
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 2nd Request"). Like its initial late-filed 

amended Contention Ql, 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.  

I. 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 did 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 t1998).  

' See State of Utah's Request for Admission of Late-Filed Amended Utah Contention Q (July 22, 1999) 
(hereinafter "State's ISt Request").



In February 1998, the State's expert. Dr. Marvin Resnikoff, whose declaration 

supports the State's 2 nd Request, began an exchange of letters with the NRC Staff con

cerning the methodology developed by the Lawrence Livermore National Laboratory 

("LLNL')I for analyzing the impacts of a cask drop on fuel integrity, including the dy

namic loading by fuel pellets and the effects of irradiated fuel cladding, the precise issues 

that underlie the State's 2nd Request (as well as its Is' Request).  

On May 21, 1999, the NRC Staff issued Interim Staff Guidance 12 - Buckling of 

Irradiated Fuel Under Drop Conditions ("ISG-12"), 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 1st 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 st Request.3 

On August 20, 1999, the State filed its 2 nd Request based on alleged inadequacies 

in the Holtec analysis. Specifically, the 2nd 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 analysis did not consider 

"the dynamic effects of a cask drop accident." State's 2 nd Request at 6.  

2 "'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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1I. 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 forth in 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.4 

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. 5 The State's familiarity with the concerns of cladding irra

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.  

4 See Private Fuel Storage, L.L.C. (Independent Spent Fuel Storage Installationq 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).
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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,6 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."'7 The State's prior knowledge of the concerns raised in the State's 

2 d 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 Comments) at 2-6.  

Neither is the third basis offered in the State's 2nd 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 nd 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 nd 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.  

6 Letter from M. Delligatti to M. Resnikoff, dated November 19, 1998 (attache1 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).
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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.. ..." 

States 2'd 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 filed9 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 alleg 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. 10 The State has an 

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

material .... .",1 Here, the information supporting the contention was not only publicly 

9 On August 27, 1999, PFS submitted License Amendment No. 5, which conta-ns a discussion of the Holtec 

buckling analysis. See SAR § 8.2.6.2 (rev 5.0).  

'o See Duke Power Co. (Catawba Nuclear Station, Units I and 2), CLI-83-19, 17 NRC 1041, 1048 (1983).  

Duke Power Co. (Catawba Nuclear Station, Units I 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.12 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.
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type of proceeding, which affords the State much less of an opportunity to vindicate its 

views." State's 2 ad 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 is no 

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

tion 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 2nd 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
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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.' 3 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 any 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

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

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).
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rials. See HI-STORM TSAR. 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 0.1 mm' 5 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 

'' The gap between the cladding and fuel pellets for the Westinghouse 17x 17 Fuel Assembly is 0.082 mm.  

See Henry Graves, Nuclear Fuel Management, Appendix C -Typical Nuclear Reactor Power Data, (1979) 

(attached as Exhibit 6).
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would cause the increased thinning.'6 In short, the amended contention must also be dis

missed for failing to present any genuine dispute of material fact. 17 

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 7 1, and not 

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

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

jected.  

III. 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, 

Jja .ilberg 

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.  

16 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 d Request at 9-11, does not re

fute the authority cited at pages 209-2 10 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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Before the Commission

In the Matter of 

PRIVATE FUEL STORAGE L.L.C.  

(Private Fuel Storage Facility)
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) 
)

Docket No. 72-22

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 
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Dr. Jerry R. Kline 
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* 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 Secretary 
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 0-15 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 
e-mail:DCurran.HCSE@zzapp.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 h Floor 
P.O. Box 140873 
Salt Lake City, Utah 84114-0873 
e-mail: dchancelastate.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: joro6l @inconnect.com 

Danny Quintana, Esq.  
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Danny Quintana & Associates, P.C.  

68 South Main Street, Suite 600 
Salt Lake City, Utah 84101 
e-mail: quintana@xmission.com 
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RnllRl 

RADIOACTIVEWASTE MANAGEMENT ASSOCIATES 

February 27, 1998 
Charl"sHaughbey, Director 
Spat FW Project Ofic% Madl Stop 6FIS 
Nucbar RepalatoryConsio 
Washington, D.C. 20555 

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

Dear Charl.  

This letter c the g force tht spet fuel cladding can withstand and the use ofthis 
parameter in sefhty analyses by Holtec, Sierra Nuclear and other cask afm wers, This 
isau relates to the Holtec and Transtor satranprt cask and portation casks in 
gaenerl. In my opinion the most vunerable camot withstand a 63g force in the most 

adverse oruiutation oltec, TSAR, p. 3.5-1) but a force cniderably less. At the very 
leam, additional ifonmation should he requested from Holtec before ismsin a Certificate 
of Complianc for the rn-STAR 100 cask. The C ms may also need to fond 
additioa lies to consider this isue as it genealy reatres to transportation accidents 
invoi~ng bmdiated fuel assabes.  

The "63 g" forcm for most vlnerae fA is based on an analys of the more ductile 
unirnadiated, not kradiated, daddin Despite the title of the Lawrence Livermore 
National Laboratory report on which Hokec relies C(ynic Impact Effects on Spent 
Fuel AMsiemeMi" UCID-21246, October 1987), the LLNL report does not deal with 
"spenwr assemblies, only with non-iradiated fuel assemblies. As you are aware, 
iradiation within a reactor makes fuel aemblies more brittle and less resistant to impact.  
"Cladding ductility decreases and yield st-ms xncrases winth increasing ncutror. flucnce." 
C(Assmenm of the Use of Extended Burmip Fuel in Light Water Power Reactors," 
Battee Pacific Northwest Labs, NUEG/CR-5009, p. 2-5, February 1988).  

LLNL's cakluation for most vuleable fuel also does not take into account the weight of 
the foc itaK only the g force withtut the additiova weight of the fuel. This considerable 
additional weight is an additional internal force. LLNL assumes, ild pellets remain in a 
rigid array ina high impact accident and will not impart a force to the dadding. This is 
obviously not cmet .  

NRC staff should ask Holtec and Sierra Nuclear to address this issue in their TSAR's. If 
no avadable studies analyze irradiated fuel cladding in high impact accidents, the NRC 
should fund additional studies to address this issue.  

\t.... . n c.i........ . . ... .. . .... .. . .- ..  

