizens disputes Pa'ina's constant refrain that Amended Safety Contentions

#13 and #14 are inadmissible because they are, allegedly, not based on materially different

information. In the amended contentions, Concerned Citizens details the ways in which the Final

Topical Report's analysis of the probability and consequences of airplane crashes and natural

disasters differs from that set forth in the Draft Topical Report and then explains why, despite the

changes to the analysis, the final report still falls far short of establishing the safety of Pa'ina's

proposed irradiator. For example, while Concerned Citizens' original Safety Contention #13

challenged the Draft Topical Report's complete omission of any discussion of the potential

consequences of a conflagration following an aviation crash, the amended contention challenges

the inadequacy of the analysis of fire impacts that was added to the Final Topical Report.

Compare 2/9/07 Contentions at 7-9 with 6/1/07 Contentions at 8-10. Similarly, Amended Safety

Contention #14 addresses changes in the Final Topical Report's discussion of safety risks from

tsunamis. See 6/1/07 Contentions at 11-12. Pursuant to well-established NRC precedent,

Concerned Citizens properly filed amended contentions to address these material changes in the

Final Topical Report's analysis. See Duke Energy Corp. (McGuire Nuclear Station, Units 1 and

2; Catawba Nuclear Station, Units 1 and 2), CLI-02-28, 56 NRC 373, 383 (2002) (when omitted

"information is later supplied by the applicant or considered by the staff[j ... [i]ntervenors must

timely file a new or amended contention ... to raise specific challenges regarding the new.

information").
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Ultimately, Pa'ina's argument about whether there are material changes between the

Draft and Final Topical Reports elevates form over substance. Concerned Citizens timely filed

both the original and amended Safety Contentions #13 and #14. See 4/30/07 Board Order at 1

(noting it had before it "five new timely contentions"). To the extent the Board concludes the

Final Topical Report's analysis does not differ materially from the analysis in the Draft Topical

Report, the Board should simply admit the relevant portions of original Safety Contentions # 13

and #14.

III. AMENDED SAFETY CONTENTION #13 IS ADMISSIBLE

The Board should reject Pa'ina's assertion that Amended Safety Contention #13 is

inadmissiblebecause, allegedly, "a contention based upon disagreement between methodologies

does not constitute a valid contention[.]" 6/26/07 Pa'ina Answer at 2-3. The sole case on which

Pa'ina relies- Friends of Endangered Species v. Jantzen, 760 F.2d 976 (9th Cir. 1985) - has

nothing to do with the admissibility of Contentions in NRC proceedings. Reference to NRC case

law confirms that disputes over how properly to assess the likelihood of an aviation accident

involving a nuclear facility are admissible.

In Private Fuel Storage, LLC, (Independent Spent Fuel Storage Installation), LBP-03-04,

57 NRC 69 (2003) ("PFS"), this Board squarely rejected a similar claim it could not entertain'

challenges to NUREG-0800's methodology for evaluating the likelihood of aviation accidents.

See id., 57 NRC at 91. The Board held that NUREG-0800 does "not establish binding principles

that must be followed in all instances." Id., 57 NRC at 92. It is only a guidance, not a

regulation, and presents "just 'one way' of calculating the probability of an aircraft crash." Id.

(quoting NUREG-0800 at 3.5.1.6-3). Thus, Concerned Citizens "is free to take issue with the
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terms of [NUREG-0800], which represents only Staff guidance and thinking, not official

Commission requirements." Id.

The Board should also reject Pa'ina's challenges to the portion of Safety Contention # 13

that faults the Final Topical Report's failure to assess adequately the potential consequences of

an aviation accident involving the proposed irradiator. As in its March 8, 2007 answer to

Concerned Citizens' original contentions, Pa'ina again improperly tries to shift to Concerned

Citizens the burden to demonstrate whether the Cobalt-60 sources Pa'ina seeks leave to possess

would be safe from the forces of an aircraft impact and/or a fire following an aviation crash at

the proposed irradiator. See 6/26/07 Paina Answer at 3-5.' It is simply not, however, Concerned

Citizens' obligation to make these showings. Rather, ."[i]t is well established that the Applicant

carries the burden of proof on safety issues." 3/19/07 Concerned Citizens Response (quoting

Duke Power Co. (Catawba Nuclear Station, Units 1 and 2), CLI-83-19, 17 NRC 1041, 1048

(1983)). Thus, Pa'ina, and not Concerned Citizens, has the burden of proving that its irradiator

would be "adequate to protect health and minimize danger to life or property" in the event of a

plane crash. 10 C.F.R. § 30.33(a)(2); see also PFS, 57 NRC at 77 (applicant has burden to prove

facility would be safe from, aviation accident).

Moreover, Pa'ina's arguments about the temperature of a fire at the irradiator constitute

improper attempts to engage Concerned Citizens in a debate over the merits of its contentions.

For example, Pa'ina states baldly that "it is well known" that jet fuel burns between
260-315 degrees Celsius and challenges Concerned Citizens to show how such temperatures
compare to the incident at Emeryville where a fuel fire destroyed a freeway overpass. 6/26/07
Pa'ina Answer at 5 n.4. Pa'ina fails to mention that the temperature range it cites applies only to
jet fuel fires that take place in open air. See Sozen Dec. ¶ 3. As Concerned Citizens has already
pointed out, a fire at the proposed Pa'ina irradiator would be confined to the irradiator building,
where the temperatures would far exceed the open-air temperature range cited in the Final.
Topical Report and by Pa'ina. 6/1/07 Amended Safety Contentions #13 & #14 at 9-10; see also
Sozen Dec. ¶¶ 3-5. Pa'ina fails completely to satisfy its duty to address the consequences of a
confined fire at the irradiator.
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6/26/07 Pa'ina Answer at 5. As the Board has repeatedly emphasized, "the resolution of such

disputes is not the appropriate subject of [the Board's] inquiry at the contention admission stage

of the proceeding." Pa'ina Hawaii, LLC (Material License Application), LBP-06-04, 63 NRC

99, 112 (2006); see also 3/19/07 Concerned Citizens Reply at 9-10.

In the end, Pa'ina's arguments simply establish the existence of genuine disputes

regarding the adequacy of the analysis of both the probability and consequences of an aviation

crash involving the proposed irradiator. To resolve these disputes, the Board should admit

Amended Safety Contention #13. See 10 C.F.R. § 2.309(f)(1)(vi).

IV. AMENDED SAFETY CONTENTION #14 IS ADMISSIBLE

Pa'ina's only argument against admission of Amended Safety Contention #14 is to allege

the contention is not based on information that is materially different than the Draft Topical

Report. Pa'ina's 6/26/07 Answer at 6-7. As discussed in Part II, supra, Amended Safety

Contention #14 narrowly focuses on only the material changes to the analysis of natural disasters

set forth for the first time in the Final Topical Report, pointing out that the analysis, even with

these changes, remains inadequate to demonstrate the safety of Pa'ina's proposed irradiator. As

such, Amended Safety Contention #14 is admissible.
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V. CONCLUSION

For the foregoing reasons, Concerned Citizens respectfully asks the Board to admit

Amended Safety Contentions #13 and #14.

Dated at Honolulu, Hawai'i, July 3, 2007.

Respectfully submitted,

/s/ David L. Henkin
DAVID L. HENKIN
Earthjustice
223 South King Street, Suite 400
Honolulu, Hawai'i 96813
Tel. No.: (808) 599-2436
Fax No. (808) 521-684.1
Email: dhenkin@earthjustice.org
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UNITED STATES;OF AMERICA

NUCLEAR REGULATORY COMMISSION

.BEFORpE THE1. ATOMIC SAFETY AND LICENSING BOARD

Inthe Matterf o)
Pa'ina.afwaii LLC. DocketNo, 30-36974-ML,

) ASLBP. No. ,06-843-01ML

Material License Application )

:SUPPLMNA DECLARATION:OF METE A. SOZFJN, .Ph.D. INASUPPORT

•OF.CoCRNED, CITIZENS' AMENDED:CONTENTIONS-#:13 AND #14• "

Under penalty... P fperjury•., Dr. Mete A. Sozen, hereby declare that:

1 .l :As previously stated, I am theiPurdue University.Ketteihut"Distinguished

Professorof Strutural Enginerring, and have aPh.D. iN Civil Engineering. Details.

regarding myramre than 50 years of training and experience in-the field of structural.

engineering were provided in my declaration d&ed February 8, 2007.

.2. In my Junel .2007 declaration ,1 explained wby the Final Topical

Report's brief ditcussion of the potentia consequences of a Rfel fire following a plane

crash is flawed and cannot support a finding that Pa'ina Hawaii, LLC'sproposed

irradiator design is safe. I also noted that a fire associated with an airplane crash into

Pa'na's proposed irradiator would likely occur in a confined elnvironment, where one

would expect much higher temperatures to occur than in an opeP-air fire,

3. In response to my declaration, Palina assecrts that jet Wiel (Jet A) burns at

only 260-315 degrees Celsius.. Pa'ina fails to mention that the, temperature range it cites

is for jet fuel burning in open air and that the maxmur.Vbuming..tempperature of Jet A is

980 degrees Celsius. As noted in my previous declaration, because a conflagration at the



proposed Pa'ina irradiator Would be enclosed, one would expect temperatiures far in

excess of those that-would occur if the fire took place in open air.

4. Moreover, in thd case of a structure fire, one must consider the

temperatures of the materials burning within the building. In other words, the jet tfuel

from the airplane crash will ignite any flammable material in the building, which may

augment the temperature of the fire. ,

5. Neither Pa'ina nor the Final Topical Report has provided a proper analysis

of the temperatures that would occur in a fire following an aviation acciddn.it involving

the proposed hiradiator or the likely consequrences of such a. cornflagration. A proper

analysis is essential to determine the likelihood that an aviation accident vwould result in

radioactive Cobalt-60 being introduced into the human enx-ironment.

f declare dpn-alty-upetjm~y--thatthe•actual_ 
tnformation provided above is

ttee and correct to the best of my knowledge and belief, and that the professional

opinions expressed above are based on my best professional judgment.
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July 3, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
Pa'ina Hawaii, LLC ) Docket No. 30-36974-ML

ASLBP No. 06-843-01-ML
Material License Application )

INTERVENOR CONCERNED CITIZENS OF HONOLULU'S REPLY
TO STAFF'S RESPONSE TO AMENDED SAFETY CONTENTIONS #13 AND #14

I. INTRODUCTION

Pursuant to 10 C.F.R. § 2.309(h)(2), Concerned Citizens of Honolulu files its reply to the

Nuclear Regulatory Commission ("NRC") Staffs Response to Intervenor Concerned Citizens Of

Honolulu's Amended Safety Contentions #13 And #14 (filed Jun. 27, 2007). Concerned Citizens

originally filed Safety Contentions #13 and #14 on February 9,2007, addressing the many

omissions and deficiencies in the Draft Topical Report on the Effects of Potential Natural

Phenomena and Aviation Accidents at the Proposed Pa'ina Hawaii, LLC Irradiator Facility

("Draft Topical Report"). On May 8, 2007, the NRC Staff posted on ADAMS the Final Topical

Report on the Effects of Potential Natural Phenomena and Aviation Accidents at the Proposed

Pa'ina Hawaii, LLC Irradiator Facility ("Final Topical Report").

On June 1, 2007, Concerned Citizens timely filed its Amended Safety Contentions #13

and #14, based on the material changes between the Draft and Final Topical Reports. As

discussed in detail below, because the amended contentions are timely and this Board has
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previously rejected the arguments the Staff raises, the Board should admit Amended.Safety

Contentions #13 and #14.

II. AMENDED SAFETY CONTENTION #13 IS ADMISSIBLE

The Staff argues that the portion of Amended Safety Contention #13 concerning the

improper aviation' crash consequences analysis is not admissible, since "the [NRC] determined

that no siting restrictions are necessary for irradiators, even when located near airports." 6/27/07

Staff Response at 6. This Board previously considered and rejected this argument when it

admitted Concerned Citizens' Safety Contention #7, finding "the lack of a regulatory prohibition

against siting an irradiator at an airport does not affirmatively establish that any airport location

satisfies the general requirement of 10 C.F.R. § 30.33(a)(2)[.]" Pa'ina Hawaii, LLC (Material

License Application), LBP-06-12, 63 NRC 403, 419 (2006)., In reaching this conclusion, the

Board recognized that, unlike the panoramic irradiators the NRC considered during the Part 36

rulemaking the Staff references, in which "radioactive sources ... would be relatively protected

from damage [from an aviation accident] because they are generally contained within 6-foot

thick reinforced-concrete walls," the sources in Pa'ina's proposed facility would be placed in a

pool with only 6-inch concrete walls. Id. (emphasis added).

Consequently, in admitting Safety Contention #7, the Board found that "the probability

and consequences of aviation accidents at the proposed irradiator site" are relevant to

determining whether Pa'ina's proposed irradiator "satisfies the general requirement of 10 C.F.R.

§ 30.33(a)(2)." Id. The Staff's contrary position that the Board should consider only the

likelihood of an aviation accident, but not its consequences (i.e., the potential for radiation

releases that could harm the public and environment), to assess the safety of Pa'ina's facility

makes no sense. 6/27/07 Staff Response at 4 (conceding admissibility "of the portion of

2



amended Safety Contention # 13 related to the probability calculation," but objecting to the

portion of the contention "related to the aircraft crash consequence analysis").' Having

previously found that both probability and consequences are relevant to determining compliance

with 10 C.F.R. § 30.33(a)(2), the Board should admit Safety Contention #13, as amended to

address the inadequacies of the modified analysis in the Final Topical Report.

III. AMENDED SAFETY CONTENTION #14 IS ADMISSIBLE

The Staff's claim Amended Safety Contention #14 is untimely ignores the Board's

previous finding that, in its February 9, 2007 filing, Concerned Citizens proffered "five new

timely contentions," including Safety Contention #14. 4/30/07 Order at 1 (emphasis added).

Even had the Board not already rejected the Staff's argument, the record clearly refutes the

Staff's assertion that Concerned Citizens waited too long to challenge "the absence of safety-

related analysis of events caused by natural phenomena." 6/27/07 Staff Response at 7 (emphasis

omitted). As discussed in Concerned Citizens' reply regarding its original contentions, from the

outset of this proceeding, Concerned Citizens has challenged Pa'ina's failure to demonstrate its

facility would be safe in the event of a natural disaster. See 3/19/07 Concerned Citizens Reply at

4-5.

As Concerned Citizens explained in responding to the Staff's answers to the questions
the Board posed in its June 6, 2007 order, while evaluating consistency with NUREG-1556 is
relevant to assessing the safety of Pa'ina's proposed irradiator, a finding that Pa'ina's application
is consistent with that guidance does not, as the Staff claims, necessarily mean it complies with
10 C.F.R. § 30.33(a)(2)'s independent safety requirement. See 6/20/07 Concerned Citizens
Response at 1-2. Indeed, even the Staff concedes that mere compliance with Part 36 is not
enough when "unusual circumstances" are present. 6/27/07 Staff Response at 5. In this case,
Pa'ina proposes to "place a source of up to a million curies of radioactivity on the grounds of the
Honolulu Airport, a location ... that is subject to unique risks of aircraft crashes." 4/30/07 Board
Order at 6 (emphasis added). Under these unusual circumstances, the Staff is obliged to look
beyond NUREG- 1556's checklist to determine whether Pa'ina "satisfies the general requirement
of 10 C.F.R. § 30.33(a)(2) that an irradiator facility be 'adequate to protect health and minimize
danger to life or property."' LBP-06-12, 63 NRC at 419.
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The Board should also reject the Staff's argument that admitting Amended Safety

Contention #14 would "significantly broaden[] the scope of the proceeding." 6/27/07 Staff

Response at 7. Before it can decide whether to grant or deny Pa'ina's application to possess

Cobalt-60, the NRC must first determine if Pa'ina has carried its burden of demonstrating its

proposed irradiator would be "adequate to protect health and minimize danger to life or

property." 10 C.F.R. § 30.33(a)(2). This inquiry necessarily includes evaluation of whether the

natural disaster scenarios Concerned Citizens raises are credible and, if so, whether the proposed

irradiator can adequately protect the public in the event such events occur. See, e.g., Private

Fuels Storage, LLC (Independent Spent Fuel Storage Installation), LBP-05-29, 62 NRC 635,

2005 WL 3827592, at *14 (2005). The Board should admit Amended Contention #14, as it fits

squarely within the scope of this proceeding.

IV. CONCLUSION

For the foregoing reasons, Concerned Citizens respectfully requests that the Board admit

Safety Contentions #13 and #14, as amended on June 1, 2007.

Dated at Honolulu, Hawai'i, July 3, 2007.

Respectfully submitted,

/s/ David L. Henkin
DAVID L. HENKIN
Earthjustice
223 South King Street, Suite 400
Honolulu, Hawai'i 96813
Tel. No.: (808) 599-2436
Fax No. (808) 521-6841
Email: dhenkin@earthjustice.org
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June 1,2007

Michael Kohn, President
Pa'ina Hawaii, LLC
P.O. Box 30542
Honolulu, Hawaii 96820

SUBJECT: CONSIDERATION OF ATTACKS ON THE PROPOSED PA'INA HAWAII, LLC

IRRADIATOR

Dear Mr. Kohn:

The U.S. Nuclear Regulatory Commission staff has completed its consideration of terrorist
attacks on the proposed irradiator facility. Enclosed is a. supplemental appendix to the draft
environmental assessment which was previously issued for public comment on December 28,
2006. The staff is issuing this supplemental appendix for a 30-day public comment period. This
information will be published shortly in the Federal Register. Related documents are also
available on the NRC's website: http://www.nrc.gov/materials.html by selecting "Pa'ina
Irradiator" in the Quick Links box.

If you have any questions, please contact Matthew Blevins at (301) 415-7684 or by email at
mxb6@nrc.gov.

Sincerely,

IRAI

Gregory Suber, Branch Chief
Environmental Review Branch
Division of Waste Management

and Environmental Protection
Office of°Federal and State Materials

and Environmental Management Programs

Docket No.: 030-36974

Enclosure:
Supplemental Appendix

cc: Enclosed list
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cc: List

Honorable Daniel K. Inouye
Honorable Daniel Akaka
Honorable Neil Abercrombie
Honorable Mazie Hirono
Honorable Colleen Hanabusa
Honorable Calvin Say
Honorable Linda Lingle
Honorable Mufi Hannemann
Joseph Iser, Ph.D.
Mr. Gordon Tribble
Mr. Jim Kauahikaua
Lyle Wong, Ph.D.
Ms. Jo Ann Schindler
Office of State Librarian
Ms. Debra Tom
Mr. William Withycombe
Mr. Sidney A. Hayakawa
Mr. Duane James
Ms. Cha Smith
Ms. Diana Leone
Mr. David L. Henkin
Mr. Fred Paul Benco
Mr. Peter Young
Mr. Kunami Nihipali
Mr. A. Van Horn Diamond
Mr. Clyde Namuo

James H. Moy
Rye H. Huang
Orlando Manuel
Julie Schleifer
Sun Nam Osuiro
Sukha Goo
Bernadette Young
Prudence Potter
Alan Takemoto
Jim Dttma
Amy Kimura
Ron Darby
Samy Ratum
Rudy Sibucao
Maryrose McClelland
Nelson Aderilla
Patricia Tummons
Thomas Murin
Jay Friedheim
Brett Podoski
Michael Jones
Evelyn Shiroma
Jimmy Bernardo
Alberto Belmes
William Julian



Appendix B: Consideration of Terrorist Attacks
on the Proposed Pa'ina Irradiator
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APPENDIX B
CONSIDERATION OF TERRORIST ATTACKS

ON THE PROPOSED PA'INA IRRADIATOR

BACKGROUND

In May of 2002, during the NRC licensing review for the Diablo Canyon
Independent Spent Fuel Storage Installation (ISFSI), an intervenor petitioned the
NRC to hold a hearing to address a number of contentions. These included a
contention that the NRC must consider terrorist acts in assessing the
environmental impacts of the ISFSI, in order to comply with the National
Environmental Policy Act (NEPA). On December 2, 2002, the NRC's Atomic
Safety and Licensing Board (ASLB) denied this contention. The ASLB referred
its denial of the terrorism contention to the Commission for review. On January
23, 2003, the Commission affirmed the ASLB's rejection of the terrorism
contention. In its decision, the Commission held that NEPA does not require a
review of impacts from acts of terrorism, and that an environmental review is not
the appropriate forum in which to address the challenges of terrorism.

After the NRC issued the 10 CFR Part 72 license for the Diablo Canyon ISFSI in
March 2004, the intervenor and other parties filed suit in the United States Court
of Appeals for the Ninth Circuit, seeking that the NRC staff be required to
consider terrorist acts in its environmental review associated with this licensing
action. In its decision, dated June 2, 2006, San Luis Obispo Mothers for Peace
v. NRC, 449 F.3d 1016, 1028 (9th Cir. 2006), the Court held that the NRC's
"categorical refusal to consider the environmental effects of a terrorist attack" in
this licensing proceeding was unreasonable under NEPA. The Ninth Circuit
remanded the "NEPA-terrorism" question to the Commission for "further
proceedings consistent with this opinion."

Following the remand from the Ninth Circuit, the Commission directed the staff to
prepare a revised EA addressing the likelihood of a terrorist attack at the Diablo
Canyon ISFSI and the potential consequences of such an attack. The
Commission further directed the staff, to the extent practicable, to base its
analysis on information already available in agency records, and to make as
much of its analysis public as possible. As a result of the Ninth Circuit's decision,
the NRC determined that consideration of the environmental impacts of terrorism
in the context of this application is warranted. At the outset, it should be noted
that in connection with this facility additional security measures will be imposed
by order.

OVERVIEW OF SECURITY

The NRC has historically considered the potential impacts of terrorist acts in the
development and implementation of its security requirements. Following the
September 11 terrorist attacks, the Commission initiated prompt and

B-2



comprehensive actions to address both immediate and longer-term security
measures for NRC-regulated facilities. In the months immediately following the
attack, the Commission issued numerous safeguards and threat advisories to its
licensees in order to strengthen licensees' capabilities and readiness to respond
to a potential attack on a nuclear facility. As part of the longer-term efforts, the
NRC has conducted a comprehensive review of the agency's security program.
This review has led to the imposition of additional requirements, through orders
and rules, affecting many categories of licensees, including large irradiator
licensees.

The Radiation Source Protection and Security Task Force Report to the
President and Congress, dated August 15, 2006 (NRC, 2006a), evaluated and
provided recommendations to the President and Congress relating to the security
of radiation sources in the United States from potential terrorist threats, including
acts of sabotage, theft, or use of a radiation source in a radiological dispersal
device (RDD) or radiological exposure device (RED).

The U.S. framework for security and control of radioactive sources requires multi-
jurisdictional coordination. Several U.S. Governmental agencies have authority,
sometimes overlapping authority, to regulate radioactive materials. Reducing the
risk of the malevolent use of radioactive material involves many crosscutting
activities and issues. Protection of risk-significant sources is important in
preventing RDD and RED proliferation.

The NRC has been proactive in determining whether the facilities it regulates are
adequately protected in light of the September 11 attacks. Specifically, on June
6, 2003 (NRC, 2003), NRC issued Orders to large panoramic and underwater
irradiator licensees to make mandatory the voluntary actions taken by those
licensees in response to the advisories, and to implement additional security
enhancements identified in the NRC's ongoing comprehensive review of its
safeguards and security programs and requirements.

In addition, the staff has performed security assessments to evaluate the effects
of different threat scenarios and to assess the adequacy of the existing security
measures (NRC, 2004).

By their nature, terrorist acts are intended to harm society and possibly the
environment. The tragic events of September 11 illustrate too vividly that
successful attacks against highly symbolic elements of the US infrastructure (the
World Trade Center and the Pentagon), can have serious to grave impacts. The
NRC's approach, therefore, focuses on ensuring that the security requirements,
design features, and other security measures are adequate and effective in
reducing the likelihood and mitigating the effects of terrorist acts using
radioactive materials or against nuclear facilities.
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TERRORIST ACTIVITIES

In describing the potential for environmental impacts from terrorist activities a
description of the relevant terminology is necessary and includes three broad
topics: threat, vulnerability, and consequences, as discussed below.

Threat

A threat is considered present when an organization or person has the intent and
capability to cause damage to a target. The NRC staff operates on the premise
that a general credible threat exists (i.e., the likelihood of attack has a probability
of 1). However, this general credible threat should not be confused with the
likelihood of a successful terrorist action (i.e., the probability of a successful
attack is < 1). Generally in NEPA analysis, the NRC must consider reasonable
foreseeable impacts including those from potential accidents. Due to the unique
nature of terrorist activities the following discussion focuses on the qualitative
probability of a successful attack because at this time it is only possible to assign
qualitative probabilities to these events.

