Canister Transfer Building

241.  The Board starts from the proposition that PFS cannot meet a factor of safety
of at least 1.1 without the buttressing effect of soil cement around the foundation perimeter
of the CTB basemat, yet not until some distant future date will PFS acquire any data that it
may arguably rely upon to support its use of soil cement. Soil Cement szprz; Bartlett/ Ostadan
Tstmy, Post Tr. 7268 at 4-6. The design calculations for the sliding stability of the CTB
under a 2,000-year design basis earthquake are found at PFS Exh. UU; there are no sliding
calculations for a 10,000-year mean return peniod earthquake. Tr. (Trudeau) at 6348. As the
State points out there are no engineering calculations or performance data to support the
presumed passive resistance PFS expects to obtain from using such a mass of soil cement
around the perimeter of the CTB mat foundation for the 2,000-year design basis earthquake.
Bartlett/Ostadan Tstmy, Post Tr. 7268 at 21; see also Tr. (Trudeau) at 6264-67. Nor is there
any analysis of the effects of separation and cracking caused by out of phase motion of the
CTB mat foundation and the soil cement buttress; or how bending and tensile stresses that
develop in the soil cement will resist seismic forces without cracking or separation. Tr.
(Trudeau) at 6257; (Ebbeson) at 6399; Bartlett/ Ostadan Tstmy, Post Tr. 7268 at 21. The
base mat of the CTB is expected to settle three inches; the effects of this setlement of the
integnity of soil cement and its separation from the CIB on the passive resistance have not
been considered by PFS. Tr. (Trudeau) at 6261.

242.  Mr. Trudeau testified that he considered soil structure interaction in the CTB
dynamic analysis calculation, PFS Exh. VV “inasmuch as the loads came from out structural

dynamics people.” Tr. (Trudeau) at 6191. However, there has been no dynamic analysis of
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the interaction of the soil cement with the CTB mat foundation for the 2,000-year design
basis earthquake. Bartlett/Ostadan Tstmy, Post Tr. 7268 at 21. Under the design basis
earthquake, the maximum honzontal acceleration response of the CTB mat is 1.047 g. Tr.
(Trudeau) at 6192; PFS Exh. VV at 49. The free field peak horizontal ground acceleration
response of the adjacent soil cement buttress is 0.71g. Tr. (Trudeau) at 6264. Consequently
there 1s a 47 percent difference between the horizontal response of the CTB and the
surrounding soil cement. Id. The soil cement buttress is not structurally tied to the CTB mat
foundation, and given the large differences in horizontal acceleration response between those
two masses, there is a significant potential for out-of-phase motion resulting from this inertial
mteraction. Bartlett/Ostadan Tstmy, Post Tr. 7268 at 21; Tr. (Trudeau) at 6265. PFS has not
considered the reduction of foundation damping and the concomitant higher seismic loads or
the kinematic motion of the CTB caused by the blanket of soil cement around the CTB
foundation. Bartlett/Ostadan Tstmy, Post Tr. 7268 at 21. As described in the sections above
on Soil Structure Interaction and Pad-to-Pad Interaction, these dynamic interactions can have
a significant effect on reducing radiation damping and overestimating seismic loading. The
additional concem here is that soil cement will not provide passive resistance. All of these
factors affect PFS’s design calculation in meeting a factor of safety of at least 1.1.
Bartlett/Ostadan Tstmy, Post Tr. 7268 at 21.

243.  Similar to the concerns the State raised on the rigidity or flexibility of the
storage pad, the State, based on Dr. Ostadan’s past experience in dealing with the analysis and
design of large mats such as the CTB foundation mat, questions whether the Applicant has

appropriately treated the CTB mat as rigid. Bartlett/Ostadan Tstmy, Post Tr. 7268 at 21;
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Ebbeson Rebuttal Tstmy, Post Tr. 10790 at 2. Mr. Ebbeson testified that any “potential
effect of mat flexibility is accommodated by the factor of safety applied in the seismic stability
calculations.” Ebbeson Tstmy, Post Tr. 6357 at 14; Tr. (Ebbeson) at 6427. The factor of
safety against sliding in Cal. No. G(B) 13, however, has one case at 2 minimum of 1.15 and
another, which PFS claims to be conservative analysis, of 1.26. PFS Exh. VV at 43.
Furthermore, there are no design calculations to support the Applicant’s assumption that the
foundation mat is rigid. Bartlett/Ostadan Tstmy, Post Tr. 7268 at 21. As described in detail
on the question of pad rigidity, supra, if the mat is not ngid, soil damping used in the dynamic
analysis will be excessive and seismic loads underestmated.