W" ')v0 N 7 i08 R O3 ItN .,12 C'I s c,.1iiL i%14* ttr% tlU k 

qW03t70280 9931



C 1y.lW NRC 2/79

I wish tice commou to be inbwhý in HlAm's NRC docka sod to be coaidared inth 
Star$ftfw u evahaaaio reot Piee md mea. cop of the mfs &uft aisfuy 
mhaom report for the Hohec cask so that we may provide coma if you hav 
qmouioc.5 fd fft. to CaL

CC' D Cuff= 
.C Nakwahr
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Rasikof
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A •;• •UNITEfl STATES 

NUCLEAR REGULATORY COMMISSION / • ' 
W&IMINOTON. D.C. =01"M 

... 4 I:'p. November 19, 1998 

Dr. Marvin Resnikoff, Senior Associate 
Radioactive Waste Management Associates 
526 West 26" Street, Room 517 
New York, NY 10001 

Dear Dr. Resrnkoff: 

I am responding to your February 27, 1998, letter regarding your concerns related to the 
structural integrity of spent fuel cladding under hypothetical accident conditions in spent fuel 

"casks. In his March 11. 199. letter. Charles J. Haughney, at the time, Acting Director. Spent 

Fuel Project of&*ce indicated the Nuclear Regulatory Commission (NRC) staff was reviewing 

your concerns and would report their findings to him to report directly to you. I apologize for the 

delay in responding to you'. however, Mr. Haughney is currently serving in another office and 

several licensing actions took precedence in allocation of limited staff resources for completing 

the review. The staff has now completed its review of your concerns regarding the Lawrence 

Livermore National Laboratory (LLNL) Report UCI,-21248, Dyna.ic Impact Effects on Spent 

Fuel Assemblies,' dated October 20., 987, and determined that th LLNL report appeared to 

use sufficiently 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 

unirradasted fuel cladding. In actuality, Table 3 of the report delineates irradiated cladding 

ngiadial tensile strength values. This table indicates that irradiated cladding has a greater 

strength valuo than uni.radiated cladding. The LLNL report analysis used the values of 

unirradiated cladding strength. which is acceptable.  

In your letter, you also stated that the LNLI report did not take into account the weight of the 

fuel 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 report 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 0710926t 
C PDI



M. Resnikoff

.1 trust this respond$ to your concems. If you have additional questions or wish to discuss this 
matter further, pleoss contact me at (301) 415-8518.  

Sincerely, 

ORIGINAL ST';1ED Bf /s/

Mark S. Delligatti, Senior Project Manager 
Spent Fuel Licensing Section 
Spent Fuel Project Office 
Office of Nuclear Material Safety 

and Safeguards

Docket Nos.: 72-1008, 72-1014. 71-9261, 
72-1023.71-9268
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RADIOACTIVE WASTE MANAGEMENT ASSOCIATES

Mak S D•OWi. S " 4 Waj Maaer 
sp, Fuel LiSm t Son 

US Nuclea lqputory Commiqtion 
Wanp DC 20555

Decemb 31, 1998

Thank ymfour yaw November 19 respons to my Februy 27 letter. Your letter did not 
Miy answer my conceru, soa try once mora.  

Fr mverva NRC-coomac -e orts it is my Undewx ading that iradiated fid adming 
is marn brid than uniradiated! W i.ladding. This should afer the comerum" of a 
,alram or -IS saccis, involving imam. You stated• atraditedl 
claddiw n b a gu'ter srai vh " than uniaiated A cladding but this does not 
addra my come= about brittlans It does not appe that NRC staff re querying 
Hok n md SC about this importan &dncio betwem iradiaed and untradiad fuel 
caddig. Simply using uumirradiated cladding surenth in the Hokec and PNC SAI~s may 
not be acclta 

I am awe do the Aug asmbly weight is taken into account in the LLNL report and 
tha Holec SAlt, bt the loadin is satic, that is, the fuel weight is asaumed to be evenly 
disabuled alogg the claddino The model is essetially a beam betwen two suppots.  
Ba i th =odd my not bound the physical skumo In a side impact, the cladding and 
the la dimin&W beas. Under impact the fe pellets woulk be expected to break 
their fizd - a nd strie the cladding with force. This dynamic loading is not 
comnidwredt in th U4L re and may be important. It does not appear that NRC Saff 
we qauwybg Howand SNC about this imporant distinction betwo-n static and dynamnic 
looding.

/

Thank youf• these And best w o year.  

9901260020 "1231 T1 / 
Pon ADOCK 07109"261 . Renk 
C Pon 

MNtjin Resnktnf. Vh 1) * 4.'4 ,r -k uIt 

526 Vkv 2txh.%I.Rmn 517 0 NY. NY WOO)1 # -12-h(4).RM( # F AX 23!Q'h2* u r.-dwj-4car%%trLi. win
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fit% GRAHALM 
4TTOR.'TEV -WE%14tAL

SK"tary 
Rclul=wy Coonwisioit 

115-" Ro&VQV Pike 
RocImile MD ZM2-2739 

Agm, RLqkmtk;rv 4md Adim&wduns

.-S!:- Est: no Stwel, K--% F163?: I'a so. .1401

STATE OF UTAH 
OFFICE Of THE AIrQWlE% -05%SSJLL

PkVqP 0JL2A 
omm wo %AM 00-er I

PkIeDabb"Wo 
&MP*JA-"49

Va 246 19"

sm u6 Fel&rA rj=z!K 
Elm.at azngffýpj

m Camimem an Praposed Rule to mW Naltat Ki-Star ICW Cask Sya= 
to t)w List of Approved SpcuA Fv4 Swap Cuki.  

Dew SWNLwr.  

Isnvnspanw w 64 Fe& Rej. 15Q. jwnxuy 11. 1"9. dw Stur of Utýh n6avits 
comments on ile Pregminary Safgty EwAuj6oa Repon amd PmWostd Certifime of 

Complimce for tke Hobec A-STAR 10C Swrap CAsk. Ilme c=Lmmu hx-e ban pvvana 
-%i$ assinarwe Iwain Marvin Rnnjlwff. VkD., Radioactive Wam-e Managment Asociam

lpenim ckmwcjliw 
A"Istant Avwrmy Gan" -



Comet fro thei ScleoUa 

-n* S U%- dmetoNvnRai. 444.D efffi * 4 

i On wra 'w tu suw c -s, NR Dubc W.71-0U64 Fed -R 4a 13 1191 

CDC. .*~ .ttw hese afte moas ody 4.HTR10 sds mbt 

*w ao 4 rn o rao spv nuke -I ve plant44 & . 4 4 

uw* mi cask4. .44'S 44-44 -. d Swq LA 4 tP rpseIotc 

b*m welde -aim I 3u~o s cabu .: IAP:4 vmsi and awe 144 4 

co m t a jmpw &I i 454 444444 *444* fi i v 4r ~d m h~ na 40 4m 4b 

14SOL-40tl iwas wmam.- cnibo. ia caeofa46c. Aea 

]Hlo Reor M-419 (NCDcdW1-0. 
II"A 10usp~m 

44j Hah Reor HIM23 -NR Dok ft 7196) Th ii-a I *Do 

-c TSAR is4 
4oh 

Rpr Efr11 
.4R 
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Comm *a-Pjd=w73MWSTA3t IMSmzW C" 

