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UNITED S8TATES

NUCLEAR REGULATORY COMMISSION
WABHINGTON, D.C. £0665-0001

October 27, 1998

Mr. J. Neal Blue, President, Chairman
and Chief Executive Officer

General Atomics

P.O. Box 85608

San Diego, CA 92188-5608

SUBJECT:  ISSUANCE OF CERTIFICATE OF COMPLIANCE NO. 8226 FOR THE
GA-4 PACKAGE (TAC NO. L.22383)

Dear Mr, Blue:

In accordance with the application dated August 31, 1994, as supplemented, and pursuant to
Part 71 to Title 10 of the Code of Federal Regulations, enclosed is Certificate of Compliance
No. 9226, Revision 0, for the Model No. GA-4 package and the Nuclear Regulatory Commission
(NRC) staff's Safety Evaluation Report.

It is important to note that the Certificate has been conditioned in two areas that are different
from your request. First, authorized fuel assemblies with missing fuel pins shall not be shipped
unless dummy fuel pins that displace an equal amount of water have been installed in the
assembly. Second, based on your shielding analysis and the NRC staff's confirmatory
calculations, the minimum Initial enrichment is 3.0 wt. percent uranium-235 for authorized fuel
types with 8 maximum bumup of 35,000 MWd/MTU and cooled for a minimum of 10 years.
There I8 no minimum Initial enrichment restriction for the authorized fuel types which have been
cooled for 15 years or longer. #

General Atomics has been registered as the holder of the Certificate of Compliance for this
package.

There are no registered users of the package under the general license provisions of
10CFR 71.12 or 49 CFR 173.471.

This approval constitutes authority to uze this package for shipment of radioaciive material and

. for the package to be shipped in accordance with the provisions of 49 CFR 173.471. \
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J. N. Blue 2

If you have any questions regarding issuance of this certificate, please contact the Project
Manager, Tim McGinty, at (301) 415-8580.

Sincerely,
original /s/ by
William F. Kane, Director
Spent Fuel Project Office
Office of Nuclear Material Safety
and Safeguards
Docket No.: 71-9226

Enclosures: 1. Certificate of Compliance No. 9226
2. Safety Evaluation Report

cc: Mr. James K. O'Steen
Department of Transportation

Dr. Keith E. Asmussen
General Atomics

Distnbution (Control No 0208)
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SAFETY EVALUATION REPORT

Model No. GA-4
Legal Weight Truck Spent Fuel Shipping Cask
Certificate of Compliance No. 9226
Revision No. 0

Summary

By application dated August 31, 1994, as supplemented, General Atomics (GA) requested
approval of the Model No. GA-4 Legal Weight Truck Spent Fuel Shipping Cask as a Typa B(U)F
package. Based on the statements and representations in the application as supplemented,
and the conditions listed in the Certificate of Compliance (CoC), the Nuclear Regulatory
Commission (NRC) staff has concluded that the Model No. GA-4 package meets the
requirements of 10 CFR Part 71.

References

GA-4 Legal Weight Truck Spent Fuel Shipping Cask Safety Analysis Report (SAR), dated
August 5, 1998,

Background
GA application dated August 31, 1984,

GA supplements dated October 7, 1996; January 31, and November 4, 1997; and
August §, 1998.

NOTE: The section/paragraph numbering in this Safety Evaluation Report (SER) follows the
Standard Review Plan format.
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The objectrve of thls chapter is to document that the apphcatron containg sufficient depth, for
: consrderatxon by‘the staff, in the t:censlng process. ‘by 1), demonstrattng an overview of
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‘o relevant package tnfonnatnon tnctudmg Intended u’se' and {2). tnctudrng a summary

‘ descriptron of the packagtng. operatronal features and contents adequate to provide
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reasonable assurance ,that the' package can meet the regulatrons and operatmg objectives.
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The apptrcatnon was prepared in accordance wtth egulatory Guide (RG) 7.9, "Standard
Format and Content for Part 71 Apphcatlons for Approval of Packaging for

Radroacttve Matenal' :