Board Finding

244.  As use of soil cement is contributing to PFS’s demonstration of meeting a
factor or safety of 1.1 against sliding, it is essential that there are analyses, data and
engineering calculations to support the claimed resistance to sliding, including whether the
soil cement will, in fact, perform as intended during an earthquake. PFS has made no such
showing,

245.  The Board finds that the because the Applicant has not considered the effect
of the large mass of soil cement on foundation damping and kinematic motion of the CTB,
there may be an underestimation of seismic loads for the CIB, thereby invalidating PFS’s
dynamic CTB analysis.

246.  The Board finds that, given the slim margins in PFS’s dynamic analysis, any
potential where PFS may have overestimated the effects of radiation damping or

underestimated seismic loads is cause for concem. Accordingly, the Board finds that there is
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insufficient evidence to show that the Applicant has validly assumed the CTB mat foundation
is nigid.

E. Conclusions of Law

247.  Based on the evidence presented, PFS has not met it burden of showing that
the storage pads, the CTB, their foundations systems, and the storage casks have adequate
factors of safety to sustain the dynamic loading from the proposed design basis earthquake.
The Board concludes that PFS has not met the requirements of 10 CFR §§ 72.90, 72.102(c)
and (d), 72.120(a) or 72.72.122(b).

CONTENTION PART D: Cask Stability

A Issue: Has PFS met its burden of showing that the free standing HI-STORM

100 casks experience excessive sliding, uplift, collision, or tip over }mder design basis ground

motions at the PFS site?

B. Regulations/ Guidance:

See “Seismic Design and Foundation Stability” above.
C Findings of Fact - Cask Stabiliiy

248.  State expert, Dr. Farhang Ostadan explains that “typically for design,” a
designer knows the design parameters and specification based on experience. Tr. (Ostadan)
at 7311-12. If the analyses is not “night,” the designer still has confidence in the design based
on past experience. Id. Seismic engineers often rely on design redundancies, such as
anchoring the cask, because of the uncertainties in input parameters. Id. at 7340, 7342. A key
issue in this case, opined by Dr. Ostadan, is that PFS relies solely on the accuracy of the

nonlinear predictions of cask response because of the Iack of past experience with PFS’s
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unique and unconservative design, the lack of redundancy in PES’s design, and the lack of test
data to validate the nonlinear seismic analyses of the freestanding cask. Id. at 7312, 7335-36,
7340-41. In other words, Dr. Ostadan is concerned that if Holtec’s nonlinear seismic analysis
of freestanding cask is wrong, the cask may react to ground motions differently than
predicted. Id. at 7342.

249.  Dr. Ostadan notes that seismic engineers “know a great deal” about how
“conventional” designs perform during earthquakes. Tr. (Ostadan) at 7342-43. In this case,
Dr. Ostadan further opines that because of the “lack of appropriate test data and experience
data, you may wonder now how credible the results are.” Id. at 7343. Based on Dr.
Ostadan’s experience, he was unaware of any nuclear facility where the designers knew that
the facility would be located over a major active fault, such as in this case. Id. Furthermore,
Dr. Ostadan knew of no nuclear facility with shallowly embedded foundations that estimated
three inches of settlement during the design phase as in this case. Id. at 7351. When
considering the unconventional nuclear facility design, the lack of experience and test data,
the slim design margins, and the complexity of the nonlinear analyses, Dr. Ostadan
emphasized “I would not, if I was the one, solely rely on a nonlinear program for my project.
I would be most vulnerable if I do that.” Id. at 7353.

250. At the time of the May 2002 hearings, NRC had licensed 23 ISFSIs - 11 site
specific licenses and 12 general licenses. Tr. (Guttmann) at 7045. In May, the 23 ISFSIs
stored approximately 325 dry storage casks. Id. Of the 23 ISFSI sites, Mr. Guttmann was
unaware of the number of sites where the ground motions exceeded or equaled 0.7 g, where

the ISFSIs were supported by a soil cement layer. Id. at 7070-71. Mr. Guttmann had no
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knowledge of the number of free standing cylindrical casks or HI-STORM 100 casks in
storage. 1d. at 7069.

