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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE COMMISSION
In the Matter of:

PACIFIC GAS & ELECTRIC CO. : Docket No. 72-26 - ISFSI
(Diablo Canyon Nuclear Power Plant
Unit Nos. 1 and 2)

SECOND DECLARATION OF DR. GORDON R. THOMPSON
ON BEHALF OF SAN LUIS OBISPO MOTHERS FOR PEACE
IN SUPPORT OF CONTENTION 2 REGARDING THE CONSTRUCTION AND
OPERATION OF THE DIABLO CANYON INDEPENDENT SPENT
FUEL STORAGE INSTALLATION

I, Gordon R. Thompson, state the following:
l. Introduction

I-1. 1 am the executive director of the Instidor Resource and Security Studies (IRSS), a
nonprofit, tax-exempt corporation based inddachusetts. Our office is located at 27
Ellsworth Avenue, Cambridge, MA 02139. IR®&s founded in 1984 to conduct technical
and policy analysis and public educatiwith the objective of promoting peace and
international security, efficientse of natural resources, and patiton of the environment.

[-2. 1 am an expert in the technical analysisafiety, security and emenmental issues related

to nuclear facilities. Informain about my relevant experience and expertise, together with an
attached copy of my curriculum vitae, are pded in my declaration of 27 June 2007 in this
matter’ That declaration accompanied a report thmepared for San Luis Obispo Mothers

for Peace (SLOMFP).My declaration and repostpported contentions submitted by

SLOMFP in this mattet.

I-3. Here, | set forth facts, data ang@aments to support SLOMFP Contention 2.
I-4. SLOMFPOs contentions responded t@tiidication by the Staff of the US Nuclear

Regulatory Commission (NRC) af Supplement to the Emgnmental Assessment (EA)
for a proposed Independent Spent Fuel&fernstallation (ISFSBt the Diablo Canyon

! Thompson, 2007d.
2 Thompson, 2007b.
® SLOMFP, 2007.
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site. The EA Supplement was publishediaft and final versions, in May 2007 and
August 2007, respectivefy.

I-5. The remainder of this declaratioonsists of narrative discussion set forth in
Sections Il through VII, togethavith a bibliography and threables. All citations in the
footnotes and the tables are to documents listed in the bibliography. Some additional,
relevant documents also a&&p in the bibliography.

[I. SLOMFP Contention 2 and Its Context
II-1. SLOMFP Contention 2 states as follows:

"The EA Supplement fails to satisfy IRB because the NRCOs decision not to
prepare an EIS is based on hiddad unjustified assumptions.”

[I-2. In setting forth the basis for Conteam 2, SLOMFP provided examples of the EA
SupplementOs reliance on hidden and unggssumptions. A notable example was

the EA Supplement's apparent assumptiontbieenvironmental impacts of an attack on

a spent-fuel-storage module would be insigaificif the attack doesot result in early

fatalities. That assumption can be inferred because the EA Supplement, in discussing the
consequences of a release of radioactive maataising from arattack on an ISFSI,

provided only one direct indicator of an adweasitcome, namely "the potential for early
fatalities"® It should be noted that the NRC usies terms Oearly fatalitiesO and Oprompt
fatalitiesO interchangeably.

11-3. My report in support of SLOMFPOs amttons shows that the potential for early
fatalities is an inappropriate indicator oétanvironmental impacts of an attack. Other
consequences of an attack, especially ordamination and its sequelae, would have
considerably greater sigreiince. A credible attack on the Diablo Canyon ISFSI could
release to the atmosphere tens of perottite inventory of cesium-137 in affected
spent-fuel-storage modules. Depositiortesium-137 from that release could render
thousands of square kilometers afdauninhabitable. Sequelae would include
contamination of food and water, cancers atiger adverse health effects that would be
manifested years after the release, relocadif populations, abandonment of real estate,
and various economic and social impadisonomic losses could amount to tens of
billions of dollars.

lI-4. The NRC Commissioners have adndttéontention 2 into this proceeding, in

regard to the scope of the consequences considered in the EA Supfldraddtess that
issue here, in its appropriate context. Thmpscof the consequences of a potential attack
on the Diablo Canyon ISFSI could only be properly understood as part of a

*NRC, 2007b; NRC, 2007a.

°> SLOMFP, 2007, page 10.

®NRC, 2007b, page 6. An equivalent statement appears at: NRC, 2007a, page 7.
" Thompson, 2007b, pages 17 and 37.

