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September 3, 1999

. UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

PRIVATE FUEL STORAGE L.L.C. Docket No. 72-22-ISFSI

(Private Fuel Storage Facility)

APPLICANT’S RESPONSE TO STATE OF UTAH’S REQUEST FOR
ADMISSION OF LATE-FILED SECOND AMENDED UTAH CONTENTION Q

Applicant Private Fuel Storage L.L.C. (“Applicant” or “PFS”) hereby responds to
the “State of Utah’s Request for Admission of Late-Filed Second Amended Utah Con-
tention Q,” filed August 20, 1999. (“State’s 2™ Request™). Like its initial late-filed
amended Contention Q', the State’s Request should be denied, first, for failing to meet
the requirements for late-filed contentions, and second, for failing to meet the Commis-

sion’s contentions requirements set forth in 10 C.F.R. § 2.714.

L BACKGROUND
As part of its June 1997 License Application, PFS included the results of its cask
'vendors’ analyses of vertical drops and tipover events. See Safety Analysis Report
(“SAR”) at 8.2.6 (rev. 0). Based on the license application, the State filed a contention
(Contention Q) which alleged, in part, that PFS aid not adequately identify the “most
vulnerable fuel” analyzed in a cask drop, and that PFS did not address lifting accidents.

The Board rejected the contention in its entirety. Private Fuel Storage, L.L.C. (Independ-

ent Spent Fuel Storage Installation) LBP-98-7, 47 NRC 142, 195 (1998).

: See State of Utah’s Request for Admission of Late-Filed Amended Utah Contention Q (July 22, 1999)
(hereinafter “State’s ¥ Request™).
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In February 1998,: the State’s expert, Dr. Marvin Resnikoff, whose declaration
supports the State’s 2™ Request, began an exchange of letters with the NRC Staff con- ,
cerning the methodology developed by the Lawrence Livermore National Laboratory
(“LLNL”)2 for analyzing the impacts of a cask dfop on fuel integrity, including the dy-
namic loading by fuel pellets and the effects of irradiated fuel cladding, the precise issues
thaf underlie the State’s 2" Request (as well as its 1% Request).

On May 21, 1999, the NRC Staff issued Interim Staff Guidance 12 — Buckling of
[rradiated Fuel Under Drop Conditions (“ISG-127), which recommended that the analysis
of cask drop accidents include consideration of the effects of irradiated fuel cladding and
pellet weight. On July 22, 1999, the State filed its 1* Request alleging, based on ISG-12,
that PFS was required to perform a revised analysis of fuel integrity for a vertical drop
event incorporating pellet weight and irradiated fuel cladding, and had failed to do so.
After PFS and the Staff pointed out that Holtec had performed such an analysis, the State
withdrew its 1% Request.’

On August 20, 1999, the State filed its 2" Request based on alleged inadequacies
in the Holtec analysis. Specifically, the 2™ Request alleges that (1) Holtec failed to con-
sider the combined effect of cladding embrittlement due to irradiation and the potential
thinning of cladding for high burnup fuel, and (2) that Holtec’s anélysis did not consider

“the dynamic effects of a cask drop accident.” State’s 2" Request at 6.

? “Dynamic Impact Effects on Spent Fuel Assemblies”, UCID-21246 (October 1987).

* State of Utah's Reply to Applicant’s and NRC Staff’s Responses to Amended Q and Notice of With-
drawal of Amended Contention Q (August 18, 1999).
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IL ARGUMENT

The State"s late-filed Amended Contention Q should not be admitted first, be-
cause it does not satisfy the NRC’s requirements for late-filed contentions, and second,
because it seeks to require PFS to perform an analysis that is properly within the scope of
the rulemaking for Holtec’s certificate of compliance. Moreover, the contention must be
dismissed because it fails to present a genuine dispute of material fact.
A. The State’s Request to File Amended Contention Q Is Unjustifiably Late

The State must demonstrate that a balancing of the five factors set forthin 10
C.F.R. § 2.714(a)(1)(i)-(v) supports admission of its late-filed contention, LBP-98-7, 47
NRC at 167, which it has failed to do. Hence, it request must be denied.

1. The State Lacks Good Cause

The first and most important factor in determining the admissibility of a late-filed
contention is a showing of good cause. The State lacks good cause here because the
bases for its contention have been available to the State for much longer than the period
required by the Board for timely filing.*

Holtec’s alleged failure to consider- the effects of irradiation and pellet weight
have been known to the State, through its expert Dr. Resnikoff, for at least 17 months be-
fore this contention was filed.” The State’s familiarity with the concerns of cladding irfa-
diation and the dynamic load from fuel pellets is evidenced by Dr. Resnikoff’s dialogue

with the Staff and the State’s comments on the Holtec HI-STAR 100 storage cask. In Dr.

+ See Private Fuel Storage, L.L.C. {Independent Spent Fuel Storage Installation)} LBP-99-3, 49 NRC 40, 47
(1999) (stating the 45 days approaches the limit for timeliness).

5 Dr. Resnikoff copied his February 27, 1998 letter to Denise Chancellor, the State’s Assistant Attorney
General and Connie Nakahara of the Utah Division of Environmental Quality. See Letter from M. Res-
nikoff to C. Haughney, dated February 27, 1998 (attached as Exhibit 1).




Resnikoff’s February 27, 1998 letter to the NRC, he specifically questions the LLNL
methodology’s use of “non-irradiated fuel assemblies™ and its failure to “take into ac-
count the weight of the fuel itself.” Exh. 1 at 2. When the Staff responded that it had
evaluated his concerns for a horizontal drop accident,® Dr. Resnikoff again wrote the
Staff, stating they “did not fully answer [his] concerns” and requested that they further
evaluate “[his] concerns about brittleness” and the “important distinction between static
and dynamic loading.”” The State’s prior knowledge of the concerns raised in the State’s
2™ Request is further illustrated by its March 26, 1999 comments in the rulemaking for
Holtec’s HI-STAR 100 certificate of compliance:.8 In its comments, the State, with the
assistance of Dr. Resnikoff, specifically questioned Holtec’s reliance on the LLNL meth-
odology, and the methodology’s alleged failure to address the impacts of irradiated clad-
ding and the dynamic loads from fuel pellets. Exh. 4 (State’s Comménts) at 2-6.

Neither is the third basis offered in the State’s 2" Request, the potential thinning
of cladding for high burnup fuel, is not based on any new information contained in
Holtec’s revised analysis. Instead, the State cites to an NRC Information Notice released
over one year ago. State’s 2" Request at 8 (referencing Information Notice 98-29, Pre-
dicted Increase in Fuel Rod Cladding Oxidation (August 3, 1998)). The State had actual
knowledge of this Information Notice for at least five months before filing the 2" Re-
quest, as the State referenced it in its March 26, 1999 comments on the HI-STAR 100

Storage cask. State’s Comments at 3-4.

® Letter from M. Delligani to M. Resnikoff, dated November 19, 1998 (attached as Exhibit 2).
7 Letter from M. Resnikoff to M. Delligatti, dated December 31, 1998 (attached as Exhibit 3).

8 Letter from D. Chancellor to Secretary, NRC, dated March 26, 1999 (“State’s Comments™) (attached as
Exhibit 4).



-

Rather than explain how its contention is derived from the Holtec analysis and
why it could not have been filed earlier, the State simply claims that good cause exists
because PFS has yet to file a license amendment and “because [the State] has diligently
pursued the issue of the inadequacy of the Applicant’s cask stability analysis . . ..”
State’s 2™ Request at 13. These arguments are no excuse for the State’s lack of timeli-
ness.

When the license amendment discussing Holtec’s analysis was filed® is irrelevant
to the admissibility of this particular contention because the contention is not based on in-
formation that would be contained in the license amendment. Instead, the contention is
based on the alleged failure by Holtec to consider certain additional factors that might in-
fluence the analysis. Thus, the State cannot now claim that their alleged absence from
PFS’s fifth license amendment somehow justifies the State’s failure to raise these specific
issues based on the original license application, or even the four previous license amend-
ments.

Nor does the State’s supposedly diligent pursuit of this issue through other means
somehow justify its failure to file a timely contention. As the Commission has clearly
determined, intervenors cannot simply wait to file a contention when the information
supporting the contention has previously been publicly available.'” The State has an

“ironclad obligation to examine [on a timely basis] the publicly available documentary

material . . ..”"" Here, the information supporting the contention was not only publicly

° On August 27, 1999, PFS submitted License Amendment No. 5, which contains a discussion of the Holtec
buckling analysis. See SAR § 8.2.6.2 (rev 5.0).

10 See Duke Power Co. (Catawba Nuclear Station, Units 1 and 2), CLI-83-19, 17 NRC 1041, 10438 (1983).
" Duke Power Co. (Catawba Nuclear Station, Units 1 and 2), LBP-83-8A, 17 NRC 282, 285 (1983).
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available, but has been explicitly discussed for many months by the State and its expert.
Its failure to fulfill this obligation cannot justify the admission of an untimely contention.
The State therefore lacks good cause. Where good cause is lacking, a compelling

showing must be made on the other four factors, which the State has not done here.

2. The Other Factors Do Not Justify Admission of the Late-Filed Contention

Of the remaining four factors, the third and fifth factors are to be accorded more
weight than the second and fourth factors, which concern the protection of the peti-
tioner’s asserted interest by other means or parties. LBP-98-7, 47 NRC at 207-209.
While the State’s interests may not be represented by another party in the PFS proceed-
ing, it certainly has other means available to protect its interests, namely, the rulemaking
associated with the certificate of compliance for the Holtec HI-STORM 100 storage
cask.'”? As evidenced by its filing of comments for the rulemaking for the HI-STAR 100
storage canister, the State is well aware of the certificate of compliance rulemaking proc-
ess and can represent its interests in those proceedings. See Exh. 4 (State’s Comments).

The State’s claim that the generic rulemaking process for storage casks does not
provide an adequate means to protect its interests is a direct challenge to the Commis-
sion’s regulations. As decided in Kelly v. Selin, 42 F.3d 1501 (6™ Cir. 1995), the generic
rulemaking process established by the NRC for certifying storage casks is a permissible
exercise of the Commission’s statutory authority, despite the lack of an adjudicatory

hearing. The State’s argument that “[the generic rulemaking process] is a very different

12 The comment period for the HI-STORM cask has not yet opened but the Staff has issued a Preliminary
Draft Safety Evaluation Report to Holtec and is expected to publish the Draft Safety Evaluation Report and
a notice of opportunity for comment in the Federal Register this fall. See Proposed Schedule provided by
NRC Staff at December 11, 1998 Pre-hearing Conference.



type of proceeding, which affords the State much less of an opportunity to vindicate its
views.” State’s 2" Request at 15, is remarkably similar to the arguments clearly rejected
by the Sixth Circuit. A party’s displeasure with the procedures of the proper forum isno
justification for allowing admission of a contention in an inappropriate forum. Accord-
ingly, this factor weighs against admitting the contention. |

Likewise, neither the third nor the fifth factor support the State here. The State
has not established Dr. Resnikoff’s expertise to assist in developing a sound record for
determining fuel cladding structural integrity for cask drop and tipover, particularly in
view of his failure to recognize that Holtec, as shown below, considered the effects of ir-
radiation in its analysis. Also, contrary to the State’s assertion, admission of the conten-
tioﬁ will certainly broaden and inevitably delay this proceeding by expanding its scope to
include a contention that has already been dismissed by the Board and thus is not the
subject of any existing contention.