251.  Onlytwo sites, the Hatch (Georgia) and Dresden (Illinois) reactors, are
currently storing an estimated 12 HI-STORM 100 casks®. Tr. (Singh) at 5918. The ground
motions at Hatch and Dresden are 0.15 g (verucal) and 0.1 g (horizontal) (Tr. (Luk) at 6914-
15) and 0.2 g zero period acceleration (State Exh. 121 at 38), respectively. Thus, the
Licensing Board finds no site currently stonng HI-STORM 100 casks that has estimated
ground motions equal to or exceeding the ground motions estimated at the PFS site for
either a 2,000-year or 10,000-year earthquake. Furthermore, no evidence was proffered that
HI-STORM casks are currently stored on foundations supported by cement-treated soil and
relatuvely soft clay. See Tr. (Singh) at 5989.

252.  The Licensing Board finds insufficient evidence that the Staff has licensed free
standing, cylindrical dry casks, similar to the HI-STORM 100 cask, at sites where the ground
motions equaled or exceeded those for the 10,000-year earthquake at the PFS stte.
Additionally, the Licensing Board also finds insufficient evidence that the Staff has licensed
free standing, cylindrical dry casks at sites where the design basis ground motion equaled or
exceeded 0.7 g, the proposed design basis ground motion at the PES site. The Licensing
Board finds no evidence that any free standing dry storage casks are stored at sites similar to

the PFS site, on shallowly embedded foundations, supported by a cement-treated soil layer

*HI-STORM 100 S casks are in storage at the J.A. Fitzpatrick reactor (New York).
Tr. (Singh) at 5915. Dr. Singh also anticipated HI-STORM 100 S casks to be used at the
Columbia Generating Facility (Washington) and additional HI-STORM 100 casks at the
Hatch reactor and Dresden in 2002. Id.
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and relatively soft clay foundation, subject to ground motions equal or exceeding 0.7 g.

253.  Because PFS has an unconventional design that is unprecedented and
unproven with no redundancies, the State claims that comprehensive analysis and testing are
necessary to determine whether the HI-STORM 100 cask will excessively slide, uplift, or tip
over under the 2,000-year DBE. Khan Tstmy., Post Tr. 7123 at 5-6. The State further claims
that PFS has failed to conservatively account for the cumulative effects of potential ground
motion on its design and thus, PFS’s seismic analysis may significantly underestimate cask
behavior. Id. Accordingly, in this section we consider the evidence presented with respect to
the opinions and analyses of the seismic behavior of a HI-STORM 100 cask at the proposed
PFS srte.

Standard

254.  Staff witness, Jack Guttmann testified that the Staff’s technical licensing
decision is based on “standard practices, and standard review plan, commission guidance and
polices, and regulations.” Tr. (Gurtmann) at 6827. Mr. Gurtmann further testified that the
“regulatory posture” is that the cask does not tip over. Id. at 6977. Thus, until an applicant
requests an analysis otherwise, whether the cask tips over is the approptiate standard. Id.
The Staff further states “[t]he acceptance criterion was that the casks must be stable in the
sense that the center of the top cover of the cask must remain within the onginal contact
circle that the cask makes with the pad.” CSER at 5-30. The Licensing Board finds that the
issue in this section is whether the Applicant has reasonably demonstrated that the HI-
STORM 100 cask will not tip over when subject to the proposed design basis earthquake - a

2,000-year earthquake at the PFS site.
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255.  To support the PFS license application, the cask vendor, Holtec Interational
Inc. (“Holtec”) evaluated the cask stability of its HI-STORM 100 storage cask subject to a
2,000-year DBE at the PFS site in its report entitled Mdticask Resporse of PFS ISFSI from
2,000-yr Seismic Ewent (Reusion 2), Rev. 1 (August 2001) (“Holtec 2,000-year report”)
(proprietary document, State Exh. 173).%,% Tr. (Gaukler) at 5941.

256.  The evidence proffered on the seismic response of the cask is centered on
various nonlinear computer analyses conducted on behalf of the three parties. State exper,
Dr. Mohsin Khan warms that “nobody can [exactly] predict the nonlinear behavior.” Tr.
(Khan) at 9358. Moreover, because of the sensitivity in selection of input parameters,
nonlinear analyses have sometimes been referred to as obtaining sohutions from a “black
box.” Tr. (Ostadan) at 7335-36. PFS witness, Dr. Allin Comell also confirmed Judge Farrar’s
concem that it is “possible to become too enamored of the [computer] models and lose sight
of making sure [the models] are anchored in reality.” Tr. (Comell) at 8024. Similarly, PFS
witness, Dr. Alan Soler testified, “you can’t just say, because the computer program says it’s
s0, that means 1t’s so.” Tr. (Soler) at 9775. Dr. Comell emphasized that nonlinear analyses
provide information and insight, but a critical question 1s “how much information to take

from [nonlinear analysis] away towards making subsequent design judgments.” Tr. (Cornel)

%Holtec International Inc. claimed the exhibit as proprietary information. Tr.
(Gaukler) at 5945-46.