8 NRC, 2008a, pp 20-21.
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comprehensive assessment of the environmental impacts of such an attack. SLOMFP
does not have the funds needed to conduct such an assessment, nor does SLOMFP have
the duty to do so. Nevertheless, SLOMFP fully understands the steps needed to conduct
such an assessment, and has construgtedritentions accordingly. My report in

support of SLOMFPOs contentions, and tisisnieny, reflect that understanding. Both
documents provide illustrative analysestgpport their arguments. Neither document
purports to provide a comprehensive assgent of environmental impacts.

lI-5. A comprehensive assessment of emwmental impacts, as discussed in the
preceding paragraph, would begin by identifyargl characterizing a range of credible
attacks. Then, for each type of attacle #ssessment would estimate the release of
radioactive material to the environment.ttie case of an attack on an ISFSI, the most
significant mode of release would be te titmosphere. Next, the assessment would
model the dispersal of radioactive materiatha environment. That step would include
site-specific factors that siditantly affect the behavior attmospheric plumes. Then,
the assessment would estimate human expostine teleased radioactive material by all
significant pathways. Finally, the assessnveniild estimate the health, environmental,
social and economic impacts, both direct amtirect, that arise from the potential for
attack-induced release @fdioactive material.

[I-6. The NRC Staff has not conducted a corhpresive assessment, as specified in the
preceding paragraph, for the Diablo Canyon ISFStalysis that the Staff has conducted
is reviewed in subsequent sectionsho$ testimony. The requirements of a
comprehensive assessment providi@mework for that review.

lll. NRC Staff Position Regarding the Potential for Early Fatalities

llI-1. As stated in paragph 1I-2, above, the EA Supplement provided only one direct
indicator of an adverse outcome of ameitton an ISFSI, namely the potential for early
fatalities? Thus, SLOMFP has inferred that the NRC Staff, in preparing the EA
Supplement, assumed that the environmentphats of an attack on an ISFSI would be
insignificant if the attack does not resultarly fatalities. Information subsequently
provided by the NRC Staff in this proceedimas confirmed SLOMFPOs inference. That
information relates to researobactors and related facilitiesnd to ISFSIs, as described
in the following paragraphs.

[1I-2. In the document, SECY-04-0222ated 24 November 2004, the NRC Staff
submitted to the NRC Commissioners agwsed decision-making framework for
vulnerability assessments for masdsiand research and test reactdrSECY-04-0222
stated, at page 3:

"Several methodologies for conductiagd evaluating comprehensive VAs
[vulnerability assessments] for differeypes of assewre currently under

° The EA Supplement also discussed the estimated radiation dose to an individual, which is an indirect
indicator of an adverse outcome. That issue is discussed here in Section IV.
1 Reyes, 2004.
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development. In particular, the M, in cooperation with numerous
stakeholders, is funded by DHS tovdop the RAMCAP methodology. This
methodology is designed to inform thkocation of resources to protect
infrastructure components.”

SECY-04-0222 went on to state, at page 4:

"As discussed in this paper, the camsences considered are prompt fatalities
from radiation exposure and those chem&ftdcts associated with radioactive
material processes (i.e., §F Past Commission poliand practice has varied

with respect to considdran of consequence criteria. The proposed VA decision-
making framework uses only prompt fatigls as a consequence criterion.

It is also recognized that otheridance, such as the draft RAMCAP
methodology, uses other consequence criteria. For example, RAMCAP uses
criteria such as economic, environrta@nnational security, symbolic and
sociopolitical impacts, and loss of outmutproduction capability as metrics for
national level screening.

Other related radiological consequence detthat could be incorporated in the
framework include latent fatalities, lawdntamination, and chemical risks due to
plant conditions which affect the safetyraflioactive materials [words redacted].
Including some of these consequencesaatmay also be consistent with the
goal, in the NRC's Strategic Plan, to enqunaection of publihealth and safety
and the environment, and also with #eetion on commercial nuclear reactors in
the National Infrastructure ProtectioraRl There are various points of view
within the staff on the need for additidmaiteria, e.g., langontamination.

The staff also recognizes that expodoreertain radioacts materials [words
redacted] would not result in a prompt fayeor the need for additional measures.
However, using other consequence cidi€e.g., land contamination) may require
additional security measures."

[1I-3. The NRC Commissioners subsequemttgvided a written response, dated 19
January 2005, to the recommendatiprffered by the Staff in SECY-04-0222.The
Commissioners stated, at page 1.:

"The Commission specifically approves,rasommended by the staff, the use of
prompt fatalities as the consequence analysis in the decision-making framework
for this activity."

The Commissioners went on $tate, at page 3:

1 Vietti-Cook, 2005.
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"As a separate issue from the vulr®litsy assessments conducted under the
decision making framework, the staffaild not be independently developing
criteria and standards for other comgences (such as land contamination and
economic impacts) at this time. Rethconsistent with the US government
programs for homeland protection and sgguthe staff should continue to
support the separate vulnerability assesgmeviews being conducted under the
leadership of the Department of Hdared Security (DHS). These activities
include the consideration of conseqoes other than prompt fatalities.”

lI-4. The StaffOs recommendationSECY-04-0222, and the @omissionerOs written
response to those recommendations, dicerplicitly cover ISFSIs. However, a
subsequent Memo sent frame Staff office to anothelid explicitly link SECY-04-0222
with ISFSIs*? The Memo, dated 9 December 2005, stated at page 1:

"In response to Chairman Meserve'smoeandum, "Response to Terrorist Acts",
dated September 28, 2001, and in accordance with SRM-SECY-04-0222,
"Decision-Making Framework for Matetis and Research and Test Reactor
Vulnerability Assessments”, the Spé&iuel Project Office (SFPO) staff
performed framework assessments for sl storage casks and transportation
packages and radioactive material $@ortation packagder various potential
terrorist threats."

l1I-5. From that statement, it is evidenatithe NRC Staff, in performing framework
assessments of the vulnerability of ISF8] attack, acted Oaccordance withO the
approach set forth in SECY-04-0222. It felt®that the Staff, in considering the
consequences of an attack on an ISFSI, limtsedonsideration to the potential for early
fatalities.

l1I-6. The Government Accountability Offe (GAO) reviewed, in a January 2008 report,
NRCOs assessment of the vulneralfifyesearch reactors to attdékGAOOs general
conclusion is evident in the reportOs tileclear Security: Action May be Needed to
Reassess the Security of NRC-Licensed Research Rea6# noted NRCOs reliance
on the potential for early fatalities as the dotticator of the consequences of attack.
GAO used the term Oimmediate fatalitiesO, whieuivalent to Oearly fatalitiesO. The
GAO report stated, at page 8:

"NRC used the number of immediatédiities caused by radiological release
resulting from an attack at a researehctor as its criterion to measure
consequences and assessed [assess] theaageof the security at NRC-licensed
reactors."

l1I-7. In preparing the above-mentioned rep@&AO obtained independent advice on the
vulnerability of research reactoto attack, and on the caagiences of such an attack,

12 Strosnider, 2005.
13GAO, 2008.
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and reviewed the findings of the US Depaent of Energy (DOE) and Sandia National
Laboratories (SNL) on these matt&tsAnalysts at Idaho N@nal Laboratory (INL) and
the Department of Homeland Security (DH8lvised GAO that a credible attack on a
research reactor could cause a release afaative material substantially larger than
NRC assumes. An INL analyst advised GA@tttne consequences of an attack could
include significant land contamination. GA®ted that DOE has determined that the
consequences of an attack at some of gsaech reactors coub® severe, potentially
involving the dispersion of radactive material over many square miles. GAO also noted
that SNL had, under contract to NRC, assg$ise vulnerability of research reactors.
SNL concluded that some credible atmckuld be successful. NRC disagreed, and
concluded that radiologicabosequences of credible attacks would be minimal.

11I-8. The NRC CommissionersO responsBajanuary 2005 to SECY-04-0222 stated,
at page 1°

"The Commission continues to supportdatglier direction that Sandia National
Laboratories' draft vulnerability assessiisamot be shared with industry and
should not be released toymne outside the agency."”

[11-9. From that statement, it apped#inat the Commissioners sought to suppress a
differing professional opinion that was déymed by SNL while working under contract
to NRC. The existence of that diffieg opinion was not publicly known until the
publication of GAOOs report in January 200®reover, as shown in paragraph I11-3,
above, the Commissioners ordered the Staféfrain from independently developing
criteria and standards for attack consequeanttes than early fatalities. These actions
by the Commissioners were taken with dirgalacation to research reactors and related
facilities. As shown by paragraphs Ill-4dlll-5, above, it appears that these actions
also apply to ISFSils.

[11-10. From the preceding paragraphs, it ceasonably be cohaed that NRC has
made a policy choice to considamnly one category of envirorental impacts of an attack
on an ISFSI, namely the potential for early fitigss. Also, in thecontext of research
reactors and related facilities, NRC has mpadlcy choices to not consider attack
scenarios that SNL and other authorities have determined to be credible, and to not
consider environmental impacts other thanpbeential for early fatalities. A motive for
the latter choice can be infedr&om an NRC Staff statemequoted in paragraph I1I-2,
above, that Ousing other cegsence criteria (e.g., lamdntamination) may require
additional security measuresO. Additiselurity measures would involve additional
costs. Thus, by not considering environtaéimpacts such as land contamination, NRC
may have allowed licensees to avoid additi@osts. It can reasonably be inferred that
NRC has taken essentially the same apgin in the context of ISFSISs.

4 GAO, 2008, pp 14-18.
15 Vietti-Cook, 2005.
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V. NRC Staff Estimation of Radiation Dose to an Individual

IV-1. As noted in subsequent paragraphe NRC Staff has released a succession of
documents that discuss its estimation ofrtt#ation dose to an individual following an
attack on the Diablo Canyon ISFSI. Eatitcessive document contains additional
information, but the publicly available deggtion of the StaffOs assumptions and
analyses remains incomplete. For example Staff has not disclosed the composition
of the atmospheric release for whitlestimates a radiation dose.

IV-2. As explained in Section VI, below,adppears that the StaffOs process of estimating
the radiation dose to an individual has been fundamentally shaped by NRCOs policy
choice to consider only one egpbry of environmental impacts of an attack on an ISFSI,
namely the potential for early fatalities. Tipadicy choice has led the Staff to confine its
analysis of radiological consequences tori@aar category of rdiation exposure, and

to refrain from considering potBal releases of radioactive teaial that are significant in
regard to other categoriesrafdiation exposure. In other words, NRCOs policy choice has
precluded a thorough, science-based assessihte environmental impacts of a

credible attack on the Diablo Canyon ISFSI.