In sum, the remaining four factors weighed together militate against granting the
State’s late-filed motion, and therefore clearly do not make the compelling showing re-

quired to overcome the State’s lack of good cause.
B. The State’s Amended Contention is Inadmissible

In its basis for Amended Contention Q, the State claims that PFS’s License Ap-
plication is inadequate because Holtec’s analysis of spent fuel integrity under the design
basis vertical acceleration for the HI-STORM storage cask system does not consider the
effects of cladding irradiation, cladding thinning, and dynamic loads from fuel pellets.

State’s 2™ Request at 6. The State’s contention must be rejected because (1) the proper

forum for raising concerns regarding the adequacy of Holtec’s analysis of fuel integrity



under design basis accelerations is the certificate of compliance rulemaking for the cask,
and (2) the State’s contention does not present any genuine dispute of material facts.

The State’s contention is inadmissible in that it “impermissibly challenge(s] the
Commission’s regulatory scheme, provisions, or rulemaking-associated generic determi-
nations, which establish a separate cask design approval process ....” LBP-98-7, 47
NRC at 186. As the Board has previously recognized, generic issues concerning the ade-
quacy of the vendors’ designs are to be addressed in the separate rulemaking proceedings
for certification of the casks, not the licensing of the PFSF. Id."” The issue of the fuel as-
semblies’ integrity under design basis drop conditions is a generic one, and the State has
made no attempt to show how the conditions at PFS are unique. Thus, if the State has
concerns with Holtec’s analysis of fuel integrity under design bases accelerations for its
casks, the proper forum for raising them is the rulemaking for the HI-STORM 100 cer-
tificate of compliance.14 The State’s attempt to raise this generic design issue as part of
this proceeding is unwarranted and the Contention should be dismissed.

The State’s contention must also be dismissed for failing to present é.ny genuine
dispute of material fact. First, the State’s claim that Holtec’s analysis fails to consider the
effects of irradiation on the cladding, as recommended by ISG-12, is incorrect. In Revi-
sion 7.0 to the Topical Safety Analysis Report (“TSAR;’) for HI-STORM 100, Holtec in-
cludes a revised analysis of fuel integrity under drop conditions that incorporates the rec-

ommendations in ISG-12, including specifically, the use of irradiated fuel cladding mate-

13 See also Private Fuel Storage, L.L.C., LBP-98-10, 47 NRC 288, 295 (1998).

4 As noted above, both Dr. Resnikoff and the State have raised similar issues in context of the rulemaking
proceeding for the HI-STAR 100 cask storage system. The Commission has rejected these arguments in
the final rule adding HI-STAR 100 to the list of approved casks. 64 Fed. Reg. 48,259 (Sept. 3, 1999).




rials. See HI-STORM T§AR. Section 3.5 (Rev. 7.0) (attached as Exhibit 5). The TSAR
specifically states that “[t]he material properties used in the non-linear analysis are those
for irradiated Zircalloy . . .. Id. at 3.5-3. The State provides no evidence to suggest the
contrary. That Holtec’s analysis complies with the Staff’s concerns addressed in ISG-12
is further evidenced by the Staff’s approval of Holtec’s buckling analysis for the HI-
STAR 100 storage and transportation system (64 Fed. Reg at 48,261-62) and its planned
issuance of the draft Safety Evaluation Report for the HI-STORM storage cask.

Second, the State has failed to show any genuine issue of material fact concerning
the alleged need to evaluate the dynamic loading from fuel pellets. Despite its knowl-
edge of this issue for 17 months, the State and Dr. Resnikoff still offer no evidence be-
yond mere speculation that dynamic loading will have any significant effect on cladding
integrity. Indeed, the State has provided no technical basis for its claim that fuel pellets
traveling less than 0.1mm'® would somehow cause a failure of cladding integrity, espe-
cially considering that the fuel cladding can resist a deceleration of 63.5 g’s, which is
40% greater than the design basis acceleration of 45 g’s. HI-STORM TSAR at 3.5-15-19.

Third, as shown by the State’s own calculations, State’s Exhibit 4, the State’s
claims concerning the potential thinning of cladding for high burnup fuel are not material
to this proceeding. Even if the full 17% thinning occurred, buckling would only occur at
50.81 g’s by the State’s calculations, still above the maximum design load of 45 g’s. Id.
In any event, the State has failed to show why thinning is even an issue since the HI-

STORM cask storage system is not presently certified to take the high burnup fuel that

'S The gap between the cladding and fuel pellets for the Westinghouse 17x17 Fuel Assembly is 0.082 mm.
See Henry Graves, Nuclear Fuel Management, Appendix C — Typical Nuclear Reactor Power Data, (1979)
(attached as Exhibit 6). :




would cause the increased thinning.16 In short, the amended contention must also be dis-
missed for failing to present any genuine dispute of material fact."’

The State also contends, incorrectly, that the revised analysis must be performed
for the Intermodal Transfer Point (“ITP”) and “during transport on either rail or high-
way.” State’s Request at 7. As this Board decided in granting summary disposition for
Utah Contention B, transportation of spent fuel is governed by 10 CFR Part 71, and not

Part 72, and is beyond the scope of this proceeding. Private Fuel Storage, L.LL.C,,

LBP-99-34, 50 NRC ___ (1999).Thus, this part of the State’s contention must be re-

jected.
[II. CONCLUSION

For the foregoing reasons, Applicant respectfully requests that the Board deny

Utah's request to admit its late-filed, second amended Contention Q.

Respectfully submitted,

O ¢ Athe.

Jay E. Bilberg /
Ernest L. Blake, Jr.
Paul A. Gaukler
SHAW PITTMAN
2300 N Street, N.W.
Washington, DC 20037
(202) 663-8000
September 3, 1999 Counsel for Private Fuel Storage L.L.C.

' PFS plans to accept high burnup fuel in the future. Before this can occur, Holtec would have to amend

an approved HI-STORM certificate of compliance, at which time the State could raise any concerns.

'7 The State’s discussion of “the concept of multiple confinement,” State’s 2™ Request at 9-11, does not re-
fute the authority cited at pages 209-210 in Applicant’s December 24. 1997 Answer to Petitioner’s Conten-
tions, in particular the quotation from the proposed rule (51 Fed Reg. 19,106, 19,108 (1986)) which explic-
itly provides that the -canister could act as a replacement for the cladding.” Thus, the fact that the State’s
contention would not entitle the State to relief even if it was proved true constitutes another basis for the
dismissal of Second Amended Contention Q.
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_UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

Before the Commission

In the Matter of )
)
PRIVATE FUEL STORAGE L.L.C. ) Docket No. 72-22
)
(Private Fuel Storage Facility) )
CERTIFICATE OF SERVICE

I hereby certify that copies of Applicant’s Response to State of Utah’s Request for

Admission of Late-Filed Second Amended Utah Contention Q and related exhibits were

served on the persons listed below (unless otherwise noted) by e-mail with conforming

copies by U.S. mail, first class, postage prepaid, this 3rd day of September 1999.

G. Paul Bollwerk III, Esq., Chairman
Administrative Judge

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

e-mail: GPB@nrc.gov

Dr. Peter S. Lam

Administrative Judge

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

e-mail: PSL@nrc.gov

Dr. Jerry R. Kline

Administrative Judge

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

e-mail: JRK2@nrc.gov; kjerry@erols.com

* Susan F. Shankman
Deputy Director, Licensing & Inspection
Directorate, Spent Fuel Project Office
Office of Nuclear Material Safety &
Safeguards
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555



Office of the Secfet_ary
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Attention: Rulemakings and Adjudications

Staff '
e-mail: hearingdocket@nrc.gov
(Original and two copies)

Catherine L. Marco, Esq.
Sherwin E. Turk, Esq.
Office of the General Counsel
Mail Stop O-15 B18
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
e-mail: pfscase@nrc.gov

John Paul Kennedy, Sr., Esq.

Confederated Tribes of the Goshute
Reservation and David Pete

1385 Yale Avenue

Salt Lake City, Utah 84105

e-mail: john@kennedys.org

Diane Curran, Esq.

Harmon, Curran, Spielberg &
Eisenberg, L.L.P.

1726 M Street, N.-W., Suite 600

Washington, D.C. 20036

g-mail:DCurran.HCSE@zmpp.org

* By U.S. mail only

* Adjudicatory File

Atomic Safety and Licensing Board Panel

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

Denise Chancellor, Esq.
Assistant Attorney General

Utah Attorney General’s Office
160 East 300 South, 5* Floor
P.O. Box 140873

Salt Lake City, Utah 84114-0873

e-mail: dchancel@state. UT.US

Joro Walker, Esq.

Land and Water Fund of the Rockies
2056 East 3300 South, Suite 1

Salt Lake City, UT 84109

e-mail: joro61@inconnect.com

Danny Quintana, Esq.

Skull Valley Band of Goshute Indians
Danny Quintana & Associates, P.C.
68 South Main Street, Suite 600

Salt Lake City, Utah 84101

e-mail: quintana@xmission.com

2P RIA

Paul A. Gaukler
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RADIOACTIVE WASTE MANAGEMENT ASSOCIATES

. February 27, 1998
Charles Haughney, Director

Spent Fuel Project Office, Mail Stop 6F18
Nuclear Regulstory Commission
Washington, D.C. 20555

Re:  Holtec HI-STAR 100 TSAR
NRC Docket No. 72-1008

Dear Charley:

This letter concems the g force that spent fuel cladding can withstand and the use of this
parameter in safety analyses by Holtec, Sierra Nuclear and other cask manufacturers. This
issue reiates to the Holtec and Transtor storage/transport cask and transportation casks in
general. In my opinion the most vulnerable fuel cannot withstand a 63g force in the most
adverse orientation (Holtec TSAR, p. 3.5-1) but a force considerably less. At the very
least, additional information should he requested from Holtec before issuing a Certificate
of Compliance for the HI-STAR 100 cask. The Commission may also need to fund
additional studies to consider this issue as it generally relates to transportation accidents
involving irradiated fuel assemblies.

The “63 g” force for most vuinerable fuel is based on an analysis of the more ductile
unirradiated, not irradiated, cladding. Despite the title of the Lawrence Livermore
National Laboratory report on which Holtec relies (“Dynamic Impact Effects on Spent
Fuel Assemblies,” UCID-21246, October 1987), the LLNL report does not deal with
“spent fuel” assemblies, only with non-irradiated fuel assemblies. As you are aware,
irradiation within a reactor makes fuel assemblies more brittle and less resistant to impact.
“Cladding ductility decreases and yield stvess increases with increasing ncutrorn: flucnce.”
(* Assessment of the Use of Extended Burnup Fuel in Light Water Power Reactors,”
Battelle Pacific Northwest Labs, NUREG/CR-5009, p. 2-5, February 1988).

LLNL's calculation for most vulnerable fuel also does not take into account the weight of
the fuel itself;, only the g force withuut the additional weight of the fuel. This considerable
additional weight is an additional internal force. LLNL assumes firel pellets remain in a
rigid array in & high impact accident and will not impart a force to the cladding. This is
obviously not correct.