The NRC has a Threat Advisory System that it expanded after the September 11
terrorist attacks to include a broader range of licensees, including large irradiator
facilities. The NRC has incorporated the threat condition levels used in the
DHS's Homeland Security Advisory System, into its own Threat Advisory
System. The NRC threat assessment staff reviews, analyzes, coordinates, and
disseminates threat and intelligence information, relevant to its licensees, at both
strategic and tactical levels. The NRC threat assessment staff also serves as
NRC's liaison and coordination staff with other organizations and agencies,
including the intelligence and law enforcement communities. Through these
improved coordination and communication functions, the NRC is able to
efficiently develop and transmit Advisories to the appropriate licensees, who then
are able to take prompt action. Thus, the broad actions taken by the Federal
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.

NRC currently assesses that there is a general, credible threat to NRC-licensed
facilities and materials, although there is no specific information available that
indicates a specific threat to panoramic or underwater irradiator facilities.

Vulnerability

Vulnerability in this context refers to a weakness to incur physical damage, or to
lose control of the radioactive material in a manner which can lead to
unacceptable consequences. Vulnerabilities are specific to the type of attack.
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The NRC used a security assessment framework that provided a process and
criteria for evaluating results of security assessments for a broad range of
activities subject to the NRC's regulatory authority (NRC, 2004) including large
irradiator facilities. The security assessment framework is a screening and
assessment tool to determine whether additional security measures beyond
those required by the 2003 security orders, are warranted for NRC-regulated
facilities, including large irradiator facilities. The security assessments analyze
the risk of sabotage and malevolent use of stolen material. Consistent with the
NRC's overall approach, security assessments continue to be performed for
licensed users possessing risk-significant quantities of radioactive material.
Because of the great number and diversity of users, the assessments target
representative facilities. The NRC performed security assessments on a range
of threat scenarios for the transportation and licensed uses of Category 1 and 2
sources (IAEA 2005). The staff evaluated a spectrum of threat scenarios.
Initially, the NRC screened threat scenarios to determine plausibility. Remote or
speculative scenarios and scenarios with insignificant consequences were
screened out based on threat assessments and engineering evaluations. For
those scenarios deemed plausible, NRC assessed the attractiveness of the
facility to attack by taking into account factors such as iconic value, complexity of
planning required, resources needed, execution risk, and public protective
measures. In addition, the NRC made conservative assessments of
consequences to assess the potential for early fatalities due to radiological
impacts. The NRC then looked at the combined effects of attractiveness and
consequence analyses to determine whether additional security measures for
large irradiator facilities were necessary.

Consequences

Consequences relate to the magnitude and type of effect from terrorist actions.
For the proposed irradiator, a range of consequences can result from radiological
sabotage of the irradiator or from theft of the material. The proposed irradiator
has numerous protective features that help to prevent or mitigate consequences
of potential terrorist attacks. Physical protections are more fully described. in the
"The Proposed Action" section of the draft EA and generally consist of the robust
characteristics of the sources, pool structure, plenum mechanism, and source,
location. Potential consequences are highly dependent on the type of attack or
event scenario.

In conducting the security assessments for irradiator facilities, the NRC chose
several designs which were representative of most currently licensed designs.
The NRC staff reviewed the analyses done for the irradiator facility security
assessments, and compared the assumptions used-in these generic
assessments to the relevant features of the Pa'ina facility. Based on this
comparison, the staff determined that the assumptions used in these generic
security assessments regarding irradiator design and the source term (amount of
radioactive material), were representative, or conservative, relative to the design
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of the Pa'ina irradiator. Radiological sabotage of the proposed irradiator is
expected to result in generally small radiological consequences. This is due the
passive nature and location of the sources and the source design and
construction. More specifically, the sources are below ground level
(approximately 18 feet), under approximately 5,000 gallons of water, and
contained in a very robust pool structure. Additionally, the sources themselves
are very robust; made of essentially non-dispersible and insoluble materials (i.e.,
metal "slugs") which are further encapsulated in two layers of stainless steel.
Therefore, it is unlikely to have an offsite release of radioactive material from
radiological sabotage of the sources in the irradiator (NRC, 2006b). The most
likely outcome of an act of sabotage is that some of the sources would be
damaged and some "slugs" of cobalt metal could be released to the pool water.
However, this material is essentially non-soluble in water and therefore, there is a
low risk of radioactive material escaping the pool (CNWRA, 2007).

Theft or diversion of the radioactive sources presents different scenarios for
terrorist threats. The events of September 11 heightened the Nation's concerns
regarding the use of radioactive materials in a malevolent act. Such an attack
has been of particular concern because of the widespread use of radioactive
materials (often contained in sealed sources) in the United States and abroad by
industry, hospitals, and academic institutions. Loss or theft of such materials
could lead to their diversion for malicious use in an RDD or RED. An RED is a
device whose purpose is to expose people to radiation, rather than to disperse
radioactive material into the air, as would an RDD. An RDD is a device or
mechanism that is intended to spread radioactive material from the detonation of
conventional explosives or other means. An RDD explosion could create fear
and panic, contaminate property, and require potentially costly cleanup. RDDs
are considered weapons of mass disruption; immediate health effects from
exposure to the low radiation levels expected from an RDD would likely be
minimal (NRC, 2005). In most cases, any immediate deaths or serious injuries
would likely result from the explosion itself, rather than from radiation exposure. It
is unlikely that the radioactive material contained in a dirty bomb would result in
direct deaths. Use of a dirty bomb could result in radioactive contamination of
several city blocks to an entire city. The extent of the contamination depends
upon a number of factors including the size of the explosive, the amount and type
of radioactive material used, and weather conditions. (DHS, 2003). REDs may
result in a few deaths, but would not cause widespread contamination (NRC,
2006b).

The potential deterministic health effects from risk-significant sources are the
consequences of concern that form the basis of the NRC safeguards and
security program for protecting against malevolent events. The security and
control requirements focus on protecting against these severe immediate or
short-term health consequences. Changes in the consequences of concern are
being evaluated as part of the National Infrastructure Protection Plan (DHS,
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2006) to provide a consistent level of protection with other sectors in the Critical
Infrastructure Plan.

The security compensatory measures, issued by Orders to irradiator licensees,
include: enhanced access controls; background screening of personnel; intrusion
detection, assessment and alarm response; and coordination with local law
enforcement. These enhanced security measures are intended to prevent the
theft of radioactive material for malicious purposes and assure prompt response
by law enforcement to interdict terrorist or to implement protective actions to
mitigate severe consequences of potential terrorist actions (NRC, 2006a).
Collectively, these measures further reduce the already low probability of a
successful terrorist attack on an irradiator facility and reduce the risks of potential
radiological consequences if an attack was successful. The same enhanced
security measures will be imposed, by Order, for the Pa'ina irradiator if a license
is issued. These measures will be fully implemented before the initial movement
of the cobalt-60 sources into the facility.

Because of the uncertainty inherent in assessing the likelihood of a terrorist
attack, the NRC recognizes that while the probability, under general credible
threat conditions, of such an attack is believed to be low, it cannot be reliably
quantified. To ensure that the risk is minimized, the NRC has adopted an
approach which focuses on ensuring that the security measures are adequate
and effective in countering and mitigating the effects of terrorist attacks against
large panoramic and underwater irradiator facilities. To provide high assurance
that a terrorist act will not lead to significant radiological consequences, the NRC
has analyzed plausible threat scenarios and required enhanced security
compensatory measures to protect against the threats. In addition, advanced
coordination and planning with local law enforcement and the draft DHS
Protective Action Guides for Radiological Dispersal Devices and Improvised
Nuclear Devices are intended to mitigate potential radiological consequences.
As stated above, all these actions have been taken without regard to the
probability of an attack. This protective strategy reduces the risk from a terrorist
attack to an acceptable level, thereby reducing the potential for the facility to be
considered an attractive target.

CONCLUSION

Based on its ongoing consideration of safeguards and security requirements, its
review of information provided by the intelligence community, and the
implementation of security compensatory measures at the nation's irradiator
facilities, the Commission considers that public health and safety and the
environment, and the common defense and security, continue to be adequately
protected in the current threat environment.

Based on the various protective and mitigating factors described above, the NRC
staff finds that no significant environmental impacts exist from potential terrorist
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actions which may result from licensing the proposed irradiator. This finding is
based, in part, on (1) the continual evaluation of the threat environment by the
NRC, in coordination with the Intelligence and law enforcement communities,
which provides, in part, the basis for the compensatory measures currently
required; (2) the compensatory measures that are in place to reduce the chances
of an attack that leads to unacceptable radiological consequences (3) NRC
security assessments of the potential consequences of terrorist attacks against
irradiator facilities that inform the decisions made regarding the types and level of
protective measures; and (4) coordination with law enforcement agencies to
mitigate consequences should there be an attempt to steal radioactive material
for malevolent purposes.

The NRC staff concludes that the construction, and operation, of the Pa'ina
irradiator facility, even when potential terrorist attacks on the facility are
considered, will not result in a significant effect on the human environment. NRC
safety and security requirements, imposed through regulations and orders, and
implemented by the licensee, in combination with the design requirements for
panoramic and underwater irradiators, provide adequate protection against
successful terrorist attacks on irradiator facilities.
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By Certified Mail, Return Receipt Requested
And Electronic Mail

Chief, Rules Review and Directives Branch
Mail Stop T6-D59
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
Email: NRCREP@nrc.gov

Re: Docket No. 030-36974
Appendix B: Consideration of Terrorist Attacks on the Proposed Pa'ina Irradiator
(Supplement to Draft Environmental Assessment and Finding of No Significant
Impact for Proposed Pa'ina Hawaii, LLC Irradiator in Honolulu, Hawaii)

To Whom It May Concern:

Earthjustice submits these comments on behalf of Concerned Citizens of Honolulu in
response to the Nuclear Regulatory Commission's ("NRC's") June 8, 2007 request for comment
on the supplement to its Draft Environmental Assessment and Finding of No Significant Impact
for Proposed Pa'ina Hawaii, LLC Irradiator in Honolulu, Hawaii ("Draft EA") addressing
terrorist acts involving the proposed irradiator ("Appendix B"). See 72 Fed. Reg. 31,866 (June
8, 2007). The NRC Staff prepared both the Draft EA and Appendix B in response to objections
Concerned Citizens raised to Pa'ina's application to place up to one million curies of radioactive
Cobalt-60 in an irradiator proposed to be built next to active runways at the Honolulu
International Airport. Regrettably, Appendix B fails to satisfy the NRC's obligations under the
National Environmental Policy Act ("NEPA") to provide a serious, scientifically-based analysis
of the risk of terrorist acts involving Pa'ina's proposed irradiator and of all reasonably
foreseeable impacts of such acts. In preparing these comments, Earthjustice was assisted by Dr.
Marvin Resnikoff, who prepared an Analysis of the Vulnerability and Potential Consequences of
a Terrorist Attack on the Proposed Pa'ina Hawaii Irradiator ("Resnikoff Report"), which
critiques Appendix B and is enclosed and incorporated herein by reference. In addition, we
relied on the declaration from Dr. Gordon Thomps.on regarding the risk of terrorist attack, which
was enclosed in Earthjustice's February 8, 2007 comments on the Draft EA and is also
incorporated herein by reference.

Failure to determine the risk of a terrorist attack on the Pa'ina irradiator

The Staff admits "there is a general, credible threat to NRC-licensed facilities and
materials" from terrorist attacks and acknowledges it is necessary and "possible to assign
qualitative probabilities to [such attacks]." Appendix B at B-4. The EA even describes two
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methods the NRC uses to assess the threat of terrorist attacks on nuclear facilities: (1) the Threat
Advisory System, and (2) the "security assessment framework." which the NRC uses to
determine whether to step-up security for nuclear facilities. The Staff clearly has theability to
determine the risk of a terrorist attack on particular irradiators and apparently has done so in the
past, yet it inexplicably failed to apply these methods, or any other, to determine the likelihood,
quantitatively or qualitatively, of a terrorist attack on Pa'ina's proposed irradiator.

First, Appendix B fails to provide any quantitative analysis of the likelihood Pa'ina's
proposed irradiator would be the target of a terrorist attack and, thus, fails to take the "hard look"
at terrorist-related impacts that NEPA requires. Klamath-Siskiyou Wilderness Center v. Bureau
of Land Management, 387 F.3d 989, 1001 (9 .1h Cir. 2004). "General statements about possible
effects and some risk" like those found in Appendix B "do not constitute a hard look absent a
justification regarding why more definitive information could not be provided." Id. at 994
(quoting Neighbors of Cuddy Mountain v- United States Forest Service. 137 F.3d 1372, 1380
(9th Cir 1998)). If it is possible to quantify impacts from terrorism objectively, NEPA requires
that the Staff do so. Id. As the Ninth Circuit stressed in San Luis Obispo Mothers for Peace, the
existence of probabilistic risk assessments of terrorist activities by the Department of Homeland
Security and others casts serious doubts on any claim the "risk of terrorism cannot be
quantified." San Luis Obispo Mothers for Peace v. Nuclear Regulatory Comm'n, 449 F.3d 1016,
1032 n.9 (9 'h Cir. 2006), cert. denied sub nom, Pacific Gas & Elec. Co. v. San Luis Obispo
Mothers for Peace, 127 S. Ct. 1124 (2007).

Second, even if "the numeric probability of a specific attack" cannot be quantified, the
NRC must still "assess likely modes of attack, weapons, and vulnerabilities of the facility, and
the possible impact of each of these on the physical environment, including the assessment of
various release scenarios." Id. at 1031 (emphasis added). Thus, the Staff was required to
analyze in Appendix B the vulnerabilities of the particular irradiator facility Pa'ina proposes, as
well as its location and plausible threat scenarios. It failed to do so, as discussed below.

Taking a hard look at the physical vulnerability of the site is an important step in
determining the likelihood of a terrorist attack involving the proposed irradiator. See, e.g., San
Luis Obispo Mothers for Peace 449 F.3d at 1031 (NRC must "assess... vulnerabilities of the
facility"). The Staff cannot rely on a general discussion of security assessments it has
undertaken for other facilities in the past or on Appendix B's bare assertion that the irradiator
and the sources are too robust to succumb to terrorist sabotage. It can and must provide hard
data, such as calculations or modeling, as well as appropriate standards against which to compare
the results of its analysis, to ascertain whether Pa'ina's irradiator would be vulnerable to terrorist
attack. See Klamath-Siskiyou Wilderness Center, 387 F.3d at 994.

For example, as discussed in Dr. Resnikoff's report, data show that a Milan anti-tank
missile could easily penetrate 4 feet of concrete and 1 meter of steel, a structure much more
robust than the ½ inch of stainless steel and 6 inches of concrete in Pa'ina's irradiator design.
See Resnikoff Report at 3. Dr. Resnikoff's analysis calls into question the Staff's contrary
assumption the sources would be safe from terrorist attack because they can withstand the impact
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of a 4.5 pound weight falling from 3 feet. Moreover, the Staff's analysis is unsupported by any
data and, thus, inadequate to satisfy NEPA.

Assessing the risk of a terrorist attack on the Pa'ina irradiator also requires consideration
of specific features of the proposed irradiator site and its surroundings that make the irradiator
particularly vulnerable to terrorist attack. This assessment must include, among other things,
factors the NRC has previously identified as relevant to its security assessments: "iconic value,
complexity of planning required, resources needed, execution risk, and public protective
measures." Appendix B at B-5. In the case of Pa'ina's proposed irradiator, the Staff must
consider the following factors, which individually or combined make the irradiatorparticularly
attractive to terrorists and vulnerable to attack:

* Pa'ina proposes to place its irradiator directly adjacent to the runways of the Honolulu
International Airport, the economic lifeline of the State of Hawai'i.

" The proposed irradiator site is near to an internationally symbolic icon, Pearl Harbor.
0 The proposed irradiator would be next to numerous other military bases, including

Hickam Air Force Base, which shares runways with Honolulu International Airport.
" The applicant proposes to use Cobalt-60, a prime source material for dirty bombers.
• The applicant proposes to use up to one million curies of Cobalt-60, an amount many

orders of magnitude greater than the "quantity of concern" of 8.1 curies the NRC has
established as triggering the need for additional security measures. 70 Fed. Reg. 72,128,
72,132 (Dec. 1, 2005).

* Terrorists could easily gain access to the Pa'ina irradiator, which would be located at the
end of Lagoon Drive, a road that is open to the public and lacks any controls on access,
and adjacent to Ke'ehi Lagoon, allowing unrestricted access via the water.

Finally, an assessment of the risk of attack requires consideration of plausible threat
scenarios, or the "likely modes of attack." San Luis Obispo Mothers for Peace, 449 F.3d at
1031. Appendix B completely fails, however, to analyze any of the likely modes of attack,
including threat scenarios to which Pa'ina's proposed irradiator would be particularly
vulnerable.' For example, the use of an aircraft as a mode of attack is especially plausible at the
proposed irradiator site, given Pa'ina proposes to place the irradiator immediately next to active
runways at the Honolulu International Airport. See Resnikoff Report at 2. Moreover, given the
unrestricted access to Pa'ina's irradiator site and the iconic and strategic value of surrounding
targets, it is plausible that terrorists would force their way into the facility, hoist the sources out

The Staff asserts it "evaluated a spectrum of threat scenarios" as a part of its generic
"security assessment framework." Appendix B at B-5. This generic analysis is not enough to
satisfy NEPA, which requires the NRC to take a hard look at potential impacts from the specific
action under consideration: licensing of Pa'ina's proposed irradiator. Moreover, Appendix B
fails to discusswhich scenarios were considered and how these scenarios were screened for
"plausibility." Id.; see also Klamath-Siskiyou Wildlands Center, 387 F.3d at 996 (it is well-
established that "NEPA documents are inadequate if they contain only narratives of expert
opinions").
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of the irradiator pool, affix explosives to them, and detonate a "dirty bomb" in the heart of the
airport and urban Honolulu. Nowhere in Appendix B is there any discussion of the potential for
such attacks or their consequences.

To allow the NRC to assess the likelihood of a terrorist attack, the Staff was obliged to
provide in Appendix B either a quantitative probability or a qualitative risk analysis, including:
(1) hard data regarding the physical vulnerability of the proposed irradiator, (2) analysis of the
specific features that make the irradiator and its environs susceptible to attack, and (3) an
assessment of the likely modes of attack on the Pa'ina irradiator. Appendix B unlawfully fails to
address any of these fundamental elements, precluding the informed consideration of the
significance of potential effects that NEPA requires. See 40 C.F.R. § 1500.1 (b) (NEPA
mandates that "environmental information is available to public officials and citizens before
decisions are made and before actions are taken").2

Failure to disclose data supporting the finding of no significant impact

Because public scrutiny of an agency's analysis is vital to accomplishing NEPA's goals,
"NEPA requires that the public receive the underlying environmental data from which [the Staff]
derived [their] opinion[s]." Idaho Sporting Cong. v. Thomas, 137 F.3d 1146, 1150 (9h Cir.
1998). This "information must be of high quality," 40 C.F.R. § 1500.1(b), and the NRC must
"identify any methodologies used" and "insure the professional integrity, including scientific
integrity, of the discussions and analyses" in its NEPA documents, id. § 1502.24. Because "[tihe
reader is not told what data the conclusion [that terrorism-related impacts are insignificant] was
based on or why objective data cannot be provided," Appendix B is inadequate. Klamath-
Siskiyou Wildlands Center, 387 F.3d at 994.

Information Appendix B must provide the public pursuant to the above principles
include:

Data regarding generic security assessments. in concluding that "radiological sabotage of
the proposed irradiator is expected to result in generally small radiological
consequences[,]" the Staff relies on generic "security assessments" for irradiator
facilities. Appendix B at B-6. Appendix B fails to provide any discussion of the aspects
of these generic security assessments the Staff concluded were relevant to its analysis.

2 Despite failing to undertake any analysis of the probability of a terrorist attack on the
Pa'ina irradiator, the Staff asserts protective measures will lower that risk to an "acceptable
level." Appendix B at B-7. With noabaseline risk analysis, the Staff has no basis to conclude the
risk could be reduced or to assess the level of residual risk following implementation of
protective measures. Moreover, even if the Staff believes the risk of terrorism-related impacts is
"acceptable," it still must disclose in Appendix B what that risk is. Finally, NEPA requires the
Staff to discuss and disclose terrorism-related "impacts which have catastrophic consequences,
even if their probability of occurrence is low." 40 C.F.R. § 1502.22(b)(3).
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Nor does it give the public any information regarding where these security assessments
can be found, so the public can review them and assess the manner in which the Staff
used them to analyze threats to Pa'ina's proposed irradiator. NEPA expressly prohibits
incorporation by reference of materials like the generic assessments since they are not
"reasonably available for inspection by potentially interested persons within the time
allowed for comment." 40 C.F.R. § 1502.21; see also NUREG-1748, "Environmental
Review Guidance for Licensing Actions Associated with NMSS Programs," § 1.6.4
(2003) (same).

" Information about assumptions on which Staff relied. Appendix B states that its finding
of no significant impact is based on "assumptions ... regarding irradiator design and the
source term," yet it fails to disclose what those assumptions are and how the Staff
determined that the assumptions are applicable to the Pa'ina irradiator. Appendix B at B-
5. Appendix B also fails to discuss how these assumptions support the ultimate
conclusion that the consequences of a terrorist attack would not be significant.

* Scientific support for the Staff's assumption that the proposed irradiator and source
materials are so "robust" that a terrorist attack would result in "generally small
radiological consequences." Appendix B at B-6. As discussed above, NEPA requires
the Staff to "insure the professional integrity, including scientific integrity, of [its]
discussions and analyses" and to disclose the methodologies, standards, and calculations
it used to assess the vulnerability of the proposed irradiator to terrorist attack. 40 C.F.R.
§ 1502.24.

" Data supporting the Staff's assertion that "immediate health effects from exposure to ...
low radiation levels ... are expected to be minimal." Appendix B at B-6. Although
Appendix B cites to another document, that document merely repeats the same statement,
without providing the requisite scientific support.

" Methodology and data used to determine that the risk of terrorist attack involving
Pa'ina's irradiator would be at an "acceptable level," Appendix B at B-7, including the
Staff's definition of what constitutes an "acceptable level."'

"Accurate scientific analysis, expert agency comments, and public scrutiny are essential
to implementing NEPA." 40 C.F.R. § 1500.1(b). Appendix B fails to satisfy NEPA's basic
requirements since it does not disclose the underlying sources, assumptions, and data on which it
bases its conclusion that the environmental and health effects of a terrorist attack on the Pa'ina
irradiator would be small.

3 Under NEPA, even if the Staff had made a defensible, scientific determination that the
risk is within an "acceptable level," it still would have to take a hard look at all reasonably
foreseeable impacts, including impacts with a low probability of occurrence. 40 C.F.R. §
1502.22(b)(3).
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Failure to address significance of identified effects

The major purpose of the Draft EA is to help the NRC determine whether approving
Pa'ina's proposed irradiator "May have a significant effect upon the environment," triggering the
NRC's obligation to prepare an environmental impact statement ("EIS"). National Parks &
Conservation Ass'n v. Babbitt, 241 F.3d 720, 730 (9th Cir. 2001) (quoting Foundation for N. Am.
Wild Sheep v. United States Dep't of Agric., 681 F.2d 1172, 1178 (9 "h Cir. 1982)) (emphasis in
National Parks & Conservation Ass'n). The significance analysis must consider both context,
including the extent of the geographic area and the interests that may be affected, and intensity
(severity) of the impact, looking specifically at factors like the unique characteristics of the area,
uncertainty of the consequences, and controversy. 40 C.F.R. § 1508.27.

Appendix B identifies "[t]he most likely outcome of an act of sabotage" as "some of the
sources would be damaged and some 'slugs' of cobalt metal could be released to the pool water."
Appendix B at B-6. Having identified this likely effect, Appendix B improperly provides only a
cursory analysis of its significance, smating in a conclusory fashion that "there is a low risk of
radioactive material escaping the pool." Id. Even if the Staff's quantification of the level of risk
were supported by rigorous analysis (and it is not), nowhere does Appendix B discuss the
significance of the environmental impacts in the allegedly "low risk" scenario in which
radioactive material escapes the pool. 40 C.F.R. § 1502.22(b)(3) (requiring disclosure of
"impacts which have catastrophic consequences, even if their probability of occurrence is low").
As Dr. Resnikoff explains, if a terrorist group punctures the pool and damages the "slugs,"
radioactive materials could escape and contaminate the area surrounding the pool, including
Honolulu International Airport and/or Ke'ehi Lagoon, which is connected to the Pacific Ocean.
See Resnikoff Report at 5. The NEPA regulations set forth specific factors the NRC must
consider in analyzing the significance of potential impacts (40 C.F.R. § 1508.27); it is not
permissible for the Staff to simply mention a potential impact without weighing the significance
of that impact.