IV-3. The NRC StaffOs May 2007 EAagplement for the Diablo Canyon ISFSI
discussed, at page 7, the factors relevardad@tion dose arising from an attack at the
ISFSI, concluding®

"Based on these considerations, the doskdmearest affected resident, from
even the most severe plausible thsganarios B the ground assault and aircraft
impact scenarios discussed above B would likely be below 5 rem."

IV-4. That claim was fuhter elaborated in the StaffOs August 2007 EA Supplement,
which stated at page'7:

"More specifically, NRC staff performealdose calculation using source term and
meteorology inputs from the generic assegas This resulted in a projected
dose of less than 5 rem for the nearesident. Using the Diablo Canyon site-
specific meteorology, as opposed te generic meteorology, reduces the
projected dose consequenbgsa factor of 10 to 100."

IV-5. In a subsequent response to SLOM#EsRovery in this proceeding, the Staff
provided additional, but still incomplete fammation regarding itestimation of the
radiation dose to an individual residéhtThe Staff stated that dose was calculated as
total effective dose (TED) inatling inhalation, external expore from the plume, and 4
days of external exposure from deposited material. Presumably, the Staff actually
calculated total effective dose equivalent (ED As a first step, the Staff used the

18 NRC, 2007b.
”NRC, 2007a.
18 NRC, 2008b, pp 15-17.
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Hotspot code assuming a release heighit mieter, no plume rise, a wind speed of 4.0
meters per second, and atmospheric stalfify (neutral). Given those assumptions,
dose was calculated for an individual at antates! distance. Assecond step, the Staff
compared the Hotspot-modeled plume dispersvith dispersion estimates provided in
the licensee's Environmental Report for the fioceof the nearest resident to the Diablo
Canyon ISFSI, at a distance of 2,414 meters. 3iegtyielded a dose 1 or 2 orders of
magnitude lower than did the first step.

IV-6. Hotspot is a code developed bywrance Livermore National Laboratory (LLNL).
It is a conventional Gaussiatraight-line dose assessmerddal. In describing Hotspot,
LLNL says™®

"Users requiring more sophisticated miiakg capabilities, &., complex terrain;
multi-location real-time wind field data; etc., are directed to such capabilities as
the Department of Energy's NARAC computer codes."

IV-7. The Diablo Canyon site is on the coagth substantial topogrdyic relief (hills) in
landward directions. An atmospheric plureéeased at such a location can exhibit
complex behaviors. The NRC Staff did mttempt to model those behaviors, relying
instead on the Hotspot code. The findingthat code could beighly misleading. For
examspz)(l)e, a study conducted for NRC in 1983estategarding plume havior in coastal
zones:

"The direct application of a conventidr@aussian straight-line dose assessment
model, initialized only by on-site weer data, can potentially produce highly
misleading guidance as to plume impact locations."

The same study also stated:

"For sites located within a coastal zone the following are just some of the
transport phenomena routinely encountered:
(1) surface wind flow reversals diemesoscale frontal passages,
(2) the return of effluents onshorathhad previously drifted over water
during the prior night's land breeze,
(3) trajectory curvature due @oriolis and other forces,
(4) plume bifurcation from multi-stack releases due to extreme vertical
wind shears,
(5) transport of near surface plunmesigher altitudes due to chimney-
like updrafts in convergence zones,
(6) encapsulation of plumes in return flow layers aloft,
(7) second trip fumigation fromecirculating plumes."

191 LNL, 2008.
2 Lyons et al, 1983, page 3.
2L Lyons et al, 1983, pp 5-6.
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IV-8. A comprehensive assessment of thei@nmental impacts of potential attacks on
the Diablo Canyon ISFSI would consider thage of plume behaviors that can be
exhibited at this particulartei. The NRC Staff chose, instead, to use a simple, stylized
model of plume behavior B the Hotspotle B despite its known limitations. That
approach is consistent with a preconcdiveew that the envonmental impacts of
potential attacks are insignificant. A sian approach is evident in the StaffOs
consideration of attack-induced releases dioactive material, adiscussed in Section
VI, below.

V. Attack-Induced Atmospheric Release oRadioactive Material from a Spent-Fuel-
Storage Module: Background Discussion

V-1. There is a published, technical literattivat relates, directly and indirectly, to
attack-induced atmospheric release of raditve material from a spent-fuel-storage
module of the type that would be ussdhe Diablo Canyon ISFSI. Also, general
attributes of such a releasen be estimated from praf@onal knowledge of engineering
and related disciplines. IndHollowing paragraphs, these soes are used to discuss the
range of attack-induced atmospheric red¢sathat could occuat the Diablo Canyon

ISFSI. In Section VI, below, that rangecismpared with the redeses considered by the
NRC Staff.