The Stift isin the pmccw of OrWizing a cowUmdaErts., nercemmnwidb HAw dw mkift 
allow die Swr amem so the Kbacc pe"rwomw %crson cd HI -STAR 100 SAY- Rewimas 
9 and HMORM 100 T'SAR. Resfaim 5. Tlw State &IV Ubmftadditimml commmUL 
a prcFktzLry ad oanfidamal %Amwtal. An im bw aceived md Hohm 
pmprwav. docum=tL 

Guen] Comments 

The HI-STAR JIM Olesign sbould ow be approved. bmn Nobechasnapmwi&d! 
FOMSMN1lA'A&UWaWC ON &e cbddin aW caA wW artaim Cbm bftWity tmdw wamt 
off-scumdanclaccidewc- cd- )AwcwnwHoAwd=mfcoffteedycokubobeaM 

bminding acci&mty- KorJ= Holtw evalwried de finpact ofa mbouge 
event- RaWb, &e 7SAR wid MR do am pmvf* =Lrawe Ote cak wul doMW4 vAt 
reuýniWrintegfitywdadmmdconditicmsdwcxin.amISFSI. Ratbcr*m 
addrewingffiesecleficip - -the NRC`sSER M5 Owad than wer. Thewissmare 
owWb unportwr to Fnaming dbe MA*c kWib oW safav =W 1bem4be must be 
oddremed befw* Ibc Nobw CbC con bg ispar& 

specific Coo Ments 

CladdimS Integrity Under FmWr 

Amording to obe M-STAR 300 sunpr TSAJIL EScc. 3.5). 1he Eff-STAR 100 sy is 
desiped la -^idutand a enudrutm &ockcasion o&60 g. mtole a Lawrcwc Li 
Nxional Labannocies repact dxms thai the w4a YWricrable fuel cam witiNsund a 
decclaw of 63 Z in Me nwaa&verm wimaidon (sidltdro4l Rdlim twelbre uc-,, 
dwL (44rod integrky wM be maintained under all mmkiew *w4tWm In dw ytrerunbawy 
SERtat 11-6). the NRC Suffemcurs dw "iberc is mmndbk asswance khKibe clad&ng 
will umdxftiFL mn6neonwt incMrity duringa deslýpbmis dW 

In ow view. 1hi5 analysk is kworrccL Hobw wW *a 74RC Suff limm wn demmmmed a 
wmrwblc asnuance dw 1he cladding wilmainliain ims iciewiW.  

Holmes amLysisdusm4providesc n"asswww*ft1hefWlowinjLw2ww=(l)k 
does no ooke b" amomw &e powible bKmw in mw ofoxAbon mf 4aMing erf high 
burnnp fuel, (2) Holm rellis fcwktwob-siscm&LavnemcellvcrmwaRoSmuI 
Laborawdes (LLNL) npmt &M fogs to dislbi&& Ow dkLls of, P whwadiadman
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L:Mmnu ca PWummse UX MI-STAK W051aradt Cama rw
"OfUtA 

2. bTxM mdUmWnWWWF*wdAMMMirL 

ffoWc'sTURsor&eW9TAR tOOMarvecask w9esfwiIte3fI=wOf81O0Mdw 
will &mgc fuel dWft uparts 1917 nVw by UXL2 The LLNL Report Nis In uke 

iw awauvA dw iimcmwd bftkfwnof irndiswd faci amn:151io. 1 Onmw the 

iffuLiewd foci sumMies aM bave bememb Fe&*wyv&%M2bobe3ewMdw"t* 

hopwi- During ftecoom of a (urJ annoMy's Or- subatomic pmicie barnbardmcreL 

includet mvwa flwtý ftuifimuA- decreftes thr wwmbly*s ductiky wW ioartowdw 

an=bJy'syirJdsmet!ýtg7clýyemkWinjLdbeWassm'bly. "Cladding ductility 

dew=ws wd yirJd saress increem vfAh im:rewing meuwm BurnW" 

Fwftnr4M The popoW W-RAX ]Go win it= wdy boAmed fuW numMim thm 

A-- AWFimat canwil My = IISVana(*s bo=unc die LLNL dow inat xvom fw 
. I i and cnAxrk&rnnw. wh[A roswrove impean-sisumeof die fW1 assernblim 

W-N because increined! w6dation wuld mogendally emu im in m, a, in cled 

emWaleotmv .1 IML-IN 99ý29 ownposaft iM LLNL's effor in disreguAing Ove brkde 

chawwdstics of krAxMd;rUe) cluldroy.  

3. Fed Asseinblin Do Scrt Act as a Mod Rod

Halwe's -wdeldwiens MY UPOG 11-NUS CT.oweam anum.ption that the (Vol wiffin te 

cWding behwis as nAgid ro& Thm Hahm wwomiv used a stsk cmkvb&n immald of 

ukinS Wo accout Ibe 47immic loWing LVan ifl*ael. The LLNL Repon WcifiraOy 

sums, -it is impmuzit w mrpkaiw dw the g ImWings sbawn in F*. 6 aDd7 we Unfic 

hmffimpý-* jus Mournpirion is jnwma. twoud of a hwoollecan. rigid rod- ft ibel md 

oonsi:as arAwl, peUts wacked Me coiw wfthin thin wbigg. la any Wpm wemuia, Av 

fiwl aswmW dws wr wi: as a rigW rock radar, it acts as a *nwnic eyvam vaiiih ft fwf 

impaoing fm boide of *e claMbp wd ematinga Swann likeldsoW of ckddift rovuwL 

MWLw M& we shown &u jU assnnp6m *f a dW tod is counvai-se. 1Mc ddmw 

c WOW dw to The incm-And o&ihtiaz wras to compourO *ý effixg heaKw a SMWks 

g foom would be required so rupow the mumbly. TIhe.NIRC saff sho&W an appoove the 

"Lum Vupom 
Sweý&UUD-2l2oL7ftk4.vMchoWknoOdisd- brim YýgswWWIkunMIykIdwmxh 

atermWailind-awn 
4 'NAMennaUefft UWoMm7ded ftrnW'Fuel In LjIM Wmer Fmcr RMMW Dow* PmAk 