The analysis of the impacts of a theft or diversion of radioactive material for use in a
"dirty bomb" is similarly flawed. Appendix B notes that dirty bombs are "weapons of mass
disruption" and that incidents involving a dirty bomb using Cobalt-60 from Pa'ina's irradiator
"could create fear and panic, contaminate property, and require potentially costly cleanup," and
could "result in radioactive contamination of several city blocks to an entire city," as well as
cause immediate deaths or serious injuries. Appendix B at B-6. All of these potential effects
appear, on their face, to be significant. The Staff provides no basis for its contrary finding that
potential impacts would be insignificant. 4

4 The Staff apparently considers the deaths and injuries irrelevant because they "would
likely result from the explosion itself, rather then from radiation exposure." Id. There is no
justification for ignoring the loss of human life, since, in the absence of radioactive material at
Pa'ina's facility, there would be no dirty bomb and, thus, no explosion and associated deaths and
injuries.
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According to Appendix B, the extent of contamination from a dirty bomb "depends upon
a number of factors including the size of the explosive, the amount and type of radioactive
material used, and weather conditions." Id. To quantify the significance.of the effects of a dirty
bomb, the Staff could, and should, have considered these factors as they apply to Pa'ina's
proposed irradiator. The Staff knows, for example, that Pa'ina has requested a license for one-
million curies of Cobalt-60. Using this specific information, it could assess the size of the area
that would likely be contaminated, as well as the extent of the contamination, allowing the Staff
to evaluate the likely effects of a dirty bomb blast on Honolulu's populace and economy and to
estimate the potential length and cost of cleanup. A Federation of American Scientists report
determined, for example, that, if just 17,000 curies of Cobalt-60 were dispersed by an explosion
at the lower tip of Manhattan, an area of approximately one-thousand square kilometers could be
contaminated, and tens of thousands of New York City residents could be exposed to high levels
of radiation. See Resnikoff Report at 5. By failing to conduct a similar analysis to determine
the significance of a terrorist attack involving Pa'ina's specific proposed irradiator, the Staff has
failed to take the hard look required by NEPA.

Failure to consider all reasonably foreseeable impacts

To comply with NEPA, Appendix B must. consider all impacts associated with Pa'ina's
proposed irradiator, whether they are immediate, direct effects or indirect, but reasonably
foreseeable effects. 40 C.F.R. § 1508.8. The Staff inappropriately focuses on only the
immediate effects of a potential terrorist attack on the irradiator, failing to provide any analysis
of the long-term human health and environmental effects of up to one million curies of
radioactive Cobalt-60, dispersed by a bomb, persisting in the environment. NEPA regulations
specifically state that "both short- and long-term effects are relevant" in determining
significance. 40 C.F.R. § 1508.27(a).

Further, Appendix B provides no analysis of the potential for a terrorist attack on the
nuclear material while in transit. According to the Draft EA, radioactive sources would be
shipped to the Pa'ina facility approximately once per year. As discussed in the comments
Earthjustice submitted regarding the Draft EA, sources in transit from Canada or Russia to the
Pa'ina irradiator would not be well-protected from a terrorist attack, and an attack on a shipment
in transit could cause major environmental pollution and cancer fatalities, as well as significant
economic impacts. Because these shipments will occur only if the NRC licenses Pa'ina's
irradiator, the shipments are a connected action, and the Staff must examine the potential effects
of a terrorist attack on a shipment of Cobalt-60. See 40 C.F.R. § 1508.25(a)(1) (discussing
"connected actions"). Appendix B unlawfully fails to do so.

s Earthjustice enclosed a copy of the Federation of American Scientists report in its
February 8, 2007 comments on the Draft EA.
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Improper reliance on inadequate mitigation measures

To justify its finding of no significant impact, the Staff relies heavily on "enhanced
security compensatory measures" that it claims would be "adequate and effective in countering
and mitigating the effect of terrorist attacks[.]" Appendix B at B-7. These security measures
include "enhanced access controls; background screening of personnel; intrusion detection,
assessment and alarm response; and coordination with local law enforcement." Id. Under
NEPA, "[meere listing of mitigation measures, without supporting analytical data is insufficient
to support a finding of no significant impact." National Parks & Conservation Ass'n, 241 F.3d at
733. Instead, the Staff must show "the mitigation measures will render [negative] impacts so
minor as to not warrant an EIS." Id.

The Staff states that the security measures "are intended to prevent the theft of
radioactivematerial[,]" "assure prompt response by law enforcement," and "mitigate severe
consequences of potential terrorist actions." Appendix B at B-7. The Staff fails, however, to

6provide any analytical data to support its conclusions. Moreover, nothing in Appendix B
suggests these mitigation measures could eliminate the potential for a terrorist attack with
catastrophic consequences. Rather, the most the Staff claims is that the mitigations would
"reduce[] the risk" of such an attack. Id. Since, even with full implementation of all mitigation
measures, the potential for significant impacts from terrorism would remain, the Staff cannot
lawfully make a finding of no significant impact.

Failure to consider reasonable alternatives

In'its February 8, 2007 comments on the Draft EA, Earthjustice explained how the Staff's
failure to evaluate alternate technologies and alternate locations for Pa'ina's proposed irradiator
violated NEPA's mandate to consider "choices or alternatives that might be pursued with less
environmental harm." Lands Council v. Powell, 395 F.3d 1019, 1027 (9" Cir. 2005). That the
Staff's refusal to consider reasonable alternatives undermines NEPA's goal of informed
decision-making is particularly glaring in the context of evaluating terrorist threats. Alternate
technologies that do not use nuclear material would completely eliminate the potential for dirty
bombs, while alternate locations far from tempting targets like the international airport and Pearl
Harbor and far from highly populated urban Honolulu would decrease both the likelihood of
terrorist attack and the consequences should an attack occur. Because the Staff failed to consider
reasonable alternatives, neither the NRC. nor the public can evaluate "possible approaches to a
particular project ... which would alter the environmental impact and the cost-benefit balance,"
subverting Congress's intent in enacting NEPA. Bob Marshall Alliance v. Hodel, 852 F.2d
1223. 1228 (9 "h Cir. 1988) (quoting Calvert Cliffs' Coordinating Comm., Inc. v. United States
Atomic Energy Comm'n, 449 F.2d 1109, 1114 (D.C. Cir. 1971))_

6 While Appendix B cites "The Radiation Source Protection and Security Task Force
Report" (Aug. 15, 2006), that report. fails to provide the missing analytical support for the Staff's
conclusory statements.
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Conclusion

While Concerned Citizens appreciates that the NRC Staff has finally conceded the need
to consider potential impacts of terrorism involving Pa'ina's proposed irradiator, Appendix B
falls far short of satisfying NEPA's requirements to prepare a sound, science-based analysis of
both the risk and all potential consequences of a terrorist attack. Consequently, the Staff may not
lawfully rely on Appendix B to support a finding of no significant impact.

We appreciate the opportunity to provide these comments, which hopefully will prompt
the Staff to satisfy its obligations under NEPA by preparing a revised terrorism analysis. Please
feel free to contact me should you wish to discuss our concerns.

Sincerely,

David Lane Henkin
Staff Attorney

DLHI/tt
Enclosure
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Radioactive Waste Management Associates (RWMA) prepared this report to analyze the
adequacy of the Nuclear Regulatory Commission (NRC) Staff's Appendix B, Consideration
of Terrorist Attacks on the Proposed Pa'ina Irradiator (Appendix B). Pa'ina Hawaii seeks a
license from the NRC for up to one-million curies of Cobalt-60 (Co-60) for use in its
underwater pool irradiator, which it proposes to build near the Honolulu International Airport.
Appendix B supplements the Staffs draft Environmental Assessment for the proposed
Pa'ina irradiator.

In preparing this report, RWMA reviewed the information in the June 7, 2007 NRC Staff
Hearing File Index Update and the references listed in Appendix B. The list of reviewed
references is attached hereto as Appendix 1. We note some vital information is unavailable,
including "Results of Implementation of the Decisionmaking Framework for Materials and
Research and Test Reactor Security Assessments," U.S. Nuclear Regulatory Commission,
SECY-06-0045, March 1, 2006, referenced in Appendix B. In its June 7, 2007 Hearing File
Index Update, the Staff asserts that this document may be confidential. Appendix B fails to
disclose, however, whether the Staff is treating this document as confidential, and if so, on
what grounds.

As discussed in detail below, RWMA concludes that the information provided in Appendix B
and the referenced documents fail to adequately discuss the specific threats terrorist attacks
pose to the Pa'ina irradiator, the facility's vulnerability to such attacks, and the foreseeable
consequences in the event of an attack. As shown below, it is possible to quantify the
vulnerability of the Pa'ina Hawaii irradiator. A thorough analysis of the threats, vulnerability,
and potential consequences of an attack would allow the NRC to make an informed
decision about the risk and potential significance of a terrorist attack on the Pa'ina Hawaii
irradiator.

THREAT

Because information regarding the Design Basis Threat (DBT) is not known, we proceed
under the assumption that "a general credible threat of a terrorist attack exists, as does the
NRC Staff. Appendix B at B-4. A DBT would need to describe the type of arms and
explosives available to saboteurs, the number of persons in an armed group, and their
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training. We would also need to know the intent of saboteurs. For purposes of our analysis,
we will assume an armed group would have the equipment detailed below and the intent to
use it. We will also assume there is no resistance to an armed assault, and that tear gas or
nerve gas would be employed.

International Atomic Energy Agency (IAEA) Safety Guide No. RS-G-1.9, "Categorization of
Radioactive Sources," August 2005, places irradiators that use between 5,000 and 15
million curies of Co-60 in Category 1. The Pa'ina irradiator, which would be licensed to
possess up to one-million curies of Co-60, falls within Category 1. According to the.
IAEA, Category I sources are "considered to be the most 'dangerous' because they can
pose a very high risk to human health if not managed safely and securely." IAEA Safety
Guide No. RS-G-1.9 at 5.

VULNERABILITY

In determining the vulnerability of the Pa'ina Hawaii irradiator, we considered three plausible
scenarios involving a determined sabotage group.' In scenario one, we assumed that the
saboteurs dropped an M3A1 shaped charge to the bottom of the irradiator pool. Under
scenario two, we assumed that the saboteurs would have the use of a TOW2 or MILAN anti-
tank missile. Scenario three assumed that saboteurs would crash a Boeing 757 into the
building at greater than 100 mph. This is a valid assumption, because under normal
conditions B757's take-off and land at about 180 mph. The plausibility is even greater given
the irradiator's location next to the runways of the Honolulu International Airport.

We further assumed that the irradiator pool containing the Co-60 sources is composed of
two steel shells 025 inches thick, with six inches of concrete sandwiched between; that
there will be no resistance to an armed assault; that the saboteurs may use tear gas or
nerve gas to disable the irradiator staff; and that the saboteurs have the ability to punch a
hole through the exterior wall of the irradiator building (e.g., by using an armored car).

As detailed below, our calculations show that the irradiator pool and sources are vulnerable
to terrorist attack. In scenario one, an M3Ai shaped charge could easiy punch a hole into
the side of the pool, likely expelling all the water from the pool and/or allowing all the water to
drain from the pool. For scenario two, our calculations again showed that the force from the
TOW2 or MILAN anti-tank missile could punch a hole through the side of the pool. In
scenario three, we based our calculations on the shaft of a Rolls Royce jet engine
puncturing the pool wall and found that the engine could puncture the pool. After describing
the methodology applied to make these calculations, we discuss the potential
consequences of these three scenarios.

1 This report focuses on the vulnerability of the proposed irradiator to a sudden, violent terrorist attack. Other

plausible modes of attack exist that the NRC should also consider, including the potential for terrorists to divert
the Cobalt-60 sources during transport to or from the facility or the theft of the sources from the irradiator facility
itself. The radioactive materials could then be coupled with an explosive charge or placed in heavily populated
locations, exposing the public to unacceptable levels of radioactivity.
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METHODOLOGY

To calculate the vulnerability of the Pa'ina irradiator, we first considered the perforation
thickness of the irradiator pool. The perforation thickness is the thickness that is just great
enough to allow a missile to pass through without any exit velocity. From DOE-STD-3014-
2006, the perforation thickness for concrete is:

Where:

U = r•eenoe vety2D =.= -fsee
V = issge impact vlociryty /d{Oe
M = mass of the miss-e = WG,
Wxe@- W = issilewevight tb)

= 32.2 ftseat

D = effectiv • nw•edwne-er (ft
f, = tutrml* coqpmssrve strengtb of oncrte

For steel, the perforation thickness is:

TI-1 I 0.5MV-

1 7,40OKsD~-

T = prdiedt •ickness to j4t pefoate a steel plate

M = W(g russile mass tlb-seeffi);
V viIsside iirem WEocay {ftlsec
F, constat depeneding an fte grade of st~eA

(usually '2 I);

D missa daneier (in.)

To calculate the perforation thickness of the irradiator pool, we combine the kinetic energy
(KE = Y MV 2) required to penetrate concrete (6 inches) with the kinetic energy required to
penetrate steel to obtain the velocity to penetrate the irradiator wall. Table I below lists the
results. The calculations show that both the M3A1 charge and the Milan anti-tank missile
easily penetrate the irradiator pool wall. For example, the Milan anti-tank missile can
penetrate 4 feet of concrete and 1 meter of steel.



Vulnerability of Pa'ina Hawaii Irradiator to Terrorist Attack
M. Resnikoff

Page 4

M missile mass (slugs)
V missile impact velocity (ft/sec)
Ks constant depending on steel grade
D missile diameter (inches)
PC ultimate compressive strength
T penetration depth (inches)

penetration depth (mm)
reported penetration depth (mm)

1.24
7131.50

1.00
9.00

720000
16.54

420.00

6.88
688.98

1.00
5.24

720000
3.94

100.16
>1000

1.55
1079.00

1.00
5.87

720000
2.37

61.73
656.17

1.00
5.00

720000
16.71

424.47
>700

2.2.37
98,4.25

1.00
3.35

720000
21.79

553.51
>330

7.61
656.17

1.00
3.46

720000
5.97

151.69
350.00

225.00
600.00

1.00
74.40

720000
2.36

59.96

Tp (ft) perforation thickness into concrete 4.43 2.37 1.49 6.99 6.98 2.95 3.24

The diameter of the shaft of the B757 Rolls Royce engine is 25 inches. The minimum velocity for the engine shaft to perforate
the irradiator pool is 103 mph. Since Boeing-757s commonly land and take off at 180 mph, saboteurs who take command of a
B757 and hit the irradiator pool could puncture the pool liner. This is shown in Table 2 below.

Table 2. Minimum Velocity to Puncture Irradiator Liner

velocity velocity
steel concrete total KE (fps) (mph) ....

KE=(0.5MV )
B757 RR

768978.62 1785826.18 2554804.81 150.70 102.75 engine
M3A1 shaped

166099.38 2587628.86 2753728,25 2105.59 1435.63 charge
Milan anti-tank

73710.80 710407.65 784118.45 477.49 325.56 missile
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CONSEQUENCES

The above calculations show, contrary to the NRC staffs assertion in Appendix B, that the
Pa'ina irradiator is vulnerable to attack. In any of the three scenarios discussed above,
following puncture of the pool liner, a party of saboteurs could ignite a combustible material
inside the pool, which could, in turn, blast apart or aerosolize the Co-60 pellets at the bottom
of the pool, resulting in dispersal of radioactive particulates into the surrounding
environment. For example, following the detonation of a platter charge or a hit with a Milan
anti-tank missile, the saboteurs could pour jet fuel or gasoline into the empty pool and over
the sources, then set the fuel on fire, dispersing radioactive material. In the case of diverting
a commercial airplane as a terrorist device, jet fuel would already be present in large
quantities.

A recent gasoline fire in Oakland, CA burned at an estimated 3,000 OF, and softened bridge
support on an Interstate ramp, causing it to fall. NRC contractor reports estimate jet fuel
fires at 1800 OF. It is incumbent on NRC staff to estimate the temperature of a fire within the
proposed irradiator facility, taking into account this recent fire.

A radiological release would contaminate the surrounding area, including the Honolulu
International Airport and Ke'ehi Lagoon. A 2002 report of the Federation of American
Scientists showed detonation of just one Co-60 pencil (about 17,000 curies) at the lower tip
of Manhattan would contaminate approximately 1,000 square kilometers, exposing tens of
thousands of residents to high-levels of radiation. If the radiation could not be immediately
removed, large portions of New York City would be uninhabitable for decades while the Co-
60 decayed and/or buildings would need to be demolished. According to the report, the risk
of death from cancer would jump to one-in-ten for people who live in an area of about 300
hundred city blocks.

Even if it were possible to remove the radiation in the event Co-60 was detonated at the
proposed Pa'ina irradiator, such a cleanup could shut down the runways of the Honolulu
International Airport for weeks. A closure of vital runways could seriously affect Hawaii's
economy, which depends on air shipments for food, goods, and mail service, and could also
.disrupt Hawaii's main economic engine, tourism. Moreover, any of these scenarios could
immediately kill on-duty irradiator employees, emergency responders, and any other person
in the general vicinity, which is easily accessible by the public. Also, whether successful in
dispersing Co-60 or not, a terrorist act at the proposed irradiator would likely cause
widespread panic and fear, which could adversely affect the morale and well-being of the
people of Hawai'i and cause a decline in tourism.
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August 10, 2007

Michael Kohn, President
Pa'ina Hawaii, LLC
P.O. Box 30542
Honolulu, Hawaii 96820

SUBJECT: FINAL ENVIRONMENTAL ASSESSMENT FOR PROPOSED PA'INA HAWAII,

LLC IRRADIATOR

Dear Mr. Kohn:

The U.S. Nuclear Regulatory Commission staff has completed its final environmental

assessment for the proposed underwater irradiator in accordance with the terms of a March 20,

2006, settlement agreement with Concerned Citizens of Honolulu. Enclosed is the final

environmental assessment and associated "Finding of No Significant Impact." This information

* will be published shortly in the Federal Register. Related documents are also available on the

NRC's website: http://www.nrc.gov/materials.html by selecting "Pa'ina Irradiator" in the Quick

Links box. If you have any questions, please contact Patricia Swain at (301) 415-5405 or by

email at pbs2@nrc.gov.

Sincerely,

IRA/

Patricia Swain, Acting Branch Chief
Environmental Review Branch
Division of Waste Management

and Environmental Protection
Office of Federal and State Materials

and Environmental Management Programs

Docket No.: 030-36974

Enclosure:. Final Environmental Assessment

cc: Enclosed list
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U.S. NUCLEAR REGULATORY COMMISSION
DOCKET NO. 030-36974

FINAL ENVIRONMENTAL ASSESSMENT RELATED TO THE PROPOSED PA'INA
HAWAII, LLC UNDERWATER IRRADIATOR IN HONOLULU, HAWAII

Introduction

The U.S. Nuclear Regulatory Commission (NRC) is in receipt of a license application
dated June 23, 2005, from Pa'ina Hawaii, LLC, that would authorize the possession and
use of sealed radioactive sources in an underwater irradiator for the production and
research irradiation of food, cosmetic, and pharmaceutical products (Pa'ina, 2005a).
The proposed irradiator would be located immediately adjacent to Honolulu International
Airport on Palekona Street near Lagoon Drive. The irradiator would primarily be used
for phytosanitary treatment of fresh fruit and vegetables bound for the mainland from the
Hawaiian Islands and similar products being imported to the Hawaiian Islands as well as
irradiation of cosmetics and pharmaceutical products. The irradiator would also be used
by the applicant to conduct research and development projects, and irradiate a wide
range of other materials as specifically approved by the NRC on a case-by-case basis.

The NRC has completed its final evaluation of the proposed irradiator against the
requirements found in the NRC's regulations at Title 10 of the Code of Federal
Regulations (10 CFR), Part 51, "Environmental Protection Regulations for Domestic
Licensing and Related Regulatory Functions." Typically, the licensing of irradiators is
categorically excluded from detailed environmental review as described in the NRC
regulations at 10 CFR 51.22(c)(14)(vii). However, the NRC staff entered into a
settlement agreement (NRC, 2006a) with Concerned Citizens of Honolulu, the
interveners in the adjudicatory hearing to be held on the license application. The
settlement agreement included a provision for the NRC staff to prepare a draft
environmental assessment (EA) and hold a public comment meeting in Honolulu,
Hawaii prior to making a final decision. The NRC staff published a notice in the Federal
Register requesting public review and comment on the draft EA on December 28, 2006
(71 FR 78231), and established February 8, 2007, as the deadline for submitting public
comments on the draft EA. Approximately 47 individual comment documents (i.e.,
letters, facsimiles, and e-mails) were received by the NRC. Also, 221 identical emails
were submitted by various individuals. In addition, oral comments were received from
43 individuals at a public meeting conducted by the NRC on February 1, 2007.

Appendix A of this final environmental assessment contains figures and diagrams
related to the proposed licensing action. Appendix B includes the NRC's consideration
of terrorist activities, and Appendix C contains a summary of public comments and NRC
responses.
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The Proposed Action

Pa'ina Hawaii, LLC has submitted a license application (Pa'ina, 2005a) for the
possession and use of cobalt-60 (Co-60) sealed sources in an underwater irradiator. In
this type of irradiator the sealed sources remain at the bottom of the irradiator pool at all
times (i.e., approximately 12-18 feet below the pool surface) (See Figures A-1 and A-2
in Appendix A). Human access to the sealed sources and the space subject to
irradiation is not physically possible without entering the irradiator pool. The product to
be irradiated is placed in a water-tight container (i.e., product bell) and lowered into the
irradiator pool water.

The proposed Pa'ina irradiator, was designed by Gray*Star, Inc. for use with two
different types of radioactive Co-60 sealed source assemblies. Both source assemblies
are doubly encapsulated. The inner capsule contains nickel coated Co-60 metal slugs.
The inner capsule is either stainless steel or zircalloy and has two welded end caps.
The inner capsule is then placed in the stainless steel outer capsule which also has two
welded end plugs. The Co-60 sealed source assemblies (i.e., sealed sources or
sources) are of robust construction and meet the NRC regulations (i.e., 10 CFR 36.21)
for leak tests, corrosion, temperature shock, pressure, impact, vibration, puncture, and
bending.

The irradiator has several main components including a pool, source holders and rack,
plenum, surge tank, and a hoist and transfer system. The irradiator pool is made of two
steel tanks, one inside the other. (See Figures A-2 and A-3 in Appendix A) The inner
tank, which is in contact with the pool water, is constructed of one-quarter inch thick
stainless steel. Steel separators, or I-beams, connectthe inner-tank to the outer-tank.
The outer-tank is constructed of one-quarter inch carbon steel and is externally coated
with a polyurethane material (Pa'ina, 2005; NRC, 2006b) designed to protect against
underground environmental conditions, (e.g. salt water). The steel separators, or I-
beams, provide for strength and the ability to independently conduct hydrostatic
pressure testing of the two tanks. Both tanks are leak checked off-site by filling the gap
between the tanks with water and inspecting for leaks both inside and outside the pools.
The irradiator pool is fabricated off-site and shipped to the proposed site and re-
inspected for any damage that may have occurred during shipment.

During on-site construction activities, the pool formed from the two tanks is lowered into
the excavation. A concrete foundation is placed underneath the pool and allowed to
cure. The pool is then filled with water and the space between the inner and outer pools
is checked for water leakage. After the leak test, the six-inch space between the tanks
is filled with concrete. Finally, the area surrounding the pool is backfilled, based on site-
specific back fill procedures and materials. To account for seismic activity and to
separate any floor motion from the pool, a six-inch space between the pool/surge tank
and the surrounding floor slab is present.

The pool is approximately 8 feet by 7 feet with the bottom of the pool approximately 18
feet below the ground surface level. Above ground level, the pool will extend 42" [3.5

2



W feet] above the facility floor (See Figures A-2 and A-3 in Appendix A). This lip serves as
a barrier to prevent personnel from accidentally falling into the pool. This 42" inch upper
lip also helps prevent any water or dirt on the floor from entering the pool. The three
layers of the pool's construction provide barriers to any water leaking from the pool to
the surrounding environment. As described above, this pool construction method
permits verifying the integrity of the pool's steel layers prior to and during installation on-
site.

The Co-60 sealed sources are placed in the pool, or removed, in highly-shielded
transportation casks. The hoist and cables associated with the overhead trolley system
can adequately support the heaviest transportation cask. During source loading the
plenum and source rack will be removed to provide space to position the shipping cask
at the bottom of the pool. Any sources already present in the pool are placed at the
other end of the pool away from the area where the shipping cask is lowered. The
shipping cask does not travel over the sources at any time.