V-2. One example of relevant publishéddrature is a 2001 jpeer by Lange et al,
discussing an experiment to simulate an attack cask used for storage or transport of
spent fuel, using a shaped chafgelhe authors described a test, done in 1992, in which
a shaped charge penetrated a shott€@BSTOR cask containing shortened fuel
assemblies in which the pellets were madedegfleted uranium. The fuel rods were
internally pressurized to 40 bar to simulatal spent-fuel rods. The shaped charge was
intended to represent an atdnrk weapon. Each of twhats yielded a release of 1.0
grams of uranium in the aerodynamic equivatbameter (AED) clas of less than 12.5
micrometer, and 2.6 grams in the AED cla8s5 to 100 micrometer. Using these test
results, the authors estimated the downwinliateon dose for an equivalent attack on a
real cask containing real spent fuel. Theynested that the inhalation dose at a distance
of 50 meters would be below 50 mSyv (5 rdor)the most severe (i.e., dose-enhancing)
weather conditions. The inhalation dosewd be dominated by actinides, such as
plutonium isotopes.

V-3. There is an Internatal Working Group for Sabotagncerns of Transport and
Storage Casks. This Working Groupkis SNL, DOE, NRCad organizations in
Germany, France and UK. The WorkingoGp conducts an experimental program
whose findings are published periodicallne of those publications, dated October
20086, stated at page’3:

"This program provides source-term d#tat are relevant to some sabotage

2 Lange et al, 2001.
2 Molecke et al, 2006.
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scenarios in relation to spent fuel trans@ord storage casks, and associated risk
assessments."

The same publication stated at page 15:

"This experimental program is designedneasure several important features of
the interaction of a HEDD (conical shapathrge, CSC) jet with spent fuel or
surrogate material pellets containeihin a Zircaloy-4 cladding tube."

The term HEDD refers to a high-energy-dendigyice, in the form of a shaped charge.
It is clear that the primary focus of tiiéorking GroupOs experimental program is to
examine the creation by an HEDD of respiraseosol. Informatiomabout the release of
respirable aerosol is needed to estinla¢einhalation dose accrued by an individual
downwind of an attacked cask.

V-4. The NRC Staff argues thlte radiation dose to a dawind resident following an
attack on the Diablo Canyon ISFSI would notexd 5 rem. Exposure of a person to a
dose of 5 rem would require only a smalkgee of radioactive material from a spent-
fuel-storage module, as discussethia report | prepared to support SLOMFPOs
contentiong* That report showed, for examplkat creation of a hole in a moduleOs
multi-purpose canister (MPC) would yield a do$&.3 rem to an individual located 900
meters downwind if the hole had an equivhldiameter of a mere 2.3 mm. Most (95
percent) of the dose would be attributabléhte release of two-millionths (1.9E-06) of
the MPC's inventory of radioisotopes irettines" category. The dose of 6.3 rem would
be the committed effective dose equivalent (CEDE) arising from inhalation. CEDE
would make up most of the total dose (TERIBY is a sufficient approximation to it.

V-5. The experiments discussed inggraphs V-2 and V-3, above, simulated

mechanical damage to the interior of a container containing spent fuel assemblies. The
damage would encompass some or all of the irodffected fuel assemblies, and some of
the pellets in those rods. @$e experiments did not investig the potential for ignition

of the zirconium alloy (zircalgycladding of the rods, or theplications of that ignition

for the release of radioactive materiathe atmosphere. Similarly, the calculations
summarized in paragraph V-4 did not coesidircaloy ignition. As shown in the

following paragraph, ignition of zircaloy claddj could lead to a substantial atmospheric
release of cesium-137, causing severe radioal impacts of the type discussed in
paragraph I1-3, above.

V-6. Table 1 shows that the energy reledsgdombustion of zaaloy cladding in air
would be ample to raise the temperaturadjficent fuel pellets well above the boiling
point of cesium, which is about 690 degreesStistained combustionside a spent-fuel-
storage module would require the free ingm&fssir and egress of combustion products.
If those conditions prevailed, combustionatddding could propagato many of the

% Thompson, 2007b, page 33 and Table 4-1.
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rods inside the module, and the release dibeective material to the atmosphere could
include tens of percent of theoaluleOs inventory of cesium-137.

V-7. The preceding discussion shows thdtadugh investigation of the vulnerability of
an ISFSI to attack would devote consideraitention to the potential for ignition and
sustained combustion of the@loy cladding inside a spefutel-storage module. That
potential was discussed in the repgutépared to support SLOMFPOs contentions.