¥This report was preceded by other Holtec cask stability analyses for the PFS site
before the Applicant discovered it had severely underestimated the ground motions, which
increased from 0.53g (honzontal) and 0.52g (vertical) to 0.711 g (horizontal) and 0.695 g
(vertical). Bartert/Ostadan Tstmy (Part D, dynamic analysis), Post Tr. 7268 at 4.
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at 8010. Given this background, we approach a review of the nonlinear analyses with a
certain degree of circumspection.
Expert Witness Conflict of Interest.

257.  Drs. Singh and Soler have a unique interest in the outcome of this hearing
compared to all the other witnesses, in that Drs. Singh and Soler have an extensive financial
imterest in the Applicant prevailing in this case. Dr. Singh is the president and chief executive
officer and Dr. Soler is the executive vice president of Holtec International. Tr. (Singh) at
5907-08. Drs. Singh, Soler, and another individual hold sole interest in the privately owned
company, Holtec. 1d. at 5917.

258. At the time of the hearing, Holtec had only 12 storage casks in use, all of
which are HI-STORM 100 casks.® Tr. (Singh) at 5918. If the PFS facility attains fruition,
Holtec, effectively D13. Singh and Soler, have the potential to sell 4,000 storage casks and
other products such as the HI-TRAC canister cask to the PFS project. 1d. at 5910-11, 5920.
Dr. Singh admitted that sales to PFS could reach the hundreds of millions of dollars by the
“crudest estimate.” Tr. (Singh) at 5910-11, 5920.

259.  As recognized in NRC cases “most expert witnesses do receive compensation
from the parties on whose behalf they testify. Burt their compensation is for their time and

expertise, not for their tesumony as such.” Lowssiana Power and Light Company (Waterford

33 As noted earlier, HI-STORM 100S casks are stored at the J.A. Fitzpatrick reactor
(New York). Tr. (Singh) at 5915. Additional HI-STORM 100 and 100S casks will be loaded
in 2002. Seefootnote ___ supra. In addition to the HI-STORM 100 cask system, Holtec
markets the HI-STORM 100S and HI-STORM 100SA. Id. at 5914-15. The HI-STORM
100S is a “hugely improved version” of the 100 “to deploy. . . in high seismic regions.” Id.,
and at 5911.
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Steam Electric Station, Unit 3), ALAB-732, 17 NRC 1076, 1091 (1983). Here, the financial
rewards from the successful outcome of this proceeding in favor of the Applicant are
substantial. If PFS is licensed, the financial benefits to Dr. Singh and Dr. Soler, as two of
three sole owners of the privately owned company - Holtec, will pale in comparison to the
usual expert witness compensation. The Licensing Board also finds that Dr. Singh and Dr.
Soler have a substantial interest in both the licensing of the PFS facility and the affirmation by
this Board of the Holtec analyses, including those conducted with the DYNAMO code, also
owned, in part, by Dr. Singh and Dr. Soler. Based on the Licensing Board’s decision
conceming the propriety of Holtec’s codes and methodologies, we note that the outcome in
this case may have far reaching effects on Holtec’s business.

260.  Bias or interest in the outcome of this case “goes only to the persuasiveness or
weight that should be accorded the expert's testimony.” Waterford, 17 NRC at 1091 (atig 11
J. Moore & H. Bendix, Moore's Federal Practice §702.30[1] (2d ed. 1982)). The Board finds
that Dr. Singh and Dr. Soler have a bias and interest in the outcome of this case.
Accordingly, we find it apropos to consider those biases and interest in our deliberation of
the weight to accord their testimony and other the evidence relevant thereto.
Holtec’s Experience In Performing Non-linear Analysis of Free Standing Casks.