14ardn" Lab. MUKEMIt-MOO(RUMV I 11M 
9 Talc chdSol wWkn brfttk dtv**mvzkM is a how nve kuIWcbzrctaWh2 dift Rai KiL Sm IN 

%49 a 2 CV&is oml amd&nion 11rak-wersto be euveded d1wriMae acident. ft dsd&ng-cwW baterm 

embffialed.-).  
a W& It'evom



Hubec aWmmm w-Aout a dmug h the appbmnt that WIS m*Uilbans BM 

In wk The MCWY discovied findiMP 29 WN&CIMPst- 85 MQqPi41zd in, the NRC-S 
Name. wW Me odur =w=aJmuwrd-abDWC MiW:S1ffld&Ms11 -qLMLkM *CW ft 
adequacy of Hohm-j me-cidemmdysiL 

Health Frcpad of Acei&mts 

7bg 4WcW&ud bw* isnpwo uldes hypo6edW scridew axxii6wii, discussed in 

Clupw 7 of l4*)ft'sW-STAA JODTSAX me W=nSC1wwLM- Thm imm need w be 

14V fidjyOmmfiwdbyNRCsuff dbg- desýp bash socam iberadjoLosspa&%mys. and 

me d= so chikWm 

1. Desiýp bads actUmL 

Rotw*s krwhesiml &sip basis a=Wew vmdidm 10 --slMefibefudru4save 

noO.mwhwickv mVumd and tb.-, pm =%d pamiculam in 6e fuel Tod M bwmam On 

dadding and fuel *lei we released 40 &M MPC M10. =d shes w *e werull 
envjmýL RzaadunAws zm WcWand 100 fm fmm dw cask. lo 1he ýdm iirnývl 

be mws pmd ucii m of Re!,&-. 4 and Pa-- 6 of the T&A3L t3w N. RC Staff MqpEuCd 140hee to 

canduLl the duse calculutim in confimunwe uilh dK final vcrdon o(NMO-1 336.1 

Tktacddea assdýms. in obe fmd versiom of NWREG-l 536 kemud d6e stmouse of 

radkuavity to abe MC cavacy 4- 5 oWers of nophude wd umodd havepliscad dam a 

100 m over *c ENCs tiotic ors serm In Rft-. 6. Hc*w rvWwWrd io dhr NRC's ropm 

bý dlunoS 1he -method ofcakWWft dowsto irmxpopw an rxuwmýkr imall cask 

Lea&W raw. ndmi 1han assumft 1W% of The cwk-wft via irelemed to IM exwoW 

mvironmem TSAR, Rev. 6 at ThuL Holtec-s ww an*-36 incuand the 

raw&L1i-LW rehowd io, t&- cz& tsvity 1*- 5 arsim of mgmitude. but do h* we 

reduced ft amouss itlewd from Ow cult cLvikv io the envisonmat kv mwe ifturt 5 

ar&rs of magnisude. 11w ncL effic of ibis s]6.ght othand. wm io chappe the &sism 

basis amidenL w as so reduc ifte dous to Ow &1)TCW " wbole body at 100 im. In 

rismce. ft'NRC smff hu allouvd the appliczat I* chnngc the deflehim of a bouading 

accidew eo one &u invelycs 100%fad nd cleddiog Paprtuw.,^idttkc =* lid knac& i.-r

only sli* k2kaptow(hecuk The &-sip bob accidurtra twin repusenu a basý 

of-coofinemad-berviv accidem 

Mukre'smesno4a asaw an &-sign basis swcOm Aw mupeaoks is wx only 
WcvLKu;*disqSme1hKAeoM&cm'kl,-* 1-5 z 

Nuckm RM6wi3r Cwminim -Suwdwd PA4OWftn gvDfy Cad ftxW SWenC- NWLEC,1536.  

12OLdlor IM.



Au=6adwoouIdkdwaXm"rcJe= 
na is a %Lvl&v ww " Aows helliato io kak fim the NJPC if4I Cask iL dropped.  
TedW of Wtitan *1 AkRW the mmiwm doWing MMMMON 19 riwa2d the Wd rod 
claMingtorupme. h *iiscase, thvpmvret of fixq tods dot nIF IMC MaY be Jew, bkd 
6e lembp rste fivm *v c-ask cwvitv woutd be vivac shm smmW by FiWwc.  

I RoAxtion palkw-k%% t2cUKW 

Irt Ch4xff 7, Mitec bas caksWed (be radisioa ftw io an Out 100 m fto d6v 
a=ht=4 &w sokfT to inMlwdm of dw passi]og ckrad. Od= rcir-m-A pWmVs. swb as 
diect radialion from ceshm and wWh4O depositail ca the pound, sesuspeasion of 
deposhad YodkaudS&sý injasdau of conaunbated (bad arA vaiew and WkbmW wH 
issesdan. we rm omakfRA in vieda6up of 10 CFR 7224(m)L 

I Pass: to cidtdren " cordUkred 

Conowy to ihe swKW& in 10 CYJL Pan 72 amd 20. lHohm ha not calcalaW 1hr dose 
w ch0drea These stwWwds pmurbe &w timils for 'm indirvidual outside *c 
tawralled wW 4 10 C-F.R- f -P--VM))L and "indi%*ltW membets anhe puww"4 ic 
C.F.R.jj-?0.l3DL.2U302)L For purpows ofthe lRart 20dow stuxlerds dmrcplmtkm 
deEm "individuer as 'aoy human bebig.' and "vwmbcr of dk- pulWie as &PW irklividud 
v=pt when ihat individual is wcei-Ling an aecupffdarad dm.* (Entonsis . The 
otmep of 'kk%- inidividuisl' ckwh- inclu&4people odef lihm adult mm le.. clidl6m.  
Nor dms kbe Amminic EmU AciL imiii its p affaimi MAW risk No Aftit milles. Tin 
EWL NNRC Tnul jke4- make special exception forlhe dost to a nidnor (10 CT-R 
20.110) ind ibe dow w m ctnb*-o*su3 tIQ CYR t 20.1209) YLAin. resiricied iffeas.  
Further, Itegulmony Guidic -37.5 L'Talculudowl 3&delr. (arEstknating Rs"iow Dbum 4a 
Man 5mm -Aabam RadWwiwc Moterigs RemAing Amns Urwiwn ]WiUing OpewioW 
aho calculatm*c dose to cKUM and ixTfimm k- sdýu%&S Ow arsm sixt. bwealhing me 
and 4)se ccwtvarsitHs. factem 