V-8. One means, among others, wherebulanational group could obtain combustion
of zircaloy cladding would be to attaclspent-fuel-storage aaule using a device in
which two stages are mounted in tandem. fifiseéstage would be a shaped charge that
penetrates the moduleOs overpack and MP@.second stage would use incendiary
material, perhaps combined with explosimaterial, to ignite the zircaloy cladding.
Table 2 shows that shaped charges capsftpenetrating a mode®s overpack and MPC
have been widely available for decad®&arious types of incendiary material are
available, and are deseed in published literatur8. Many types of incendiary device
have been developed. For example, esparSNL have described their testing of
devices that combined explosive teréal with combustible metafé. These devices
yielded blast, fragmentaticand incendiary effects in omination. Zirconium sponge
was found to function well as an incendiady specific purpose of the testing was to
prepare for the development of an incendiaayhead for a penetrating device. The tests
led to the following conclusioff

"Our results indicate that a metalizedendiary explosive device is feasible and
capable of starting massive firat the target site.”

V-9. Small, self-propelled missiles that can be equipped with tandem warheads are
available on international arms marke@onsider two Russian-made examples. The
RPG-29V has an effective daefire range of 300 metef?. It is said to be able to
penetrate 1.5 meters of reinforcedhcete. The Komet E is laser guid@dits range is
up to 5.5 kilometers in daylight and 3.5 kileters at night. The manufacturer claims
penetration of 1.2 meters of steel armod & meters of concrete. A firing unit including
launcher, thermal sight and omeéssile has a mass of 65 kg.

V-10. Arms manufacturers are continuingdevelop tandem-warhead systems. For
example, in January 2008 Raytheon testedstiaped-charge penetrating stage for its
Tandem Warhead Systeth.The shaped charge penetrated 19 feet into steel-reinforced

% Thompson, 2007b, pp 33-37.

% For example, Fischer and Grubelich, 1996b, provided information about various exothermic reactions.
These included the "traditional” thermite reactiont 8&8Fe304 B> 4AI203 + 9Fe. The heat of that
reaction is 879 cal per gramnd the adiabatic reaction temperatwieh phase changes, is 3,135 degrees K
= 2,862 degrees C.

" Fischer and Grubelich, 1996a.

28 Fischer and Grubelich, 1996a, page 11.

29 Defense Update, 2008a.

% Defense Update, 2008b.

31 Raytheon, 2008.
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concrete with a compressiveesigth of 12,600 psi. The purpose of this new system is to
penetrate a target protected by concrete, atadkock barriers, and to cause damage
inside the target. Development of theteyn was self-funded by Raytheon. The current
version would have a mass of about 1,000 poimds tandem configuration. Raytheon
states that it could scaleetbhechnology, which implies both larger and smaller versions.

V-11. The preceding discussion in Section V has outlined some of the types of attack-
induced atmospheric release that couldxApegenced by a spent-fuel-storage module at
the Diablo Canyon ISFSI. Table 3 providemiare complete description of potential
attack-induced atmospheric releases. Fgpes of release are identified. Without
excluding Type | and Type Il releases from consideration, | focus here on Type Ill and
Type IV releases. The differences betweaséhreleases are significant in the context of
the present proceeding. Type lll releases wbeldssociated with attack scenarios such
as the impact of a commercial aircrafttloe explosion of a veblie bomb. Scenarios of
that type would have a comparatively dramappearance, featuring noise, external fire,
and smoke. By comparison, the attack scemassociated with Type IV releases would
appear less dramatic. Yet, the Type Néases would contain much larger amounts of
volatile isotopes such as cesium-137, which wdad significant fromhe perspective of
land contamination. A superficial assessmerhefvulnerability ofan ISFSI might lead

to the conclusion that Type IV releases deserve less consideration than do Type Il
releases. That assessment would be incorteetould ignore thgreater sophistication

of the attack scenarios associated wigpd IV releases, which would aim to maximize
radiological impacts rather than the dramafipearance of the event. Also, analysts
whose attention is focused on the inhalatiose to a downwind individual could fail to
appreciate the significance of Type IV releasethey assume that the more dramatic-
appearing attack scenarios associated Wbe 11l releases would yield larger amounts
of the isotopes that dominate inhalation d&se.

VI. Attack-Induced Atmospheric Release oRadioactive Material from a Spent-
Fuel-Storage Module: Consideration by the NRC Staff

VI-1. The NRC Staff has not disclosady information about the attack-induced
atmospheric releases that it has consideréide context of ta Diablo Canyon ISFSI.
Some information about those releases cangkiewy be inferred from available sources,
as described below.

VI-2. The Staff has disclosed some imfmtion about a study conducted for NRC by
SNL, regarding the impact of a large aircm@afta field of HI-STORM spent-fuel-storage
modules. That type of module would bedst the Diablo Canyon ISFSI. The study
was described in a repoft. Most of the content was redacted from the version of the
report provided to SLOMFP. At page 7, thdaeted report stated that the mass of the
assumed aircraft is representative of the adhsgrcraft involved inthe 9/11 events. At
pages 24-25, the report stated that it ikkety that a pool of fuel and a storage module

32 Note that cesium-137 in an atmospheric plume would be significant from the perspective of land
contamination, but would yield a comparatively small dose if inhaled.
% Smith et al, 2004.
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would be co-located after the dynamic phasthefimpact had concluded. Thus, a long-
duration pool fire affecting a module was judgedbe a non-credible event. At page C-

4, the report mentioned the analytic simaatof a quiescent, engulfy fire affecting an
upright module. The simulation was run fasheort time B 90 to 180 seconds D consistent
with SNLOs judgment that a module wouldb®to-located witla long-duration pool

fire.