NRC staff should ask Holtec and Sierma Nuclear to address this issue in their TSAR's. If

no available studies analyze irradiated fuel cladding in high impact accidents, the NRC
should fund additional studies to address this issue.

\lmm Rnnm lt lnl) * et \w-vu
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C Haughbasy, NRC 022758

1 wish thess comments to be included in Holtec’s NRC dock<t and to be considered in the
Stafl’s safety evalustion report. Plesse send me 8 copy of the aff’s draft safety
evalustion report for the Holtec cask 0 that we msy provide comments. If you have
questions, feel free to call

cc: D Curnan
- C Nakahara

bl 1yl
in Resnikoff
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seaet’ ‘ November 19, 1998

Dr. Marvin Resnikoff, Senior Associate
Radioactive Waste Management Associates
526 West 26" Street, Room 517

New York, NY 10001

Dear Dr. Resnikoff:

| am responding to your February 27, 1998, letter regarding your concems related to the
structural integrity of spent fuel cladding under hypothetical accident conditions in spent fuel
casks. In his March 11, 1998, letter, Charies J. Haughney, at the time, Acting Director, Spent
Fuel Project Office, indicated the Nuclear Regulatory Commission (NRC) staff was reviewing
your concems and would report their findings to him to report directly to you. | apologize for the
delay in responding 10 you, however, Mr. Haughney is currently serving in another office and
several licensing actions took precedence in allocation of limited staff resources for compieting
the review. The staff has now completed its review of your concems regarding the Lawrence
Livermore National Laboratory (LLNL) Report UCID-21248, “Dynamic impact Effects on Spent
Fuel Assemblies,” dated October 20, 1987, and determined that the LLNL report appeared to
use sutficiently conservative data in the characterization of spent fuel cladding properties. The
staff also found that the LLNL report conclusions appeared to be based on acceptable analysis
and assumptions.

in particular, you stated that the LLNL report does not address irradiated fuel cladding, only
unirradiated fuel cladding. In actuality, Tabie 3 of the report delineates irradiated cladding
longitudinal tensile strength values. This table indicates that irradiated cladding has a greatsr
strength value than unirradiated cladding. The LLNL report analysis used the values of
unirradiated cladding strength, which is acceptable.

In your letter, you aiso stated that the LLNL report did not take into account the weight of the
tuel assembly in the side drop orientation evaluation. In actuality, the fuel weight was
delineated in Table 4 of the report and used appropriately in the analysis in Appendix A of the
report. Thus, the LLNL repon used the proper weight value in the analysis of the side drop
orientation.

The NRC is committed to ensuring the safe operation of dry spent fuel storage and transport
casks. The NRC staff will continue to evaluate industry data and analysis on spent fuel
cladding properties in hypothetical accident conditions for these casks.

Please note that your letter has been placed in all applicable dockets (i.e., 72-1008, 72-1014,
71-9261, 72-1023, and 71-9268) and your questions and concerns will certainly be considered
in the staff's safety evaluations of the pertinent cask designs. You will also have an opportunity
to comment on the draft safety evaluation report for each cask design during the public
comment period of federal rulemaking to incorporate that cask into Part 72 to Title 10 of the
Code of Federal Regulations.

9811250204 981119
PDR ADOCK 07109261
C PDR



M. Resnikoft , -2-
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’ .1 trust this responds 10 your concems. it you have additional questions or wish to discuss this
matter further, please contact me at (301) 415-8518.
Sincerely,
ORIGINAL ST NED Br /s/
Mark S. Delligatu, Senior Project Manager
Spent Fuel Licensing Section
Spent Fuel Project Office
Office of Nuclear Material Safety
and Safeguards
Oocket Nos.: 72-1008, 72-1014, 71-9261,
72-1023, 71-9268
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December 31, 1998
Mark S Delligatti, Senior Project Manager '
NMSS

US Nuclesr Regulatory Commi«sion
Washington, DC 20555

Dear Mark:

MywﬁtymeovembelhuponatomyFebnmyﬁleﬁu. Your letter did not
fully answer my concerns, so I'll try once more.

From several NRC-coatractor reports, it is my understanding that irradiated fuel cladding
is more brittle than unirradiated fuel cladding. This should siter the consequences of a
transportation or ISFSI accident involving impact. You stated that irradiated fisel
cladding has s grester strength value” than unirradiated fuel cladding, but this does not
address my concerns sbout brittieness. It does not appear that NRC staff are querying
Holtec and SNC about this important distinction between irradiated and unirradiated fuel
cladding Simply using unirradiated cladding strength in the Holtec and SNC SAR's may
not be acceptable.

Dynamic Leading

" 1 am swaze that the fuel assembly weight is taken into account in the LLNL report and

the Holtec SAR, but the loading is static, that is, the fuel weight is assumed to be evenly
distributed along the cladding The model is cssentially 3 beam between two supports.
But this model may not bound the physical situation. In a side impact, the cladding and
the fael are distinct beams. Under impact the fuel pellets would be expected to break
their fixed configuration and strike the cladding with force. This dynamic loading is not
considered im the LLNL report and may be important. It does not appear that NRC staff
are quesying Holtec and SNC about this important distinction betwern static and dynamic
loeding.

Thank you for reconsidering these issues. Andbatwislmforthe
' /
.\\

Munvin Resnukodt, Phil) & Senior - Aswaate

/
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re: Comments an Praposed Rule to add Holtee Hi-Star 1000 Cask Systern
to the List of Approved Spent Fuel Storage Casks,

Dear Secretary:

Ts respanse va 64 Fed. Reg. 1542, Jaruary 11, 19599, the State of Utah submas

comments on the Preliminary Safery Evaluason Report and Proposed Centificate of
Compliasice for the Hohec HISTAR 10C Storage Cask. These comments have been pupand

with asistance f[rom Marvio Resnikoff, Ph.D., Radioaczive Waste Management Assccimes.
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Comments from the State of Utah

Preliminary Safety Evaluation Report and
Proposed Certificate of Complisnce

HI-STAR 100 Storage Cask

March 29, 1998

The State of Utah, with pssisumce foom Marvin Resnikoff, Ph.D. of Radioactive Waste
WMMQWMmmmImMS&m Evalusion
Report (SER} and peoposed Centificate of Coaplisnce (CoC) for the Holtee HI-STAR
100 ievatiated fucd quecahhﬂcmbubh.?}lm. &1 Fed. Reg. 1542 {1999).
Yhe HI-STAR 100 is an ali-mesal cusk with an ouset metsl overpack that encloses a
sealed Helium-filled canister (MPC) contmining inmdisted fiacl. Ahhough the SER and
CoC undet review here 23dress siorage only- the H-STAR 100 s designed For both
storage and transpartatian of spen? nuclesr pawer plant fuel.

The Stare has u thoee-fold interest in the sdequacy of the SER and CoC foe the HI STAR
100 s1orage cask, First. its design is vistxaldy idemical 1o the design of the Hl STAR 100
wanspontalion cask. which Pyivate Foel Storage 1 L.C. (FFS) proposes 1o use 10 ranspoct
spent fuel to fts proposed independen spunﬁxdwhunlhﬁen{lsﬁnhthm The
@-aim:mzmmmwuummwkmmwm
Tansporaticn cass miupxt!i@smdnﬂmis&immhﬂiu!aédntomuﬁﬁw
\mdec 10 CFR Part 71. Secend. PFS plans bo use the HI-STAR 100 sworage cask’s
sernal wrlded canisier (misti-purpose canister e MPC) 1o wansport and sore fuel. The
MPC wilt dold the kradiated fucl during transpormtion to e Private Fucl Storage
facility. Afvec arrival af the PES faciliry. the MPCs Wil be sanred in the HI-STORM 100
coacrete overpack 8 the proposed PFS faciliny. Thisd. although PFS iniends to use the
H1-STORM-100 cask for starage under pormal conditions. in case of an sctident, the'all-
metal cask HISSTAR 1910 cask wilk be used as 2 stosage beckup.

{TSARs) for the HISTAR and HI-STORM casks. The HI-STAR 100 storage TSAR is
Holtec Report H1-941 184 (NRC Docket No. 72-1008). The HI-STAR 100 transpoctation
TSAR is Holtec Repart HI-951251 (NRC Docket No. 71-9261). The HI-STORM 100
stovage TSAR is Holec Report HI-9313312 (NRC Docket No. 72-1014). :

e - - At s w s m = = N = e =
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The Stwic s in the peocess of finalizing 8 cosfidentiality agreement with Hohee tha will
allow e Statr aocess & the Holec proprietay version of HI -STAR 100 SAR, Revision
9 and HI-STORM 100 TSAR. Revision 5. The State will submit additional coexments. as
8 proprictary and confidamial submiital. afiey it has received and reviewed Holtee
prupnietary documents.

General! Comments

TMHLSTAR]WW:MM&“&WMHO[&MMW
reascrable assurance st Ore cladding and cask will tetsin their itegrity wnder apemal,
off-acemal and accident comditions. Marenver, Holtee docs not eosrectly calculate health
werets ender bounding accidents. Nor has Holtee evaluxied the impact of a sabotage
cvent. Finally, the TSAR and SER do not provide assurance the cask and cladding wilt
retain their integrity under thesmal conditions thae exis1 a8 an TSFSI. Rather than
addressing these deficiencies. the NRC's SER bas plossed them over. These issoes are
crosially important to procesting the pubfic healih and safecy. and 1herefiore nwst be
scidressed before the Holier Col” can be issoed.

Specific Comments
Cladding Integrity Under Impact

According to the HI-STAR 100 siorage TSAR (Ser. 3.5). the HI-STAR 100 systemn is
designed to withstand a snaximum deoelermion of 60 g. while a Lawrence Livermore
National Laboraioties report shows that the most vulnerable fisel can withstand 2
decelermion of 63 g in the moest adverse ariensation (side drop).' Hollee therefore asserts
than Fuel rod integrity will be maintained under all accidem conditions. 1a the prefimimary
SER {at 11-6}. the NRC Staff esecurs that "there is ressonable assurance that the cladding
will madmtain confinesnem integrity during a design hasis drop.”

o our view, this analysis is incorrect. Hohere and the NRC 54T heve non demonsirated a
1easonable assurance thak the cladding will mainlain s imegrity.

Haltec's analysis does nod provide rensonshie assurance for the following reasons: {J) it
does 0ot take into accoun the passible incrase in rate of oxidason of cladding of bigh
burnup fuel; (2) Holtec telies for its enallysis on a Lawreace Livermose Nutional
Laboraseries (LLNL) report that Gails to distingirish the effects of reactar ymadiation oa

L UCTID-21245. Dyuamis Jnpect Effccts o Taere Facd A sicroblisy, Chen, WiR, Schwarez (Ocieber 20,
19 (LLML Repont). ’
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fuel assermblies; and (3} Halrec absa relies on the LLNL Repant’s incorrect assumpeion
that fuef assemblies act as a static rigid Tod.  The first factor (increased mne of exidation)
increases the likelihood then fuel clsdding may ruptere. aad, ahen the three factars ace
tzkes mgether, they compennd the likelihood of a rekease of radicactive materials daring
2 foresoeabic drop accident st the peopased TSFSE. .