During routine operations, the Co-60 sources are locked in place at the bottom of the
irradiator pool underneath the plenum (i.e., a watertight box open on the bottom) (See
Figure A-4 in Appendix A). The plenum is sealed on the top and sides and contains
helium gas under pressure to keep the sources dry during normal operations and to
minimizewater attenuation of the gamma photons during irradiation. Helium was

* selected because' it is an inert element, will not chemically react with the source
encapsulations, has excellent thermal transfer capabilities, and will not significantly
dissolve in water. The plenum is constructed of stainless steel, compatible with the
stainless steel source encapsulations. There are five vertical enclosures placed side by
side (See Figure A-4 in Appendix A). The enclosures are welded to a top manifold that
allows helium to freely pass from one enclosure to another. The plenum is completely
sealed by welding on the top and sides. The bottom of the plenum is open to allow it to
be placed over the source holders. Helium gas enters the plenum through a helium
supply tube located on the top of the top manifold. The helium gas is under pressure
that is equal to the pressure at the bottom of the plenum. This helium under pressure
forces the pool water out of the bottom of the plenum and keeps the interior of the
plenum dry. Gas pressure is monitored to assure that the water level does not rise
within the plenum so that the sources remain dry.

As described above, the radioactive material is comprised of activated Co-60 slugs
doubly encapsulated within the source assembly (i.e., sealed source). The individual
Co-60 sealed sources (i.e., source assemblies or sources) are positioned vertically in
source holders. Each stainless steel source holder is compatible with both the source
encapsulation and the plenum material.

The source holders are stacked on guide rods in the source rack. A source holder may
hold multiple sources (i.e., has numerous openings to hold Co-60 sealed sources) (See

* Figure A-5 in Appendix A). There are three source holders (in the vertical dimension)
per enclosure and five enclosures (in the horizontal dimension) for a total of fifteen
source holders. These source holders are placed on the source rack which has a
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W" stainless steel base plate. Stainless steel guide rods are vertically welded to the base
plate. The source rack is independent (not physically attached) to the plenum. Once
the source holders are loaded onto the rack by sliding them down the guide rods, the
plenum is lowered over the source rack, source holders, and Co-60 sources. Guides
and clearances are built into the system to assure that there is never any contact or
force on the sealed sources during all phases of loading and operation.

A stainless steel surge tank is located on one side of the pool near floor level. The
primary. purpose of the surge tank is to compensate for varying water levels due to pool
water displacement from bell (i.e., product container) movement. The surge tank is
connected to the pool through a transfer opening at or above the minimum water level.
The minimum water level is the lowest amount of water in the pool that will retain
shielding integrity during normal operations.

A water purification system that includes filtration, de-ionization, and a water radiation
monitor (WRM) is mounted above the surge tank. The WRM is located on the filter
system. The purification system's placement over the surge tank prevents any water
loss from the water purification system should a leak occur. Although the Co-60
sources are not normally in contact with the pool water during routine operations, the
water purification system is designed and maintained with the assumption that the pool
water comes in direct contact with the sources (e.g., during source loading, unloading,
or reconfiguration). The discharge pipe from the water purification system to the main
irradiator pool terminates above the minimum water level. The inlet pipe from the surge
tank to the water purification system is located in the surge tank and water access, via
the transfer opening, is at or above the minimum water level. The WRM continuously
monitors the filter housing to detect any accumulation of radioactive material. An inline
conductivity monitor provides feedback for the prevention of electrolytic corrosion of the
irradiator pool or source plenum.

A make-up water line is connected to an external water supply. A manual valve is used
to add water to make up for water loss due to evaporation loss and a check valve
prevents pool water from inadvertently traveling back into the external water supply.
There are no water effluent discharges to State waters from the water purification
system (Pa'ina, 2005b).

Bells (i.e., product containers) are lowered to either side of the stationary plenum.
Limiters (i.e., significant steel structures) prevent the bells from coming in contact with
the plenum, and thus protecting the individual Co-60 sources. The plenum is secured at
the bottom of the irradiator pool by a stainless steel retaining mechanism that extends
from the top of the plenum to the surface of the pool. The retaining mechanism is
bolted, padlocked, and tamper sealed at the pool surface. The primary purpose of the
retaining mechanism is to assure that the plenum, and the sources, can't be raised to
the pool surface under any conditions when the sources are present in the plenum.

* Plenum inspection and maintenance, should it be necessary, is conducted by breaking
the tamper seals, unlocking and unbolting the retaining mechanism, removing the
retaining mechanism, and then raising the plenum. After the source holders are
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removed, the source rack can also be removed for inspection. In addition to the WRM,
an area radiation monitor (ARM) is located over the surface of the pool. The ARM has
remote visual alerts and is audible at all Restricted Area personnel entries. The ARM is
directly wired to the hoist system. In the event that the ARM, in combination with the
WRM, detects the presence of radiation (above the threshold setting), the power to the
hoist system is shut off and all hoist movement ceases,

The product to be irradiated is brought into the Restricted Area on carts (i.e., stacked
product carriers). Open-bottomed bells are suspended from a hoist system and moved
by the overhead rail and trolley. Three hoist/bell assemblies are used. To load the
irradiator, the operator lowers a bell enveloping/engaging a cart full of product at a
loading station. The bell containing the product is then raised. The operator pushes
and holds a button to activate the trolley and move the loaded bell to a "START"
position on one side of the pool. A computer detects the bell in the "START" position
and when ready, automatically moves the bell over the pool. The bell is then
automatically lowered into the pool at one side of the source plenum. After irradiation
(of one side of the product), the bell is raised out of the pool water, moved further along
the rail over the pool, and lowered to the second side of the plenum for completion of
the irradiation cycle. After completion, the bell is automatically raised by the hoist
system and moved by trolley to the "FINISH" position on the opposite side of the pool
from the "START" position. The "FINISH" position is located above the surge tank to

* recycle water runoff from the bell. The operator then pushes and holds a button to
activate the trolley and move the finished bell to an unloading station where the bell is
lowered, detached from the product cart, and sent to the initial loading station.

Product irradiation takes place only near the pool bottom (i.e., under 12-18 feet of
water) around the plenum. The product is moved to the bottom of the pool in the bells.
All components of the bells in contact with the pool water are made of stainless steel.
The bells, even if empty, are heavy enough to prevent them from floating in the pool.
They are raised and lowered with conventional hoists and stainless steel cable. The
safety factor on all lifting components such as the cable is a factor greater than five
times the materials' yield strength. Should the cables or their attachments fail, the bells
might drop into the pool; however, the limiters, which position the bells, keep them clear
of the plenum and sources. The retaining mechanism that locks the plenum into
position occupies the space in the pool from the plenum to the surface. Therefore, a
bell cannot fall and impact the plenum.

The bell is water tight on all sides except for the open bottom. As the bells are lowered
into the pool, the increased water pressure tries to force the water level in the bell to
rise. However, each bell has a compressed air supply line. The purpose of this
compressed air line is to maintain the water level in the bell below the product. The
compressed air supply line runs from the hoist mechanism to each bell. A stainless
steel pipe on the top of each bell extends above the bell. This pipe is connected to the. flexible air supply line. The flexible air line is connected to a retractable reel system
located at the hoist mechanism. The purpose of the stainless steel extension, which is
curved to prevent radiation streaming, is to prevent radiation damage to the flexible air
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line. If the air supply line fails and is open to the water, air would come out of the
exposed line and bubble through the water. At no time could pool water be drained
through the air supply line. The compressed gas supplied through the flexible air line
equalizes the pressure and maintains the water level at the bottom of the bell. As the
bell rises out of the pool, the decreased water pressure causes air to escape from the
bottom of the bell.

Also, as the bells descend into the pool, the water pressure increases slightly at the
bottom of the pool which causes water to be pushed up slightly into the plenum. The
plenum is designed with a buffer space below the source holders to allow for water
levels to vary and yet keep the source encapsulations dry. All moving parts of the
irradiator can be maintained and replaced above the pool and outside the irradiation
zone.

The Need for the Proposed Action

The proposed irradiator would be mainly used for the production and research
irradiation of food and cosmetic products (Paina, 2005). The irradiator would satisfy
several needs related to the control of invasive pest species (Wong, 2006). Specific
uses would include (Kohn, 2006):

" Centrally located treatment of Hawaiian products for export,
" Centrally located treatment of products for import to Hawaii,
* Sterilization of fruit fly pupae for preventative release programs, and
" Use as a research tool.

Hawaii currently has four treatment facilities, all located on the big island of Hawaii.
These existing facilities consist of three heat treatment facilities and one electron beam
irradiator facility. However, some producers are precluded from using these facilities for
various reasons including product restrictions and high shipping costs (Wong, 2006). A
treatment facility located on Oahu, the central hub for air and sea transportation, is
considered to be most useful as it would provide access to the widest range of mainland
and foreign destinations with the shortest time delays from field to market (Wong, 2006).

During peak import seasons (e.g., Mother's Day) it is difficult for the Hawaii Department
of Agriculture to conduct inspections due to the large volumes of products. Treatment
by irradiation in lieu of inspections would allow immediate release of the products and
provide benefits to importers (Kohn, 2006).

There is a major effort underway to establish a new biosecurity system for the state of
Hawaii (Wong, 2006). Invasive species pose a large threat to Hawaii's native ecology.
When invasive species are found there are typically three options for importers, 1)
return the product to the sender, 2) destroy the product, or 3) treat with methyl bromide.

* Shipping the product back to the sender involves additional freight cost and increased
product degradation due to time delays, while destruction results in the total loss of the
product. Treatment by methyl bromide is an alternative; however it has some
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F' drawbacks such as increased cost, product degradation, and potential damage to the
Earth's ozone layer (see discussion under Alternatives). The Hawaii Department of
Agriculture believes irradiation has the broadest application for post entry quarantine
treatment (Wong, 2006).

The California Department of Agriculture operates a Mediterranean fruit fly sterilization
facility on Oahu which provides sterile fruit fly pupae for preventative release programs
in California. Currently, California intends to increase the size of this facility and will
need additional treatment capacity. The proposed Pa'ina irradiator could potentially be
used to meet this need. (VVong, 2006)

Finally, Pa'ina Hawaii has formed the Pacific Agriculture Research Company to conduct
research for the benefit of Hawaii agriculture. The proposed irradiator could also serve
the University of Hawaii for its research needs (Kohn, 2006).

Environmental Impacts of the Proposed Action

Construction and Normal Operations

The proposed irradiator is expected to have no significant impacts during construction
for any resource areas due its small size and the limited type of construction activities.

* The NRC staff also considered operational impacts. The proposed irradiator would
occupy a small percentage of existing industrial space at the airport. Additionally, there
are no known land use restrictions that would be created by construction and operation
of the proposed Pa'ina irradiator. The NRC has completed consultation requirements
under Section 106 of the National Historic Preservation Act. The Hawaii State Historic
Preservation Officer responded to NRC staff that the proposed irradiator will have "no
effect" on historic properties (Young, 2005). The proposed irradiator would produce
very little noticeable noise as the primary moving- parts are the overhead hoist and
trolley system and the routine product deliveries via truck. Additionally, noise from the
proposed irradiator is expected to be negligible when compared to the other noise
present at the proposed airport location. There are no air effluents from the proposed
irradiator. The proposed irradiator would be enclosed in an industrial-type building of
similar size and color to other buildings at the Honolulu International Airport; therefore
no visual impacts are expected. The NRC staff finds that the proposed irradiator would
have no significant impacts on land use, historical and cultural resources, noise, air
quality, or visual quality during operation.

As described, in the Proposed Action, there would be no liquid effluents from the
proposed irradiator to State waters (Pa'ina, 2005b). Once the pool is filled, only small
amounts of water (relative to general industrial users) would be needed to compensate
for evaporation. Additionally, the irradiator pool consists of multiple layers of steel and
concrete which makes pool leakage unlikely. However, even if the irradiator pool were

* to leak water, it is unlikely that this water would be radioactively contaminated for
several reasons. During normal operations the Co-60 sealed-sources are located in the
plenum under a helium atmosphere which is not in direct contact with the pool water.
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Additionally, the Co-60 sealed sources are doubly encapsulated in stainless steel and
tested to withstand significant forces. Because the pool conditions (i.e., the pH,
temperature, and conductivity) would not be conducive to corrosion, the anticipated
corrosion rate would be very low (CNWRA, 2007) and thus the cobalt slug would not
likely corrode at an appreciable amount, even if exposed to the irradiator pool water.
Also, even if a source were to contaminate the pool water, the radiation monitors would
be activated and the irradiator would be shut down and the leaking sources would be
removed. The three layers of the pool's construction provide barriers to any water
leaking from the pool to the surrounding environment. The pool construction method
permits verification of the pool integrity prior to and during installation on-site. The NRC
staff finds that the proposed irradiator would have no significant impacts on water
quality or water use.

Public and occupational health impacts are expected to be small as the expected doses
would be well below regulatory standards. For example, the maximum dose at the pool
surface would be well below 1 millirem/hour (NRC, 2003; NRC, 2006c). Considering
the location of personnel and operational practices of the irradiator, it is unlikely that an
employee could receive more than the occupational dose limit which is 5,000
millirem/year. The expected dose rate approximately 20-25 feet from the pool edge is
expected 'tobe indistinguishable from background radiation. The expected dose rates
outside the building are expected to be indistinguishable from naturally occurring

* background radiation,. therefore it is unlikely that a member of the public could receive
more thhan the.public limit which is .100 millirem/year. The NRC staff finds that the
proposed irradiator would have no significant impacts on public or occupational, health.

Transportation impacts from normal operations would be small. Radioactive Co-60
sealed sources would be shipped approximately once per year. Using RADTRAN 5.3,
staff estimated the maximum dose for a full initial shipment would be 3.7 x 10-2

millirem/year. For this calculation, the staff assumed each source -contained the
maximum allowable activity, 10 sources per cask, one cask per shipment, and six total
shipments (NRC, 2006d). Additionally, shipments of various commodities might shift
locations (i.e., starting and ending points) however; total shipments are not expected to
significantly increase. The NRC staff finds that the proposed irradiator would have no
significant impacts from transportation of the sources or additional products.

The proposed irradiator would potentially have small beneficial impacts to
socioeconomics. For example, operation of the proposed irradiator would provide
Hawaiian sweet potato farmers with an effective and potentially cheaper alternative to
fumigation with methyl bromide (APHIS, 2004). Likewise, banana farmers, and
importers of fresh flowers and foliage could benefit economically from potentially
cheaper treatment alternatives (APHIS, 2006). In approving irradiation treatments for
various types of produce, the Animal and Plant Health Inspection Service (APHIS)
stated the result of irradiation treatments would be lower costs and increased flexibility

* for importers, gains which could be realized by U.S. consumers. through lower prices
(APHIS, 2006). The NRC staff finds that the proposed irradiator would have no
significant impacts on socioeconomics.
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The proposed irradiator would also have small beneficial impacts to ecology in regard to
controlling invasive species. Invasive species are those species non-native to the
reference ecosystem and whose introduction causes economic, environmental or
human health harm (USDA, 2006). It has been estimated that over 2,500 insect
species have been introduced to Hawaii and account for 98% of the pest species in the
state (Pimentel et al., 2005). In California, over 600 invasive pests account for 67% of
all crop losses (Pimentel et al., 2005). While the proposed irradiator will not diminish
the existing population of invasive species, it is seen as one tool in preventing the
further introduction and spread of invasive pests. For example, APHIS passed
irradiation treatment rules to provide effective quarantine treatment for the mango seed
weevil and various forms of the fruit fly (APHIS, 2003). Additionally, the Hawaii
Department of Agriculture has stated that an additional irradiator-would be a benefit to
the "preventative release" program whereby fruit fly pupae are sterilized to prevent the
establishment of the fruit fly in California (Wong, 2006). The NRC staff finds that the
proposed irradiator would have no significant impacts on ecology.

Aviation Accidents, Natural Phenomena and Abnormal Events

In reviewing impacts from aviation accidents and other natural phenomena, the NRC
staff focused its review on the release of radioactive material which could have off-site

* consequences. The scenario of main concern is the loss of control of the Co-60 sealed
sources. Loss of control occurs when source material is physically'removed from the
pool or when water becomes contaminated and is released from the pool. In order to
remove source material from the pool, the source retaining mechanism and lock must
be overcome, the plenum must be removed, the source must be removed from the
source rack, and the source material must be lifted out of the pool. For the irradiator
pool water to become contaminated, the two stainless steel capsules must be breached
to expose the radioactive Co-60 slug and allowed to corrode in the water. Even if the
building is completely destroyed and the pool damaged by the accident or natural
phenomenon, control of the source is not lost unless the source material is removed
from the pool or allowed to corrode in the pool water. Similarly, the loss of operating
monitoring equipment during an accident or natural phenomenon does not lead to the
loss of control of radioactive material. Finally, a reduction in the water level results in
increased dose rates in a well collimated beam directly above the pool. For example, a
loss of 6 feet of pool water would result in a dose of approximately 300 millirem/hour
(NRC, 2007). However, due to the highly collimated beam, and the ability to easily add
water, the increased dose rate will not be sufficient to have a significant environmental
effect on the area around the proposed facility. In addition, worker doses should not be
significantly increased in the area around the pool and the debris around the pool will
act as barriers to restrict inadvertent access to the areas of elevated radiation directly
above the pool.

As described in more detail in the Safety Topical Report (CNWRA, 2007), the probability
of an aircraft crash into the proposed facility is 2.1 x 104 (i.e., about once every five
thousand years). It should be noted that the probability that an aircraft will crash into
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the proposed facility does not reflect the potential for release or dispersal of the
radioactive Co-60 from the doubly-encapsulated sources. The source plenum is located
under approximately 12-18 feet of water. Additionally, the Co-60 sealed sources in the
source plenum are not mechanically coupled to the plenum structure and the plenum
structure is not coupled to the rest of the building. In the event of damage to the plenum
structure the sources would either remain in the source rack/holder or fall to the floor of
the irradiator pool. The Co-60 sources are doubly-encapsulated and have been tested
to withstand significant forces. A significantly larger force must be generated by an
aircraft crash because much of the force will result in damage to the building and other
ground-level structures of the pool. Transferring the force to the bottom of the pool will
also result in significant absorption of the force. It is unlikely that a Co-60 sealed source
would be breached in the event that an aircraft crashes into the proposed facility. It is
also expected that an aviation accident would be accompanied by a jet fuel fire. Jet fuel
is lighter than water, thus the jet fuel is expected to burn on top of the irradiator pool
with minimal water evaporation. Jet fuel .(i.e., purified kerosene) burns at an average
temperature of 1,814 'F (NRC, 2004), while the source assemblies have been tested to
withstand 1,475 0F for one hour (MDS, 2002). Although the maximum flame
.temperatures of burning jet fuel is 2,200 'F (Turns, 2000), the melting point of cobalt is
2,723 'F (Bolz and Tuve, 1973). Based on these considerations, the NRC staff finds
that potential aviation accidents would have no significant impacts on public health and
safety from the proposed irradiator.

As described in more detail in the Safety Topical Report (CNWRA, 2007), a
seismically-induced radiological accident is considered negligible due to the nature of
the facility and the seismic hazard for the site. The radiological sources at the facility
are passive and shielding or containment of the Co-60 sources does not rely on active
systems to mitigate potential radiological releases. The historic earthquake ground
motions for the site are insufficient to damage the proposed facility to the degree
necessary to dislodge Co-60 sources from the pools. Effects of seismic activity would
be mitigated by the facility's compliance with the International Building Code and the
source design to minimize the amount of force that could be transferred to the source.
The NRC staff finds that potential seismic activity would have no significant impacts on
public health and safety from the proposed irradiator.

As described in more detail in the Safety Topical Report (CNWRA, 2007), fluid dynamic
calculations were conducted to determine impacts from potential tsunami-generated
wave run-ups. The results of this analysis showed that the wave velocity required to
remove a Co-60 source from the bottom of the pool is larger than the wave velocity of
any historical tsunami in Hawaii. These calculations were performed to determine the
wave velocity necessary to pull a Co-60 source up to the pool opening. These wave
velocities were then evaluated with respect to potential tsunami-generated waves. The
calculations are considered bounding because they assume the irradiator plenum and
source holder have all failed releasing the Co-60 sources to the floor of the irradiator.

* The model assumed a wave of water will induce a shear force that will create a vortex
inside the pool. This vortex will exert forces (i.e., a vertical velocity) on the released
Co-60 sources and cause them to be displaced in the water. Under limiting conditions,
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the weight of the Co-60 source must be the same as the drag induced by the rotating
fluid in order to be displaced. The calculations showed that a vertical velocity of 0.9
meters per second (m/sec) [2 miles per hour (mph)] is required to induce a drag force
sufficient to lift the Co-60 source to the surface of the pool. This vertical velocity would
be generated by a shear velocity of between 90 m/sec [203 mph] and 180 m/sec [406
mph]. However, water velocities at the shore for tsunami waves up to 10 meters [32.8
feet] reach 13 m/sec [29 mph]; this velocity is less than 15 percent of that which would
be required to bring. a source assembly to the surface of the pool. Additionally, this
wave will have a fraction of this velocity as it reaches the irradiator pool because of the
distance between the coast and the irradiator facility and the barriers to water flow
imposed by near shore obstructions, including the building facility, and the presence of
other debris. Water velocities for smaller tsunami waves more typical for Oahu would
be substantially slower than for the large waves and would likely not even reach the
facility. Thus, there is a negligible potential for tsunami waves which could produce
wave velocities that would lift and relocate the Co-60 sources from the irradiator pool.
The NRC staff finds that potential tsunami activity would have no significant impacts on
public health and safety from the proposed irradiator.

A more complete description of hurricanes around Hawaii is provided in the Safety
Topical Report (CNWRA, 2007). In summary, the wave velocity associated with a storm
surge is significantly less than that associated with a tsunami. Since the 1950s, there
have been a number of hurricanes that have passed near Oahu, but none have
produced a storm surge that would pose a hazard to the facility. As discussed above,
the probability of a large tsunami removing a Co-60 source from the bottom of the
proposed irradiator pool is considered negligible. Therefore, the likelihood of a storm
surge associated with a hurricane resulting in the release of a Co-60 source is also
considered negligible. It is also noted that the upper lip of the irradiator pool, which is
constructed of 1¼" stainless steel, extends 42" above floor level and helps prevent minor
flooding from entering the pool. The NRC staff finds that potential hurricane activity
would have no significant impacts on public health and safety from the proposed
irradiator.

Other abnormal conditions were also considered. If an air supply line fails and is open
to the water, air would come out of the exposed line and bubble through the water. At
no time could pool water be 'drained' through the air supply line. The product would
become wet but would not present any immediate impact to water quality as the product
could still be removed from the pool. This type of scenario is not expected to
significantly affect worker health. Also, a curved stainless steel extension is fitted to the
top of each bell to prevent radiation streaming and radiation damage to the flexible air
line.

Additionally, a gauge is located on the top of the irradiator on the helium supply tube
that allows for monitoring of helium pressure in the plenum (which corresponds to water

* level in the plenum). If a helium leak occurred, either in the plenum or helium line,
helium would bubble through the water, but at no time could pool water be 'drained'
through the helium supply line. The Co-60 sealed sources would become wet but would
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-- not present any immediate impact to water quality as the sources are double-
encapsulated in stainless steel. It is anticipated that the plenum could be raised to the
surface and repaired as necessary with no significant impacts to sources or worker
health.

Environmental Impacts of the Alternatives to the Proposed Action

The staff considered several different alternatives to the proposed action including
denying Pa'ina's license application (i.e., the no-action alternative), and use of
alternative quarantine control technologies.

Denial of the application (i.e., the no-action alternative) would result in small changes in
current environmental impacts. Fruit and other perishable commodities would have to
be treated in a manner consistent with current practice at existing facilities. The primary
impact of this no-action alternative is the small economic impacts from limiting the
expansion of the sale and distribution of certain fruits and vegetables from Hawaii along
with the associated benefits of helping control invasive species. APHIS has recently
passed regulations allowing irradiation of sweet potatoes; bell peppers, and bananas
(APHIS, 2003; APHIS, 2004; APHIS, 2006). In addition to being a safe treatment
method, irradiation would afford farmers from the various Hawaiian islands a potentially
more cost-effective means of distributing their products to markets outside -of Hawaii.

* Currently, there is one irradiation facility on the big island of Hawaii. Transportation
costs of shipping produce from. other islands to the big island of Hawaii and back to
Oahu for out-of-state distribution are considered prohibitive (APHIS, 2004; Wong,
2006). While, the environmental impacts of the proposed action and the no-action
alternative are similar (i.e., neither alternative has significant environmental impacts),
small economic benefits would be foregone by the decreased market outlets available
for fruit and vegetable producers on islands other than Hawaii.

Alternative quarantine control technologies include the use of methyl bromide gas and
various types of heat treatments. Methyl bromide fumigation is the most common
method for controlling quarantine pests. However, methyl bromide is limited to certain
commodities at specific temperatures because some commodities are highly sensitive,
including certain Hawaiian tropical fruits (EPA, 2006a). Methyl bromide is also known to
contribute to the destruction of the Earth's ozone layer and is currently being phased out
of production. While quarantine uses are exempted, it is expected that the cost of
methyl bromide will increase significantly (APHIS, 2004) as the number of manufactures
decrease and others phase back production.