Cb@drtn we amwe &tahvirable in, rodiwim ohm wiulhs bccmw oftheirhigber gataft-aresi
ul-vol of argans cxtia I Chher coatrilnfl* (koon imcla* d* ha &M eliUm haw 
h**= sad ingrstim Taes &w a&&&" C6-1d" Also Ume refted bWsdm WW 
Lah4a&m Twes campwM 4o adults;'6 rwvadmAem ilte &so in, chddm-.1 urwiers desip 
basis A is Urly to be sWidiewd) tdgW Atin %bg dow to an aduft- Thm irLaWa 
to amoisfy 6c mg6lahoss amd thr Awa6c Enrrgy Am it is mr.Deswey Io deserminc whedw 

Cmalsbamn RaftkSiol Flow W tCIW40. 1"I. ftV rMw 
"EPA, -visk Amumm GuWWm ftSupwfwft V4how I - Ham HcahbEvelvadmMý10ýnnlk 

10 Scizonan, LF d W-AnIft 31ifts *m Le*-Ltvd Enwim-me EqeawwIkWioftdidW Fakafi
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Comm - a& powimiwy SEL mi-STAFt 100!W g ljaAc lei 

fitrn cc q= t fu& A HAM N I-STAX I OD MOP Q0* 30aý %*b 24 FWV 
&.wibfin Of*e MkK= SUCt WUUfd reptsm a wulradibnaviiiy a(dwsll 3.3 r1WSw 
Cb-im Atrrearist "muniftil a are-pencox reLaw vaxdd bave nduslagical 
=qeqWn= tw VeMey th&M d"C asuxwd in the HMTAFt TSAR.  

6 The Aayainp 1mosommim al a mini - -, sbmM be owsidag& 'go 1=4- ift 
utkb thetzh isapowed, pmamd byam Or 0m,"TiOdw &*vJccs, And mksxmm 
1ýpjrwjm am=" (at bem ow pegmt) ogil3 M&werdw wnwo% ad szarmick in 

which the cuk is pertbrawl by cmeat MW WMW*WVdn9T=1wM os"o"n'be , old 
Mkom a SignificantiLMMM (W baw cawrMcwt) Cf ii[SAINSWCOVOOBUOLL 

?fottdw HalswW Wd Bacmd NW=wrtj is 1% rak*= bwAM dw ii&*apGTCbUtW Of 
ambudialedfucl !kmp 
K6dcwt OwWl nut be dtc: ireiemmaF2 -% IV vt lessefft cesium invemaq, bw IV*.  

*Wt we impmtwa Larger4ized panicul sill be Me zed dgesiped *nwiwdý 

sivits rise w a direct pwomna dwe

Therivial 

ThcpogxwdýCýtcn atta cmditions ft the IfAcc Hr-STAX 100 swroWs"i am 

wt smfficien to paranow ifmc, ng and neum shield degradation %ill be 

iriadu i-ed To red= bftb uvVerauraL N&C =ff naust incurpmte = *MhaW 

conbiom inlop dk- CaC. a 36ohnuns piwh or c=1cr-t*-cccftrJWuwc betu*= casks.  

Whil.- l4olice has segSaited a piitk of 12'ar a 4'spaicing bemvm cmksL this nubmis is 

Witly no based on r*ffous calculm . Unit ibe Stme receirm Me pmpimry 

colculmims *om ffullkc. R cwumt comomm wA sperififtaL dmm HWvmwa. bond 

on review ofs'Wilar proprWary colculmioes fw ft W-STORM 100 c&Ax 9v hm 

mrvicý vAe we *zpkal *& d* poprkw%-- calmAWiow foribe MI-STAR 100 caskme 

Tiga=M aNd SUfffCknL 

UntW tit pt3cna re gwAw.c fiwz-&wL NRC -jaff wd cDmacsimi mum Am *a 

imurnidual casks Yviii wx ouewhM itsubjecied la normal (svetWT - 90 4F) wad aff

curWitimm am sawfied. dwn the cask my bt und ýn dud Wc&dwL Tkis is iinaw w t6

appmeh for the CaC cwlNqmk wd ionnadlo con0ines. but wiffi one finpartmi; 

&ffcmm indhidual rx*s my halres - -P vA* each o6w. cauft tmupemm cmWiftm 

abm=biemv=qscrMmcaa&d*m As shmebimsmishetial 

*6 At 
I sw*.-a imnamm.  

pupw &rDOEbsfWxlktabaApw1M



%oo MolwmTepkalgg*Amssulkpff"ibrdwIB47AP t4WCntSFww0feheeVVm ID44116LIM 

D09W W.7I--IMVLTdP* I I-L

.LMMOUCO tWUPIM'). MM *-.bJ.4A AM NbWJSt L Abý 

som 

PMC M Dfatb= rRSkI Nod OIC eDW= ;Md Maý OM be COU !F C&EV jrft MWOMM 
as fiLras one can desermin fim Haltzes dwrclo wnpropoitan. aasl"iis. This sheruld 

be propedy aftvwd in the SER and C*C

Ifthc cxzw-u)-ý distance between &0 M-STAR 100 caks in ko saw!]. casits 

cify towmak-intemm with emcb cd= tfSerd%* kr=zms the ambient *rqnwxu= 
Acwding to Mwes TSAR. the *o6-apKi sIxH ovrsb* sw6ce kmWemmm am 229 MF 

ams M Or Odcr wd WFSWMd lempemwe QMMDMý11 In the MW , 1.1 , , 

camipk Wa4acea casksarc m imcdow omdoc4 bu&ad of the amUuLt WANP6 

to* Be OF under moans( wwcH6=% it ý a be 229 IF- As 6e caila we ynowd amy 
frcwtmhodc&mgamdimu=ibccwksip-i, *aWaftindepeadcataftackofter.  
wMeael. Pts Go 42jewrie this - t in rig. 4A.5 by numninga radisfivebkcift 

Bel &esiwmbm slanISFUb formewe 
COMP6MM& TA is am a fis-, WgW&&Xtb-,prrqP hop CfadjnmWh"jQUm= 

at 229*F- The effictive ambiew u=peratuve 40 be Mod as tba casks bft=cImft 
cacb *lbcw. Thr distance K whkh a*s,&-M act - 1 11, dM y of each odiermum be 
zilculmd by Hobec ind included in *e CoC. 'For dw HF-STAX 100 casL ft crbica3 
unpom is 3W OF forde inw swfwc of sU McAhe 11 P - - c- 1 &bwgbbj mate" lhrt 
nvwnds dbe -i I cmL Tk =ximm iampenawn of ft HdIne unda amm] md 
off-manal cooditicou an 274 IF md 394 4F- 3 mop i a vely. Tba: is.!Mc M-STAR 140 is 
almHh operating Ybrich a on R*t) aMim. so Acwwiag fbirthe inmewdc& balwom 