“u
LAk ,,,) ,,rﬁ

152 Package Deslgn lnformatlon '

" After the NRC staff received the inttlal applrcatron for a CoC dated August 31, 1994, it
conducted .an initial acceptance revrew. The NRC staﬁ determined that the aophcatnon
contarned suffi cnent lnformatron to begin tts revrew., ‘

o r'j 3 ,{rp q’( v‘h; 1
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1 5 2 1 Purpose of Applggatlon s
‘)‘ : "7 & e ,4" & A1 A
"' "". “ _l.: ""'t‘i..t. f" J < ’:'::i'x':..ft\‘lg A

The apphcatton was for the approval to transport up to four lntact pressunzed-water reactor
(PWR) spent fuel assembhes as an exclusrve-use package.
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P 5.2.2 QuatrtyAssurance (QA)Program R

'
._y . lij P -.rr, s 521 ‘4«h ""
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As documented ln NUREG-03B3 Volume 3, Revrsion 17 GA has an NRC-approved QA
program that sahsf‘ es the requxrements of Appendrx B of 10 CFR Part 50. "The previously
approved art 50 QA program satrsf es the requlrements of Part 71 Subpart H. The
approval covered design fabncatron. assembly. testmg. procurement matntenanoe repair,
.modifi catlon, and use. - 'tjhe approval was rssued July 19, 1979, and the ‘current expiration
‘date’is June 30, 2001. PR
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S 1he GA-4 Legal Welght Truck Spent Fuel Shnpplng Cask (package) wrll be used for truck
1 },3 ;.transpon of up 16 four intact PWR spent fuel assembhes asan excluswe-use package, in
Lo aooordanoe ‘with' Part 71 and 49 CFR Pan }73 RS o

L5 g bALNE RS ’n,,wc ; !‘iq’! ey

.,‘ Ty . en 4

,: 1 lntact fue! assembhes Fuel wtth known or suspected cladding defects greater than
EAPEE hanrtrne cracks or pinho!e leaks |s not authonzed for shlpment.

- IR S —*'I(.u . .Aatt
N t\"l)’
RS

. b. :The fuel authorized for sh!pment in the GA4 package is iradiated 14x14 and 15x15
.. 7 PWRfuel assemblies with uranium oxide fuel pellets Before irradlabon the maximum
Tl L ennchment of any assembty to be transported is'3. 15 percent by welght of uranium-235
L ("‘U)” The total initial uramum content is notto exceed 407 Kg per assembly for 14x14
- : : arrays and 469 Kg per aseembly tor 15x15 arrajs“ -

5 ¢ R ‘uh‘u‘ ‘klu‘(l s
R t.«, 'n‘ rd F v

o e ﬁFueI assembhes are authorized to be transported wtti't or without control rods or other
- -'non-fue! assembty hardware (NFAH) Spacers shall be used for the specific fuel types,
oL as shown on ehggt ;‘73{,?3, Qramng; " : )

d. The maximum bumup for each fuel assembty Is 35, 000 MWAIMTU with a minimum

" cooling time of 10 years and a mimmum ennchment of 3.0 percent by weight of U or
45,000 MWAMTU with a mrnnmum coolmg trme of 16 years (no minimum enrichment).
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e. The maximum assembly decay heat of, an lndmdual assembly is 0.617 kW. The
'max1mum total allowable cask heat Ioad is2.468 KW (including control components and
,other NFAH when present) i r,

"4x‘ ¥ ‘,i;,

f. The PWR fuel assembtjtypes authonzed for transport are listed in Table 1.1 below. All

-

parameters are desrgn nommal values. S
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% e [ h T " -
¥ " Design” | No. of "Fuel Rod Pellet ZrClad | Active Fuel
b 3 LA '
; -~ Inttial U, b . Fuel; jj:tch (in) Dxameter Thickness Length
U o 2N K . ,v ' . 4
i (kglassy) iRods |':'2. .4t S(in) - {- - (in) (in.)
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a. ' For matenal desc:ibed ln SER Secbon 1 52 3(1) four (4) PWR fuel assemblies.
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dp b.« For matenal descn'bed inSER Sectlon 1.5.2 3(1), the maximum assembly weight ;
1z G nc!udmg contro! compcnenls or other NFAH when present) is 1,662 Ibs. The maximum
SO - welght of the cask contenls (including control components or other NFAH when present)
Po o Is 6,648 lbs., and the maxgn;ium gross we:ght of the package is 55,000 Ibs. '
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. Package Type and Model Number