There are currently several different methods of heat treatments available. Hot-water
immersion consists of submerging the fruit in a hot-water bath at a specific temperature
and time based on the fruit being treated and the pests that may be present. This
method is also useful for cut flowers and bulbs. While useful for many fruits, this

* method is not approved for papayas and guavas and is not recommended for fruits such
as grapefruits, plums, and peaches due to unacceptable fruit damage (EPA, 2006b).
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While the environmental impacts of the proposed action and the alternatives are similar,
small economic benefits would be foregone by the decreased market outlets available
for fruit and vegetable producers on islands other than Hawaii (APHIS, 2003; APHIS,
2004; APHIS, 2006). Additional small economic benefits would be foregone from
potentially lower-priced and more rapid quarantine treatments (APHIS, 2003; APHIS,
2004; APHIS, 2006).

Agencies and Persons Consulted

The NRC has consulted with the Hawaii State Historical Preservation Officer. The NRC
followed this consultation with a request for information to several Native Hawaiian
groups and organizations. On December 8, 2005, the Hawaii State Historic
Preservation Officer responded to NRC staff that the proposed irradiator project would
have "no effect" on historic properties (Young, 2005), thus completing NRC's Section
106 consultation requirements under the National Historic Preservation Act.

The NRC has requested endangered species information from the U.S. Fish and
Wildlife Service (FWS). The FWS responded that no listed endangered species or
critical habitat occur at the proposed irradiator site (FWS, 2005), thus completing NRC's
Section 7 consultation requirements under the Endangered Species Act.

The Hawaii Department of Business, Economic Development & Tourism has indicated
to NRC staff that a federal consistency review is not required by the Hawaii Coastal
Zone Management Program (Thielen, 2005).

The NRC staff also provided the draft EA to the State of Hawaii, Pa'ina Hawaii,
Concerned Citizens of Honolulu, and members of the public for review and comment.

Conclusion

The NRC staff has prepared this EA in support of the proposed action to issue a license
to Pa'ina Hawaii for the possession and use of sealed radioactive sources in an
underwater irradiator for the production and research irradiation of food, cosmetic, and
pharmaceutical products. On the basis of this EA, NRC has concluded that there are no
significant environmental impacts and the license application does not warrant the
preparation of an Environmental Impact Statement. Accordingly, it has been
determined that a Finding of No Significant Impact is appropriate.

Sources Used

This environmental assessment was prepared by Matthew Blevins, Senior Project
Manager, in the Office of Federal and State Materials and Environmental Management
Programs (FSME), with technical input from Elaine Keegan, Transportation Project
Manager, in the Office of Nuclear Material Safety and Safeguards and Anita Gray
Turner, Health Physicist, in FSME.
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Additionally, the Center for Nuclear Waste Regulatory Analyses provided technical
support in aircraft crash hazard analysis and natural phenomena under NRC Contract #
N RC-02-04-014.
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December 8, 2005.
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APPENDIX B
CONSIDERATION OF TERRORIST ATTACKS

ON THE PROPOSED PA'INA IRRADIATOR

BACKGROUND

In May of 2002, during the NRC licensing review for the Diablo Canyon Independent
Spent Fuel Storage Installation (ISFSI), an intervenor petitioned the NRC to hold a
hearing to address a number of contentions. These included a contention that the NRC
must consider terrorist acts in assessing the environmental impacts of the ISFSI, in
order to comply with the National Environmental Policy Act (NEPA). On December 2,
2002, the NRC's Atomic Safety and Licensing Board (ASLB) denied this contention.
The ASLB referred its denial of the terrorism contention to the Commission for review.
On January 23, 2003, the Commission affirmed the ASLB's rejection of the terrorism
contention: In its decision, the Commission held that NEPA does not require a review of
impacts from acts of terrorism, and that an environmental review is not the appropriate
forum in which to address the challenges of terrorism.

After the NRC issued the 10 CFR Part 72 license for the Diablo Canyon ISFSI in March
2004, the intervenor and other parties filed suit in the United States Court of Appeals for
the Ninth Circuit, seeking that the NRC staff be required to consider terrorist acts in its

* environmental review associated with this licensing action. In its decision, dated June
2, 2006, San Luis Obispo Mothers for Peace v. NRC, 449 F.3d 1016, 1028 ( 9 th Cir.
2006), the Court held that the NRC's "categorical refusal to consider the environmental
effects of a terrorist attack" in this licensing proceeding was unreasonable under NEPA.
The Ninth Circuit remanded the "NEPA-terrorism" question to the Commission for
"further proceedings consistent with this opinion."

Following the remand from the Ninth Circuit, the Commission directed the staff to
prepare a revised EA addressing the likelihood of a terrorist attack at the Diablo Canyon
ISFSI and the potential consequences of such an attack. The Commission further.
directed the staff, to the extent practicable, to base its analysis on information already
available in agency records, and to make as much of its analysis public as possible. As
a result of the Ninth Circuit's decision, the NRC determined that consideration of the
environmental impacts of terrorism in the context of this application is warranted. At the
outset, it should be noted that in connection with this facility additional security
measures will be imposed by order.

OVERVIEW OF SECURITY'

The NRC has historically considered the potential impacts of terrorist acts in the
development and implementation of its security requirements. Following the September
11 terrorist attacks, the Commission initiated prompt and comprehensive actions to
address both immediate and longer-term security measures for NRC-regulated facilities.
In the months immediately following the attack, the Commission issued numerous
safeguards and threat advisories to its licensees in order to strengthen licensees'
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capabilities and readiness to respond to a potential attack on a nuclear facility. As part
of the longer-term efforts, the NRC has conducted a comprehensive review of the
agency's security program. This review has led to the imposition of additional
requirements, through orders and rules, affecting many categories of licensees,
including large irradiator licensees.

The Radiation Source Protection and Security Task Force Report to the President and
Congress, dated August 15, 2006 (NRC, 2006), evaluated and provided
recommendations to the President and Congress relating to the security of radiation
sources in the United States from potential terrorist threats, including acts of sabotage,
theft, or use of a radiation source in a radiological dispersal device (RDD) or radiological
exposure device (RED).

The U.S. framework for security and control of radioactive sources requires multi-
jurisdictional coordination. Several U.S. Governmental agencies have authority,
sometimes overlapping authority, to regulate radioactive materials. Reducing the risk of
the malevolent use of radioactive material involves many crosscutting activities and
issues. Protection of risk-significant sources is important in preventing RDD and RED
proliferation.

The NRC has been proactive in determining whether the facilities it regulates are
adequately protected in light of the September 11 attacks. Specifically, on June 6, 2003
(NRC, 2003), NRC issued Orders to large panoramic and underwater irradiator
licensees to make mandatory the voluntary actions taken by those licensees in
response to the advisories, and to implement additional security enhancements
identified in the NRC's ongoing comprehensive review of its safeguards and security
programs and requirements.

In addition, the staff has performed security assessments to evaluate the effects of
different threat scenarios and to assess the adequacy of the existing security measures
(NRC, 2004).

By their nature, terrorist acts are intended to harm society and possibly the
environment. The tragic events of September 11 illustrate too vividly that successful
attacks against highly symbolic elements of the US infrastructure (the World Trade
Center and the Pentagon), can have serious to grave impacts. The NRC's approach,
therefore, focuses on ensuring that the security requirements, design features, and
other security measures are adequate and effective in reducing the likelihood and
mitigating the effects of terrorist acts using radioactive materials or against nuclear
facilities.
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TERRORIST ACTIVITIES

In describing the potential for environmental impacts from terrorist activities a
description of the relevant terminology is necessary and includes three broad topics:
threat, vulnerability, and consequences, as discussed below.

Threat

A threat is considered present when an organization or person has the intent and
capability to cause damage to a target. The NRC staff operates on the premise that a
general credible threat exists (i.e., the likelihood of attack has a probability of 1).
However, this general credible threat should not be confused with the likelihood of a
successful terrorist action (i.e., the probability of a successful attack is < 1). Generally
in NEPA analysis, the NRC must consider reasonable foreseeable impacts including
those from potential accidents. Due to the unique nature of terrorist activities the
following discussion focuses on the qualitative probability of a successful attack
because at this time it is only possible to assign qualitative probabilities to these events.

The NRC has a Threat Advisory System that it expanded after the September 11
terrorist attacks to include a broader range of licensees, including large irradiator
facilities. The NRC has incorporated the threat condition levels used in the DHS's

* Homeland Security Advisory System, into its own Threat Advisory System. The NRC
threat assessment staff reviews, analyzes, coordinates, and disseminates threat and

intelligence information, relevant to its licensees, at both strategic and tactical levels.
The NRC threat assessment staff also serves as NRC's liaison and coordination staff
with other organizations and agencies, including the intelligence and law enforcement
communities. Through these improved coordination and communication functions, the
NRC is able to efficiently develop and transmit Advisories to the appropriate licensees,
who then are able to take prompt action. Thus, the broad actions taken by the Federal
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.

NRC currently assesses that there is a general, credible threat to NRC-licensed facilities
and materials, although there is no specific information available that indicates a
specific threat to panoramic or underwater irradiator facilities.

Vulnerability

Vulnerability in this context refers to a weakness to incur physical damage, or to lose
control of the radioactive material in a manner which can lead to unacceptable
consequences. Vulnerabilities are specific to the type of attack.

The NRC used a security assessment framework that provided a process and criteria
* for evaluating results of security assessments for a broad range of activities subject to

the NRC's regulatory authority (NRC, 2004) including large irradiator facilities. The
security assessment framework isa screening and assessment tool to determine
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whether additional security measures beyond those required by the 2003 security
orders, are warranted for NRC-regulated facilities, including large irradiator facilities.
The security assessments analyze the risk of sabotage and malevolent use of stolen
material. 'Consistent with the NRC's overall approach, security assessments continue to
be performed for licensed users possessing risk-significant quantities of radioactive
material. Because of the great number and diversity of users, the assessments target
representative facilities. The NRC performed security assessments on a range of threat
scenarios for the transportation and licensed uses of Category 1 and 2 sources (IAEA
2005). The staff evaluated a spectrum of threat scenarios. Initially, the NRC screened
threat scenarios to determine plausibility. Remote and speculative scenarios were
screened out based on threat assessments. For those scenarios deemed plausible,
NRC assessed the attractiveness of the facility to attack by taking into account factors
such as iconic value, complexity of planning required, resources needed, execution risk,
and public protective measures. In addition, the NRC made conservative assessments
of consequences to assess the potential for early fatalities due to radiological impacts.
The NRC then looked at the combined effects of attractiveness and consequence
analyses to determine whether additional security measures for large irradiator facilities
were necessary.

Consequences

* Consequences relate to the magnitude and type of effect from terrorist actions. For the
proposed irradiator, a range of consequences can result from, radiological sabotage of
the irradiator or from theft of the material. The proposed irradiator has numerous
protective features that help to prevent or mitigate consequences of potential terrorist
attacks. Physical protections are more fully described in the "The Proposed Action"
section of the draft EA and generally consist of the robust characteristics of the sources,
pool structure, plenum mechanism, and source location. Potential consequences are
highly dependent on the type of attack or event scenario.

In conducting the security assessments for irradiator facilities, the NRC chose several
designs which were representative of most currently licensed designs. The NRC staff
reviewed the analyses done for the irradiator facility security assessments, and
compared the assumptions used in these generic assessments to the relevant features
of the Pa'ina facility. Based on this comparison, the staff determined that the
assumptions used in these generi c security assessments regarding irradiator design
and the source term (amount of radioactive material), were representative, or
conservative, relative to the design of the Pa'ina irradiator. Radiological sabotage of the
proposed irradiator is expected to result in generally small radiological consequences.
This is due the passive nature and location of the sources and the source design and
construction. More specifically, the sources are below ground level (approximately 18
feet), under approximately 5,000 gallons of water, and contained in a very robust pool
structure. Additionally, the sources themselves are very robust; made of essentially

* non-dispersible and insoluble materials (i.e., metal "slugs") which are further
encapsulated in two layers of stainless steel. Therefore, it is unlikely to have an offsite
release of radioactive material from radiological sabotage of the sources in the irradiator
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(SNL, 2004). The most likely outcome of an act of sabotage is that some of the sources
would be damaged and some "slugs" of cobalt metal could be released to the pool
water. However, this material is essentially non-soluble in water and therefore, there is
a low risk of radioactive material escaping the pool (CNWRA, 2007).

Theft or diversion of the radioactive sources presents different scenarios for terrorist
threats. The events of September 11 heightened the Nation's concerns regarding the
use of radioactive materials in a malevolent act. Such an attack has been of particular
concern because of the widespread use of radioactive materials (often contained in
sealed sources) in the United States and abroad by industry, hospitals, and academic
institutions. Loss or theft of such materials could lead to their diversion for malicious
use in an RDD or RED. An RED is a device whose purpose is to expose people to
radiation, rather than to disperse radioactive material into the air, as would an RDD. An
RDD is a device or mechanism that is intended to spread radioactive material from the
detonation of conventional explosives or other means. An RDD explosion could create
fear and panic, contaminate property, and require potentially costly cleanup. RDDs are
considered weapons of mass disruption; immediate health effects from exposure to the
low radiation levels expected from an RDD would likely be minimal (NRC, 2005). In
most cases, any immediate deaths or serious injuries would likely result from the
explosion itself, rather than from radiation exposure. It is unlikely that the radioactive
material contained in a dirty bomb would result in direct deaths. Use of a dirty bomb

* could result in radioactive contamination of several city blocks to an entire city. The
extent of the contamination depends upon a number of factors including the size of the
explosive, the amount and type of radioactive material used, and weather conditions.
(DHS, 2003). REDs may result in a few deaths, but would not cause widespread
contamination.(NRC, 2006).

The potential deterministic health effects from risk-significant sources are the
consequences of concern that form the basis of the NRC safeguards and security,.
program for protecting against malevolent events. The security and control
requirements focus on protecting against these severe immediate or short-term health
consequences. In addition to the security assessments performed by the NRC, DHS is
performing comprehensive assessments of the nuclear sector as part of the National
Infrastructure Protection Plan (DHS, 2006).

The security compensatory measures, issued by Orders to irradiator licensees, include:
enhanced access controls; background screening of personnel; intrusion detection,
assessment and alarm response; and coordination with local law enforcement. These
enhanced security measures are intended to prevent the theft of radioactive material for
malicious purposes and assure prompt response by law enforcement to interdict
terrorist or to implement protective actions to mitigate severe consequences of potential
terrorist actions (NRC, 2006). Collectively, these measures further reduce the already
low probability of a successful terrorist attack on an irradiator facility and reduce the

* risks of potential radiological consequences if an attack was successful. The same
enhanced security measures will be imposed, by Order, for the Pa'ina irradiator if a
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license is issued. These measures will be fully implemented before the initial movement
of the cobalt-60 sources.into the facility.

Because of the uncertainty inherent in assessing the likelihood of a terrorist attack, the
NRC recognizes that while the probability, under general credible threat conditions, of
such an attack is believed to be low, it cannot be reliably quantified. To ensure that the
risk is minimized, the NRC has adopted an approach which focuses on ensuring that
the security measures are adequate and effective in countering and mitigating the
effects of terrorist attacks against large panoramic and underwater irradiator facilities.
To provide high assurance that a terrorist act will not lead to significant radiological
consequences, the NRC has analyzed plausible threat scenarios and required
enhanced security compensatory measures to protect against the threats. In addition,
advanced coordination and planning with local law enforcement and the draft DHS
Protective Action Guides for Radiological Dispersal Devices and Improvised Nuclear
Devices are intended to mitigate potential radiological. consequences. As stated above,
all these actions have been taken without regard to the probability of an attack. This
protective strategy reduces the risk from a terrorist attack to an acceptable level,
thereby reducing the potential for the facility to be considered an attractive target.

CONCLUSION

* Based on its ongoing consideration of safeguards and security requirements, its review
of, infomation provided by the intelligence community, and the implementation of
security compensatory measures at the nation's irradiator facilities, the Commission
considers that public health and safety and the environment, and the common defense
and security, continue to be adequately protected in the current threat environment.

Based on the various protective and mitigating factors described above, the NRC staff
finds that no significant environmental impacts exist from potential terrorist actions
which may result from licensing the proposed irradiator. This finding is based, in part,
on (1) the continual evaluation of the threat environment by the NRC, in' coordination
with the Intelligence and law enforcement communities, which provides, in part, the
basis for the compensatory measures currently required; (2) the compensatory
measures that are in place to reduce the chances of an attack that leads to
unacceptable radiological consequences (3) NRC security assessments of the potential
consequences of terrorist attacks against irradiator facilities that inform the decisions
made regarding the types and level of protective measures; and (4) coordination with
law enforcement agencies to mitigate consequences should there be an attempt to steal
radioactive material for malevolent purposes.

The NRC staff concludes that the construction, and operation, of the Pa'ina irradiator
facility, even when potential terrorist attacks on the facility are considered, will not result
in a significant effect on the human environment. NRC safety and security

* requirements, imposed through regulations and orders, and implemented by the
licensee, in combination with the design requirements for panoramic and underwater
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irradiators, provide adequate protection against successful terrorist attacks on irradiator
facilities.
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APPENDIX C
PUBLIC COMMENTS ON THE DRAFT

ENVIRONMENTAL ASSESSMENT

Back-ground:

The U.S. Nuclear Regulatory Commission (NRC) staff published a notice in the Federal
Register requesting public review and comment on the Draft Environmental Assessment
(Draft EA) on December 28, 2006 (71 FR 78231) and established February 8, 2007 as
the deadline for submitting public comments on the Draft EA. Approximately 47
individual comment documents (i.e., letters, facsimiles, and e-mails) were received by
the NRC. Also, 221 identical emails were submitted by various individuals. In addition,
oral comments were received from 43 individuals at a public meeting conducted by the
NRC on February 1, 2007.

In the public notice, the NRC staff provided information on where to obtain a free copy
of the Draft EA. Additionally, copies of the Draft EA were mailed to approximately 27
individuals. An electronic version of the draft EA and supporting information (e.g., Draft
Topical Report On Aviation Accidents and Natural Phenomena) was made accessible
through the NRC's project-specific web site (http://www.nrc.gov/materials/paina.pdf) and
through the NRC's Agencywide Documents Access and Management System (ADAMS)
database on the NRC's web site. All public comments and the public meeting transcript
are available on this website and through ADAMS.

As discussed in more detail in Appendix B, the staff also issued a-supplemental
appendix to the Draft EA on June 8, 2007 (72 FR 31866) which presented the staffs
consideration of terrorist acts on the proposed facility. The staff established July 9,
2007 as the deadline for submitting public comments on Appendix B and received
comments from five individuals.

Comment Review:

The NRC staff reviewed each comment letter and the transcript of the public meeting.
Comments relating to similar issues and topics were grouped. This appendix presents
the comments, or summaries of comments, along with the NRC staffs corresponding
responses. When comments have resulted in a modification to the Draft EA, those
changes are noted in the staffs response. In cases for which the comments do not
warrant a-detailed response, the NRC staff provides an explanation as to why no further
response is necessary. In all cases, the NRC staff sought to respond to all comments
received during the public comment period.

Major Issues and Topics of Concern:

* The majority of the comments received specifically addressed the scope of the
environmental reviews, analysis, and issues contained in the Draft EA, including safety,
need for an irradiator, accidents, and the NRC's environmental review process.
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However, other comments addressed topics and issues that were not part of the review
process for the proposed action. Those comments included questions about the NRC's
safety evaluation of the proposed facility, security concerns, general statements of
support or opposition to irradiators, and statements about food irradiation. Because
these issues did not directly relate to the environmental effects of the proposed action
and were outside the scope of the NEPA review of the proposed action, the NRC staff
did not prepare detailed responses to these comments.

Summarized below are the comments and NRC response. The complete comment
letters are available as a matter of public record and are available from NRC's public
document room which is available online at http://www.nrc.gov/readincq-rm/adams/web-
based.html. Select the "Begin ADAMS Search" link. To find all publicly available
documents type in "Docket "03036974" and click the "Search" link. This search may be
narrowed by selecting the "Advanced Search" link, typing in "03036974" in the Docket
Number field and any other appropriate keyword related to the subject of interest in the
various fields that are present. The complete meeting transcript is available by typing
ADAMS Accession Number "ML070590704" in the "Search" box. Table 1 provides a list
of the public comments received during the draft EA comment period and the ADAMS
Accession Numbers. Table 2 provides a list of the public comments received during the
Appendix B comment period and the ADAMS Accession Numbers.

Table 1:.-Comments on Draft Environmental Assessment,

1 Russell N. Stein GRAY*STAR ML070110438

2 Marci Muraoka Member of the Public ML070160436

3 Robert E. Potter Member of the Public ML070290585

4 Robert Arakaki Hawaii State Senate ML070290589

•5 Lorraine Robinson Kalihi-Palama ML070290595
Community Council

6 Karl Rhoads House of ML070330024
Representatives
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7 Henry Delincee Federal Research ML070430123
Centre of Nutrition and

Food

8 Chris Trepal Earth Day Coalition ML070430125

9 Diane Duffey Member of the Public ML070430142

10 Macario Rio Member of the Public ML070430143

11 Katie Sirk Member of the Public ML070430146

12 Henry Curtis Life of the Land-Hawaii ML070430150

13 John Kaneko Member of the Public ML070430153

14 Kaitlyn McKee Member of the Public ML070470410

15 Cha Smith "KAHEA ML070470417

16 Karen Arincorayan Member of the Public ML070470301

17 Adrian Chang 'Member of the Public ML070470305

18 Robert G. Briggs Member of the Public ML070470307

19 Vanessa Garner Isaacson and Duffy, PC ML070470308

20 Helen Kopp Member of the Public ML070470310

21 Dan Meier Member of the Public ML070470312

22 Judy Stover Member of the Public ML070470316

23 Lauren Guite Member of the Public ML070470319
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24 Nadine Newlight Member of the Public ML070470320

25 Monica Keady Member of the Public ML070470323

26 Peter Camarda Member of the Public ML070470324

27 Monica Keady Member of the Public ML070470329

28 Aurora E. Hunter Member of the Public ML070470331

29 Bobby McClintock Member of the Public ML070470335

30 Ella Kay Elledge Member of the Public ML070470429

31 Mailie La Zarr Member of the Public ML070470366

32 Unsigned Member of the Public ML070470394

33 William J. Perritt Member of the Public ML070470399

34 Lorraine Medina Member of the Public ML070470403

35 Diane Pedersen Member of the Public ML070470284

36 Ron Kendzierski Member of the Public ML070470419

37 David Paulson Member of the Public ML070470427

38 Bobbie Deff Member of the Public ML070470438

39 Kaliko Armona Member of the Public ML070470453

40 Amy Y. Kimura Member of the Public ML070470464

41 Sherrie Ching Member of the Public ML070470472
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42 David Henkin Earthjustice ML070470615

43 Cindy Goldstein Member of the Public ML070510201

44 Marie Riley Member of the Public ML070660050

45 Legault Xavier Member of the Public ML070660051

46 Kaitlyn L. McKee Member of the Public ML070660052

Comments Various Members of the Public *ML070920341
47-267

268 Wenonah Hauter Food & Water Watch ML070950343

269 Barbara Vaile Member of the Public ML070950346

270 William B. Corbett Member.of the Public ML070950350

*One example of the 220 similar emails received

Table 2: Comments on Appendix B: Consideration of Terrorist Acts

Commnt ameAff liaionADAMS
Number Accession

Number

1 Sherwood Martinelli Green Nuclear Butterfly ML071660042

2 Dianne R. Nielson Utah Energy Advisor ML071870150

3 David A. Paulson Member of Public ML071910260

4 David L. Henkin Earthjustice ML071940241

5 Bernadette Young Member of Public ML071980068
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Comments and Responses:

NEPA

Comments: A number of commenters were concerned about the quality of the EA
itself and its findings. Some commenters agreed with the FONSI, while others
disagreed with it and commented that an EIS should be prepared. One commenter, for
instance commented that "the expert reports" he'd enclosed with his comments "reveal
substantial disputes with the NRC's consultants over the reasonableness of the
agency's preliminary conclusion there would be no significant impacts." Another
commenter commented that "the EA violates NEPA's command to take a 'hard look at
the effects from proceeding with [the proposed irradiator]."' A third commenter
commented that the EA concludes with a FONSI only because it narrowly defines
"environmental impact." Some commenters noted that, while determining the
environmental impacts of the proposed action, the EA allows economic considerations
to outweigh the risks to public health and safety. One commenter in particular stated

* that "the commissions charge should be to protect U.S. citizens and not to support the
nuclear industry." Finally, one commenter requested that the NRC 'take the time to
prepare a Final EnvirOnmental Assessment that includes sufficient facts and analysis to
accurately determine whether an Environmental Impact Statement is warranted."