VI-3. Another report desibed a study conducted by SNir NRC on the response of a
HI-STORM 100 module to an explosive bl&5tAgain, most of the content was redacted
from the version provided to SLOMFP. page 8 the redacted report stated:

"The amount of explosive and standoff distas representative of a scenario of
a small truck parked directly adjacentie cask. The scenario parameters for
this event were defined by NRC desigrsisahreat criteria and by NRC staff,
where more specificity was required to defithe event. This loading simulates a
truck delivery of the explosive, parked adjacent to the cask."

At page 21 the report stated:

"The charge configuration is limited to a bare TNT charge in close proximity to
the cask."

VI-4. The attack scenarios discussed in gaaphs VI-2 and VI-3 would be associated
with Type Ill atmospheric releases, usihg typology set forth in Table 3. Both
scenarios would have a dramatic appearanaeneither would regsent a sophisticated
approach to maximizing radiologicapacts. Neither scenanmould be likely to initiate
sustained combustion of zircaloy cladding desa module. Both scenarios would be
consistent with atmospheric releases simdahose discussed paragraphs V-2 to V-4,
above. For such releases, the dominant ragicdl impact would béhe inhalation doses
accrued by persons exposed to the radioactive plume.

VI-5. The NRC Staff argues that the elvimental impacts of potential attacks on the
Diablo Canyon ISFSI are notggiificant. The Staff has nptrovided a comprehensive
assessment to support that posiftorNor has the Staff disclosed all of the assumptions
that underlie its position. Thus, much o thasis for the StaffOs position remains hidden.
Section Il of this testimony provides cosiling evidence that NRC has made a policy
choice to consider only one egpry of environmental impacts, namely the potential for
early fatalities. That policy choice, anther factors, could provide a four-part
explanation of how the Staff reached itsipos on environmental impacts, as follows.
First, the policy choice would have prevahtae Staff from consg&ting any category of
environmental impacts other than the poteritinkarly fatalities. Second, as an outcome
of the policy choice, the Staff would havefised its attention on the inhalation dose to a

3 Kipp et al, 2004.

% As discussed in paragraph 11-5, a comprehensivessissat would consider a range of attack scenarios,
release types, and weather conditions. It wouldadsivess site-specific issues, including the complexities
of atmospheric plume dispersion at the Diablo Canyon site.
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downwind individual, because that modeafiiation exposure would be most likely to
lead to an early fatalityThird, as an outcome of focuagj on inhalation dose, the Staff
would have believed that Type IV releasi®snot require considdran, because the Staff
thought that Type lll releases would includeger or comparable amounts of the
isotopes that dominate inhalation dose. Hguhe Staff would have been misled by the
comparatively dramatic appearance ofdltack scenarios associated with Type IlI
releases, leading to the false conclusionTlyge IV releases would yield comparatively
small environmental impacts.

VI-6. The four-part process described in thegading paragraph is consistent with all of
the information provided by the Staff in this matter. | am not aware of any better
explanation of the StaffOs position on envinental impacts of potential attacks. The
most prominent feature of this explanationthat the Staff began its assessment of the
environmental impacts of an attack on the Diablo Canyon ISFSI with a preconceived
position. As a result, the Staff did rainduct a comprehensive, science-based
assessment, and its conclusions were fadltye process is reminiscent of the StaffOs
prolonged failure to understand the potentialigmition of spent fuel in a high-density
spent-fuel pool, if water were lost from the pdblin a license proceeding regarding the
Harris nuclear power plant, | argued thaingaratively aged spent fuel B including fuel
aged 10 or more years after discharge frameator B could ignite if water were lost.
The Staff disparaged my position, but subsetjyedopted that position. For almost
two decades, the Staff had failed to understaatidbmparatively aged fuel could ignite.
The StaffOs prolonged failure derived from an erroneous, preconceived position, namely
that total, instantaneous loss of water wouldh@emost severe mode of loss of water.

VIl. Conclusions

VII-1. The NRC Staff has not conducted armgwehensive, science-based assessment to
support its position that the environmentapacts of potential attacks on the Diablo
Canyon ISFSI are not significannstead, the Staff conducted a limited assessment that
led to an erroneous conclusion. Thereampelling evidence that the assessment was
shaped by a preconceived position. A major determinant of that position was an NRC
policy choice to consider only one categof environmental impacts, namely the
potential for early fatalities. It appears thia¢ Staff was also misled by other factors,
including the comparatively dramatic appearaoicattack scenarios that the Staff chose
to consider. A comprehensive assessmértvironmental impacts would consider
additional attack scenarioggether with a range of radogical impacts including land
contamination and its sequelae.