A USNQZZG/B(U)F-BS L .
L gs2y Pagi;age Categ‘6;} and Maxtradé{mmy
‘;} : Package Category' Category 1 > :‘

“
G

s

The maximum actMty of the package is controiled by the fuel authorized for shipment (see
SER Section 1.5.2.3), the maximum bumup, minimum cooitng time, minimum enrichment,
and maximum heat load., The fuel will have (1) a maxlmum bumup for -each fuel
assembly of 35,000 MWdIMTU witha mtnlmum cooling time of 10 years and a minimum

& enrichment of 3.0 percent by welght of. ’”U or 45,000 MWd/MTU with a minimum cooling
EAR time of 15 years; (2) been stored in an approved facility fora iength of time sufficient to

e meet the thermal criteria defined below, but not less than 10 years; and (3) a cask heat

© load, under any conditions of use, of no more than 2.468 kW (including control
components and other NFAH when present) with a maximum fuel assembly decay heat

i e

X of 0.617 kW. ;,»,:\
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1.5.26 Fabncation and Welding Critena" b

The apphcant proposed to destgn and construct the GA-4 in compliance with the American
Socuety of Mechani.,ai Engmeers (ASME) Code Section ill Divrsion 1, which in generai is
more restnctive than the Section A, Dwrsron 3, ruies for the’ containment systems of transport
packagrngs. However as dlscussed in Section 3.3 of NUREG/CR-3018, *Recommended
Welding Criteria for Use in the Fabncatlon of Shnpping Containers for Radtoact:ve Materials,”
access Iimrtations often hinder the abuiity ;of the fabncator to inspect muitn-wail vessels in strict
compliance wnth the ASME Code requrrements yThts is the case regardlng the radlography of
the final fabncation weld of the contamment system. Because of the ‘Iinterface wtth the
depleted uramum [(s]5)} shreid this weid cannot be radiographed This weld, however is both
voiumetncaliy examined using uttrasonlc testmg and inspected using progressive liquid
penetrant after each weid pass as dlscussed in NUREG/CR-3019 GA retams the ultimate
responsrbilrty for ensunng that satisfactory in-servnce perfonnance of the GA-4 ‘cask’is
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f achiéved and has provxsrons extendmg the QA requirements. includmg inspecticn and audit
functlons to ail sub—tier supphers.‘ : .

}:1 1.5.2. 7 Transport index and Magumum Number of Packages

i/ Transport Index for Nuciear Cnticairty Controi ‘, .,

,5.:,,, ,’“‘,, o

a

The apptlcant anaiyzed the GA-4 cask for cnticatrty in accordanoe with the provrsions of
10'CFR'71.55, 71.58, and 71 73/ ,The appircant derived the drmensioniess number "N" equal
10 0. 5 for the performance of this anaiysis. . Therefore, the transport mdex for criticality control
is equai to 100 (50, dwuded by N) per 10 CFR 71 59(b)
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L ,' 20 ‘SAR Chapter 7 LThe' maxrmum ‘radiation'dose measurement 1taken at 1 meter is verttied to
; A yieid a transport index (via dose measurement) ot 100 or less in awordance with© .-
+10CFR 7] 4.,.1'he operating procedures ‘specify using ‘the greater of the measured dose

transport index or the niiclear criticality control transport index of 100.,
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The transport index for shipment cannot exceed the nuciear critrcaiity transport Index of 100,
*:yielding a maximum ‘of one package per exclusive-useé shipment in accordance with the
provisions of 10 CFR 71 4, 71.47, and 71 59 and the operatrng procedures in SAR Chapter 7.
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1.5 a x Package Description 2 3
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"The GA-4 i.egal Weight Truck Spent Fuel Shipping Cask consists of the packaging (cask and
impact rmrters) and the’ radroactrve contents. .The packaging is’ designed to transport upto
tour intact PWR irradrated spent fuei assembhes as authonzed conten's. The packaging

¥ rnciudes the cask assembiy and two impact Irmrters each of which is attached to'the cask

- a,te, "