1 Inerrased Rate of Oxidixstien.

The NRC"s Infosinaticn Netice [N 98-29, ensitied “Predicted incsease in Fuel Rod
Cladding Oxicslion® {August 3, 1958}, poovides acw in(ormation, not cammderad in the
Holscc TSAR, thee calts ot questicm Holtee™s secident analysis. IN 98-29 discusses the
oxidarion rate of fuel cladding for high buroap fiset based an reperted expericnces with
Westinghouse's fuel assemblics. NRC advises recipicans (o “revicw the informsticn fiw
applicasuusy 40 their facilities and consider action as appropriste. so avoid similer
problems * Nuclear Regulatory Commission, IN 98-29, Predicied Incregse in Firel Rod
Clodding Oxidatios (Angast 3. 1958) at L.

The Notice reparts that in Oclober of 1997, Westnghouse notificd NRC that modification
of its fue! cladding corrasion made] in s fusl design code 80 Teflect new dam oa
Zircaloy<4 cxidation at kigh bunoup "may create conmpliance issues for its Invegral Fuel
Burnable Ahsorber ([FBA) fuel with Zircalov=t cladding.” &. a11. Asooiedintde
Information Notice.

The wodified code may predics higher finel semperatures aad internal pressures at
Yigh bumup condithans. This. in e, may Jead to code results that do ol meel
tbe Westinghouse criterion prohibiting gap reopesing and thar do nol mect the
loss-of coolam accidznt LLOLA) critetion in 19 CFR 5D46(b)2% i

#& Ahhpugh the peoblem was intially discoversd by Westinghouse with relation to
Drcaley 4 fnc, the Infonmation Noties noes thas “the burnup relaed phenooeca, which
could result in noncompliance widh the oxidation nequirements of 10 CFR 50.46, may act
De dimited to Westinghouse IFRA fiael bet might affecs sy Zircaloy fuel used in high
bramup appbication.” IN98-29 a8 2. Thus. the experience 2t Westinghonse is alao
germane to amy bigh bumup fuel that may be stored in Eloliec casks--not just to
Westinghosse fuel. ’

According to DN 98-92, the incremsed oxidation of the cladding is 2 functice of the facl ,
burnup. Oxidization may cause the ciadding 10 becoemne effectively thinmer. decvemsing its
strucvural integrity. Thia (rinner cladding due to oxidization also lowess the g’ impect
foroe a1 which fuel cladding odll shancy. Holec’s TSAR celics on the premisc that fuel
etadding will por shamer for say forcseeable drap. This premise is based om the

" assuroption that it would sake 8 side drop of greatce than 63g to damage the cladding.

Ous spreadshert cakulations, presented below. show that the g Jonding for high burmip
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fire] with oxsdized cladding approaches 45g.  The NRC Siaf¥ shoild not approve the
Hohec applicatian uniess and umil Holtes has facioced the miomasion in RN 98-29 imed
its calesdations. The clear implicaion af IN 98-29 is that the lift beighe of the HI-STAR
100 cask must be rediaced so lower the g-foaces en the claddiag.

£ et of Chanpging Varishies

Tabie 4 i Dynamie Impacy Effecis o Speat Faret Assembives

. B € D E F_ G
Rod aray Txi? IE? YWIT . %Y L™x1? ™17 1Tl
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A: ¥aluzs frons Wesikighouse spetimen (Dh semic Jmpaxa Effecis . Table -0

B: Preswmure changred (o & jower value ¢ value in Aa Axsesenent of the Risk..]

C: Thizinss af fue] cladding decsensed due t oaidytion by, £7%% Column A's Thickness is reduced by [T%.
D- E Medules chargedeo kigher vndue tvalue io An Asscsactene of she Rik-.}

E: Yicld stress ipwered v half The asigioel vallue -

F: Yichd siress low ered and pressore fowered {E ane Bl

& Daubiing the thickases

e .

DIE = Dvrxnx bapaxcs Effects. .

AAR = Ag Asseesment of the Rish..

AARS E modeihus was expected & be lou er. 21 they taok iraddinted ziecaley e accouns. Heorever, i was
oot afler unvestion.
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y R Yrradisted sad Usirradinsed Foel Assembies.

Hohec's TSAR for the HESTAR 100 sarage cask relies for its estiaase of g forse thet
will daraage fie] cladding upan a 1987 repoet by LLNL.® The LLNL Report fails bo take
into account the increased buitibleness of irradisted focl assercblies.” Beuause the
irradized fix| assemblies may hae been smibvittled. they would also be Jess resistant (o
impact During the cousse of a fuzl assembly”’s Ide. subaiomic panicle bombandmera,
including pevtron dus, significandy decreases the assesmnbly s ductility and jncremses the
assernbly’s yield steess, thereby embeittling the fuel assembly. “Claddimg duetility
decreases and yiekd stress increases with increasing teutroa fumnce.™*

Fusthermore, the proposed HI-STAR 10D will store only irradiased fisel nsseanblies; this,
fhe Applicant cenmot refy on LLNL's analysis because the LLNL does nat account fos
aradistion and enoduictiemen, which fower the mpact resisioce of the fuel assembbies.

These €acts nre significant when congled with the tnevessed axidation rate repactod s IN
QB-19 because increased exsdation could mngemtially cause an mcrease in cladding
embeittiemem.* Thas TN 98-29 compeends the LLNL s error o disregarding the brintie
chasacteristics of irradiated fuel cladding.

i Fuel Assemblies Do Not Act a5 @ Righd Red.

Hohee's aaleulations rely upea L1NL"s evoneous assumption thet the fue] within the
chadding behaves as a rigid rod. Thas, Halac merely weed a sisic calculation imetend of
1aking into account the dynumic [oading gpon imgacl. The LLNL Repor specifically
states. "It is impostant so cophasize that the g loadings shown in Figs. 6 and 7 are static
koadings.”* This assumption is incowect. Insiead of a homogenous. tigid rod_ the fuel rod
oconsiss of fucl pelbets siacked like coins within thio tubing. 1 any Empect scenaria, the
fuel assembly does nat act as a rigid rod: rather, it acts 85 3 dynamic sysies with the Sacf
impacting the inside of the cladding axd creating a greater likelilood of cladding ropuxe.
Hollee has ncC shown that the assampiion of 2 rigid tod is conservative. The thimoer
cladding due to the inmmﬁﬁmmmm&ige&dmcmﬂm
g fooce would be required to rupiuse the assembly. The NRC saaft shoudd not appeove the

< LLNL Repors.
3 See £.g. UCID-21208, Tadle £ wiich maikrs 30 distincsios betwem Yeony's eodulis s yield smaph

of 2 range of Seef amerobiles.

4 ‘maumummfmmtmw«rmm'mm ,
Nordirees Lab, NUREGACR-5009 (Febomry 1938)

' m:mﬁqwmmmunum:lmmhw:hﬂh;amhmﬁ. Sae TN
©8-19 = 2 ¥ dis tow] oddation Nmit wene to be excesded during as sreident, the cledding conkd becorne
ombrinled.")

“ LLML Report
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Holtex applicetic without  showing by the applicant tmt f1s calculatians are
sonseyvanve.

T surs, the newls discovered findings at Westinghouse. a3 cecognized in the NRC's
Natice. and the other concems dseyssed above. mrise significan questions ahowt the
adequacy of Hohee™s sccidestt analysis.

Health [npact of Aceideats

“The calculmed bealth impacts undes hypothetical accident conditions, discussed in
Chapter 7 of Hodec™s HI-STAR 10D TSAR, are not conservative. Theee issoes peed o be
tacre fully examined by NRC Sufl the: desigs basis accident, the radistion pathmays, and
g dose so cikineny.

1 Design baait secident.

Holtec's bypothetical design basis accident condition agsumes 160% of the fioel rods are
noo-mechanically ruptured and the gases and particulates in wbe fuel rod gap between the
<ladding and fuel pdluuu{mednmuxav&gadlhmw&e esienmal
environment. Radbation doses are calculated 100 m from the cask. In the ime imenvel
kmmmdncﬁmnflmAmdﬂa.ﬁnfﬂrTSAR.d!NRC S1sfT requaested Holter to
candut the duse calcubmnives in confommzance with the final version of NUREG-1536,"
The accident amalysis in the final version of NUREG-1 $36 increased the amoust of
ragioactivity to the MPC mvityhyiodusofmaudum!:nddhsveplmaﬂdmuz
L00 o over the EPAs limitol 3 sem. In Rex, &, Hohec responded 10 the NRC's request
bs changing 1he method of calculating doses 1o Fcorporse an extreznedy small cask
leatage rate, ratber than assuming 100% of the cask covity was Teleased 3o the exiesnal
ervironmem. TSAR. Rev. Sat 11.2-15. Thus. Holtee's new analysis increased the
Wixwmm”hdmm-bysmwmmmumpm
reduced the amount released frore (he cask cavity 10 the envisonment by moce then 5
arders of magnitade. The net effoa of this sleipht of hand. was change the design
basis accifenL. 50 a1 80 reduce the doses 1o the thyraid and whole body a1 100 m. n
essence, the NRC staff has allowed the applicant 1o change the defimion of & beunding
sccidem 1o coc that involves 100% Foel Tod cladding nopture, with the caskc lid imace, jie.
only slight leakage fcom the cask The desigs basis sccidem no longes represents a loss-
ofcpofinemen-baryier accident

Hnlmc’smmptm:hwﬂndeﬁgnbuisawiﬂeufaﬂm:geaﬁsismﬂlj .
inappropeisie, bul is uasupported. e strangly disagree that the siight cesk leakage, 13 x

* Muclear Regalamry Comminion, “Sandard Raview Plan for Dry Cask Storuge Systems.” NUREG-136,
Tawuay 1997,

——— - -
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10 cm’/x. conatitutes a bounding accidem. A scemario that could kead 60 a grester relcase
rzie is a2 swelding ermor that allows heliwm 10 leak from the MPC if & cask is dropped.
Lesiage of beliurn will Allow the maxinom cladding temperabare 10 tise aad the fioet rod
cladding to rupture. In this case, the pesoentage of fiel rods that rupeare Tay be less, but
the leakage rate from the cask cavity would be grester thaa sssumed by Holtee.

b X Radiation pathwa)ys excleded

In Chapter 7, Holvec has calcnlaed the mdiminoa dose o an adult 100 ra from dhe
accident, duc solefy ko inhalation of the passing cioad. Other relevamt potimays, such as
diyect radiation from cesium and cobalh-60 deposited on the ground, cesuspension of -
deposilad radioucBdes, ingestion of coataminated food and waier and incidenal soil
imgestion, are not considered, in viokatSom of 10 CFR 72.24(m)

k8 Dase t» children not sonsidesed

Contrary to 1he standards in 10 CF R Par1s 72 end 20. Holsec has nok caleviaied the dase
o children  These standurds prescribe dose Limits far “an individual outside the
canirolled area™ {10 CF R § 72.23(m)1 and "indiridual members of the publie” {10
CF.R. §§ 20.1301. 20,1302} For purposes of the Part 20 dose standards, the regulations
define "indiveduad®™ a5 “awy buman being.” and "member of the public™ 29 amy: individual
ecept when that individual is receiving an occupetional dose.” (Emphasis added]. The
pencepl of “any individusl” clearhy includes people other than adult men. Le.. children.
Nor does the Atemic Encrgy Act Bmin its prosection ageimst undne risk o adult males. In
fact. NRC regulaions Aready make special exception for the dose 1o 2 manor {10 CFR §
3D.1207) and the dose 310 an exabryo-Fesus (10 CFR § 20,1308} within restricied aseas.
Fuarther, Regulatory Guide 3.51. "Calculational Xdadels for Enimating Radiation Doses to
Man fom Aisborne Radiosctive Materials Resulting from Uranium Milling Operatinas.™
also calculates 1be dosz to childnen and infants bn adjusting the organ size, breathing rme
and Gose conversina facters.