*kkkkkkkkkkkkkkkkkk

% Thompson, 2007d, pp 4-5.
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| declare under penalty pkrjury under the laws of the ied States of America that the
foregoing statements of fact are true andegtrto the best of my knowledge and belief,
and that the opinions expreddeerein are based on my best professional judgment.

Executed on 14 April 2008.

R

Gordon R. Thompson, D.Phil

Canberra, Australia

NOTE: The bibliography and the three &bthat appear on the following pages are
discussed in the narrative sections abawel are part of this declaration.
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lllustrative Calculation of Heat-Up of a Fuel Rod in a PWR Fuel Assembly Due to

Combustion in Air

Indicator Affected Material
Zircaloy Cladding UO:2 Pellets
Solid volume, per m length 1.90E-05 cub. m 6.36E-05 cub. m
(OD = 1.07 cm; (OD=0.9cm)
thickness = 0.06 cm)
Mass, per m length 0.124 kg 0.700 kg
(@ 6.55 Mg per cub. m) (@ 11.0 Mg per cub. m)
Heat output from 1.48 MJ Neglected

combustion of material in
air, per m length

(@ 2,850 cal per g Zr)

Equilibrium temperature
rise if material receives
50% of heat output from
adjacent combustion, and
heat loss from material is

neglected

Neglected

approx. 2,700 deg. C
(enthalpy rise if UQtemp.
rises from 300 K to 3,000 K

= 1,052 kJ per kg Ug)

7

Notes:

(a) Data shown in table are from: Nero, 1979)l&&-1; Powers et al, 1994, Table 4; and
files accessed at International Nucl&arfety Center (INSC), Argonne National

Laboratory, <http://www.insc.anl.gov/>, in March 2008.

(b) Melting point of UQ is 2,850 deg. C (from INSC files).
(c) Boiling point of elemental cesium@85 deg. C (from: Thompson and Beckerley,

1973, Volume 2, page 527).

(d) 1 cal =4.184 J
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Table 2
Performance of US Army Shaped Charges, M3 and M2A3
Target Indicator Type of Shaped Charge
Material M3 M2A3
Reinforced Maximum wall thickness | 60 in 361in
concrete that can be perforated
Depth of penetration in 60 in 301in
thick walls
Diameter of hole ¥ 5in at entrance ¥ 3.5 in at entrance
¥ 2 in minimum ¥ 2 in minimum
Depth of hole with second | 84 in 45 in
charge placed over first hole
Armor plate Perforation At least 20 in 12 in
Average diameter of hole 2.51in 1.5in
Notes:

(a) Data are from: Army, 1967, pp 13-15 and page 100.

(b) The M2A3 charge has a mass of 12 Ib, aimam diameter of 7 in, and a total length
of 15 in including the standoff ring.

(c) The M3 charge has a mass of 30 Ib, a maxn diameter of 9 il charge length of
15.5 in, and a standoff pedestal 15 in long.
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Types of Atmospheric Release from a SpéFuel-Storage Module at the Diablo
Canyon ISFSI as a Result of a Potential Attack

Type of Event

Module Behavior

Relevant
Instruments and
Modes of Attack

Characteristics of
Atmospheric
Release

Type I:
Vaporization

¥ Entire module is
vaporized

¥ Module is within
the fireball of a
nuclear-weapon
explosion

¥ Radioactive
content of module is
lofted into the
atmosphere and
amplifies fallout
from nuc. explosion

Type Il: Rupture
and Dispersal
(Large)

¥ MPC and overpag
are broken open

¥ Fuel is dislodged
from MPC and
broken apart

¥ Some ignition of
zircaloy fuel
cladding may occur
without sustained
combustion

K¢ Aerial bombing
¥ Artillery, rockets,
etc.

¥ Effects of blast et¢

outside the fireball
of a nuclear weapor
explosion

¥ Solid pieces of
various sizes are
scattered in vicinity
¥ Gases and small
particles form an
aerial plume that
travels downwind
¥ Some release of
volatile species (esi
cesium-137) if
incendiary effects
occur

D.

Type Ill: Rupture
and Dispersal
(Small)

¥ MPC and overpadg
are ruptured but
retain basic shape
¥ Fuel is damaged
but most rods retain
basic shape

¥ No combustion
inside MPC

k¥ Vehicle bomb

¥ Impact by
commercial aircraft
¥ Perforation by
shaped charge

¥ Scattering and
plume formation as
for Type Il event,
but involving
smaller amounts of
material

¥ Little release of
volatile species

Type IV: Rupture
and Combustion

¥ MPC is ruptured,
allowing air ingress
and egress

¥ Zircaloy fuel
cladding is ignited
and combustion
propagates within
the MPC

¥ Missiles with
tandem warheads
¥ Close-up use of
shaped charges ang
incendiary devices
¥ Thermic lance

¥ Removal of

¥ Scattering and
plume formation as
for Type Ill event

1 ¥ Substantial releag
of volatile species,
exceeding amounts
for Type Il release

overpack lid