TN wrth erght ‘bolts. ~-The overaii drmensions of the packaging are approximateiy 90 inches in
=t 7 diameter and 234 inch'e“s long. " f-l;!lt.:.';'z'!-’-’f?;"‘»""

«\rr “"‘- h‘ ";t_p

e The contarnment system inciudes the cask body (cask body waii ﬂange, and bottom plate);
SR cask closure; ‘closure’ bolts; gas sampie valve body. drain vaive and primary O-nng seais for

RO the ciosure gas sampie vaive. and drain valve s/ 0
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CaskAssembiy 1 f';w, W w:m
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fuei. Thecask is constructed of starniess steel, DU, “and a hydrogenous neutron shield. The
“'cask extemai drmensions are approxrmateiy 188 inches iong and 40 inches In diameter A

ﬁxed fuei support structure (FSS) divides the cask cavrty into four spent fuel ccmpartments
each approxrmateiy 8.8 inches square and 167 inches ionc. «The ciosure Is recessed into

. N - ELL) ]_. LAd rl
7. the'cask bodyand is attached to the cask tiange with 12 1-inch drameter botts
PATe R 33 MRS e l" z 'r"‘fit('ij- 33 LS '*f"" P Y,

P !J;-"s"x. D] Sl v,, «v '- ‘

:. The cask has. two ports aiiowing access to the cask cavity. ,The ciosure lrd has an integrai
haif-inch diameter port (hereafter reierred to as the gas eampie vaive) for gas sampirng.

s AT 4 u EE L

e '* venhng'. pressunzrng. vacuum dryrng. ieakage testrng. or inertrng A 1-inch diameter portin

e

the bottom piate aiiows drarning.‘ieakage testrng. or fi iirng the cavrty with water. A separate

57 o g% Wit f e

““drain’ vaive opens and cioses the port. The pnmary seais tor the gas sampie vaive and

j)

drarn vaive are recessed from the outside ‘cask surface as protectron from punctures ‘The

‘r, ot ooy

- gas sampie valve and the drain 'valve ; aiso have covers to protect them durrng transport.
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o The cask inciudes the contarnment (ﬂange. cask body. bottom piate and drain vaive seais).
the cavrty liner and FSS the impact irmrter support structure  (ILSS); the trunnions and

" redundant Irft.sockets the DU gamma shieid and the neutron shieid and its outer shell. The
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‘cask body ls square Mth rounded oomers and a transitlon to a round outer shell for the
neutron shield. The cask has approximately a 1.5 inch thick stainless steel body wall, 2 2.6
. inch thick DU sh:eld (reduced at the corners) and 0 4 inch thlck stainless steel fuel
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~ The cruaform FSS oonsasu of stain!ess stee! pane!s wrth boron-carbide (B.C) pellets for
-+ criticality control. A continuous senes of holes in each panel, at right angles with the FSS
.+ axis, provides’ cavities for theB,C pellets ‘The FSS is welded to the cavity liner and is

. approx:mately 18 inches square by 156 lnches Iong and weighs about 750 Ibs.

-----
x‘.

TA7
\

.
et}

A
. - i)

PRI
e ;—-),S«..:-:

f’:";",
Ve

el

WA
’;"}', ‘, 3 \ A’

’ The ﬂange oonnech the cesk bodywan and fuel cavity laner at the cask top. and the bottom
o plate connects them at the bouom The gamma shield is made up of five rings, which are
) ssembled with zero axial tolérance clearance within the DU cavity, to minimize gaps. The
LSS is a slightly tapered 0.4 inch thick shell on each end of the cask. The shell mates with
"the impact limiter’s cavity and Is connected to the cask body by 36 ribs. Under drop
condmons Ioads are transferred from the cask through the ILSS to the impact limiters.
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The neutron shleld is located between the cask body and the outer shell. The neutron
shield design maintains continuous shielding immediately adjacent to the cask body under
normal conditions of transport. The detalls of the ‘design are proprietary. The design, in
conjunctxon with the operating procedures ensures the avallabllny of the neutron shield to
perform rts funcbon under normal condmons of transporL
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Two lifting and he—down trunnions are Iocated about 34 lnches from the top of the cask
body, and ancther pair is located about the same ' distance from the bottom. The trunnion
outside dlameter is 10 inches inoreas:ng to 11. 5 inches at the cask interface. Two
redundant lift sockets are located about 26 mches from the top of the cask body and are
flush with the outer skin. The lifting trunnions and redundant lift sockets have been
designed with a safety factor of 6 agalnst yreld and 10 against ultimate, with a dynamic load
factor of 1.2.
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All containment boundary welds wﬂh the exoephon of the final fabrication weld, are full
penetration | ‘and are radnographed and liquid penetrant exammed to the requirements of the
ASME Code. Sechon i, Subsechon NB.The final fabncabon ‘weld is both volumetrically
‘examined usmg uttrasomc tesnng and,inspected usmg progressrve liquid penetrant
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Closure and Closure Bolt:‘ 5 ' '
. The closure is square and stepped to snugly fit inslde the cask cavity. It accommodates 12
Inconel 718 c!osure bolts and the gas __s_gmple valve, and captures the primary and