261.  Consistent with the 1993 U.S. Supreme Court case Daubert v. Merrel”” which

establishes the standard for expert witness testimony, the Licensing Board finds that the

weight given evidence with respect to the cask stability analyses 1s dependent upon, a) the

*Daubert V. Merrell Dow Pharmaceuticals, Inc., 509 US 579 (1993).
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proffering witness’ relevant education, tramning, and experience in performing nonlinear
seismic analyses of free standing casks subject to site conditions similar to the proposed PFS
(e-g., ground motions, soil conditions, etc.); b) whether the expert’s testimony is based on
sufficient facts; c) whether the testimony relating to cask stability is based on reliable
principals and methods and; d) the witness has applied the prnciples and methods reliably to
the facts of the case.*®

262.  Holtec testified that it performed site specific cask stability analyses for the
PFS site and five other ISFSIs. Singh/Soler Tstmy, Post Tr. 5750 at 14. At three of the five
ISFSIs sites, Holtec analyzed free standing casks: the Dresden site, where zero period
acceleration 1s 0.2 g (State Exh. 121 at 38); the Entergy Northwest (Columbia Generating)
site, where the zero period acceleration is about 0.5 g (State Exh. 120 at 18, 29); and the
Tennessee Valley site, where the ground motion is approximately 0.5-0.6 g (State Exh. 121 at
38). At the fourth ISFSI, J.A. Fitzpatrick, there is no record evidence of the ground motions.
Other than for the PFS site, the only other site where PFS has conducted a nonlinear analysis
is at Diablo Canyon, a site with the ground motions were as high as the 2,000-year earthquake
at PFS;* but this was on the HI-STORM 100SA, the anchored and “hugely improved”

version of the HI-STORM 100 cask. Tr. (Soler) at 5930; Tr. (Singh) at 5911. The Board has

*“{A] witness qualified as an expert by knowledge, skill, experience, training, or
education, may testify thereto in the form of an opmlon or otherwise if (1) the testimony is
based upon sufficient facts or data, (2) the testimony is the product of reliable principles and
methods, and (3) the witness has applied the principles and methods reliably to the facts of
the case.” Fed. R Evid. 702 (emphuasis added); see also Daubert, 509 ULS. at 588.

“'The analyses performed for the Diablo Canyon ISFSI considered a ground motion
“around” 0.9 g. Tr. (Soler) at 5929-30, -32.
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already noted evidence of the significant site differences between the Diablo Canyon ISFSI
site and the PFS site. See Contention D, Dynamic Analysis, supra. Further the Board finds
that Holtec’s analysis of the anchored HI-STORM analysis is not comparable to an analysis of
an unanchored cask. Thus, the Licensing Board finds that the record does not support that
Dr. Soler and other Holtec analysts have any previous experience conducting nonlinear
seismic analysis of free standing casks at ground motions that equal or exceed the 0.7 g
ground motion for a 2,000-year earthquake at the PFS site.

263.  Additionally, there are no known or anticipated sites that store or will store
the unanchored casks supported by soil cement or cement-treated soil. Tr. (Singh) at 5989; see
also (Guttmann) at 7070-71. The Licensing Board also finds that Dr. Soler and other Holtec
analysts have no previous expernence conducting nonlinear seismic analyses of free standing
casks supported by cement-treated soil or soil cement foundations. Based on our finding that
the proposed design of free standing, cylindrical casks supported by cement-treated soil and
relatively soft clay foundation at 0.7 g peak ground motions is unprecedented, the Licensing
Board further finds that no prior cask stability analyses, other than those conducted for the
PFS site, provide direct, relevant experience in conducting the analysis for this case.

264.  Dr. Singh claimed that Holtec has performed “thousands” of runs simulating
freestanding structures; thus, 2 new model is “venfied” against Holtec’s data from past
results. 'Tr. (Singh) at 9677. Holtec performed numerous seismic analyses of free standing
spent fuel racks. Singh, Soler Tstmy, Post Tr. 5750 at 14. However, in the analysis of spent
fuel racks, the racks are submerged in water and there are very small gaps between the racks;
thus, Dr. Khan testified that the nonlinear stability analysis of a cask is “very different” from

118



a free standing spent fuel rack Tr. (Khan) at 7143. The record lacks sufficient facts to
conclude that the analyses of free standing spent fuel racks are relevant to the experience and
training necessary to conduct nonlinear seismic analysis of objects potentially subject to large
deformation and rotations at high ground motions.

265. Inits analysis, Holtec modeled the effects of soil structure interaction through
soil springs (linear and rotational) and dampers. Tr. (Soler) at 5993. Dr. Soler and Chuck
Bullard, a Holtec employee, authored the various cask stability reports for the PFS site. Tr.
(Soler) at 5992. Dr. Soler admitted that neither Mr. Bullard nor he had expertise in analyzing
soil dynamics and foundation design (calculating the soil springs and dampers). 1d. at 5996-
57. Besides the analysis for Tennessee Valley Authority, the only soil dynamic work that Dr.
Soler has performed is for this case. Id. at 5995.