Ca" 

Tou"imabcommihei-F cdonorcwU ibe fcdIw&Img fwours znum be inewparated 
into dw calculadmL -As i fim spproximýwL Holtec cadd anume ad*em casksatthe 
wwmnopaabm--Tq-=9'T 
air mffumm md sind sp=A umst dw be bocacpantred kno be ino&L 7U 4 R r, 
stmWarwe af tk camer cask. To. couM 31hem becAkulated. In the next iftanion, *9 
adjaw, cjsLs cwH be Ubm sT im m;,,, To MW .8 mw WuWrM= (of ft C&OT cs* 
ootddbecalculaedTý.. Rohacmuld then Too.Tý-,T--Iis 
ccmvrgft 4a some asynipwk value. tf Me value Ibir dhe kner awfim of the Mom&= 
Aidd emccedt 306 Of. ght casks wust be spaced Rx*jcrapnl-

As &c sjuai;on pocKwI7 mooft 1he SM amd CoC ate dieficiag. The mumisam 

rJoaftumve , orumipeaftnefshencuumdieMiumasuc&mbnnmbs 
mvectlyeatcul&W&NRCs=Tmdlffokecwcasswnirglb=eLsmi-IP, 600bMMS 

tls,-c&WkL This Urmptice is MacwWrVOL".
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3.5 FUEL RODS

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 -H1-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. 11 indicate that the most vulnerable fuel 

can withstand 63 g's in the side impact orientation. Therefore, limiting the I--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 [3.5.11, 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. 11 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 = 7n2EI/L2 

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.  
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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 = 7r2 ( ER 3tniWfaL 2) = r2p 

In the preceding formula, g = gravity, n = number of fuel rods in the fuel assembly, Wfa = 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. 11 concluded 
that a 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 
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N
behavior of the fuel rod up to and beyond contact with the rigid confining walls of the IH-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. 11 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 results.  

The material properties used in the non-linear analysis are those for irradiated Zircalloy and are 
obtained from [3.5.11. The Young's Modulus and the cladding dynamic yield stress are set as: 

E = 10,400.000 psi 

a,. = 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 I-i-STORM 100.  
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA

Array ID Array 
Name

14x14A01 
14x14A02 
14x 14A03 
14xi4B01 
14x 14B02 
14x14B03 
14x14C01 
14x 14C02 
14x14D01 
15xI5A01 
I5xI5B0I 
15x15B02 
15x15B03 
15xI5B04 
I 5x I 5B05 
15x15C01 
15x15C02 
15x15C03 
15x15C04 
15xl5D01 
15xi5D02 
15x15D03 
15xI5G01 
16x I 6A0 I

WI4OFA 
WI4OFA 
WI4V 
W14STD 
XX14TR 
XXI4STD 
CEI4 
CE 14 
W14SS 
CEI5P 
Wi5OFA 
WISV5H 
WI5 
WI5 
15(2a-319) 
SPCI5 
SPC15 
XXI5 
xx15 
BW15 
BWI5 
BW15 
HN I 5SS 
CEI6

Rod O.D. Clad Thk.  
(in.) (in.)

0.4000 
0.4000 
0.4000 
0.4220 
0.4170 
0.4240 
0.4400 
0.4400 
0.4220 
0.4180 
0.4220 
0.4220 
0.4220 
0.4220 
0.4220 
0.4240 
0.4240 
0.4240 
0.4170 
0.4300 
0.4300 
0.4300 
0.4220 
0.3820

0.0243 
0.0243 
0.0243 
0.0243 
0.0295 
0.0300 
0.0280 
0.0280 
0.0165 
0.0260 
0.0245 
0.0245 
0.0243 
0.0243 
0.0242 
0.0300 
0.0300 
0.0300 
0.0300 
0.0265 
0.0265 
0.0265 
0.0165 
0.0250

R,,, (in.) # of Rods Assy Wt. Rod Length # of Spans

0.20608 
0.20608 
0.20608 
0.21708 
0.21588 
0.21950 
0.22700 
0.22700 
0.21513 
0.21550 
0.21713 
0.21713 
0.21708 
0.21708 
0.21705 
0.21950 
0.21950 
0.21950 
0.21600 
0.22163 
0.22163 
0.22163 
0.21513 
0.19725

(lb.) 
PWR

179 
179 
179 
179 
179 
179 
176 
176 
180 
204 
204 
204 
204 
204 
204 
204 
204 
204 
204 
208 
208 
208 
204 
236

1177 
1177 
1177 
1302 
1215 

1271.2 
1270 
1220 
1247 
1360 
1459 
1459 
1440 
1443 
1472 
1425 
1,125 

1432.8 
1338.6 

1515 
1515 
1515 
1421 
1430

(in.)

151.85 
151.85 
151.85 

152.4 
152 

149.1 
147 
137 

126.68 
140 

151.85 
151.85 
151.83 
151.83 
151.88 

152 
152 

152.065 
139.423 

153.68 
153.68 
153.68 
126.72 

161

Average Material 
Span (in.) Modulus

25.30833 
25.30833 
25.30833 

25.4 
25.33333 

18.6375 
18.375 
17.125 

21.11333 
15.55556 
25.30833 
25.30833 

25.305 
25.305 

25.31333 
25.33333 
25.33333 
25.34417 
15.49144 
21.95429 
21.95429 
21.95429 

21.12 
16.1

10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 

24700000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
24700000 
10400000

BiETA 

0.525127806 
0.525127806 
0.525127806 
0.550863067 
0.708523868 
1.337586884 
1.398051576 

1.67556245 
1.31385062 

i.677523904 
0.569346561 
0.569346561 
0.571905185 
0.570716193 
0.556610964 

0.73601861 
0.73601861 

0.731386148 
1.996693327 
0.854569793 
0.854569793 
0.854569793 
1.305875606 
1.270423729
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA (continued)

R,,,, (in.) # of Rods

236 
264 
264 
264 
264 
264

Array ID 

16x 16A02 
17xl7A01 
17x 17A02 
17xl7B01 
17x 17B02 
17xI7C01 

6x6A02 
6x6C01 
7x7A01 
7x7B0I 
7x7B02 
7x7B03 
7x7B04 
7x7B05 
8x8B03 
8x8C02 
8x8C03 
9x9D01 
10xl0E01

Assy Wt. Rod Length ft of Spans 
(Ib) (in.) 