A few commenters commented that the EA does not consider enough alternatives and
that those considered were not done so in depth. Some comments stated that there is
a lack of information provided in the EA, including comments that no new data were.
measured or derived as part of the EA. One commenter requested that the NRC
"comply with NEPA by providing a full range of alternatives, giving the technological
analysis, food restrictions, environmental impacts, and all other relevant information for
each alternative." Another commenter commented that "The draft EA fails to consider
reasonable alternatives that would avoid impacts inherently. associated with Pa'ina's
preferred technology (a Co-60 irradiator) and location (a site subject to aviation
accidents and natural disasters)." Comments about how the location will affect Hawaii's
economy were made by several commenters. Commenters are concerned about
building the facility in the urban area. Another commenter said that the close location to
Pearl Harbor and Hickam can put well trained teams and equipment on scene in a
matter of moments to handle much bigger problems than a Co-60 issue. Finally,
another commenter expressed concern for the facility being located near the ocean.

The NRC received a number of comments, stating that the EA does not properly assess
* the impacts of the proposed action. One commenter comments that "The EA

underestimates the magnitude of the potential beneficial impacts." Another commenter
comments that the EA fails to consider the impacts if the company goes bankrupt due to
the potential lack of a market for irradiated products. One commenter comments that
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the EA does not adequately evaluate the impacts nor provide the analyses used to
make a determination that the impacts are not significant.

Finally, one commenter asked for the justification for the proposed action. Another
commented that "Since the irradiator and the contemplated sale of irradiated food 'are
inextricably intertwined,' they 'are "connected actions" within the meaning of the CEQ
regulations,' requiring the draft EA to analyze potential health impacts."

NRC Response: NRC has determined by regulation that certain licensing and
regulatory actions are categorically excluded from an environmental review. The NRC
has determined that these categorical exclusions do not individually or cumulatively
have a significant effect on the human environment. The NRC's Statements of
Consideration (49 FR 9352, March 12, 1984) explains that personnel exposures during
the use of irradiators are less than 5% of the limits described in Title 10 of the Code of
Federal Regulations, Part 20, and Standards for Protection Against Radiation. In
addition, there are no effluent releases resulting from the operation of irradiators.
Based on this, the NRC regulations specifically exclude irradiator licensing actions from
the need to develop an environmental assessment.

However, the NRC staff entered into a settlement agreement with Concerned Citizens
of Honolulu, the interveners in the adjudicatory hearing to be held on the license
application. The settlement agreement included a provision for the NRC staff to prepare
an environmental assessment-and hold a public comment meeting in Honolulu, Hawaii
prior to making a final decision.

NRC does not normally consider alternative locations in our environmental
assessments. This is generally reserved for Environmental Impact Statements. The
rationale being that if there are no significant impacts there is no need to consider other
locations, also NRC has no authority to prescribe a different location.

NRC has issued Orders, to large panoramic and underwater irradiator licensees,
requiring them to implement additional compensatory measures for enhanced security.
A brief look at some (not all) of these facilities located in the U.S. and Canada revealed
8 irradiator facilities located near airports (5 of them near international airports) at
distances ranging from 0 to 5 miles. One of these facilities is located 0. 3 miles from an
active runaway of an international airport.

Food irradiation is a process in which food products are exposed to a controlled amount
of radiant energy to kill harmful bacteria such as E. Coli, Campylobacter, and
Salmonella (FDA, 2000). The process also can control insects and parasites, reduce
spoilage, and inhibit ripening and sprouting. NRC's role in irradiation, food or otherwise,
is to assure that facilities are constructed and operated safely. Thus, NRC does not
have a position on irradiation of food. However, the U.S. Food and Drug Administration

* (FDA) has approved irradiation of meat and poultry, certain types of seafood, fresh
fruits, vegetables, and spices. The FDA has determined that this process is safe and
helps to kills bacteria and insects. Irradiation does not make food radioactive. The
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process may cause a small loss of nutrients but no more than with other processing
methods such as cooking, canning, or heat pasteurization (FDA, 2000). Also, federal
rules require irradiated foods to be labeled as such to distinguish them from non-
irradiated foods.

Public Health And Safety

Irradiated Food

Comments: Some commenters expressed concern about the potential to develop
cancer from the consumption of irradiated food. Other comments talk about the
possibility of developing birth defects, health problems, and the risk of death as a result
of the consumption of food treated with an irradiator. One commenter asked who would
be responsible for any health problems or deaths that come as a result of the
consumption of these products. One commenter asked about the adverse effects that
irradiation has on food. Another commenter said that irradiation contributes to a
significant loss of nutrients and food flavor. A commenter stated that irradiation may be
used as a substitute for handling and sanitation. Another commenter agreed with the
construction of the irradiator because many products from Hawaii must be irradiated
before being exported to the rest of the United States.

NRC Response: Food irradiation is a process in which food products are exposed to a
controlled amount of radiant energy to kill harmful bacteria such as E. Coli,
Campylobacter, and Salmonella. The process also can control insects and parasites,
reduce spoilage, and inhibit ripening and sprouting. As stated above, NRC does not
have a position on irradiation of food. NRC's role in irradiation, food or otherwise, is to
assure that facilities are constructed and operated safely. However, the FDA has
approved irradiation of meat and poultry, certain types of seafood, fresh fruits,
vegetables, and spices. Many health experts agree that using irradiation can effectively
reduce food-borne hazards and ensure that harmful organisms are not in food we buy
(FDA, 2000). The FDA has determined that this process is safe and helps to kill
bacteria and insects. Irradiation does not make food radioactive. The process may
cause a small loss of nutrients but no more than with other processing methods such as
cooking, canning, or heat pasteurization. Also, federal rules require irradiated foods to
be labeled as such to distinguish them from non-irradiated foods (FDA, 2000).

Leaking Problems

Comments: Some commenters expressed concern about the potential for radioactive
material to leak from the facility. Several comments ask about what is going to happen
if radioactive material leaks to the surrounding environment. One commenter
expressed concern about the effect of radioactive leaks on the international airport.

NRC Response: There will be multiple systems and layers of protection at the Pa'ina
facility to prevent contamination of the pool water and leakage of the pool liner. In
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addition, the licensee will have continuous monitoring systems in place to detect
radioactivity in the pool water and to detect loss of water from the pool. However, if
contaminated water did leak from the pool, the licensee would be required to take
corrective action (e.g., remediation of groundwater contamination). The proposed
Pa'ina irradiator pool consists of multiple layers of steel and concrete which makes pool
leakage highly unlikely. However, even if the pool were to leak water, the radioactive
source encapsulation would also have to fail in order to cause any groundwater
contamination. If a source encapsulation were to leak into the pool water, the radiation
monitors would be activated and the irradiator would be shut down and the leaking
sources would be removed. The three layers of the pool's construction provide barriers
to any water leaking fromthe pool to the surrounding environment. The pool
construction method permits verification of the pool integrity prior to and during
installation on-site. However, if contaminated water did leak from the pool, the licensee
would be required to take corrective action (e.g., remediation of groundwater
contamination).

Additionally, NRC plans to have inspectors with expertise in geotechnical issues,
concrete, and construction methods conducting oversight of the pool construction. NRC
inspectors will also be present during other key portions of the construction phase,
loading of sealed sources, and pre-operational testing. NRC inspectors will conduct
unannounced inspections during operations to assure compliance with the terms and

* conditions of the license and NRC regulations.

Occupational Problems

Comments: Some commenters expressed concern about the risk of serious health
problems that could affect workers and people at the facility. One commenter
expressed concern of the effect of losing control of radioactive material.

NRC Response: The transport and handling of radioactive material is strictly regulated
by both the NRC and the U.S. Department of Transportation. The design of the Pai'na
facility does not involve the constant movement of the radioactive sources, rather the
sources are always underwater in a "shielded" position which results in very low
radiation levels at the pool surface. The likelihood. of accidents involving exposure of
workers to lethal doses from this specific irradiator design is expected to be low.
Access controls for workers, visitors, and the public are required to ensure that radiation
doses to these groups are within the limits prescribed by regulation and are as low as
reasonably achievable. These controls consists of specialized training, radiation
monitoring, personnel monitoring, audit programs, access barriers, and other
engineering controls to reduce radiation doses.

Exposure.to Radiation

* Comments: Some commenters expressed concern about whether the people that live
around the facility are going to be exposed to radiation. One commenter expressed
concern about the possibility of globalization and consolidation of the food industry. One
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commenter asked what are going to be the end products of the process.

NRC Response: Facilities are constructed to standard designs with multiple
safeguards to protect worker health and safeguard the community. The NRC's
regulations limit the exposure of members of the public from the operation of a licensed
facility to no more than 100 millirem each year. For comparison purposes, the average
annual radiation exposure from natural sources to an individual in the ,United States is
about 300 millirem. Exposures from this facility are expected to be indistinguishable
from background radiation and thus a very small fraction of the 100 millirem limit.
Licensees are required to demonstrate, compliance with this limit by a combination of
mathematical calculations and radiation surveys.

Transportation

Comments: Some commenters expressed concern about how Co-60 is going to be
transported to and from the facility and how it is going to be stored.

NRC Response: Radioactive materials required for irradiators are transported in lead-
shielded steel casks. These casks are designed to withstand the most severe
accidents, including collisions, punctures, and exposure to fire and water depths. Large
quantities of radioactive material are safely shipped all over the world to supply some
170 irradiators processing a variety of goods. Radioactive source suppliers are required
to ensure that shipping packages containing sources are sufficiently robust and meet all
applicable NRC standards. They must also transport radioactive materials in
accordance with U.S. Department of Transportationregulations. The sources are
typically returned to the supplier once their radioactivity levels have dropped to the point
where they can no longer efficiently irradiate product material. Again, NRC and
Department of Transportation requirements on the shipment of such materials must be
met when they are returned to suppliers. Transportation impacts from Pa'ina's normal
operations would be small. Radioactive Co-60 sealed sources would be shipped
approximately once per year. Using RADTRAN 5.3, staff estimated the maximum dose
for a full initial shipment would be 0.4 millirem/year to a member of the public. The limit
for an individual member of the public is 100 milliremlyear. Therefore, the NRC staff
determined that the proposed Pa'ina irradiator would have no significant impacts from
transportation of the sources or additional products.

Economy

Socioeconomics

Comments: Some commenters expressed concern about how tourism will be affected
when tourists see the facility next to the airport. Other commenters were concerned
about Hawaii's dependence on tourism. Other commenters were concerned about how
the proposed facility will affect the agricultural economy. One commenter stated that
this irradiator will be a benefit to the. Hawaiian economy, extending and diversifying the
Hawaiian economy beyond tourism. Another commenter stated that people with MCS
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can't ingest irradiated foods. This was seen as putting the poor at a distinct
disadvantage as they cannot afford to buy better quality/organic food. Some
commenters said that the installation of a commercial irradiator will greatly benefit
agriculture in Hawaii in the same way it will benefit farmers. Another commenter stated
that the construction of the irradiator in Hawaii will create new satisfying jobs allowing
Hawaii to compete in the global market. Finally, another commenter stated that
historically, food irradiation companies across the United States have faltered
financially.

NRC Response: The proposed irradiator would potentially have small beneficial
impacts to socioeconomics because more products would have the potential to be
exported to different parts of the United States. While the proposed irradiator will not
diminish the existing population of invasive species, it is seen as one tool in preventing
the further introduction and spread of invasive pests. Invasive species pose a large
threat to Hawaii's native ecology. When invasive species are found there are typically
three options for importers: they return the product to the sender, they can destroy the
product; or they can treat it with methyl bromide. Shipping the product back to the
sender involves additional freight cost and increased product degradation due to time
delays, while destruction results in the total loss of the product. Treatment by methyl
bromide is an alternative; however it has some. drawbacks such as increased cost,
product degradation, and potential damage to the Earth's ozone layer.

The applicant has also formed Pacific Agriculture Research Company. to conduct
research to benefit Hawaii's agriculture community. In addition, the proposed irradiator
could serve the University of Hawaii for its research needs.

In terms of tourism, there-is no reason to believe that the irradiator would have any
effect. There are currently several others irradiators in Hawaii along with numerous
medical, academic, and industrial licensees. The proposed irradiator would be visually
indistinguishable for other typical industrial buildings in the area.

Ecology

Comments: A few commenters commented that the proposed action would benefit
Hawaii's ecology, while others commented that the effects of the proposed action would
be detrimental to the ecology. Those in favor of the proposed action commented that
Hawaii lacks an effective and comprehensive way to protect against invasive species.
These commenters state that by using the irradiator to disinfest incoming shipments, the
unique Hawaiian ecology will be protected.

One commenter opposed the proposed action and commented that the irradiation
facility would be an "awful sight to see." She also commented that if the irradiator
contaminates the ground or explodes it will be an act of disrespect to the land and
Hawaii will never be the same. If the land is harmed, the commenter feels she would
have failed to take care of her land.
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NRC Response: The proposed irradiator will satisfy several needs which benefit
Hawaii's Ecology in controlling invasive species (Wong, 2006). Invasive species are
those species non-native to the reference ecosystem and whose introduction causes
economic, environmental or human health harm (USDA, 2006). It has been estimated
that over 2,500 insect species have been introduced to Hawaii and account for 98% of
the pest species in the state (Pimentel et aL, 2005). In Califomia, over 600 invasive
pests account for 67% of all crop losses (Pimentel et al., 2005). The objective of the
proposed irradiator is to control invasive species on fruits, vegetables and cut foliage on
both imports and exports helping prevent the further introduction and spread of these
species. Invasive species pose a large threat to Hawaiian Ecology, and for this reason
the proposed action will be beneficial to Hawaii. Also, this is a preventive action for the
mainland U.S. and other countries because the irradiation of Hawaii products will help
prevent the further introduction of invasive species in these areas.

Off-Normal Operation

General Accidents

Comments: Some general comments regarding the discussion of accidents are that
building that facility would be "tempting fate" and that "The agencies have not been
forthright in provided studies of the consequences of contamination for natural causes,
human error, or terrorist attacks." One commenter suggested that studies be conducted
to assess measures to reduce threats through evacuation plans and safeguards.
Another commenter commented that the EA lacks sufficient data to back up its claims of
public safety under accident scenarios and terms such as "small," "highly unlikely,"
"improbable," and "significant forces" are not well defined in the EA.

NRC Response: The licensee will be required to have emergency procedures for a
variety of emergencies. The robust physical design of individual sources, the storage
arrangement, and the pool must be designed and constructed in an effort to minimize
the likelihood and severity of emergencies.

The NRC requires that irradiator operators have emergency procedures that include
coordination with local and state emergency response agencies. Companies that
operate irradiation facilities are required to have emergency procedures for a variety of
emergencies, including leaking sources and low water or leakage from the storage pool.
No license for possession and use of sealed sources is issued unless satisfactory
emergency procedures have been developed.

The terminology in the EA has been edited for consistency. The term "small" is a term
of art commonly used in NRC environmental review documents. Specifically, the term
is used when "the environmental effects are not detectable or are so minor that they will
neither destabilize nor noticeably alter any important attribute of the resource" (NRC,

* 2003). The terms "highly unlikely" and improbable" have been replaced with "unlikely."
The use of "unlikely" is a qualitative description of probability used to indicate a low
probability of occurrence based on staff experience and the scenarios reviewed.
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Airplane Accidents

Comments: A number of commenters expressed concern about the potential dangers
if an aircraft were to impact the proposed facility. One commenter asked what would be
the outcome of such an impact and whether it could set of a chain of explosions
affecting the weapons at the nearby military bases. Another commenter commented
that "A news article stated that the airport control personnel must rely on sight vs. radar
to track aircraft." He inquired, "How does this lend to increased risk?" Finally, another
commenter noted that the "Potential for airplane crash estimates given in the EA" are
too low.

NRC Response: The irradiator facility does not contain explosive material (i.e, the
radioactive Co-60 can not explode, it is a chemically inert metal- slug). As described in
more detail in the Safety Topical Report (CNWRA, 2007), the probability of an aircraft
crash into the proposed Pa'ina facility is conservatively estimated at 2.1 x 10-4 (i.e.,
about once every five thousand years). It should be noted that the probability that an
aircraft will crash into the proposed facility does not reflect the potential for release or
dispersal of the radioactive Co-60 from the doubly-encapsulated sources. The source
plenum is located under 12-18 feet of water. Additionally, the Co-60 sealed sources in
the source plenum are not mechanically coupled to the plenum structure and the

* plenum structure is not coupled to the rest of the building. In the event of damage to the
plenum structure the sources would either remain in the source rack/holder, or fall to the
floor of the irradiator. The Co-60 sources are doubly-encapsulated and have been
tested to withstand significant forces. A significantly larger force must be generated by
an aircraft crash because much of the force will result in damage to the building and
other ground-level structures of the pool. Transferring the force to the bottom of the
pool will also result in significant absorption of the force. For these reasons it is unlikely
that a Co-60 sealed source would be breached in the event that an aircraft crashes into
the proposed facility. The NRC staff finds that potential aviation accidents would have
no significant impacts on public health and safety from the proposed Pa'ina irradiator.

Terrorism

Comments: Many commenters expressed concern about the potential for terrorist
attacks on the proposed irradiator facility and commented on the way this potential is
addressed in the EA. Some commenters suggested that not going forth with the
proposed action because of fear of a terrorist attack would be letting the terrorists win.
Others suggest that too much detail in the EA about security would potentially make the
facility more susceptible to attack. One commenter suggested that the EA can address
terrorism by pointing out "that while the report does not specifically address intentional
acts of terrorism the EA does evaluate the outcome of events that might conceivably be
driven by terrorists. This commenter also suggested that information be provided in the

* EA to describe how the NRC and the Department of Homeland Security address the
issue of terrorist acts.
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Some comments specifically questioned the potential for certain types of terrorist
attacks and their outcomes. The types of attacks in question are a "Timothy McVey-
type" bomb used on the facility, an airplane crashed intentionally into the facility, and
whether Co-60 from the facility could be used to make a "dirty bomb," to contaminate
the water supply, or to make a thermal nuclear device. Some comments stated that the
NRC does not address acts of terrorism and does not explain the roles of Federal
agencies in the war against terrorism. One comment stated that it is impossible for
anyone to dive down the bottom of the pool to steal the Co-60, because it would make
them sick and weakened within minutes. Finally, one commenter noted that a terrorist
attack could take place on New Year's Eve amidst the sounds of the exploding fireworks
and Hawaiians would not know the attack was happening. One comment questioned
the transparency and objectivity of the staffs terrorism assessment while several other
comments cited the NRC for a failure to disclose assumptions, and methodologies while
generally citing the NRC's failure to provide full disclosure and a set of references.
Other comments cited the NRC's failure to quantify risk of terrorist attack and to quantify
terrorist impacts on shipments of Co-60.

NRC Response: As a result of the events of September 11, 2001, NRC embarked on
an extensive review of its security program and has taken a number of steps to enhance
security at licensed facilities. These have included Threat Advisories which called on
licensees to take certain prudent steps to enhance their security posture as well as
Orders imposing requirements on certain classes of licensees. The NRC has also
developed additional security measures which irradiator facilities- will be -required to
implement. These measures are designed to either discourage terrorist attacks or
minimize the potential for damage from such an attack. This facility will be designed
with many of those measures in mind. The measures will be developed taking into
consideration the threats as we know them and the potential vulnerabilities of these
facilities. The NRC will issue an Order to Pa'ina Hawaii, LLC, which will impose, by
means of a license condition, those additional security measures on the facility, if the
license is issued.

The radiation safety regulatory requirements, as well as the security and control
enhancements implemented by licensees in response to Orders, are designed to
prevent unintended radiation exposure and to prevent and mitigate deliberate malicious
acts, which have the potential to result in significant injuries from radiological exposure.

A more complete discussion of terrorist actions has been included in Appendix B of this
Final EA. Due to the sensitive nature of this information, many of the details can not be
provided in publicly available documents.

In Appendix B, the staff provided the NRC's process for selecting and analyzing the
types of attacks or the consequences without revealing protected information. Although
the staff could not provide all the details of referenced documents and analyses, the

* general methodology and analyses relied upon were referenced.

The staff notes that there is no design basis threat for irradiators. Following the
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issuance of the 2003 security orders for irradiators, the NRC used a security
assessment framework as a screening and assessment tool to determine whether
additional security measures, beyond those required by regulation and security orders,
were warranted for irradiators. Initially, NRC screened threat scenarios to determine
plausibility. For those scenarios deemed plausible, NRC assessed the attractiveness of
the facility to attack by taking into account such factors as iconic value, complexity of
planning required, resources needed, execution risk, and public protective measures.
The staff has discussed these factors to the extent possible considering the nature of
the protected information (i.e., much of the information is protected as either Safeguards
Information, SUNSI, or classified as Confidential or Secret).

Additionally, the staff has assessed likely modes of attack, weapons and vulnerabilities
of irradiators. Appendix B discusses this analysis, however, due to the nature of the
protected information, the staff is not at liberty to share those details in a publicly
available document. All documents used in the staff's analysis were referenced in
Appendix B. As previously discussed in the ongoing hearing process the shipment of
radioactive materials is outside the scope of this environmental assessment. These
sources have been previously licensed for shipment with adequate consideration of
environmental impacts.

Natural Disaster

Comments: There were a few comments regarding-the ability of the proposed facility
to withstand the effects of a natural disaster such as a hurricane, tsunami, or flood. One
comment stated that the EA underestimates potential 'hurricane damage by not
including effects from increased buoyancy, forceful winds, and fires and that a break in
the pool lining below the floor level could severely reduce shielding, threatening
radiation exposure., The same commenter states that tsunami run-up's are
underestimated in the EA to be 3-4 feet, when records show they can go as high as 31
feet. Finally, this commenter notes that, the EA should include a consideration of "the
failure of peripheral equipment, power and back up generators, dispersal of leaking pool
water, and grounded aircraft or equipment carried and crushing against the irradiator
facility, which could affect the integrity of the pool, draining the water below the
minimum level needed to shield the Co-60 sources when the flood waters recede."

NRC Response: The Final EA has been updated to include a more complete
discussion of types of impacts that may have off-site consequences. The scenario of
main concern is the loss of control of the Co-60 sealed sources. Loss of control occurs
when radioactive material is physically removed from the pool or when water becomes
contaminated and is released from the pool. In order to remove radioactive material
from the pool, the source retaining mechanism and lock must be overcome, the plenum
must be removed, the source must be removed from the source rack, and the
radioactive material must be lifted out of the pool. For the irradiator pool water to
become contaminated, the two stainless steel capsules must be breached to expose the
radioactive Co-60 slug and allow it to corrode in the watee. Even if the building is
completely destroyed and the pool damaged by the accident or natural phenomenon,
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control of the sealed source is not lost unless the source material is removed from the
pool or allowed to corrode in the pool water. Similarly, the loss of operating monitoring
equipment during an accident or natural phenomenon does not lead to the loss of
control of radioactive material. Finally, a reduction in the water level results in increased
dose rates in a well collimated beam directly above the pool. For example, a loss of 6
feet of pool water would result in a dose of approximately 300 millirem/hour (NRC,
2007). However, due to the highly collimated beam, and-the ability to easily add water,
the increased dose rate will not be sufficient to have a significant environmental effect
on the area around the proposed facility. In addition, worker doses should not be
significantly increased in the area around the pool and the debris around the pool will
act as barriers to restrict inadvertent access to the areas of elevated radiation directly
above the pool.

As described in more detail in the Safety Topical Report (CNWRA, 2007), fluid dynamic
calculations were conducted to determine impacts from potential tsunami-generated
wave run-ups. These calculations were performed to determine the wave velocity
necessary to pull a Co-60 source up to the pool opening. These wave velocities- were
then evaluated with respect to potential tsunami-generated waves. The NRC staff found
that potential tsunami activity would have no significant impacts on public health and
safety from the proposed Pa'ina irradiator.

* A complete description of hurricanes around Hawaii is provided in the Safety Topical
Report (CNWRA, 2007). In summary, the wave velocity associated with a storm surge
is significantly less than that associated with a tsunami. The probability of a large
tsunami removing a Co-60 source from the bottom of the proposed irradiator pool is
considered negligible. Therefore, the likelihood of a storm surge associated with a
hurricane resulting in the release of a Co-60 source is also considered negligible. The
NRC staff finds that potential hurricane activity would have no significant impacts on
public health and safety from the proposed Pa'ina irradiator.