Chsidsen are more s udneruble 10 radiation thap aduhs because of their higher saface-aren-
- olame of nepans cano.* Other coamritnuting factors inclwde the fact that childsen have
higbet soi} ingestion Tates than aduls.’ Children 2iso have reduced ingsstios and
ushalation rates comgared ¢a adults;'® neverteless, 1he dose 10 children under a design
basis accidess is Hikzly to be significanily higher than the dose 10 an adult. Thus. m order
o satisfy e grlativas and the Aaoc Eacrgy AcL i is acpessary 1 desermoing wirethes

S fnasvatimst Commissioa on Radielogieal Protection, “1950 Reconmendations of the lmomtisnal
Crameision on Katiokgical Proweiien,” ICRP S0, 1991, Pergamaon Press.

% EPA, “Risk Assessment Guidhnee for Superfong Yohume | - Heonan Heahh Eveleation Mzt (Pan B,
Dewelopment of Risk-beacd Prefiminary Remedimion Goals” EPASIR-92000, December 1991,

* Ecizonan, KF o al, “Healh Rista rom Low-Leved Envinamental Exponse w Radionclides,” Federad
G-odasce Repont Na. 13, Part | - imerira Varsion. prepased - the EPA, 1990
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the dose limits are satisfied for children. 1n additinn. children are a0 3 higher risk thaa

, &caﬁ.ganggﬁ&&gﬂﬁ_igiwag&ng

more eapidiy tham adulkts’ cells

Nose @hat it is 201 the %&ugﬂeﬂsﬂqa%mﬁ%&ag
of 5 rems B 08 Gefivient. Raiber, 7t is the NRC Staff's meshodology in calculating
exposures L childoen.

Sabotage Event

Since she el _ouaﬂgnzwﬂ_!uﬂ_ﬁnoniﬂn_ﬂﬂwm%g%»aom
eapermems camicd vut by Sandia and Batcllz Cotumbus Laboratosies that meaaued the
relesac of radsoactive materials 25  cesult of ek ssbotage. 1= one af the Sandia
ggﬂ.uﬂ.ﬂm&ﬁ&w%%ﬁﬁ%ﬁ& Foe! assembly was
aioched with an M3A1, a mA3irery “shaped charge. Although the resuits "demoostraied
gnggiffﬂw&g!ilv.nnv—ﬂ.:laﬁ that a cansiderable
fraction of spem fued could be rebcased Qgguﬁnk%iozg%S
Sandia's findings by 8:&:&39!%&4&-.89%&9« votal fuel weight was
driymgg?-!gg%%aﬂuﬂgﬁu
heavily ueu&t&%sunvuvzﬂ. dﬂ#gi!kansagm?zﬁﬂl&_nu

" Jicttse HI-STAR 108 Shersge TSAR, Tsble 223

3 Jsinesd. Aohers ). asdl fumcs Dusid Baiead, “Suctesr Wame Tracoponutien Sccurity 3ad Safmy (secx The Risk
of Termoriars and Sebowge Apaiast Beposianny Shiprasn.” paeganctl for he Yarvede Agrecy fou Nudam Prejtas.
Coon Ciry, Nevada Cridhes HoT.p2S
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. A 1G-year-cooled, medium buro-ug. Westinghouse PWR sssembly should be the
reference spent fel. A Holiec HI-STAR 100 stompe cack Joaded with 24 PWR
assemblies of the refesence fuct would represent a sotal radicactivity of abous 5.5 milon
Curies. A terrorist incideat resulting in § one-pescens selease would have radiclogical
consequences Gar grealer than thase assumed in the HE-STAR TSAR.

. Theﬁ:ﬂuni:gmmimladnimsbouﬂbemsideut'&maﬂth
wﬁcb:becﬂisapmad.pmﬂmdbyommm:exploiw&vicc,mdwl
ﬁpiﬁumm(nummpm)diumfmﬁwmmmmuﬂh
mdwcmkismwm«mm%dngmwmw
rejeses a sigaificunt amount (a1 feast coe percent) of its rafSoactive contents ™™

Note that Halstzead and Ballard recommend & 1% release becaxse that is the percestage of

. enreadiased fize] relexsed in the Sundia sabotege tesis** We maintain dm? a design busis

accident showtd not be the release of 2 % 107 ot Texs of the eesiuen invemory, Yt 1%,
based on the Smndia sabotagr wsis Furtber, it is not simply inbalebie-siznd pasticulates
that e important. Larger-sized particulates will be released and depesited downwind,
giving rise 10 2 dicect garnana dove-

Thermal Requirements

The proposed CoC emperarwe copditions fior the Holles HI-STAR 100 storage cash are
not sofficient to paransee that cladding and neutren shield degradation nill be
reirimized. To reduce bigh 1emperaraaes. NRC saff noust incarporabe xn addniomal
conditioe intp the CoC. 3 1nimimusn pinch or cenier-to-ocoter distance between casks.
Whils Holles has seggesed a pitch of 12" or a ' spacing betwoen ¢asks. s moalyais is
1Zeels mot bamsed: po tigosous ealcalnions. Umil the State receives the proprietmry
calculmions from Holes. it cannot comanest with specilicity on them Howerer, based
o review: of sismilar proprietary eslculmioas for the HI-STORM 100 casks we have
reviewed, we are skeptical thai the peoprictary calculasioas foc the HI-STAR 100 cask are
tirorcus amd sufficient. . -

Undes the mu;ﬂm&u:&uh!ﬁ?&wﬁmdcmmmm
individual casks will not overheat i subjected to normal (aveeage T = 80 °F) snd off-
normal (average T = 100 °F) remperacures. 1F the nocmai or oB-normal rempecasare
mﬂkﬁmummtm:lumkm&uudhmwn “Thas is shmilay so U
approach far the ColC earthquake and somado conditions, bint with ane jmpostent
d&ifferenoe indinvidual casks may imteract with cach ober, causing temperanme conditions
above anbien lemperature conditions. As 2 reuh, the Holite newtron sbeorbing materisl

4

LE T8
T Gardavil, RP o al. dn O of the Safivy of Spens Fard Trangporsaio sa Lobas Exvirans, SANDE)-Q1388.
peeparnd for DOE bry Sarkia Labs, fune we.
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and the ciadding may degrade due 1o excessive beat. In the HI-STAR 100 TSAR the
poesence of adjacent casks and the coacrete pad mzy 001 be cooectly aken into accouns.
as far a3 one ¢an desermine from Holtee's skeicin mnpwaalm This should
be properly addressed im che SER and CoC.

If the cemer-w-center distance between adjacent HI-STAR 100 casks is too small, casks
oony thermally interact with ench other, effertively increasing the ambient sernpevature,
According to Holter's TSAR, the ostapack shell outside surface termperacares are 229 °F
and 249 °F wader nannal and ofEscsmal reraperanae coaditions.’® Ln the most extreme
exampls, if adjacent casks are in immodiaes comace, instcad of the ambient wemposture
bteing B0 °F undey aoermal conditions, it womdd be 229 °F. As the catks sgr moved sway
from: each cthee, a8 same distanoe the casks become therwaslBy indepeadent of each other.
Haltee nttempts & calcuiste this distance in Fig. 4.4.5 by assuming a radiative blocking
farere e 10 dec pregence of other casks. But the sitmtion ot 20 ISFSI i far mose
3 11 is not a blecking factor so wrach as the presence of adjacent heat sources

at 229°F. The effective ambient temperature will be raised as the casks ameract with
. gach other. The distamee at which casks will act independently of each other must be
cafculmed by Hollec s0d included in the CoC. Foe e HI-STAR 100 cask. the aritical
temperature is 300 °F Jue the inner surface of the Hollile newtron absorbing materiall that
smrounds the metal cask.  The maximvum temperatures of the Holite under normal asd
off-aoemal conditions are 274 “F and 204 °F. respectively. That is. the HI-STAR 100 is
already operming with 2 thin safety snaegin. wot acoourling for the inderaction between
casks

Ta ke into accomm the inderactiom of casks. the following facwrs must be incarparated
imo the calculation. As a first approximantion. Holtec could assume adjacem casks at the
saroe temperatuge. To= 229 °F. Insofation, average pad sexopesature, exvernal canvective
sir curvesds, aad wind speed must also be mcocparared imo the model. The surface
sermperatare of the cemey cask. T,. could then be cakculated. In the next itesation, the
adjacer casks could be taken st emperamre T, and 2 new iemperature for the cender cask
could be calculased T,. Hohtec could then deteymine whether the swries T, T, Ts b8
cameerging ¢0 some asympeotic value. If the value fos the immer surface of the neutron
skield exceods 300 °F. the casks ovust be spaced fondber apart. -

As the sicuation poesently stands, the SER and CoC are deficiest. The maxissum
cisdding 1empe maare or temiperature of the neutyos shield inaer sucface has not be
carvectly calculaied. NRC smif and Holtec arc assuming there is no inkeraction between
the casks. This assusaption is st coosesvative,

' aoNec, Topical Sufety Amthysis Tegart i the HE-STAR 188 Cast Syen, Hoher Repart HI-$41188, NRC
Dackei No. 731008, Teble 0.1
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woslkd bave to be “sipnificantdy adverse™ fior NRC o reserse course and withdraw the
cirecs final vale. .
Sadety consideraticns are w0 inpostant for NRC «a expedite the appenval process at the
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35 FUELRODS

The cladding of the fuel rods is the initial confinement boundary in the HI-STORM 100 System.
Analyses have been performed in Chapter 3 to ensure that the maximum temperature of the fuel
cladding is below the Pacific Northwest Laboratory's threshold values for various cooling times.
These temperature limits ensure that the fuel cladding will not degrade in an inert helium
environment. Additional details on the fuel rod cladding temperature analyses for the spent fuel to
be loaded into the HI-STORM 100 System are provided in Chapter 3.

The dimensions of the storage cell openings in the MPC are equal to or greater than those used in
spent fuel racks supplied by Holtec International. Thousands of fuel assemblies have been shuffled
in and out of these cells over the years without a single instance of cladding failure. The vast body
of physical evidence from prior spent fuel handling operations provides confirmation that the fuel
handling and loading operations with the HI-STORM 100 MPC will not endanger or compromise
the integrity of the cladding or the structural integrity of the assembly. *

The HI-STORM 100 System is designed and evaluated for a maximum deceleration of 45g's. Studies
of the capability of spent fuel rods to resist impact loads [3.5.1] indicate that the most vulnerable fuel
can withstand 63 g's in the side impact orientation. Therefore, limiting the HI-STORM 100 System
to a maximum deceleration of 45 g's (perpendicular to the longitudinal axis of the overpack during
all normal and hypothetical accident conditions) ensures that fuel rod cladding integrity is
maintained. In [3.5.1], it is assumed that the fuel rod cladding provides the only structural resistance
to bending and buckling of the rod. For accidents where the predominate deceleration is directed
along the longitudinal axis of the overpack, [3.5.1] also demonstrates that no elastic instability or
yielding of the cladding will occur until the deceleration level is well above the HI-STORM 100
limit of 45g’s. The solutions presented in [3.5.1], however, assume that the fuel pellets are not
intimately attached to the cladding when subjected to an axial deceleration load that may cause an
elastic instability of the fuel rod cladding. -

The limit based on classical Euler buckling analyses performed by Lawrence Livermore National
Laboratory in [3.5.1] is 82 g’s. In the LLNL report, the limiting axial load to ensure fuel rod stability
is obtained by modeling the fuel rod as a simply supported beam with unsupported length equal to
the grid strap spacing. The limit load under this condition is:

F = n’ElL?