sccondary seals with dove-tailed grooves. The closure is approxnmate!y 26 inches square,
11 lnches thlck and welghs about 1510 Ibs.”
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Materials s LA :
" All major cask components are stam!ess steel except the neutron shield, the DU gamma
shield, and the B,C peliets oontamed inthe FSS. Most cask steel components are of Type
XM-19 austenitic stamless steel. Cenain miscellaneous components and trunnion wear
surfaces are Nitronic 60 or 300 senes stainless steels, with bolts fabricated of solution-
treated Inconel 718. All O-ring sea}a are fabricated of ethylene propylene.
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The lmpaot llmlters are fabncated of alumlnum honeycomb oompletely enclosed by an all-
o welded austenitic stainless steel skin. "Each of the two ldentxcal impact limiters is attached to

‘ the oeskwrth elght bolts Each tmpact lnmrter welghs approximately 2 000 Ibs. .
onwlna: z P e ;m‘«.t‘f,-zr:;' S -
“The package shall be oonstruoted and assembled ln,aooordanoe with the following GA ‘
: Drawmg Number:’.’ . R ,
' A Vs i s L '-,_;z;g-,;-
Drewlng No. 031348 TP, ST
< sheets 1 through 18, Revlslon D« L R D
GA-4 Spent Fuel q§hlpping Cask Padcaglng Assembly'

1 5 3.2 Operabonal Features ,

Che e Al ke ,;--,,11 —_'“ R L
~'-‘- lf"’ “‘ "y ?Alc"" -y

. The GA-4 Legal Welght Truok Spent Fuel Shlpplng Cask lnoorporates several important

features 1o facilitate operations. The eask's four trunnlons are designed for both lrftlng and
_trailer ie-down Joads. i:The lower trunnions are offset with the cask centeriine, blasing the

. cask 1o tilt in the proper dxreotxon when lowered onto the trailer front supports. - Quick-
. connect features and acoess to the drain port,’ draln valve, and gas sample valve minimize
operabonal exposures. ,The gas sample valve is’ used to: (1) sample the cask cavlty.
(2) pressurl.ze the cavity. fo facalrtale dralnlng. 3) evaouate the cask during drying operations,
-and (4) inert the cask wlth hellum for leakage testmg of the draln valve's primary seal, and for
transport.- A DU oavity port is Used | to backill the DU cavfty with helium during | fabrleatson
and ls subsequently plugged and welded to seal-ln the hehum. '

1\5“3'? 9251!;';5!@5-? S it N

See ss}g Seotlon 1. 5 23. ‘ .{:}.j,{' E

154 Co}ppﬁanu wlth 10 CFRPart 7! 79 -
154, 1 General Requlren;ents er 10 crn 51 43 -

e, ,.‘ i) .o S
‘, ’fA .u’a "r’ MRS

.‘.s, ﬂquhie\g‘lll::\, (=, ~-. -_
The approent pmvlded summary statements Indi catlng that the GA~4 shlpplng eask was In
oomplxanoe thh the general standards for all packages. These statements were verlf ed

dunng the prooess of the speolﬁc SAR ohapters and found to be accurate.