266.  The Licensing Board finds that Dr. Soler and Mr. Bullard have limited
experience in soil dynamics and the foundation design, the calculation of soil springs, and the
modeling of soil structure interaction effects in a nonlinear cask stability analysis.

267.  The Licensing Board finds, a) Holtec has not performed seismic analyses of
free standing casks at sites with ground motions equal to or greater than the 2,000-year
earthquake at PFS; b) neither Dr. Soler nor any other identified Holtec analyst are experts in
soil mechanics; ¢) Dr. Soler and another Holtec analyst have calculated the soil springs and
dampers at only one other site; d) a lack of evidence that Holtec has prior experience
analyzing seismic pad-to-pad interaction; and €) the lack of evidence of the relevance of prior
free standing spent fuel rack seismic analysis to the analysis in this case. In sum, we find that

Holtec and its witnesses have limited experience in performing nonlinear cask stability
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analysis at sites similar to the proposed PFS facility. Holtec’s limited experience will be
considered in the context of the weight given on various 1ssues.
Applicant’s Cask Stability Analyses.

268.  The Holec 2,000-year report describes, 1n part, Holtec’s analysis using its
proprietary computer program - DYNAMO - for the nonlinear cask stability analyses.
Holtec modeled the cask as a two-body system - the storage overpack and the multipurpose
canister (“MPC”). Singh/Soler Tstmy, Post Tr. 5750 at 17-18. The overpack is modeled with
6 degrees of freedom and the MPC is modeled with an additional 5 degrees of freedom. Id.
The storage pad was modeled as a rigid body. Id. at A.59. The interface between the cask(s)
and the pad are addressed using values for vertical and horizontal contact stiffness and the
coefficient of friction. Id. at 17-18. Holtec used soil springs and soil damping coefficients to
estimate the effects of the underlying soil and foundation to the cask and pad movement.”
Id. at A29, A32.

269.  For its 2,000-year report, Holtec used a single set of time histories for a 2,000-
year earthquake at PFS for 5% damping. Tr. (Singh) at 9671; (Soler) at 9675; State’s Exh. 173
at 4. The 2,000-year report describes nine simulations. Singh/Soler Tstmy, Post Tr. 5750 at
A.34. The simulations varied the number of casks from two, four, to eight. Id. at A.34; State

Exh. 173 at 7, 8. The simulations also vaned the soil properties referenced as “lower range,”

*“Holtec relied on the methodology specified in ASCE 4-86, Seisnac Anahsis of Safety
related Nudear Structsres and Commrentary, Tables 3300-1 and 2, and Figure 3300-3. Tr. (Soler)
at 5897; Singh/Soler Tstmy, Post Tr. 5750 at 21-22.
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“upper range,” and “best estimate” soil properties. Singh/Soler Tstmy, Post Tr. 5750 at
A.34; State’s Exh. 173 at 8. Hokec assumed 5 percent damping between the cask and the pad
to simulate energy loss due to impact. Tr. (Soler) at 5879; see Singh/Soler Tstmy, Post Tr.
5750 at A.21. Hokec assumed the storage pad was rigid in all simulations. Tr. (Soler) at 5757.

270.  In an attempt to thwart the State’s criucisms of the Holtec 2,000-year report,
the cask vendors performed sundry computer runs and animations not with DYNAMO but
with a different computer code, VisualNastran 2001. Applicant Exh. 86 at 14, Tr. (Soler) at
9749. The analyses of eleven runs are described in PFSF Beyond Design Basis Saoping Anabsis
(April 19, 2002) (hereinafter referred to as “Holtec Beyond Design Basis report) (Applicant’s
Exh. 86).*

271.  Inthe Holtec Beyond Design Basis report, the casks were modeled as a six
degree-of-freedom, rigid single homogenous cylinder. Singh/Soler Tstmy, Post Tr. 5750 at
A117, 5757; Applicant’s Exh. 86 at 15. Holtec also modeled the storage pad as a six degree-
of-freedom, rigid body. Tr. (Soler) at 5757; Applicant Exh. 86 at 15. The soil foundation was
modeled by six springs (three linear and three rotational) with dampers. Applicant’s Exh. 86

at 16. Contact between the cask and the pad was modeled by compression only springs and

“Geomatrix provided to Holtec the upper range, lower range, and best estimate soil
properties. Singh/Soler Tstmy, Post Tr. 5750 at A.32.