In the preceding formula, E = Young’s Modulus of the cladding, I = area moment of inertia of the
cladding, and L = spacing of the grid straps.

HI-STORM TSAR Rev. 7
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Assuming that F = WxA/g with W being the weight of a fuel rod, and A = the deceleration, the Euler
buckling formula can be expressed as

A/g =t ( ER’t/WeLh) =B

In the preceding formula, g = gravity, n = number of fuel rods in the fuel assembly, W, = the total
weight of the fuel assembly, t = cladding wall thickness, and R = cladding mean radius.

Using the preceding formula, a survey of a large variety of fuel assembly types in [3.5.1] concluded
thata 17 x 17 PWR assembly resulted in the minimum value for deceleration and results in the lower
bound limit of:

A/g =82

The fuel pellet weight was omitted from the analysis in [3.5.1] by virtue of the assumption that under
axial load, the cladding did not support the fuel pellet mass. Since the results may not be
conservative because of the assumption concerning the behavior of the fuel pellet mass, a new
analysis of the structural response of the fuel cladding is presented here. It is demonstrated that the
maximum axially oriented deceleration that can be applied to the fuel cladding is in excess of the
design basis deceleration specified in this TSAR. Therefore, the initial confinement boundary
remains intact during a hypothetical accident of transport where large axially directed decelerations
are experienced by the HI-STORM 100 package.

The analysis reported in this section of the TSAR considers the most limiting fuel rod in the fuel
assembly. Most limiting is defined as the fuel rod that may undergo the largest bending (lateral)
deformations in the event of a loss of elastic stability. The fuel rod is modeled as a thin-walled elastic
tube capable of undergoing large lateral displacements in the event that high axial loads cause a loss
of stability (i.e., the non-linear interaction of axial and bending behavior of the elastic tube is
included in the problem formulation). The fuel rod and the fuel pellet mass is included in the analysis
with the fuel pellet mass assumed to contribute only its mass to the analysis. In the HI-STORM 100
spent fuel basket, continuous support to limit lateral movement is provided to the fuel assembly
along its entire length. The extent of lateral movement of any fuel rod in a fuel assembly is limited
to: (1) the clearance gap between the grid straps and the fuel basket cell wall at the grid strap
locations; and, (2) the maximum available gap between the fuel basket cell wall and the fuel rod in
the region between the grid straps. Note that the grid straps act as fuel rod spacers at the strap
locations; away from the grid straps, however, there is no restraint against fuel rod —to-rod contact
under a loading giving rise to large lateral motion of the individual rods. Under the incremental
application of axial deceleration to the fuel rod, the fuel rod compresses and displaces from the
axially oriented inertial loads experienced. The non-linear numerical analysis proceeds to track the

HI-STORM TSAR Rev.7
REPORT HI-951312 ‘
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behavior of the fuel rod up to and beyond contact with the rigid confining walls of the HI-STORM
100 fuel basket. )

The analysis is carried out for the “most limiting” spent fuel assembly. The “most limiting” criteria
used herein is based on the simple elastic stability formula assuming buckling occurs only between
grid straps. This is identical to the methodology employed in [3.5.1] to identify the fuel assembly that
limits design basis axial deceleration loading. Table 3.5.1 presents tabular data for a wide variety of
fuel assemblies. Considerable data was obtained using the tables in [3.5.2]. The configuration with
the lowest value of “Beta” is the most limiting for simple elastic Euler buckling between grid straps:
the Westinghouse 14x14 Vantage,”W14V”, PWR configuration is used to obtain resuits.

The material properties used in the non-linear analysis are those for irradiated Zircalloy and are
obtained from [3.5.1]. The Young’'s Modulus and the cladding dynamic yield stress are set as:

E = 10,400.000 psi
o, = 80,500 psi

The fuel cladding material is assumed to have no tensile or compressive stress capacity beyond the
material yield strength.

Calculations are performed for two limiting assumptions on the magnitude of resisting moment
at the grid straps. Figures 3.5.1 through 3.5.9 aid in understanding the calculation. It is shown in
the detailed calculations that the maximum stress in the fuel rod cladding occurs subsequent to
the cladding deflecting and contacting the fuel basket cell wall. Two limiting analyses are carried
out. The initial analysis assumes that the large deflection of the cladding between two grid straps
occurs without any resisting moment at the grid strap supports. This maximizes the stress in the
free span of the cladding, but eliminates all cladding stress at the grid strap supports. It is shown
that this analysis provides a conservative lower bound on the limiting deceleration. The second
analysis assumes a reasonable level of moment resistance to develop at the grid straps; the level
developed is based on an assumed deflection shape for the cladding spans adjacent to the span
subject to detailed analysis. For this second analysis, the limiting decelerations are much larger
with the limit stress level occurring in the free span and at the grid strap support locations.

It is concluded that the most conservative set of assumptions on structural response still lead to
the conclusion that the fuel rod cladding remains intact under the design basis deceleration levels
set for the HI-STORM 100.

HI-STORM TSAR Rev.7
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA
Array 1D Array Rod O.D. Clad Thk. Rpew(in.) #of Rods Assy Wt. Rod Length # of Spans  Average  Material BETA
Name @in.) (in) (Ib.) (in.) Span (in.)  Modulus
PWR
14x14A01 WI40FA 0.4000 0.0243  0.20608 179 1177 151.85 6 2530833 10400000  (.525127806
14x14A02 WI140FA 0.4000 0.0243  0.20608 179 177 151.85 6 25.30833 10400000 0.525127806 1
14x14A03 W14V 0.4000 0.0243  0.20608 179 1177 151.85 6 2530833 10400000 0.525127806 '
14x14B01 WI14STD 0.4220 0.0243  0.21708 179 1302 152.4 6 254 10400000  0.550863067
14x14B02 XX14TR 04170 0.0295  0.21588 179 1215 152 6 2533333 10400000 0.708523868
14x14B03 XX14STD 0.4240 0.0300 0.21950 179 1271.2 149.1 8 18.6375 10400000  1.337586884
14x14C01 CEI4 0.4400 0.0280  0.22700 176 1270 147 8 18.375 10400000  1.398051576
14x14C02 CEl4 0.4400 0.0280  0.22700 176 1220 137 8 17.125 10400000 1.67556245
14x14D01 W14S8S 0.4220 0.0165 0.21513 180 1247 126.68 6 21.11333 24700000 1.31385062
15x15A01 CEI5P 0.4180 0.0260 0.21550 204 1360 140 9 15.55556 10400000 1.677523904
15x15B01 WIiSOFA 0.4220 0.0245 0.21713 204 1459 151.85 6 2530833 10400000 0.569346561
15x15B02 WI15VSH 0.4220 0.0245  0.21713 204 1459 151.85 6 2530833 10400000 0.569346561
15x15B03 W15 0.4220 0.0243  0.21708 204 1440 151.83 6 25.305 10400000 0.571905185
15x15B04 WIS 0.4220 0.0243  0.21708 204 1443 {S1.83 6 25.305 10400000 0.570716193
15x15B05 15(2a-319) 0.4220 0.0242  0.21705 204 1472 151.88 6 25.31333 10400000 0.556610964
15x15C01 SPCI15 0.4240 0.0300  0.21950 204 1425 152 6 2533333 10400000 0.73601861
15x15C02 SPC15 0.4240 0.0300 0.21950 204 1425 152 6 25.33333 10400000 0.73601861
15x15C03  XX15 0.4240 0.0300 0.21950 204 1432.8 152.065 6 2534417 10400000 0.731386148
15x15C04 XX15 04170 0.0300  0.21600 204 1338.6 139.423 9 1549144 10400000 1.996693327
15x15D01 BWI5 0.4300 0.0265  0.22163 208 1515 153.68 7 21.95429 10400000 0.854569793
15x15D02 BWI15 0.4300 0.0265  0.22163 208 1515 153.68 7 21.95429 10400000 0.854569793
15x15D03 BWI5 0.4300 0.0265  0.22163 208 1515 153.68 7 21.95429 10400000 0.854569793
15x15G01 HNI5SS 0.4220 0.0165  0.21513 204 1421 126.72 6 21,12 24700000 1.305875606
16x16A01 CE16 0.3820 0.0250  0.19725 236 1430 161 10 16.1 10400000 1.270423729
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA (continued)
Array ID Array Rod O.D. Clad Thk. Rues(in) #of Rods Assy Wt. Rod Length # of Spans  Average  Material BETA
Name (in.) (in.) (Ib) (in.) Span (in.)  Modulus
16x16A02 CEl6 0.3820 0.0250  0.19725 236 1300 146.499 9 1627767 10400000 1367126598
17x17A01 WI170FA 0.3600 0.0225  0.18563 264 1373 151.635 7 2166214 10400000  0.613275783
17x17A02 WI170FA 0.3600 0.0225 0.18563 264 1365 152.3 7 2175714 10400000 0.611494853 ¢
17x17B01  W17STD 0.3740 0.0225 0.19263 264 1482 151.635 7 21.66214 10400000  0.634902014
17x17B02 WI17P+ 0.3740 0.0225  0.19263 264 1482 151.635 7 21.66214 10400000  0.63490201 4l '
17x17C01 BW17 0.3790 0.0240  0.19550 264 1505 152.688 7 2181257 10400000 0.687604262
BWR .
6x6A02 XX/ANF6 0.5645 0.0360  0.29125 36 © 3284 116.65 4 29.1625 10400000 1.192294364
6x6C01 HB6 0.5630 0.0320  0.28950 36 270 83 3 20.75 10400000  2.500527046
7x7A01 HB7 0.4860 0.0330  0.25125 49 276 83.2 3 20.8 10400000  2.233705011
7x7B01 GE-7 0.5630 0.0320  0.28950 49 682.5 159 7 19.875 10400000 1.467601583
7x7B02 GE-7 0.5630 0.0370  0.29075 49 681 164 7 20.5 10400000 1.619330439
7x7B03 GE-7 0.5630 0.0370  0.29075 49 674.4 164 1 20.5 10400000  1.635177979
7x7B04 GE-7 0.5700 0.0355  0.29388 49 600 161.1 7 20.1375 10400000 1.887049713
7x7B05 GE-7 0.5630 0.0340  0.29000 49 600 161.1 7 20.1375 10400000  1.736760659
8x8B03 GE-8 0.4930 0.0340  0.25500 63 681 164 7 20.5 10400000 1.2906798
8x8C02 GE-8R 0.4830 0.0320  0.24950 62 600 159 7 19.875 10400000  1.352138354
8x8C03 GE-8R 0.4830 0.0320  0.24950 62 600 163.71 7 2046375 10400000 1.27545448
9x9D01 XX/ANF9 0.4240 0.0300 0.21950 79 5753 163.84 8 18.20444 10400000 1.367212516
10x10E01 XX10SS 0.3940 0.0220  0.20250 96 376.6 89.98 4 17.996 24700000  3.551678654
Aray ID, Rod OD, Clad(Thk and # of Kods from Tables 6.2.1 and 6.2.2.
Rmean, Average Span and THETA are Calculated.
Zircaloy Modulus from LLNL Report [2.9.1}
Stainless Steel (348H) Modulus from ASME Code, Section 1if, Pan D.
HI-STAR TSAR . Rev. 7

REPORT HI-951312
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA (continued)

PWR Assy. Wi, Rod Len. and # of Spans (exc. as noted below) from DOE/RW-0184, Vol. 3, UC-70, -71 and -85, Dec. 1987
Assy. Wi, Rod Len. and # of Spans for 15x15B03, 15x15804, 15x15C01 and 15x15C02 from ORNL/TM-9591/VI-R1.