1. /J‘.‘I v "-'.t J

* - -

No d‘ nlenslon of the paokage ts less than 4 lnohes The paekage meets the requirement of
10 CFR 71 43(a) for mlnlmum slze *

..g,"

Tamper-lnd‘mtmg Feature X

~ 47
XA -';‘.:; v‘%, +
Ten e Loy *» n.“a -

-A wlre tamper-tnd‘catmg devloe.ls lncorporated between the' oask and each impact limiter.
An Intact seal will be posrtlve evldenoe that the contalnment vessel has not been opened by
unauthonzed persons 4and sabst’ es the requlrements of 10 CFR 71.43(b).
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Posmve Closune

The dosure and penetratlons on the cask cannot be opened unintentionally without unbolting
and removing a 2 OOO-pound Jimpact limiter, and either the 12 1-inch closure bolts, the gas
sampling port and cap, or the drain valve and cover. The package design meets the
requnrements cf 10 CFR 71 43(c)

Valves, Other Devices and Contnnuous Venhng

The cav:ty gas sample valve and draln valve are located In the closure lid and bottom plate,
respectively, and are closed and covered dunng transport Furthermore, the presence of the
impact limiters prevents their inadvenent ooperation during transport. They are designed and
analyzed with sufficient structural lntegnty to withstand both' normal and hypothetical accident
conditions of transport. The gas sample valve, drain valve, closure seals, and related
passages are also designed with a secondary seal, beyond the primary containment seals.
The package has no feature that would allow venting during transport. The GA-4 cask meets
the requirements of 10CFR 71 43(e) and (h). -

1.5.4.2 Condition of Package after .1'0 CFR 71.71 and 10 CFR 71.73 Testing

Summary descriptions were provided within the SAR, and the references were verified for the
physical condition of the package subsequent to the tests specified in 10 CFR 71.71 (normal
conditions of transport) and 10 CFR 71.73 (hypothetical accident conditions). These
statements were veniiod by the NRC staff and that verification Is documented within the
applicable sections of this SER.’

1.5.4.3 Structural, Thermal, Containment Shielding, and Criticality

Summary statements in the SAR attested to the adequacy of the package design to meet the
structural, thermal, containment, shielding, and criticality requirements of Part 71. These
statements were verified by the NRC staff and that verification is documented within the
applicable sections of this SER.

1.5.4.4 Operational Procedures, Acceptance Tests, and Maintenance

Summary stalements in the SAR, supporting the adequacy of the development of the
operational procedures and acceptance tests and maintenance program to ensure
compliance with the requirements of Part 71, were made by the applicant. These stalements
were verified by the NRC staff and that venf cation is documented within the applicable
sections of this SER.

1.6 EVALUATIC)N FINDINGS
4.6.1 General SAR Format

The package has been described in sufficient detail to provide an adequate basis for
its evaluation.

10
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2 Structural Review
REV]EWO‘BJ{ECTNE

Structural reviews are performed to ensure that the packaging design meets the requirements
of Part 71. Loads and loadmg combmatnons are reviewed for the normal transpon conditions

¢¢¢¢¢

Design details; analysis assumpbons fabncauon processes examination procedures, and

.testing ' methods are evaluated to ensure the package is structurally adequate to meet the
requirements of Part 71. This includes reviewing the structural performance in areas such as
stress, buckhng. fracture and fatngue for all critical components of the package.

2.5.1 Description of Structural Deslgn

2.5.1.1 Descriptive Information, Including Weights and Centers of Gravity

The applicant sufficiently described the function,'geometry, and materials of construction for
all structural components, includmg the liting and tie-down devices, to allow evaluating the
structural performance of the GA-4 cask under both normal and hypothetical accident
conditions of transport. The packaging drawings adequately specify the materials of
construction, dimensions, tolerances, and fabrication methods of the packaging.

The applicant performed structural analyses, engineering evaluations, and physical tests to
demonstrate that the package is structurally adequate for meeting the Part 71 requirements.
Load combinations, as specified in RG 7.8, "Load Combinations for the Structural Analysis of
Shipping Casks for Radioactive Material * were properly considered.