As described in more detail in the Safety Topical Report (CNWRA, 2007), a seismically-
induced radiological accident is considered negligible due to the nature of the proposed
facility and the seismic hazard for the site. The radiological sources at the facility are
passive and shielding or containment of the Co-60 sources does not rely on active
systems to mitigate potential radiological releases. The earthquake ground motions for
the site are insufficient to damage the proposed facility to the degree necessary to
dislodge Co-60 sources from the pools. The NRC staff finds that potential seismic
activity would have no significant impacts on public health and safety from the proposed
Pa'ina irradiator.
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U.S. NUCLEAR REGULATORY COMMISSION

MATERIALS LICENSE
Pursuant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974 (Public Law 93-438), and Title'10, Code
of Federal Regulations, Chapter I, Parts 30, 31, 32, 33, 34, 35, 36, 39, 40, and 70, and in reliance on statements and representations
heretofore made by the licensee, a license is hereby issued authorizing the licensee to receive, acquire, possess, and transfer byproduct,
source, and special nuclear material designated below; to use such material for the purpose(s) and at the place(s) designated below; to
deliver or transfer such material to persons authorized to receive it in accordance with the regulations of the applicable Part(s). This license
shall be deemed to contain the conditions specified in Section 183 of the Atomic Energy Act of 1954, as amended, and is subject to all
applicable rules, regulations, and orders of the Nuclear Regulatory Commission now or hereafter in effect and to any conditions specified
below.

Licensee

1. Pa'ina Hawaii, LLC 3. License number 53-29296-01

2. P.O. Box 30542 4. Expiration date August 31, 2017

Honolulu, Hawaii 96820 5. Docket No. 030-736974
Reference No.

6. Byproduct; source, and/or special i7Chemical and/or physical form 8. Maximum amount that licensee may
nuclear material ', possess at any one time under this

licen'se,

A. Cobalt 60 A.Se•Isoi e Rvl A. [Rdacted]
Services, 'Inc'.L Model
RSL-2089, and MIDS
Norsion Model is ..C1da

9. Authorized use:

A. For use in a Gray-Star Model Genesis si irradiator for the irradiation of material except explosives,
and flammable or corrosivemii aterial, subject to Condition 13 obfthis license.

,,CONDITIONS

10. Licensed material may be used or stored only at the licensee's facilities located at [Redacted].

11.. Licensed material shall only be used by, or under the supervision of, individuals who have satisfactorily
completed the training and examination described in the application dated June 23, 2005, and letter
received on October 4, 2005 (ML052860241), and have been approved by the licensee's Radiation Safety
Committee, and have been designated in writing by the Radiation Safety Officer. The licensee shall
maintain records of individuals designated as users for 3 years following the last use of licensed material
by the individual.

12. The Radiation Safety Officer (RSO) for this license is Andrew Buchan.

A. The licensee shall not install sealed sources in the source rack and plenum until it has assured that
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License Number

53-29296-01

MATERIALS LICENSE Docket or Reference Number

SUPPLEMENTARY SHEET 030-36974

the facility has been constructed as described in the application dated June 23, 2005, and
subsequent communications described in Condition 22, and has satisfactorily completed the
applicable tests required by. 10 CFR 36.41.

B. At least (30) days before the installation of sealed sources in the source rack and plenum, the
licensee shall notify in writing to the U.S. Nuclear Regulatory Commission, Region IV, 611 Ryan
Plaza Drive, Suite 400, Arlington, Texas 760111, ATTN: Chief, Nuclear Materials Inspection Branch,
of the proposed date of installation of the sealed sources.

C. Prior to beginning irradiatiors,• the licensee shall notify in writing to the U.S. Nuclear Regulatory
Commission, Region IV, 611 Ryan Plaza Drive, Suite 400, Arlington, Texas 76011, ATTN: Chief,
Nuclear Materials Inspection Branch, that the. assurance and testsIrequired by Condition 13.A. and
the surveys requiredbiy Condition 14, have been satisfactorily completed.

14. The licensee shall perform radiological surveys of the areas in the irradiator facility after each installation
and/or reconfigurationof, source(s) in the plenum, tb onfirm that the radiatiorni dose rates comply with

* 10 CFR 36.25(b). These surveys shall include areas! surrounding the air tubes or hoses coming out of the
pool. The licensee shal maintain records of the results ofthese surveys.

15. Sealed sources or source rods containing licensed materialeshall nofbe opened or sources removed or
detached from source holders bythe licensee. ..

16. The licensee shall implement the matefialaccountaBbhil program described in the application dated
June 23, 2005, to account for all sealed sources.containing licensed material received and possessed
under this license.

17. The licensee shall not perform repairs or-alterations of the irradiator involving removal of shielding or
access to the licensed material. Installation;,removal, replacement, and disposal of sealed sources in the
irradiator shall be performed by persons specifically licensed by the U.S. Nuclear Regulatory Commission
or an Agreement State to perform such services.

18. The licensee is not authorized to make modifications to the source plenum described in the application
dated June 23, 2005, without specific authorization by the U.S. Nuclear Regulatory Commission. The
licensee shall test the movement of the product conveyor system for proper operation to meet the
requirement in 10 CFR 36.41 (f) for the protection of sources.

S. Notwithstanding the requirements in 10 CFR 36.59, the licensee shall perform leak tests Capable of
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detecting the presence of 0.005 microcurie (185 becquerels) of radioactive material on a test sample. If
the test reveals the presence of 0.005 microcurie (185 becquerels) or more of removable contamination, a
report shall be filed with the U.S. Nuclear Regulatory Commission in accordance with 10 CFR 30.50(c)(2),
and the source shall be removed immediately from service and decontaminated, repaired, or disposed of
in accordance with Commission regulations. The report shall be filed within 5 days of the date the leak
test result is known with the U.S. Nuclear Regulatory Commission, Region IV, 611 Ryan Plaza Drive,
Suite 400, Arlington, Texas 76011, ATTN: Director, Division of Nuclear Materials Safety. The report shall
specify the source involved, the test results, and correcthv.e action taken.

20. Nothing in this license relieves the licensee from complying with the rules and regulations of the
U.S. Food and Drug Administration, or any other requirements governing the irradiation and distribution of
food products for human consumption.

21. The licensee is authorized to tra-s prt licensed material only inna'ccordand' with the provisions of
10 CFR Part 71, "Paclkaging and[Transportation of Radioactive Material."

* Except as specificallyprovided otherwise in thislicen~se, the licensee shall conduct its program in
accordance with the sffements,. representations,,and pro edures contained in the documents, including
any enclosures, listed~below. The U.S. Nuclear Regulatory Commission's regulations shalgovern unlessthe statements, representation&'id sion's regulationsrshall govern.unless

thestaemetsrepeseitaion, ad rocedu~res in the lIicensee~'s application and correspondence are
more restrictive than the regulations.

A. Application dated June 23, 2005 (ML651920106)>
B. Letter received October 1,7, 2005 (ML052900484) '"
C. Letter received Novemberi30, 2005 (ML053460276)
D. Letter dated March 9, 2006"(ML060730528)
E. Letter received March 31, 2006 (ML061•,000640)._10:111
F. Letter received September 7, 2006 (ML062640490)'Y
G. Teleconference notes dated September 28, 2006 (ML062770071)
H. E-mail dated April 18, 2007 (ML071090410)

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

/RA/

Date: August 17, 2007 By:
Jack E. Whitten, Chief
Nuclear Materials Licensing Branch
Region IV

BArlington, Texas 76011

I.



September 20, 2007

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)

PA'INA HAWAII, LLC ) Docket No. 30-36974

Material License Application ) ASLBP No. 06-843-01

NRC STAFF'S RESPONSE TO
INTERVENOR CONCERNED CITIZENS OF HONOLULU'S

AMENDED ENVIRONMENTAL CONTENTIONS #3 THROUGH #5

INTRODUCTION

On September 4, 2007, the intervenor, Concerned Citizens of Honolulu ("Concerned

Citizens" or "the Intervenor") filed contentions1 based on a Final Environmental Assessment

(EA) prepared by the NRC staff ("Staff") in connection with an application 2 by Pa'ina Hawaii,

LLC ("Pa'ina" or "the Licensee") for a license under 10 C.F.R. Part 36. The license would permit

the possession and use of a sealed source in connection with the construction and operation of

a commercial irradiator at the Honolulu International Airport. The Staff hereby responds to

Concerned Citizens' Contentions.3

BACKGROUND

Pa'ina filed an application with the NRC on June 23, 2005, for a license for possession

and use of byproduct material, and on October 3, 2005, Concerned Citizens filed a request for a

1 "Intervenor Concerned Citizens of Honolulu's Amended Environmental Contentions #3 Through

#5," September 4, 2007 ("Contentions").

2 The Staff issued License No. 53-29296-01 to Pa'ina on August 17, 2007.

3 Pursuant to Board Order, the Staff and the Licensee were to respond to the Contentions within
15 days of service. Order, June 21, 2007. However, because the Contentions were not received.by the
Staff until after 5:00 p.m. on September 4, 2007, one day has been added to the response period in
accordance with 10 C. F. R. § 2.306.

EXHIBIT 13
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Further, the Intervenor fails to provide support for its new claims. Although the

Intervenor cites expert statements to the effect that certain events should be analyzed and the

potential impacts of these events would be dire, the Intervenor does not provide any opinion or

factual support establishing that such events are reasonably foreseeable and must therefore be

included in the EA. Thus, the Intervenor again fails to provide the concise statement of fact or

expert opinion required by 10 C.F.R. § 2.309(f)(1)(v).

The Intervenor argues that in the*Final EA the Staff should have examined the impact of

the irradiator pool losing eight, instead of six, feet of water. Contentions at 9. In fact, the Staff

did consider the effect of an 8-foot water loss, although the Microshield Summary Sheet for that

hypothetical event was not cited in the Final EA.8 The Staff's citation to a 6-foot water loss was

used only as an "example" (Final EA at 9). In any event, the Intervenor's focus on the precise

level of water loss cited in the Final EA should not obscure the fact that, in its contentions on the

Draft EA, the Intervenor argued the Staff should have considered the possibility of water

draining to the point where the source would be exposed, i.e., a water loss greater than 8 feet.

Draft EA Contentions at 11, 14; see also Draft and Final EA at A-3 (noting that top of plenum will

be under at least 11' 8" of water). In other words, the Intervenor could have raised-and

essentially did raise-this issue in its contentions on the Draft EA, and its arguments here are

either untimely or merely redundant. Further, the Intervenor fails to explain why measures

described in the Final EA that will, in the Staff's view, compensate for a 6-foot water loss- the

highly collimated beam, the ability to easily add water to the irradiator pool, and barriers that will

restrict inadvertent worker access (Final EA at 9)-will not compensate equally well against any

water loss, including an 8-foot loss. The Petitioner therefore fails to identify a genuine dispute

on a material issue of law or fact, as required by 10 C.F.R. § 2.309(f)(vi).

8 "Microshield Summary Sheet for Loss of 8 Feet of Water Shielding," (run date May 9, 2007;
results verified September 17, 2007) (ADAMS ML072630315).
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Intervenor are not sufficiently well-supported to form admissible contentions. 14 Regardless of

the public controversy surrounding a project, where the intervenor fails to show the Staff's EA is

inadequate or inconsistent with applicable laws and regulations, a FONSI based on that EA

cannot be said to be unreasonable and, thus, may not be overturned on review. Further, the

controversy over a proposed project is just one of several factors to be considered when

determining whether the environmental impacts of a proposed project are significant. 40 C.F.R.

§ 1508.27. Here, the Staff has completed an EA, and based on its analysis of the factors

discussed in the EA, the Staff has determined that the environmental impacts from the planned

irradiator will not be significant. No EIS is required, and the Board should not admit Amended

Environmental Contention #5.

CONCLUSION

The Intervenor's Amended Environmental Contentions #3 through #5 are either

untimely, lacking in requisite support, or unable to identify a dispute on a material issue of law or

fact with respect to the Staff's Final EA. Accordingly, the Board should refuse to admit any of

these contentions.

Respectfully submitted,

IRA by Michael J. Clark!
Michael J. Clark
Margaret J. Bupp
Counsel for the NRC Staff

Dated at Rockville, Maryland
this 2 0 th day of September, 2007

14 Even if this Board were to find some portion of the EA insufficient, that would not necessarily
trigger an EIS. The proper remedy would likely be supplementation of the EA, rather than completion of a
full EIS.
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Matthew Blevins - Pa'ini Irradiator SER input

From: Elaine Keegan

To: Matthew Blevins

Date: 12/06/2006 5:59 PM
Subject: Pa'ini Irradiator SER input

CC: John Cook

Matt,

Attached is my draft ser input. I will have the supporting information to you next week. If you want to
talk about the input,.let me know. I have a meeting tomorrow morning but may be free in the
afternoon,

Elaine

John, You can let folks know that ticket DSFST20070002 can be closed out.
emk

EXHIBIT 15
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July 31, 2008

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of )
)

PA'INA HAWAII, LLC ) Docket No. 30-36974-ML

Materials License Application ) ASLBP No. 06-843-01-ML

NRC STAFF'S VAUGHN INDEX AND UPDATES TO DISCLOSURES
REQUIRED BY 10 C.F.R. § 2.336(d) AND 10 C.F.R. § 2.1203(c)

On July 17, 2008, the Board issued an order establishing a schedule for the

remainder of this proceeding. The Board directed that, within fourteen days of its order,

the Staff submit a Vaughn Index in connection with the fourth segment of amended

environmental contention 3, which challenges the terrorism analysis contained in

Appendix B to the Final Environmental Assessment (EA) for Pa'ina's irradiator. The

Board also directed that, within fourteen days, all parties update their mandatory

disclosures as required by 10 C.F.R. § 2.336(d) and the Staff update the hearing file as

required by 10 C.F.R. § 2.1203(c).

In accordance with the Board's Scheduling Order, the Staff hereby provides a list

of references for Appendix B and ADAMS accession numbers for all NRC documents.

This list is the same as that attached to Appendix B at the time of its release, except for

one additional document; "Decision-Making Framework for Materials and Research and

Test Reactor Vulnerability Assessments, SECY-04-0222." This document describes the

security assessment framework used by the NRC to determine whether additional

security measures are warranted for NRC-regulated facilities. The Staff refers to this

framework on pages B-4 and B-5 of the Pa'ina EA.

EXHIBIT 16
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• Except for SECY-04-0222 and the reference authored by Sandia National

Laboratory, "Draft Vulnerability Assessment of Material Facilities" (Sandia Report), all

listed references are publicly available in their entirety. The Staff has also made SECY-

04-0222 and the Sandia Report publicly available to the extent these documents contain

information that is not protected from public disclosure under the Freedom of Information

Act (FOIA), 5 U.S.C. § 552. For portions of SECY-04-0222 and theSandia report that

are exempt from disclosure under FOIA, the Staff has provided a Vaughn Index listing

redactions to those documents and explaining why the redacted information is exempt

from disclosure.

In connection with the Vaughn Index, the Staff is submitting affidavits affirming

. that it conducted line-by-line reviews of SECY-04-0222 and the Sandia Report to

determine what information in those documents is exempt from disclosure under FOIA.1

Respectfully submitted,

IRA'

Michael J. Clark
Counsel for NRC Staff

Dated at Rockville, Maryland
This 3 1st day of July, 2008

The attached affidavit of Frederick C. Sturz, dated July 31, 2008, explains the redactions in the. Sandia Report, while the attached affidavits of Bernard Stapleton, dated February 13 and April
18, 2008, explain the redactions in SECY-04-0222.
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)

VULNERABILITY ASSESSMENT OF MATERIAL FACILITIES

Jeffrey LaChance
Inez Atenejo
Michael Berg
Mary Young

Ivan Waddoups

Sandia National Laboratories
Albuquerque, New Mexico

Marc 8, 2004
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Table 1.1 Facilities reviewed In RDDIRED VA.

3/8/2004

Type of Facility Use of Radioactive Material Designation

University/Medical Complex Blood irradiation Site I
Gamma knife
Medical research
Academic research
Storage of material not in use

Well logging instrument Manufactures and distributes Site 2
manufacturer facility for well logging

sources used at satellite
offices

Small well logger company Neutron and gamma logging Site 3
of oil and gas wells

Small industrial radiographer Radiography Site 4

Large industrial radiographer Radiography Site 5

Gauge manufacturer Radioactive gauge Site 6
assemblies

Panoramic irradiator Medical equipment Site 7
irradiation

Panoramic irradiator Irradiates mdi;a-] items, Site 8
spices and other consumer
goods such as cosmetics and
milk cartons

Panoramic irradiator Imsdiates medical items, Site 9
scientific laboratory related
items, and other consumer
products

IP

OR

IN

p

Vp

1-3 Overview of Report

The VA for these facilities includes four steps: (1) identify consequences of concern based on
realistic assumptions, (2) identify vulnerabilities in those plant systems and structures which, if
breached, could result in consequences of concern, (3) assess those threats that could realistically
breach those systems and structures, and (4) identify countermeasures that could prevent the
event or mitigate the identified consequences. The consequence evaluation includes a

1P
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2.7 Site 7

This facility irradiates medical items for its parent company exclusively and operates Monday-
Friday from approximately 0600-1800. This irradiator is located in a semi-ruiral, residential area.
The irradiator is within a large complex surrounded by other company buildings.

The irradiator uses Co-60 to irradiate the medical items. The Co-60 is contained in individual
pencils that can vary in activity depending on the age of the pencil. New pencils typically have
an activity of between 14,000 to 17,000 curies. The pencils are contained in source racks that
are lifted out of a shielding pool to irradiate items. The shielding pool is 18 ft.-8 inch dep a _dT
approximately 8 ft. across. The total activity of the Co-60 af this facility is -

curies.~

Large irradiators such as the one at this facility generally use either Co-60 or Cs-137. The
amount of Co-60 used in these facilities ranges from 5.000 to 15.000.000 Ci IM. The amount -0

Cs-137 ranges from 5,000 to 5,000,000 Ci [7].-

m

w

p

This site uses a hand loaded tote conveyor system. Product arrives already packaged for
distribution. These boxes are placed in carriers, and the carriers are placed into totes. The
conveyor system carries the totes into the chamb- fn- the snecified irradiation time. The plant
l-rces-ses around 1000 totes per day__

::3. addition to the automau c,-u-uvyor system, tbs site also uses -
portable carts for somepiiToducts. These "off" carrier insertions of material into the cell are
accomplished by manually rolling carts into the cell. These carts can accommodate 12 boxes of
product. Operators manually rotate these boxes within the cart to assure the material receives
the:correct dose. There is a specific computer code that conutrols the radiation dose that is
entcred depending on the product to be irradiatedf'-

p

p

-7

2
W*
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j

.2.8 Site 8

This facility irradiates medical items, spices and other consumer goods such as cosmetics and
milk cartons. The facility is located in a semi-rural, commercial area. There are residences

-- located approximately one mile from the site. The irradiator is within a medium-sized complex
at the far rearof the facility.

The irradiator uses Co-60 to irradiate the medical items. The Co-60 is contained in individual
pencils that can vary in activity depending on the age of the pencil. New pencils typically have
an activity of between 14,000 to 17,000 curi, --- " . V 3

----- The pencils are contained in sourcc ir-s mat are tlted out of a steel-
i -indshie-ding p~oi to irradiate items. The shielding Dool is 20 frim -,nd approximately 6 ft.

across. "

This site uses a palletized conveyor system. Product arrives stacked on a pallet, already
packaged for distribution. These nallets are processed and placed onto the conveyor station by
an operator using a forklift. .. There is a specific

computer code that controls t-- ton dose that is enterca depending in the product to be
irradiated- The operator selects the appropriate programmed data for the specific product run
and physically starts each pallet on its way through the conveyor system into the cell.
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2.9 Site 9

This facility irradiates medical items, scientific laboratory-related items, and other consumer
products. They have a broad range of customers (around 50) and operate the facility
continuously. The facility is located in a suburban industrial park area. There are residences
located approximately one mile from the site. The irradiator is within a medium-sized complex
in one corer of the building.

The irradiator uses Co-60 to irradiate the medical items. The Co-60 is contained in individual
pencils that can vary in activity depending on the age of the pencil. New pencils typically have
aactivity ofbetween 14,000 to 17,000 curies. P.... " -i

The pencils are cantainea In source racKs tMat are uner ouut o a Steel-
lined sbelding p6_Fto irradiate items. The shielding pool is 20 ft. deep and approximate 6• f
across2T

I P

This site uses a tote conveyor system. Product arrives stacked on a pallet, already packaged for
distribution. Operators remove boxes from the pallets, _p.rcss them, and load them into large .
bins.L. These bins are transported on a
conveyor system to a holdin-g- mrwheetlihefte are automatically inserted into a rack on the C-4
carrier that takes them into the cell. These racks (or totes) have three shelves, and the conveyor
system automatically changes the location of the product on the tote, rotating it so that it receives
the appropriate dose.

A computer controls this process. There is a specific computer code that controls the radiation
dose that is entered depending on the product to be irradiated The operator selects the
appropriate programmed data for the specific product nm and physically starts each bin on its P

way through, le conveyor system into the ceUJ- . "
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3.0 CONSEQUENCE ASSESSMENT

The VA process for each facility type analyzed in this study bogins with an initial consequence
screening to determine if the material amount and type in each facility represents a significant
risk to the public. Separate screening assessments are required for sabotage and for theft of
material at each type of facility. The screening process requires that consequence measures and ,
associated screening limits be slceted and that the types and amounts of materials at each type
of facility be identified. The consequence measures that are to be evaluated in this study are
discussed below in Section 3.1. The measures include the consequence to the public and
environment from releases of radioactive material at the facilities or from use of the material in
RDDs and REDs. The consequence categories used-to rank the facilities/materials evaluated in
this study are identified in Section 3.2. Section 3.3 provides a consequence assessment for a
spectrum of material facilities licensed by the NRC. The consequence categories for the specific
facilities described in Section 2 are also provided in Section,3.3.

W
3.1 Consequence Measures and Thresholds

The primary consequences of concern for the facilities analyzed in this study are the theft of U,

material for use in an RDD or RED, and the offsite health consequences and land contamination
due to an act of sabotage at the facility. The same measures used in evaluating the consequences
from sabotage are also used to establish threshold amounts of material, that if stolen, would
represent a concern for potential use in an RDD or RED. These consequence measures are
discussed below.

The public health consequence measure is a 25 rem dose to an individual. For an RED, the 25 -
rem dose is an acute dose assumed to be obtained from a 4-hour exposure to a source at a"
distance of I m. For an RDD, the 25 rem is a 510-year total effective dose equivalent (CEDE)
obtained from exposure to the mater released by the RDD. The exposure pathways for the
RDD include inhalation, cloud shine, and ground shine. The exposure time for the RDD is one
hour for events that are self-revealing (e.g., explosive RDDs) or four hours for non-self-
revealing events (e.g., use of material in a spray device). The maximum calclidated exposure to
an individual located at least 100 m from the release point is evaluated.

The land on•inination measure is the same as discussed in Reference 2 and is used both in
RDD and sabotage evaluations. A contamination threshold that 6ould deliver doses of 2 . ,
rem/year (referred to as thederived deposition level or DDL) to occupants was-selected by the
NRC for use in these VAs. This 2 rem/year threshold corresponds to the Environmental F
Protection Agency (EPA) Protective Action Guideline (PAG) for re-entry into a contaminated b
area. [6] and emphasizes radiation overexposure potential while also considering extensive
contamination consequences given the area proposed. To establish threshold amounts of p
material of concern for use in an RDD and from acts of sabotage, a minimum amount of land
contaminated to levels that would result in doses of 2 rem/yr was required- The NRC selected
0.5 square kilometers (1cmn) for determining those thresholds. W

wm
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Table 3.1 Dose criteria utilized by IAEA to determine D values.

Tissue Dose Criteria

Bone marrow I Gray in 2 days (1 Gray= 100 rads)

Lung 6 Gray in 2 days from low linear-energy transfcr (LET) radiation
25 Gray in I year from high LET radiation

Thyroid 5 Gray in 2 days

Skin/tissue (contact) 25 Gray at depth of 2 cm for most parts of the -body (e.g., from a
source in a pocket) or 1 cm for the hand for a period of 10 hours

Bone marrow I Gray in 100 hours for a source that is too big to be carried

The NRC has decided that for this study, the amount of material of concern for use in an RDD or
RED should also be based on expected health consequences to the public and on the amount of
land contamination evaluated using a set of standard scenarios and assumptions. For an RED,
the scenario is assumed to be a four-hour exposure to a source at a distance of I m. The public
health and land contamination consequences from the use of an RDD is dependent uporP
meteorology at the location at the time of.event, the means for dispersing the materialL 5I9/J•'U '

)type of radioactive material, and other parameters..
The meteorology and number of people sulffering health consequences is dependent upon the
location where the RDD would be used. The location would also affect the potential economic
issues arising from tuhe loss of the ar• d-, t contamination. The scenarios and assumptions
used to determine the threshold amounts of material for an RDD are documented in Appendix C.

Calculations were performed to determine the minimum quantities of concern for nine
commonly used isotopes. The minimum amount based on use of the material in either an RDD
or RED was selected as the limit value. The minimurn quanties of oe inthis
,tdy are identified in Table 3.2" . .. -.- .