1300 146.499 9 

1373 151.635 7 

1365 152.3 7 

1482 151.635 7 

1482 151.635 7 

1505 152.688 7

Array 
Name 

CE16 
W170FA 
Wi7OFA 
W17STD 
W 17P+ 
BW17 

XX/ANF6 
HB6 
HB17 
GE-7 
GE-7 
GE-7 
GE-7 
GE-7 
GE-8 
GE-8R 
GE-8R 
XX/ANF9 
xxlOSS

Rod O.D.  
(0n.) 
0.3820 
0.3600 
0.3600 
0.3740 
0.3740 
0.3790 

0.5645 
0.5630 
0.4860 
0.5630 
0.5630 
0.5630 
0.5700 
0.5630 
0.4930 
0.4830 
0.4830 
0.4240 
0.3940

Clad Thk.  
(in-) 
0.0250 
0.0225 
0.0225 
0.0225 
0.0225 
0.0240 

0.0360 
0.0320 
0.0330 
0.0320 
0.0370 
0.0370 
0.0355 
0.0340 
0.0340 
0.0320 
0.0320 
0.0300 
0.0220

0.19725 
0.18563 
0.18563 
0.19263 
0.19263 
0.19550 

0.29125 
0.28950 
0.25125 
0.28950 
0.29075 
0.29075 
0.29388 
0.29000 
0.25500 
0.24950 
0.24950 
0.21950 
0.20250

Average Span (in.) 
16.27767 
21.66214 
21.75714 
21.66214 
21.66214 
21.81257 

29.1625 
20.75 

20.8 
19.875 

20.5 
20.5 

20.1375 
20.1375 

20.5 
19.875 

20.46375 
18.20444 

17.996

Material Modulus 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 

10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
10400000 
24700000

Array ID, Rod OD, CladjThk and # of ktods from Tables 6.2.1 and 6.2.2.  

Rmean, Average Span and THETA are Calculated.  

Zircaloy Modulus from LLNL Rzpozt [2.9.1].  

Stainless Steel (348H) Modulus from ASME Code, Section I1, Part D.

HI-STAR TSAR 
REPORT HI-951312

BWR 
36 
36 
49 
49 
49 
49 
49 
49 
63 
62 
62 
79 
96

328.4 
270 
276 

682.5 
681 

674.4 
600 
600 
681 
600 
600 

575.3 
376.6

116.65 83 
83.2 
159 
164 
164 

161.1 
161.1 

164 
159 

163.71 
163.84 
89.98

4 3 
3 
7 
7 
7 
7 
7 
7 
7 
7 
8 
4

B FTA 

1.367126598 
0.613275783 
0.611494853 
0.634902014.  
0.634902014 
0.687604262 

1.192294364 
2.500527046 
2.233705011 
1.467601583 
1.619330439 
1.635177979 
1.887049713 
1.736760659 

1.2906798 
1.352138354 

1.27545448 
1.367212516 
3.551678654
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Table 3.5.1 FUEL ASSEMBLY DIMENSIONAL DATA (continued) 

PWR Assy. Wt., Rod Len. and # of Spans (cxc. as noted below) from DOE/RW-0 184, Vol. 3, UC-70, -71 and -85, Dec. 1987 

Assy. Wt., Rod Len. and N of Spans for 15x15B0
3 , 15x 15B 0 4 , 15x I5CO I and I5x 15C02 from ORNLTI'M-959 I/V I-R1.  

BWR Assy. Wt., Rod Len, and # of Spans (¢xc. us noted below) lioni ORNLfiM- 10902.  

Assy. Wt., Rod Len. and # of Spans for 6x6A02, 9x9DO1 and Ox 101O I from DOE/RW-0184, Vol. 3, UC-70, -71 and -85, Dec. 1987 

Assy. Wt., Rod Len. and N of Spans for 7x7BO4 and 7x7B05 trom ORNLUTM-959 I/V I-RI.  

Assy. Wt. for 8x8C02 and 8x8C03 from ORNLITM-959 I/V I-RI
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In the following, a physicil description of the structural instability problem is 

provided with the aid of Figures 3.5.1 to 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 subject to 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 "gI" 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-gt)).  
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At some load F3 > F2,. 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 "g2" and "g3". For the discussion to follow, assume that 

g2 > 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-gI). 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 F 5 x (g2-gi) 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.  
In a 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 g2 is given as 

92 = 13(pitch-diameter) + 93 

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 K0 for the fuel rod under analysis where 

K = 3EUL, L= span between grid straps, and "1" 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 tothe 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.

HI-STORM TSAR 
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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 

[3.5.21]: 

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

Outside envelope dimension of grid plate gp - 7.763 -in 

Outer diameter of fuel rod cladding D :=.4.in 

Wall thickness of cladding t:= .0243-in 

Weight of fuel assembly(including end fittings) W:= 1177.1bf 

Number of fuel rods + guide/instrument n:= 14 

tubes in a column or row 

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

Length of fuel rod between grid straps L s := 25.3 -in 

Average clearance to cell wall at a grid strap location g 1 .5 .(s - gp) 

assuming a straight and centered fuel assembly 
g 1 = 0.494oin 

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 
g 3 := g I + .5-(gp - (n.D + Clearance)) 

g 3 = 0.561 -in 

Maximum available clearances for lateral movement of a 

fuel rod between grid straps g 2 '=g -3 + Clearance 

g 2 = 2.589-in 
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Young's Modulus of Zircalloy [3.5. 1] 

Dynamic Yield Strength of Zircalloy [3.5.1]

E := 10400000.psi 

CY a:- 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).

A := .[D2 - (D - 2t)2] 
4

A = 0.029 -in-

W 
r. 2 

n

I =5.08210- 4 in4

W r =6.005°1bf

As an initial lower bound calculation, assume no rotational support from adjacent spans 
and define a multiplying factor 

f:= 0.0 

Compute the rotational spring constant available from adjacent sections of the rod.

I 
K:=3E K = 0.lbf-in

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.

P 0 := It--E-• 2 
Lt

HI-STORM TSAR 
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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.

P 0"g 1lD 
Stress 1 := 2 

P 0 
Stress d := A

Stress I = 444.32.psi 

Stress d - 79.76 -psi

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.