BWR Assy. Wi, Rod Len. and # of Spans (exc. as noted below) trons ORNL/TM-10902.
Assy. Wi, Rod Len. and # of Spans for 6x6A02, 9x9D01 and 10x101:01 from DOE/RW-0184, Vol. 3, UC-70, -71 and -85, Dec. 1987

Assy. Wi, Rod Len. and # of Spans for 7x7B04 and 7x7B05 trom ORNL/TM-9591/VI-R1.
Assy. Wt. for 8x8C02 and 8x8C03 from ORNL/TM-9591/V1-RI
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In the following, a physicdl description of the structural instability problem is
provided with the aid of Figures 3.5.1t0 3.5.9. A stored fuel assembly consists of a
square grid of fuel rods. Each fuel rod consists of a thin-walled cylinder surrounding
and containing the fuel pellets. The majority of the total weight of a fuel rod is in the
fuel pellets: however, the entire structural resistance of the fuel rod to lateral and
longitudinal loads is provided by the cladding. Hereinafter, the use of the words
"fuel rod", "fuel rod cladding", or just "cladding" means the structural thin cylinder.
The weight of the fuel pellets is conservatively assumed to be attached to the
cladding for all discussions and evaluations.

Figure 3.5.1 shows a typical fuel rod in a fuel assembly. Also shown in Figure 3.5.1
are the grid straps and the surrounding walls of the spent fuel basket cell walls. The
grid straps serve to maintain the fuel rods in a square array at a certain number of
locations along the length of the fuel assembly. When the fuel rod is subjectto a
loading causing a lateral deformation, the grid strap locations are the first locations
along the length of the rod where contact with the fuel basket cell walls occurs. The
fuel basket cell walls are assumed to be rigid surfaces. The fuel rod is assumed
subject to some axial load and most likely has some slight initially deformed shape.
For the purposes of the analysis, it is assumed that displacement under load occurs in
a 2-D plane and that the ends of the fuel rod cladding have a specified boundary
condition to restrain lateral deflection. The ends of the fuel rod cladding are assumed
to be simply supported and the grid straps along the length of the fuel assembly are
assumed to have gap "g" relative to the cell walls of the fuel basket. The figure
shows a typical fuel rod in the assembly that is located by gaps "g2" and "g3" with
respect to the fuel basket walls. Because the individual fuel rod is long and slender
and is not perfectly straight, it will deform under a small axial load into the position
shown in Figure 3.5.2. The actual axial load is due to the distributed weight subject
to a deceleration from a hypothetical accident of transport. For the purposes of this
discussion, it is assumed that some equivalent axial load is applied to one end of the
fuel rod cladding. Because of the distributed weight and the fact that a deceleration
load is not likely to be exactly axially oriented, the predominately axial load will
induce a lateral displacement of the fuel rod cladding between the two end supports.
The displacement will not be symmetric but will be larger toward the end of the
cladding where support against the axial deceleration is provided. Depending on the
number of grid straps, either one or two grid straps will initially make contact with
the fuel basket cell wall and the contact will not be exactly centered along the length
of the cell. Figure 3.5.3 illustrates the position of the fuel rod after the axial load has
increased beyond the value when initial contact occurred and additional grid straps
are now in contact with the cell wall. The maximum stress in the fuel rod will occur
at the location of maximum curvature and will be a function of the bending moment

(F2 x(g2-81))-
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At some load F3 > F3, either the limit stress in the fuel rod cladding is achieved or the rod
begins to experience large lateral movements between grid plates because of the coupling
between axial and lateral load and deformation. Figure 3.5.4 shows the deformation
mode experienced by the fuel rod cladding caused by the onset of an instability between
two grid straps that are in contact with the fuel basket cell wall.

Once the lateral displacement initiates, the rod displaces until contact with the cell wall
occurs at the mid point "A" ( see Figure 3.5.5) or the cladding stress exceeds the

cladding material yield strength. Depending on the particular location of the fuel rod in
the fuel assembly, the highest stressed portion of the fuel rod will occur in the segment
with the larger of the two gaps "g;" and "g3". For the discussion to follow, assume that

g> > g3. The boundary condition at the grid strap is conservatively assumed as
simply-supported so that the analysis need not consider what happens in adjacent spans
between grid straps. At this point in the loading process, the maximum bending moment
occurs at the contact point and has the value F4 x (g2-g1). Figure 3.5.5 shows the
displaced configuration at the load level where initial contact occurs with the fuel cell
wall. If the maximum fuel rod stress (from the bending moment and from the axial
load) equals the yield stress of the fuel rod cladding, it is assumed that F3 = F4 is the
maximum axial load that can be supported. The maximum stress in the fuel rod
cladding occurs at point "A" in Figure 3.5.5 since that location has the maximum
bending moment. If the cladding stress is still below yield, additional load can be
supported. As the load is further increased, the bending moment is decreased and
replaced by reaction loads, "V", at the grid strap and the contact point. These reaction
loads V are shown in Figure 3.5.7 and are normal to the cell wall surface. Figure 3.5.6
shows the configuration after the load has been further increased from the value at
initial contact. There are two distinct regions that need to be considered subsequent to
initial contact with the fuel basket cell wall. During the additional loading phase, the
point "A" becomes two "traveling” points, A, and A'. Since the bending moment at A’
and A is zero, the moment F5 x (g2-g1) is balanced by forces V at the grid strap and at
point A or A'. This is shown in Figure 3.5.7 where the unsupported length current "a" is
shown with the balancing load. At this point in the process, two "failure" modes are
possible for the fuel rod cladding.

The axial load that develops in the unsupported region between the grid strap and point
A’ causes increased deformation and stress in that segment, or,

The straight region of the rod, between A and A', begins to experience a lateral
deformation away from the cell wall.

-
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Note that in this latter scenario, the slope at A or A’ remains zero so this should never
govern unless the flat region becomes large. The final limit load occurs when the
maximum stress in either portion of the rod exceeds the yield stress of the tube. In
what follows. the most limiting fuel assembly from the array of fuel types considered
is subject to detailed analysis and the limit load established. This limit axial load is
considered as the product of the fuel rod weight times the deceleration. Therefore,
establishing the limit load to reach cladding material yield establishes the limiting
axial deceleration that can be imposed.

The preceding discussion has assumed end conditions of simple support for
conservatism. The location of the fuel rod determines the actual free gap between grid
straps. For example, a fuel rod furthest from the cell wall that resists lateral movement
of the assembly moves to close up all of the clearances that exist between it and the
resisting cell wall. The clearance between rods is the rod pitch minus the rod diameter.
Ina 14 x 14 assembly, there are 13 clearance gaps plus an additional clearance g3
between the nearest rod and the cell wall. Therefore, the gap g, is given as

g, = 13(pitch-diameter) + g3

Figure 3.5.9 provides an illustration of the fuel rod deformation for a case of 5 fuel rods
in a column. Clearly for this case, the available lateral movement can be considerable
for the "furthest" fuel rod. On the other hand, for this fuel rod, there will be considerable
moment resistance at the grid strap from the adjacent section of the fuel rod. The
situation is different when the rod being analyzed is assumed to be the closest to the cell
wall. In this case, the clearance gap is much smaller, but the moment resistance provided
by adjacent sections of the rod is reduced. For calculation purposes, we assume that a

moment resistance is provided as M = f x KO for the fuel rod under analysis where
K =3EVL, L= span between grid straps, and "f" is an assumed fraction of K

The preceding result for the rotational spring constant assumes a simple support at each
end of the span with an end moment "M" applied. Classical strength of materials gives
the result for the spring constant. The arbitrary assumption of a constant reduction in the
spring constant is to account for undetermined interactions between axial force in the
rod and the calculated spring constant. As the compressive force in the adjacent
members increases, the spring constant will be reduced. On the other hand, as the
adjacent span contacts its near cell wall, the spring constant increases. On balance, it
should be conservative to assume a considerable reduction in the spring constant
available to'the span being analyzed in detail. As a further conservatism, we also use the
angle 0 defined by the geometry and not include any additional elastic displacement
shape. This will further reduce the value of the resisting moment at any stage of the
solution. In the detailed calculations, two limiting cases are examined. To limit the
analysis to a single rod, it is assumed that after "stack-up" of the rods (see Figure 3.5.9),.
the lateral support provided by the cell wall supports all of the rods. That is, the rods are
considered to have non-deforming cross-section.
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Numerical Analysis - Based on the tabular results in Table 3.5.1, the fuel assembly with
the smallest value for the deceleration based on the classical Euler buckling formula is
analyzed in detail. The following input data is specified for the limiting 14 x 14 assembly
[3.5.2):

Inside dimension of a HI-STORM 100 fuel basket cell s:= 8.75in

Outside envelope dimension of grid plate gp = 7.763:in
Outer diameter ot fuel rod cladding D = 4-in

Wall thickness of cladding {:= 0243-in
Weight of fuel assembly(including end fittings) W= 1177-1bf

Number of fuel rods + guide/instrument

. 14
tubes in a column or row

]
n

Overall length of fuel rod between assumed end support L.:=151-in
(=

Length of fuel rod between grid straps L¢:=253"n

Average clearance to cell wall ata grid strap location

assuming a straight and centered fuel assembly g1=>(s-gp)

g1 = 0.494+in

Rod pitch pitch := 0.556-in

Clearance := (n - 1)-(pitch - D) Clearance =2.028¢in

Minimum available clearance for lateral movement of a fuel
rod between grid straps

gy=g+.3(gp- (n'D + Clearance))
g 3 =0.561 «in

Maximum available clearances for lateral movement of a
fuel rod between grid straps g 5 := g 3 + Clearance

g 5 =2.589¢in
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Young's Modulus of Zircalloy [3.5.1] E := 10400000-psi
Dynamic Yield Strength of Zircalloy [3.5.1] Cyi= 80500-psi
Geometry Calculations:
Compute the metal cross section area A, the metal area moment of inertia I, and the total
weight of a single fuel rod (conservatively assume that end fittings are only supported by
fuel rods in the loading scenario of interest).
T2 2 T 4 4
A=—{D"-(D-21 : [=—{D -(D-2t
3 [ ( ) ] = [ ( ) ]
A =0.029+in” [ =5.082-10"*+in*
W= —W— W [ =6.0051bf
2
n
. As an initial lower bound calculation, assume no rotational support from adjacent spans
S~ and define a multiplying factor
f:=0.0
Compute the rotational spring constant available from adjacent sections of the rod.
I .
K:=3E—f K = 0eibf-in
L
Now compute the limit load, if applied at one end of the fuel rod cladding, that causes an
overall elastic instability and contact with the cell wall. Assume buckling in a symmetric
mode for a conservatively low result. The purpose of this calculation is solely to
demonstrate the flexibility of the single fuel rod. No resisting moment capacity is assumed
to be present at the fittings.
2 I
Po=n E—g P =2.288+Ibf -
L t
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Note that this is less than the weight of the rod itself. This demonstrates that in the
absence of any additional axial support, the fuel rod will bow and be supported by the
cell walls under a very small axial load. In reality, however, there is additional axial
support that would increase this initial buckling load. The stress induced in the rod by
this overall deflected shape is small.