"o aive.,a valu is
determinedb8ffe--f ih-e-rET ml in an i.e., e amount of material required to give 25
rem over a 4 hour exposure period at a distance of I m) as was the case in Reference 2. Lower
values were obtained for these isotopes than from Reference 2 since the exposure period and
total dose were reduced. For the rest of the isotopes, the minimum quantities of concern are
determined by the land contamination criteria (i.e., the amount of material required to
contaminate 0.5 km2 to a level that results in a dose of 2 rem/yr) when the material is used in an
explosive RDD and assuming the material is unencapsulated.

W,

b.

or
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)
w

Site 6

54AJK~f'or

?~,jum

p

Sites 7 through 9 0.

PF

k3-3.2 Potential Consequences from Sabotage

The screening evaluations were performed to determine the potential consequences for acts of
sabotage at six of the sites (1 through 6) included-in this study. Sabotage evaluations for Sites 7,
8, and 9 were performed in a separate study [8). Since many of the facilities included in this
study contain only Ir-192 and Co-60, sabotage scenarios at these facilities would not represent a
significant concern unless the scenanos involve .. of these isotopes.
Further reducing the potential consequences is the fact that many of the areas containing
significant amounts of material have significant structural barriem{7" -

pk

fr
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.4.0 INFORMATION TECHNOLOGY SYSTEMS ASSESSMENT

This section describes the method used to evaluate the information technology (IT) systems at
the sites analyzed in this vulnerability assessment (VA). It also provides the results of the
assessments for a variety of postulated IT scenarios at six of the sites. IT evaluations were not
performed at Sites 7, 8, and 9. The visits to these sites were performed as part of a separate
study to evaluate sabotage events. An IT assessment was not included in the scope of that work,
and the follow-on theft evaluation included in this study did not include an IT evaluation. Based
on the IT evaluations at other facilities, it is unlikely that IT systems could be manipulated to
contribute to theft of material from the irradiator facilities.

4.1 IT Analysis Approach

A high level diagram of the IT system secm-ity risk assessment process applied in this study is
provided in Figure 4.1. This assessment evaluated only site critical IT systems. Site critical IT
systems are defined as site IT systems that can be manipulated to generate or facilitate the
generation of consequences of concern (i.e., theft or sabotage of materip).

The IT assessment was accomplished by (1) characterizing critical system architectures, features
and capabilities; (2) delineating and characterizing system controls; and (3) identifying potential
system vulnerabilities during a post-site visit evaluation. IT security program deficiencies that
enable specific vulnerabilities to exist in a system were identified.

Figure 4.1. UI system assessment process.
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Matthew Blevins - Re: consideration of alternative technology

From: <Hawaiiexport@aol.com>
To: <MXB6@nrc.gov>
Date: 02/28/2007 9:38 PM
Subject: Re: consideration of alternative technology

Dear Mr. Blevin,

please find attached my answer to your question. I also included alternative sites as siting and technology are inseparable

given the special geographic circumstances in Hawaii.

Please let me know if you have any questions.

Sincerely,

Michael Kohn
Pa' ina Hawaii LLC

In a message dated 2/14/2007 11:08:09 A.M. Hawaiian Standarbl Time, MXB6@nrc.gov writes:

Mr. Kohn,

As part of the development of the final EA it would be helpful if you
could elaborate on any consideration you gave to alternative
technologies (e.g., electron beam or heat treatment). Thanks for any
input you can provide.

Matthew Blevins
Senior Project Manager
Division of Waste Management and

Environmental Protection
U.S. Nuclear Regulatory Commission
Phone: (301) 415-7684

AOL now offers free email to everyone. Find out more about what's free from AOL at AOL.com.
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Dear Mr. Blevin,

To best answer your question I'd like to explain to you what impact alternatives such as e-beam
(x-ray) and heat treatment mean to us and many other small shippers in Hawaii. As you will see
this letter will also look at alternative sites.

Pa'ina Hawaii seeks to help develop agriculture on all islands by opening the US market. Many
farmers and small shippers sell produce to the local market and Vancouver, Canada, which does
not require any treatment. Some 3 million people live in both markets combined. This compares
to a population of 300 million people in the US. The US of course requires treatment. Existing E-
beam and heat treatment facilities are not viable alternatives because they are 1) outright
monopolized, 2) geographically not accessible, 3) limited in product quality control, 4) limited in
application, 5) decrease produce quality, 6) use fossil fuels (converted to electricity) or are 7)
unreliable technologies.

We (Hawaii Fruit Company) are a small company that packs and ships papayas and other
tropical fruits. Our company has been exporting papayas since 1988. Our main markets have
been the EU countries that don't require treatment. In order to justify the high cost of production in
Hawaii and the high cost of flying papayas half around the world, we specialize in shipping tree-
ripened, high quality fruits. We first tried to package fruit on the Big Island, then ship them to
Honolulu and then on to Europe. We quickly stopped packing on the Big Island because we lost
control over the quality in Honolulu. The biggest problem was to maintain a low temperature to
stop the tree-ripened fruits from turning overripe. To this day we have a packing house at
Honolulu airport for that reason. Four nights a week we fly in papayas from the Big Island,
process and chill them and ship them to Germany. It is an elaborate undertaking, but is the only
way to ensure high quality, tree-ripened fruits. To maintain a high standard of quality, fruits
transshipped through Honolulu International Airport must undergo final preparation at the airport.

Since the early 90's we have been looking at building a treatment facility so that we can export to
the US mainland. Back then, heat treatment was the only available technology. We quickly
realized the drawbacks of heat treatment. Heat treatment requires a chamber holding many tons
of fruit at a time. Treating less than a full chamber is not economical. Treating, more than one type
of produce at a time is generally not allowed (e.g. papaya and lychee).

Papayas must reach a core temperature of 47 C. Mixing large fruits with small fruits will overheat
smaller fruits. Since tree-ripened fruits (50 to 100% bright yellow) can not withstand temperatures
of 47 C, farmers now must pick a ripeness range from grass green to perhaps 50% yellow. A 50
to 100% ripe fruit is considered tree-ripe, and commands a premium price. Fruits ranging from
solid green to 50% yellow will mature at different times; with less bright shell color and less sugar
content and consequently command a lower price. (Irradiation can treat any sized fruit of any
maturity, mixed or not; without having an adverse effect on the quality of the fruit.)

Some heat treated fruits turn ripe within 24 hours. Some take days, requiring resorting by color.
Often disease or bruising is not apparent when the fruit is green and hard. Again, resorting for
bruised and diseased fruits is required as the fruit matures (maybe not at the packing house but
certainly somewhere down the distribution line, which adds even further costs). Treatment,
sorting and packing must take place in a fruit fly-free environment: usually a large building
accommodating the many steps needed to pack the.desired quality fruit in its final shipping
container. In other words, enough warehouse space needs to be paid for to treat, pack, re-sort
and store fruits.

Since heat treatment and subsequent sorting and packing are contracted out to the heat
treatment facility, it is very difficult for shippers to maintain direct control over the quality of fruit
packed out. This is because heat treatment must be done prior to packaging, while irradiation is
done after packaging. The degree of ripeness is very important. Mainland markets often complain
about fruit that is too green.



Because partial culling occurs after heat treatment, facilities are located close to production areas
to avoid unnecessary transportation cost of discarded fruits. Shipping unsorted fruits over long
distances to a heat treatment facility would incur additional transportation costs for culled fruits.
The increased cost would be especially high if a heat treatment facility were to be located at
Honolulu airport.

Heat treatment is approved for only a small number of fruits and vegetables that are grown in
Hawaii. The primary purpose of this treatment for papaya is to kill the larvae of the four species of
fruit flies present in Hawaii. Recently it has been determined that the Malaysian fruit fly can
survive a temperature of 47 C. As of Feb 23, 2007 the USDA amended its list of approved
products for heat treatment and removed tomato, squash, pepper and eggplant due to the
Malaysian fruit fly. Should a Malaysian fruit fly be discovered in a commercial shipment of
papayas, irradiation will be the only treatment left to ship to the US mainland.

While heat treatment has been successfully used it is limited to only a small array of approved
fruits, it needs large batches to treat, it needs to be close to production areas, it reduces fruit
quality and at a location like Honolulu airport would require high lease costs for a large building.

In contrast, irradiation can treat virtually all produce to be exported and can treat virtually all
infested produce or other infested products (e.g. wood products) when imported. That is true for
x-ray as well as cobalt-60 technology. Either technology can also irradiate fruit fly pupae for
USDA for their preventive release program on the mainland.

The most valuable function an irradiator can perform is treatment after final packaging, while in
transit and without applying heat. Irradiation can be done anywhere in Hawaii before it is sent off
to the mainland. If the purpose of the irradiator is to service the agriculture community on all
islands, it is logical to build one close to the State's most important distribution center, which is
Honolulu airport and Honolulu harbor. Transportation cost and delays to the farmers and shippers
are held to a minimum as shipments must pass through Honolulu. Placing it on an outer island
would only benefit that particular island. Placing the irradiator on Oahu, but away from the airport
has no. benefit. Given Oahu's traffic situation, it would greatly delay transportation to the facility,
resulting in missing scheduled outbound flights. It takes only about 10 minutes to travel from one
end of the airport to the other. Driving 10 miles to and from the airport could take one hour or
more, and increase truck traffic on roads that are already suffering from congestion. The cost of a
refrigerated truck would be necessary, adding as much as 37% to the treatment cost of papayas.
In this day and age it would be irresponsible to burn additional fossil fuels for useless and
unnecessary transportation.

There are however, some significant differences between x-ray technology and cobalt-60. The
following comparison is limited to the only x-ray food irradiator in the US, which is located on the
Big Island of Hawaii.

Electron beam works very well and efficiently for product that is thin and uniform. Papayas and
other fruit are not. Product that is thicker than 3 inches can not be treated by an electron beam.
Electron beam needs to be converted to x-ray in order to have enough penetration to treat entire
produce boxes. During the conversion 93% of the energy is lost. The cost of electricity here in
Hawaii is very high. The per pound cost for electricity alone is estimated at over 4 cents, a
significant factor.

X-ray technology is not new. It is very sophisticated and requires constant upkeep by highly
qualified personnel. Frequent breakdowns have occurred, some lasting two weeks before the x-
ray machine was functional again. Those breakdowns have lead to tremendous losses for
shippers. They were forced to "dump" their product on the local market or destroy it. This has an.
adverse economic effect on the entire Hawaiian agricultural system. During peak seasons like
Christmas, mainland customers were left without product, and scrambling to obtain product from



competing sources like Latin America. This has left the impression that Hawaii is not a reliable
source for agricultural products.

An x-ray facility would cost some 6.5 million dollars to build near Honolulu airport. Since the
.power of the e-beam generator determines output, it has a fixed production capacity. Capacity
can not be gradually increased to match growing demand for Hawaii products.

The economic future of x-ray technology was put on hold when Sure Beam, the vendor, went
bankrupt, leaving investors with losses in excess of $100 million. Even the Big Island X-ray facility
had to reorganize under new ownership. It would make little sense for Paina Hawaii to invest in a
failed company and a technology that does not suit Hawaii's needs.

Category III irradiators have been around for over 50 years. They have a proven safety record,
they have not impacted the environment and they are very reliable. Safety has been our foremost
concern. No accident has ever occurred in a category III irradiator. The International Atomic
Energy Agency in Vienna calls this type of equipment "inherently safe". The safety for both
workers and the public is designed into the equipment. The cobalt remains passive and securely
shielded. A hoist system is the only moving part to place product in front of the source. No
downtime is expected other than routine maintenance, and the rare occasion of reloading cobalt-
60.

Unlike x-ray technology, capacity can be increased to match rising demand by installing
additional cobalt. At a total cost of less than $3 million, the proposed cobalt-60 facility costs less
than half of an x-ray facility, while maximum annual capacity is more than double.

X-ray requires a large amount of electrical energy. The on-demand electricity is mostly generated
by fossil fuel burning generators, such as coal and oil. Hawaii imports most of those needed fossil
fuels from Indonesia, a country that is not regarded as a reliable trading partner or noted for being
politically stable. The Genesis irradiator using Cobalt-60 requires comparatively little electric
power, and has no negative impact on our environment. Cobalt-60 will come from qualified'
suppliers located in either Canada or England. Both countries have proven to be reliable partners
of the US.

Cold and methyl bromide treatment (fumigation) or just visual inspection (non-host status) are
approved for a very few products. These alternatives are of little help to diversify Hawaii
agriculture. The table, below depicts the various approved products for export to the mainland
from Hawaii. The table was adjusted to reflect the very recent, Feb 23, 2007 decision by USDA to
take off tomato, Italian squash, pepper and eggplant from the approved list for commodity
quarantine treatment.

Summary: Commodity quarantine treatments for Hawaii's fruits and vegetables
Abiu I Longan I, H
Atemoya I Lychee 1, H
Avocado C Mango I
Banana I, N Papaya I, H
Bell pepper I Pineapple I, N, H
Carambola '.1, C. Rambutan I
Citrus H oSapodilla
Durian N Sweet potato I, F
Eggplant I Tomatoes I
Italian squash I
I irradiation, C = cold, N = non-host status, H =heat (hot water immersion or vapor heat), F = fumigation

compiled by:
Dr. Peter Follett, Research Entomologist, Postharvest Tropical Commodities Research Unit
Tel. (808) 959-4303, Fax (808) 959-5470, e-mail pfollett@pbarc.ars.usda.gov



The percentage distribution of approved treatments for all 19 approved products is as follows:

Irradiation 84%
Heat 26%

.Cold 10%
Fumigation 5%
Non-host status 5%

Based on the above facts it is clear that there is no alternative technology or location that will
meet the goal of providing shippers on all islands the opportunity to ship treated agriculture
products to the mainland. The cobalt-60 irradiator could also play a very important role in dis-
infestation of imported products, aimed at preventing the introduction of additional invasive
species. Again alternative locations to Honolulu airport or alternative technologies to a cobalt-60
make no sense.

Honolulu airport, and at close proximity Honolulu harbor, are the most important terminals for
imported food products to the State. Locating treatment or destruction facilities away from the
airport or harbor will only add cost, and provide an opportunity for the alien species to escape
before treatment or destruction. This is particularly true for locations on the outer islands.

Hawaii is the capital of invasive species, which are a serious threat to its people, ecology and
agriculture. Recent examples are the nettle caterpillar, causing severe welts by using very sharp
spindles. Another very recent example is the little red fire ant. While most ants bite, the little red
ant has a stinger like a bee. The red fire ant is expected to eventually enter into the coffee
growing areas, making it difficult for workers to harvest the beans. The organic growers will have
very little options to control the ant. The list goes on and on.

Some 2500 alien species have been introduced to Hawaii. 98% of those are considered pests.
Many of those invasive species are also the very reason why Hawaii agriculture products can not
be freely exported. Instead pests like fruit flies require Hawaii shippers to treat its products.
The Hawaii Department of Agriculture (HDOA) is significantly increasing its inspection program
for imported products to protect Hawaii's environment. The Hawaii Legislature has approved
funding to double the inspectors to tighten down on the introduction of further alien species: The
purpose is to intercept alien species and find the most economical and sensible solution to deal
with the potential pest.

Shipping back to sender is a possibility but very expensive. Destruction of the product and the
hitchhiking alien specie will mean total loss of the product, and additional destruction costs will be
required. At the discretion of the HDOA, treatment to salvage the product is possible. Depending
on the type of treatment, some underlying data will be needed to justify a specific commodity
treatment. In the past methyl bromide had been used for its effectiveness to kill pests and specific
data is often available. But fumigation companies are reluctant to provide this service any longer
due to liability issues. Methyl bromide is being phased out, under the international Montreal
Protocol because it is known to deplete the earth's ozone layer. Methyl bromide also diminishes

*the quality of specific fruits. Cold and hot treatments could be used, but data is often not available
for specific commodities using cold or heat treatment. Generally speaking, small batches of
infested product are often costly to treat as the entire chamber needs to be used.

Irradiation is not commodity specific, it is rather pest specific. The recently approved generic dose
by the USDA (APHIS) of 400 gray would be sufficient to treat any alien species other than pupae
or adult moths. Irradiation can be used cost effectively on" small batches and has virtually no
impact on the product quality.

Again irradiation technology is more suitable than any other alternative treatment. For the same
reasons mentioned above it would make no sense to choose X-ray technology over proven
cobalt-60 technology.



If Pa'ina Hawaii were limited to x-ray technology, and/or had to place the facility 10 miles away
from the submitted location, I would not be able to justify an investment in this private business
venture. It is unclear how using x-ray technology or using a different location would have a
different impact on the environment, but only on the economics of the process. One might
conclude that the criticisms of the "Finding of No Significant Impact" by the NRC are merely an
effort to make the entire project not economically feasible. The alternative of not building the "
Pa'ina irradiator, as submitted, would have a sigqnificant negative impact on the future of Hawaii.
agriculture, integrity of Hawaii's fragile ecosystem and unique quality of life.

Sincerely,

Michael Kohn
Pa'ina Hawaii
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1 Hawaii, we would have more food available for us. And

2 a lot of the fears of irradiation are not based on

3 science. It doesn't make food radioactive, but it

4 does make it safer.

5 MR. TORRES: -Thank you very much. The

6 next person, Ella Manuel.

7 MS. MANUEL: Hi, my name is Ella Manuel.

8 I'm from the Big Island. I'm a farmer there. As you

9 can see from my name tag, I am 110 percent support in

10 Pa'ina Hawaii to get this irradiation on the road so

11 that we can get rid of all those unwanted visitors

12 that's coming here. Thank you.

13 MR. TORRES: William Julian.

14 Next person is Alberto Belmes. Alberto.

15 Did I pronounce your name correctly?.

16 MR. BELMES: My name is Alberto Belmes,

1.7 and I am a papaya farmer. And I'm farming over 25

18 years. I am the third largest registered in the state

19 of Hawaii. I have a 150 acres papaya currently in

20 producing. In addition, I have 45 acres of citrus and

21 have five acres of avocado. I fully support the NRC's

22 EA finding of no significant impacts of the ruling in

23 favor of issuing the Pa'ina Hawaii LLC license for an

24 underwater irradiator at the Honolulu airport.

25 I urge you to approve the licensing of the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.oom
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Pa'ina Hawaii LLC irradiator at the Honolulu airport.

This will provide farmers from the neighbor islands

convenient access to fruit fly quarantine treatment of

their fresh produce bound for the U.S. mainland

markets. In order for the Hawaii farmers to stay

competitive in world markets, we must produce

consistently high quality products at a price that

will keep farming economically viable and sustainable.

The irradiator will make that possible.

The irradiation will allow me to bulk

treat ripe papayas that are much desired by consumers.

Farming is my life. It provides income for my family

and my family of other employees. My farm also

supports papaya packing businesses that employed

considerable number of people in the community. Thank

you very much.

MR. TORRES: The next individual has

stepped out for a moment. William Julian, is that

you? Welcome back. You prefer to make a statement or

ask a question?

MR. JULIAN: Thank you for allowing us to

have these irradiation comment tonight. I came from

the Big Island. I'm the largest papaya grower. I

grow about 2 to 3 million ton a year. Our problem is

Honolulu is limited market and we'd like to export our

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON. D.C. 20005-3701 www.neafrgross.oom
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1 fruit to the mainland. They're waiting for our fruit

2 because Hawaii has the best papaya in the-world and we

3 need this irradiation. Thank you very much.

4 .. MR. TORRES: The next person- is Jimmy

5 Bernardo.

6 MR. BERNARDO: My name is Jimmy Bernardo

7 from the island of the Big Island. I have 25 acres,

8 25 years papaya growers. I fully support the plans

9 for irradiation. Thank you.

10 MR. TORRES: The next person -- I cannot

11 make the first name, her last name is Molina. His

12 name. Please state your full name.

13 MR. MOLINA: My name is Daniel Molina,

14 papaya farmer for over three years. I live in Kona

15 where I farm 50 acres of papaya. I fully support of

16 the NRC EA finding of no significant impact and in

17 favor of issuing Pa'ina Hawaii LLC license for

18 underwater irradiator at the Honolulu airport. If

19 irradiation is approved as treatment for papaya, it's

20 the only treatment allows us to sell tree-ripened,

21 high quality papaya, distancing Hawaii papaya from

22 those produced by the other countries. The influx of

23 foreign papaya from South and Central America has

24 eroded the market for Hawaii papaya. It's made it very

25 difficult for the papaya farmers in Hawaii to compete.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com
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From: <Hawaiiexport@ aol.com>
To: <jew1 @nrc.gov>
Date: 08/28/2006 8:10:24 PM
Subject: possibly new location

Jack Whitten
Reg. IV, US NRC
611 Ryan Plaza Drive, Suite 400
Arlington, TX 76011-8064
Dear Mr. Whitten:
On June 23, 2005, Pa'ina Hawaii submitted an application for a Materials
License to use and possess cobalt-60 in a commercial category III irradiator at
a location adjacent to Honolulu International Airport. This site was
originally chosen due to its good commercial location and a location that was ideal
to support the Hawaii Department of Agriculture. Actually, it was the Hawaii
DOA that originally recommended the location to Pa'ina.
At the time of filing, it was anticipated by both Pa'ina Hawaii and the
Nuclear Regulatory Commission that the application and licensing process would
take a few'months. It is now over 14 months later and there is no clear
indication when the license will be issued.
These delays have led to lost opportunities. However, they have also led to
a new opportunity to use an existing commercial building. Pa'ina is
entertaining the idea of changing the proposed location from that listed in the
license application to that of an existing building on Ualena Street.
There are two commercial advantages to moving to Ualena Street First, by
moving into an existing building, there will be less construction time
independent of the installation of the irradiator. This will help make up for time
lost due to the unanticipated delays of the ASLB process. Second, there are
several commercial buildings that would be acceptable to Pa'ina on Ualena
Street. Pa'ina has not yet been able to lease the existing proposed location.
If the licensing process continues to be delayed, there are no guarantees that
the proposed location will still be available at the end of the process.
Pa'ina Hawaii has not yet made any decision to relocate the operation. To
evaluate the full impact of moving the operation, we need your input. It is
imperative that we know all of the implications of such a move as they relate
to our application for a materials license. Would you please answer the
following questions:
1) Would a change in location require a new filing or simply an
amendment to the application, including site specific information?
2) Ualena Street is further from the active operations of the airport
and further from the ocean. As has been discussed in the legal actions
before the ASLB; the only siting guidelines for an irradiator is that they are
allowed to be located in an area where other occupied buildings are allowed.
Ualena Street is a business section that has a multitude of occupied light
industrial buildings. With this in mind, how would a move to Ualena Street
impact the recent decision of the ASLB to have a hearing on the one remaining,
site specific, contention? If the NRC believes that the existing contention
would be moot, would the NRC be willing to join a brief with Pa'ina to dismiss
the last contention as moot?
3) Because it would be a new location, what is the impact onthe
Environmental Assessment presently being prepared? The new location is both
further from an active runway and further from the ocean. Our understanding is
that the NRC volunteered that even though the irradiator was Categorically
Excluded from an EA, it would perform an EA at the existing proposed site.
Since the irradiator is still Categorically Excluded and because a new location

EXHIBIT 20



would not be under the EA stipulation, would an EA be performed at the new
site? Would the EA then turn into a generic environmental study for the
existing site, independent of Pa'ina Hawaii's application? Would the EA be
dropped as moot?
4) Does the NRC identify any other implications that may facilitate
and/or delay the NRC's technical review, EA, or ASLB proceedings?
This is only an inquiry. Please do not prejudice the current review based
on this inquiry. Your responding to these questions would greatly facilitate
the process. I eagerly look forward to your reply.
I look forward to your response.
Sincerely,
Michael Kohn
President

CC: <RJT@NRC.gov>
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EARTHJUSTICE.
Because the earth needs a good lawyer
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Office of the Secretary
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001
Attention: Rulemakings and Adjudications Staff

VIA FIRST CLASS MAIL

David L. Henkin

August 26, 2008

Pa'ina Hawaii, LLC (Materials License Application),
Docket No. 30-36974-ML, ASLBP No. 06-843-01-ML

ENCLOSURES DATE DESCRIPTION

Original
and two copies 8/26/08 INTERVENOR CONCERNED CITIZENS OF

HONOLULU'S INITIAL WRITTEN STATEMENT OF
POSITION

[]For Your Information. [X] For Filing.
[X] For Your Files. []For Recordation.
[]Per Our Conversation. []For Signature & Return.
[]Per Your Request. []For Necessary Action.
[]For Review and Comments. []For Signature & Forwarding.
[]See Remarks Below.

REMARKS:

223 SOUTH KING STREET, SUITE 400 HONOLULU, HI 96813-4501

T: 808.599.2436. F: 808.521.6841 E: eajushi@earthiustice.org ' W: www.earthjustice.org
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