2 
a lim. := t L-E " L 2Wr

a liml = 13.57

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

I0 1 := atan [ 2. L s 0 1 -9.406odeg

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

angle: 

Mr := K.0 I M r = Oinelbf (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

Wr'aliml Mr'D 

gs A 2.1 o -2841.172-psi gs

The total stress at the contact location is
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W ra liml"(g2-g1- M r]D 

2.1

W r'a liml 
Stress 2d A 

Stress 2t := Stress 2 + Stress 2d

Stress 2 =6.721 104 .psi 

Stress 2d =2841.172-psi 

4 
Stress 2t - 7.005 -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 safety factor is o 
= 1.149 

Stress 2t 

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

a W r~a limi) 
ax cos (0 )

P = 82.599 lbf

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 "b", 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

E = .9
a - 11.385.in

7
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Calculate "b" in Figure 3.5.8 

b r : (a)I+ g. g 2) .5
b = 11.576oin

an equation for 8 can be developed from the geometric relation 

g ) 2-b1) 
a 2(R-6) 

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:

b 

4-(g 2 -g1)

6 = 0.426-in 

For the assumed "a", the limiting axial load capacity in the unsupported region is 

conservatively estimated as:

a lim2:= _t-E, 

(b)Wr
a lir2 = 64.816

The corresponding rigid body angle is:

0 2 := atanI I 1)1
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The axial load in the unsupported portion of the beam at this instant is

(W r-a li2) 
ax o 

The resisting moment is

Mr:= K0 2

P = 395.763 olbf ax

Mr = 0*in'lbf

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

P ax M D 
stress 3 21 

ax 
stress 3d 

A 

stress 3t:= stress 3 + stress 3d

The safety factor is

stress 3t

4 stress 3 = 6.635.10 epsi 

4 
stress 3d = 1.38"10 ,psi 

4 
stress 3t - 8.015-10 epsi

1.004

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

W raljim2 Mr-D 
gs A 2.1 

The safety factor is

o = 1.357-10 4psi gs 

S.= 5.932 

ags

For this set of assumptions, the stress capacity of the rod cladding has been achieved, 

so that the limit deceleration is:

A limit ::- a ira2 A limit - 64.816

This exceeds the design basis for the HI-STORM 100 package.  
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If there is any restraining mtoment 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.  

f:= 1. K := 3-E--I f 
Ls 

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

0 1 :=atan 2. Ls 0 1 = 9.406-deg

Conservatively assume resisting moment at the grid a function of this angle,is

M r := K-0 1 M r = 102.875oin-lbf

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

Wralimi M rD 

gs A 2"1
4 o = 4.333.10 .psi gs

The total stress at the contact location is

I
Stress 2 :=

W ra liml'(g 2 g 1) - M r]"D

2"1

W r~a liml 
Stress 2d '- A 

Stress 2t:= Stress 2 + Stress 2d

4 Stress 2 = 2.672.10 °psi 

Stress 2d = 2841.172-psi 

4 
Stress 2t = 2.956-10 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 axial load in the unsupported portion of the beam at this instant is

(W r~a liml) 
P ax( 6) P = 82.599-1bf

3.5-16HI-STORM TSAR 
HI-951312

Rev. 7

It-



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%/o 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 "8", 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 

7a:= . La 
= 8.855 -in 

Calculate "b" in Figure 3.5.8 

b := [(a)2 +(g2-9gl 2 b -9.1°in 

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: 

6:= .[[a b 12 + 4 -b 21,] b 
2"(g2- g 1) 4(2

8 - 0.427-in 
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For the assumed "a", the limiting axial load capacity in the unsupported region is 

conservatively estimated as:

a lim 2 (b) r a lim2 = 104.9

The corresponding rigid body angle is:

0 2 := atanrl Iij 0 2 = 13.314-deg

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

ax. (W r-a lim2) 

cos(062 ) 

The resisting moment is

Mr:= K.0 2

P ax = 647.331 olbf

M r= 145.619.in'lbf

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

(P ax' - M r)-D stress 3 2.1 

Pax 
stress 3d '= -

stress 3t := stress 3 + stress 3d 

The safety factor is al 1.088 

stress 3t

4 stress 3 - 5.145-10 4psi 

stress 3d m 2.257-10 4psi 

4 

stress 3t = 7.402-10 *psi

The total stress at the grid strap due to the axial force and any the resisting moment is 
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Wrajlim2 Mr.D 
G :=- -t

gs A 2-1 

The safety factor is

gs = 7.928 -10 psi

= 1.015 
Ggs

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

A limit :- a lim2 A limit = 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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APPENDIX C 

TYPICAL NUCLEAR POWER 
REACTOR DATA



PWR PWR PWR CANDU 
General dkta (W) (B & W) (CE) BWR/6 HTGR LMFBR GCFR PFW 

Fuel assemblies 
Canned. Hexagonal Hexagonal Hexagonal Pressure 

Type Square Square Square square graphite canned canned tube 
bundles bundles bundles bundles prisms bundles bundles bundles 

Number of assemblies 193 205 241 732 3944 394 347 473 
Fuel element array 17 x 17 17 x 17 16 x 16 8 x 8 132 pins hex hex pressure 

tubes 
Assembly dimension (cm) 21.4 x 21.4 21.7 x 21.7 20.3 x 20.3 14 x 14 35 x 79 12 x 12 17 x 17 8 x 50 
Assembly pitch (cm) 21.5 21.8 20.7 30.5 36.1 12.4 17.5 27.9 
Number of fuel 

elements/assembly 264 264 236 63 132 217 225 28 
Total number of 

fuel locations 50,952 54,120 56,876 46.116 35496 85,464 77,031 13,244 

Fuel element data 
Graphite UC, Wire-wrap Vented 

Type Clad rod Clad rod Clad rod Clad rod ThO2 rod clad rod clad rod Clad rod 
Fuel element pitch (cm) 1.25 1.27 1.28 1.62 0.725 1.14 1.65 
Fuel element 0. D. (cm) 0.94 0.96 0.97 1.25 1.56 0.579 0.805 1.52 
Pitch/diameter 1.32 1.32 1.33 1.30 1.25 1.41 1.08 
Clad thickness (cm) 0.0572 0.0597 0.0635 0.0864 0.038 0.0295 0.038 
Fuel pellet diameter (cm) 0.819 0.823 0.825 1.056 1.56 0.66 0.739 1.44 
Pellet-clad gap (cm) 0.0082 0.010 0.0089 0.008 0.012 0.012 
Fuel enrichment 2.1/2.6/3.1 2.91 1.9/2.4/2.9 2.2-2.7 93.5 10-15 10-15 nat U