*Holtec offered testimony conceming the results for it’s previous report HI-
2012780, Dynarric Resporse of Free- Standing HI-STORM 100 Excited by 10,000 Year Retuom
Eanhquake at PFS (November 2001) which was not entered as evidence into the record. Tr.
(Soler) at 6002-6003, see also Singh/Soler Tstmy, Post Tr. 5750 at A.39. The simulations in
the HI-2012780 Holtec report did not include soil structure interaction effects. Tr. (Solet) at
6002.
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damper springs. 1d. at 11. The damping associated with these dampers was set at 40 percent.
Tr. (Soler) at 6065. Holec did not model the soil cement (or cement-treated soil) beneath the
storage pad; however, Holtec claims the effects of soil cement are included in the “lower
bound” soil parameters. Tr. (Soler) at 5776.

272.  The Hohec Beyond Design Basis report, runs 1 and 2 analyzed a 2,000-year
earthquake at the PFS site and runs 3 through 11 analyzed a 10,000-year earthquake at PFS.
PFS Exh. 86c. The number of casks in the analyses varied between 1, 2, 4 or 8 casks. Id.
Input values in Holtec’s model include values for six soil dampers, six soil stiffnesses,
coefficient of friction between the cask and pad, the masses and location of the pads, the
contact stiffness between the cask and the pad. Tr. (Soler) at 5790. For the simulations (runs
2 through 10) where Holtec “tuned” the soil stiffness to a frequency of 5 hertz, Dr. Soler
selected 5 hertz based on his understanding of “deposition testimony” where a State expert
witness stated 5 hentz as a “frequency at which there was predominant earthquake energy
being input into the motion” and where the State expert saw observable deflections in the pad
in ICEC calculations. Id. at 6059.

Reliability and Uncertainty of Applicant’s Cask Stability Analyses.

DYNAMO is a Small Deflection Code With Questionable Reliability at Sites With
Hieh Setsmic Ground Motions.

273.  Holtec modified a published “general lumped mass analysis” code to create
the predecessor to DYNAMO, the code used to generate the result in the Holtec 2,000-year
report. State Exh. 120 at 24-28. DYNAMO admittedly 1s a “small deformation code” that is

not capable of processing “large” cask rotations. State Exh. 120 at 27.
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274.  Although not quantified, Dr. Soler opines that the maximum angle of rotation
that DYNAMO is capable of accurately processing results is less than 15 degrees. State’s
Exh. 120 at 29-30, see also Tr. (Soler) at 5926. Dr. Soler’s opinion is that “[a]s long as the
deflection [ ] predict{ed] [by DYNNAMO)] are not too large,” he 1s confident DYNAMO i1s
generating accurate results. Tr. (Soler) at 9930-31. In discussing a small deflection code such
as DYNAMO, Dr. Soler opined that “if you attempt to take a code that is written for small
deflections and blindly just apply it and get a result that would indicate large deflections,
either your program will blow up on you or it will just give you ridiculously large results that
have no physical meaning, or it will simply give you wrong results that you may think there’s
physical meaning to it.” State’s Exh. 120 at 43, see also Tr. at 9490-92. The Board finds no
evidence to support Dr. Soler’s confidence in DYNAMO producing accurate results in this
case.

275.  Dr. Soler agreed that the amount of cask tipping or rotation increases as the
level of ground motion increases (zero period acceleration) level. Tr. (Soler) at 6032. Except
for the PFS site, DYNAMO has not been used to analyze the stability of a free standing cask
where the ground motions are equal to or greater than those for a 2,000-year earthquake at
the PFS site (0.7 g). Tr. (Singh) at 5936; Khan/Ostadan Tstmy, Post Tr. 7123 at A.11 (atig
State Exh. 120 at 19, 20, 29). The Licensing Board finds no evidence that the rotational limits
of DYNAMO are not exceeded when evaluating ground motions equal to or greater than
0.7g, the 2,000-year earthquake at PFS.