The structural analyses involved both manual calculatlons and the application of computer
analysis codes, such as ANSYS, to perform finite element analysls of the trunnions, cask
body and cavity liner, and FSS. These calculations were used to demonstrate the structural
adequacy of the package by showing that the cask containment boundary meets the design
criteria as ‘specified in RG 7. 6, "Design Criteria for the Structural Analysis of Shipping Cask
Contamment Vessels

The engineenng evaluations showed that the choice of materials for the containment
boundary, under the effects of the test conditions specified in Part 71, would preclude:
(1) fanlure by brittle fracture, and (2) buckling of the cask body and components.

The physical tests performed by the applicant involved: (1) the crushing of quarter-scale
models of the impact limiter to measure load-deflection characteristics and (2) the 30-foot
free drop and the 40-inch puncture tests of a half-scale 'model of the packaging. The tests
were performed to support and confirm the assumptions and results of the structural analyses
and engineering evaluations.
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Codes and Standards

3

The GA-4 ébr_it_éinméﬂl ,bdbndary co’rﬁbane'nts v}efe':deéigned in accordance with RG 7.6,

+ “Design Criteria for the Stnictural Analysis of Shipping Cask Containment Vessels,” ASME
Boiler and Pressure Vessel (B&PV) Code, Section Ill, Subsection NB, “Class 1 Components,”

»

. and Appendix F, “Rules for Evaluation of Service Loadings with Level D Service Limits.” The
applicant fnyig’md Section lll, Division 3, of the ASME Code, and determined that the cumrent

containment system design meets this standard, with the ‘exception of the final

fabrication weld.. ~ = AT T T T

2512

et T R
p .

As discussed in Section 3.3 of NUREG/CR-3018, "Recommended Welding Criteria for use in
the Fabrication-of Shipping Containers for Radioactive Materials,” access limitations often
hinder the ability of the fabricator to inspect multi-wall vessels in strict compliance with the
ASME Code requirements. This is the case regarding the radiography of the final fabrication
weld of the containment system. Because of the Interface ‘with the DU shield, this weld
cannot be radiographed. This weld, however, is examined both volumetrically, using
ultrasonic testing, and by progressive liquid-penetrant inspection after each weld pass, as
discussed in NUREG/CR-3019. . = . =

The ILSS and the ILSS bott anchors are fabricated to ASME Code Section lil, Subsection
NG, and the impact limiter housings are fabricated to Subsection NF requirements. The
neutron shield skin and ILSS bolt anchor tubes are fabricated to meet the requirements of
ASME Code Section VI, Subsection UW. .

2.5.2 Material Properties
2.5.2.1 Materials and Material Specifications

The GA-4 cask body, closure; fuel cavity liner, FSS, valve bodies, lifting sockets, neutron
shield outer skin, impact limiter inner housing, and trunnions are designed to be fabricated of
Type XM-19 austenitic stainless steel. This méterial combines high strength, excellent impact
resistance at low temperatures, good corrosion fesistance, and good ductility. The exterior
impact limiter skin is made of Type XM-11 austenitic stainless steel. These steels are
approved by the ASME B&PV Code for use In'Class 1 components.

The impact limiter and cask closure bolts are SB-637 alloy N07718 (solution-treated
Inconel 718), with materials properties obtained from Part D, Section Il, of the ASME Code
(and from Code Case N+47-23 for temperatures >800° F).

The gamma shield is constructed of DU. .The Integrity of the casks shielding wil be
determined during fabrication by the performance of a continuous gamma scan, as specified
in SAR Chapter 8. The composition 'of the neutron ‘shield will be verified by both supplier

certification and an Independent analysis by the applicant, as specified in SAR Chapter 8.

Aluminum honeycomb is uéed a§ f}jp energy-absorbing material in the impact limiters. B,C
pellets are placed within the FSS for criticality control. The crush strengths of the aluminum

honeycomb to be used in the impact limiters are to be established by bench tests, with both
the acceptance tests and acceptance criteria for the materials specified in SAR Chapter 8.
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The 'B,C‘p;e‘llets to be placed in the ,FSS will be tested, as discussed in Chapter 6 of this
evaluation, and as specified in SAR Chapter 8, to verify that specifications on enrichment,
theoretical density, and total stack weight are met. '

The material sﬁedﬁcationé for the cask structural components are shown in SAR Section 2.3
and Table 2.3-1, '