Pog D
Stress | = —1 Stress | =444.32¢psi
P
0
Stress 4 := - Stress 3 =79.76 epsi

The conclusion of this initial calculation is that grid straps come in contact and we need
only consider what happens between a grid strap. We first calculate the classical Euler
buckling load based on a pin-ended rod and assuming conservatively that the entire
weight of the rod is providing the axial driving force. This gives a conservatively low
estimate of the limiting deceleration that can be resisted before a perfectly straight rod
buckles.

I

2
l:=3‘[ E >
LS 'Wr

2 lim afim1 = 1357

The rigid body angle of rotation at the grid strap under this load that causes contact is:

(82-81)

] 94 =9.406+deg
s

) 1= atan[z-

Conservatively assume resisting moment at the grid is proportional to this "rigid body"

angle:

M, =K8, M, =0sinlbf  (in this first analysis, no resisting moment is
assumed)

The total stress at the grid strap due to the axial force and the resisting moment is

_ W ra im1 . M. D

[s) .
gs A 21

O g5 =2841.172psi -

The total stress at the contact location is
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[Wr'a lim!'(82~8 1) - Mr]'D

Stress 5 := 51 Stress 5 =6.721- 10t *psi
W ra|im] ,

Stress 54 = — Stress 54 =2841.172 +psi
Stress 5, = Stress 5 + Stress 54 Stress 5, = 7.005-104 epsi

This is the maximum value of the stress at this location since, for further increase in axial
load, the moment will decrease with consequent large decrease in the total stress.

The safety factor is G

y

——=1.149
Stress o

The axial load in the unsupported portion of the beam at this instant is

- (W ra liml)
R CRY P, = 82.599¢Ibf

At this point in the load process, a certain axial load exists in the unsupported span on
either side of the contact point. However, since the unsupported span is approximately
50% of the original span, the allowable deceleration limit is larger. As the axial load is
incrementally increased, the moment at the contact point is reduced to zero with
consequent increases in the lateral force V at the grid strap and at the contact points A
and A'. Figure 3.5.8 provides the necessary information to determine the elastic
deformation that occurs in the unsupported span as the axial load increases and the
contact points separate (and, therefore, decreasing the free span).

From geometry, coupled with the assumption that the deflected shape is a half "sin"
function with peak value "3", the following relations are developed:

Assume "a" is a fraction of 50% of the span (the following calculations show only the final
iterated assumption for the fraction

£:=.9 Ls
ai=gl— a=11.385n
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Calculate "b" in Figure 3.5.8

r ) . 213
b::l(a)'+ ‘}gz—g U"'] b =11.576-in

an equation for d can be developed from the geometric relation

ga-21) b

a  2(R-9)

The inverse of the radius of curvature, R, at the point of peak elastic
deflection of the free span, is computed as the second derivative of the
assumed sin wave deflection shape. Based on the geometry in Figure 3.5.8,
the peak deflection is:

sl ]

8 =0.426+in

For the assumed "a", the limiting axial load capacity in the unsupported region is
conservatively estimated as:

2 I
aljmp =% E——s— ay. . =64816
(b)-.wr lim2

The corresponding rigid body angle is:

(82-21)
0 5 := atan l— 0,= 10.429+deg

a
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The axial load in the unsupported portion of the beam at this instant is -

\

(W 12 lim2)
P ax Iz —
‘ cos: 0 5}
82 P, =395.763+Ibf

The resisting moment is
M =K®8, M [ =0ein-lbf

The total stress in the middle of the unsupported section of free span "b" is

(P -6—Mr>-D

stress 3 1= \ax 71 stress 3 - 6.635-10° psi
P ax 4
stress 34 = e - stress 39 = 1.38-10" +psi
. stress 34 = stress 3 + stress 34 stress 3¢ = 8.015-10° *psi
e The safety factor is Oy
= 1.004
stress 3¢
The total stress at the grid strap due to the axial force and any the resisting moment is
W _-ay M_-D
_ r®lim2 r 4 .
Ogs = N + 51 ogs 1.357-10 +psi
. o
The safety factor is y _ 5932
S gs
For this set of assumptions, the stress capacity of the rod cladding has been achieved,
so that the limit deceleration is:
A Jimit = 2 lim2 A Jimit = 64816
This exceeds the design basis for the HI-STORM 100 package.
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[f there is any restraining moment from the adjacent span, there is a possibility of
exceeding the rod structural limits at that location due to the induced stress. Therefore, the
above calculations are repeated for an assumed moment capacity at the grid strap.

fi=1. K:=3-E-—[-‘f
The rigid body angle of rotation at the grid strap under this load that causes contact is:

(g5-g1)

82781

8= atan[2~—\———-——/-] 0 | =9.406+deg
LS

Conservatively assume resisting moment at the grid a function of this angle,is
M. =K8, M =102.875«in-Ibf
The total stress at the grid strap due to the axial force and the resisting moment is

- VrAliml M. D
gs’ A 21

. : 4 -
o 0 o5 =4.333-10 " *psi

The total stress at the contact location is

[Wealimi(82-81)-M (|D

Stress 5 = Stress 5 = 2.672:10" +psi

21
W _-ay;
Stress 4 = —r—A—h—m—-l- Stress 54 = 2841.172+psi
Stress 4, i= Stress o + Stress 4 Stress 5y = 2.956-10* psi

This is the maximum value of the stress at this location since, for further increase in axial
load, the moment will decrease with consequent large decrease in the total stress.

The axial load in the unsupported portion of the beam at this instant is

-

W -ay;
P oy = Li(;;“;l)- P,y =82.599¢Ibf
Cos
1
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At this point in the load process, a certain axial load exists in the unsupported span on
either side of the contact point. However, since the unsupported span is approximately
50% of the original span, the allowable deceleration limit is larger. As the axial load is
incrementally increased, the moment at the contact point is reduced to zero with
consequent increases in the lateral force V at the grid strap and at the contact points A
and A'. Figure 3.5.8 provides the necessary information to determine the elastic
deformation that occurs in the unsupported span as the axial load increases and the
contact points separate (and, therefore, decreasing the free span).

From geometry, coupled with the assumption that the deflected shape is a half "sin"
function with peak value "3", the following relations are developed:

Assume "a" is a fraction of 50% of the span (the following calculations show only the fina
iterated assumption for the fraction

€:=.7 Ls
A= E|—— a =8.855+n

Calculate "b" in Figure 3.5.8

b:=[(a)2+(g2-g1)2]'5 b =9.1en

The inverse of the radius of curvature, R, at the point of peak elastic
deflection of the free span, is computed as the second derivative of the
assumed sin wave deflection shape. Based on the geometry in Figure 3.5.8,

the peak deflection is:

d =0.427«in
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For the assumed "a". the limiting axial load capacity in the unsupported region is
conservatively estimated as:

2 [

ani: = n-.E.
lim2 (b)?_w ] a lim2 =104.9

The corresponding rigid body angle is:

(82-21)

} 0 5 = 13.314+deg
a

82:= atan[l

The axial load in the unsupported portion of the beam at this instant is

W ay;
(W ra fim2)
Pxi= — (6 2) P 4 =647.331 oIbf
S~ The resisting moment is
M, =K8, M, = 145.619¢in-1bf

The total stress in the middle of the unsupported section of free span "b" is

(Paxd-M)D
211

stress 3 = stress 3 = 5.145-104 *psi

P A
stress 34 = —:—x- stress 34 = 2.257-10* opsi

stress 3, = stress 3 + stress 3d ~ stress 3¢ = 7.402-10* *psi

The safety factor is Oy
= 1.088 -

stress 3t

The total stress at the grid strap due to the axial force and any the resisting moment is
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W _aq: M. -D
r¢lim2 r 4

= =7‘ . nsi
I o5 A + K O gs 928-10 epsi

~ . o
The safety factor is . 1.015

O'gs

For this set of assumptions, the stress capacity of the rod cladding has been achieved,
so that the limit deceleration is:

A limit = @ lim2 A [imit = 104.9
Conclusions

An analysis has demonstrated that for the most limiting PWR fuel assembly stored in the
HI-STORM 100 fuel basket, a conservative lower bound limit on acceptable axial
decelerations exceeds the 45g design basis of the cask. For a reasonable assumption of
moment resisting capacity at the grid straps, the axial deceleration limit exceeds the
design basis by a large margin.

It is concluded that fuel rod integrity is maintained in the event of a hypothetical
accident condition leading to a 45g design basis deceleration in the direction normal to
the target.
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PWR

PWR

PWR CANDU
General data W) (B&W) (CE) BWR/6 HTGR LMFBR  GCFR PHW
Fuel assemblics
. C od. H . 8 ' H 2 1 H g P
Type Square Square Square square graphite canned canned tube
bundl bundl bund bundi prisms bundles bundles bundles
Number of assemblics 193 208 21 732 3944 394 347 473
Fuel element array 17 x 17 17 x 17 16 x 16 8x8 132 pins hex hex pressure
’ tubes
Assembly dimension (cm) 204 x 214 217 x 217 203 x 203 14 x 14 ISx 719 12 x 12 17 x 17 8 x50
Assembly pitch (cm) 215 218 207 30.5 36.1 124 17.5 219
Number of fuel
clements/assembly 264 264 236 63 132 217 225 28
Total number of
fuel locations 50,952 54,120 56,876 46,116 35,496 85,464 71031 13,244
Fuel clement data
Graphite UC, Wirc-wrap  Vented
Type Clad rod Cladrod Cladrod Cladrod ThO;rod clad rod clad rod Clad rod
Fuel clement pitch (cm) 1.25 1.27 1.28 1.62 0.725 1.14 1.65
Fuel clement O. D. (cm) 0.94 0.96 097 1.25 1.56 0.579 0.805 1.52
Pitch/diameter 132 132 133 130 125 141 1.08
Clad thickness (cm) 0.0572 0.0597 0.0635 0.0864 0.038 0.0295 0.038
Fuel pellet diameter (cm) 0819 0.823 0825 1056 1.56 0.66 0.739 1.44
Pellet—lad gap (cm) 0.0082 0010 0.0089 0.008 0012 0012
. Fuel earichment 2172631 291 192429 22-27 935 10-15 10-15 nat U
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