276.  To the contrary, using the same input parameters, DYNAMO failed to predict

cask tip over, when in a Holtec nonlinear seismic analysis of its HI-STAR 100 cask using
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VisualNastran, Holtec determined the HI-STAR cask would in fact tip over at a zero period
acceleration (ZPA) of 0.6 g. Tr. (Soler) at 9772-73, 9775, see also State Exh. 199. Although
the HI-STAR cask has different features than the HI-STORM cask, both were analyzed as
free standing casks. Additionally, the Holtec 2,000-year report (State Exh. 173) references the
methodology described in the HI-STAR technical paper (State Exh. 199) that discusses
DYNAMO?s failings as compared to VisualNastran. Tr. at 9782. In fact, Dr. Soler testified
the reason, in part, for the technical paper companson was to be cognizant that “you can’t
just say, because the computer program says 1t’s so, that means it’s so.” 'Ir. (Soler) at 9775.
277.  Holtec holds its DYNAMO code as proprietary information which has not
been provided to the Staff or the State. Tr. (Singh) at 5923. This Licensing Board and the
other parties have had no opportunity to test the reliability and limits of the DYNAMO code
due to the proprietary claim held by Holtec. We note that “a trier of fact would be derelict in

the discharge of its responsibilities were it to rest significant findings on expressions of expert

opinion not susceptible of being tested on examination of the witness.” Virginia Electric and
Power Co. (North Anna Nuclear Power Station, Units 1 and 2), ALAB-555, 10 NRC 23, 26
(1979).

278.  Additonally, Dr. Soler admitted that the contact spring stiffness computations
used in State Exh. 173 are not all included in that report but referred to earlier documents
that “set forth” the theory. Tr. (Soler) 9780. These “earlier documents” are not in evidence
and therefore their reliability and the reliability of the contact spring stiffness computations
have not been tested.

279.  The Licensing Board finds that the question of whether DYNAMO, as a
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small deformation code, generated accurate results in the Holtec 2,000-year report is a
“significant finding” in which the opportunity to test the witnesses on cross examination is
limited, in part, by the unavailability of the DYNAMO code. There is also an incomplete
computation of input parameters in the record. As a result, we will consider the opposing
parties ability to test witnesses on cross examination as a factor in weighing the evidence of
the reliability of DYNAMO.

280. To suppon its use, Dr. Singh stated that DYNAMO has “been used in over a
thousand discrete structures, qualifying them.” Thus, he concluded, DYNAMO is a “well
tested program.” Tr. (Singh) at 6099-6100. The parties offered no evidence with respect to
the type of “discrete structures” qualified by DYNAMO and how those DYNAMO analyses
are relevant to this case given the unique and unprecedented design posed by PFS.

281.  The Staff cites and accepts the results obtained with DYNAMO in the Holtec
2,000-year report. CSER at 5-30. However, the Staff does not specifically refer to the code
used to obtain the Holtec results. See goenally id. Holtec claims that the Staff also reviewed
and accepted DYNAMO performed at other spent fuel storage sites. Singh/Soler Tstmy,
Post Tr. 5750 at 14. The Licensing Board finds no evidence in the record conceming, a) the
basis of the Staff’s acceptance of Holtec’s use of the DYNAMO code to accurately predict
the dynamic behavior of unanchored casks under high seismic ground motions at the PFS site
or sites with similar design characteristics, b) whether the Staff independently validated the
results obtained with DYNAMO, and c) whether the Staff’s previous acceptance of
DYNAMO results have any direct bearing in this case where the Applicant has proposed to

place free standing dry storage casks on a shallowly embedded foundation supported by
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cement-treated soil in a seismically active location. Notably, the Staff did not have access to
the DYNAMO code for any purposes, including verifying the input parameters, the model, or
results. Tr. (Singh) at 5923. As a result of the lack of supporting evidence to demonstrate the
basis of the Staff’s acceptance of results generated by DYNAMO, the Licensing Board finds
Holtec’s reference to the Staff’s previous acceptance of DYNAMO unpersuasive in this case.

282.  Dunng his testimony, Dr. Singh had with him DYNAMO’s training manual in
which he testified the manual contained over a dozen cases in which DYNAMO simulated a
“wide variety of problems [such as] harmonic resonance, bifurcation, [and] . . . dynamic
responses of nonlinear structures.” Tr. (Singh) at 9679. Dr. Singh implies that the
DYNAMO training manual represents that DYNAMO has been validated for both fuel rack
and cask stability analyses. Tr. (Singh) at 9678-80. Dr. Singh professes that DYNAMO has
been validated for dynamic responses of nonlinear structures. This Licensing Board’s interest
with respect to DYNAMO rests solely in any verification of its capability to accurately analyze
the nonlinear sersmic response of a free standing cask at the PFS site. We find it significant
that the Applicant failed to proffer supporti