2522 Prevenbon of Chemical, Galvanic, tpj’ b&ier Reactions

The cask is constructed from stainless steel and uses hydrogenous and DU shielding
materials. The system has been designed to avoid chemical or galvanic corrosion between
individual components, between the contents and components, and between the environment
and components. The cask environmental conditions include air, water, helium, and the boric
acid solution of the fuel pool.” No paints are Used anywhere on the cask, and in particular,
there are no zinccoated surfaces, which may liberate hydrogen gas from the boric acid in the
spent fuel pool water. The components of the system, both metallic and non-metaliic, should
not give rise to significant unfavorable chemical or galvanic reactions. The NRC staff agrees
that buildup of hydrogen gas from radiolysis under service conditions will not be significant.
The NRC staff agrees that the neutron shield is expected to have a negligible rate of
corrosion and that liberation of hydrogen gas should not be a concem. The NRC staff
evaluated the cask design for the issues raised in NRC Bulletin 86-04 and finds

it acceptable,

2.5.2.3 Effects of Radiation on Materials

Radiation has no known damaging effects on the packaging material properties. The applicant
determined that the containment boundary O-ring seals are designed to function properly,
remain below allowable temperatures, and maintain sufficient compression under normal and
hypothetical accident conditions. The applicant’s calculation of the maximum accumulated
annual exposure of 6.8x10° rads indicates that the radiation exposure on elastomer material
of the ethylene propylene O-ring seal is within the radiation levels considered to be
acceptable under the manufacturer's' guidélines, so that radiation is expected to have only a
minor influence on performance of the material. To ensure the package performance
throughout its service life, SAR Chapter 8 describes the acceptance tests and maintenance
program for the package. ” .

2.5.3 Lifting and Tie-Down Standards for All Packages
25.3.1 Lifting Devices

There are four lifting trunnions on the cask. The front two near the cask closure are welded
diagonally to the comers of the cask cross-section and are used for vertical liting. They
were evaluated for critical-load fifting of the fully loaded cask for the safety factors of 6

and 10, respectively, against the trunnion yield and ultimate strengths. For horizontal lifting
of the cask with impact limiters in place, all four trunnions were considered in stress
analyses. The results show that the stresses in both the trunnion body and adjacent cask

. wall meet the allowable limits.
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2,532 Tie-Down Devices

The cask tie-down system consists of four hinged pillow block assemblies with lateral,

vertical, and fongitudinal braces attached to the truck trailer. The system is designed to resist
the longitudinal load through the two bottom-end trunnions, the vertical load through all four
trunnions, and the transverse loads through one of each of the top and bottom trunnions.

The applicant analyzed the effects of the trunnion loads on the cask wall, the intersection of
the cask wall and trunnion, and the junction of the trunnion and its gussets for meeting the
tie-down device requirements of 10 CFR 71.45(b). The analysis results show that maximum
trunnion stresses are within the allowable limits, and that the minimum design margins exist
on the trunnion side, and not on the cask wall. This demonstrates that, under excessive
load, trunnion failures would not impanr the ablhty of the package to meet other requirements
of Part 71.

2.5.4 General Considerations for Structﬁrai Evaluation of Packaging
2.54.1 Evaluation by Analysis

The structural components of the packaging were analyzed by closed-form calculations, using
well-developed theory, or by finite element analysis using the GACAP and ANSYS computer
codes. The GACAP computer code was also used to evaluate the impact limiter crush force
and crush depth as the result of drops. The force-deflection characteristics of the impact
limiters are based on test data and computed results, using GA's ILMOD computer code.
SAR Section 2.10.1 describes the analysis, methods, and verifications of the GACAP and
ILMOD codes. The specific evaluations performed by the NRC staff are discussed in SER
Sections 2.5.5 and 2.5.6 for both normal conditions of transporiation and hypothetical
accident conditions, respectively. The NRC staff concluded that the analysis results have
demonstrated adequate margins of safety for the structural design.

2.5.4.2 [Evaluation by Test

The packaging components evaluated by test are the impact limiters and the cask. The
physical tests involved_crushing the quarter—scale models of the impact limiter to measure
load-deflection characteristics. A half-scale model of the packaging was subject to the 30-
foot free drop and the 40-inch puncture tests, to support and confirm the assumptions and
results of the structural analyses and engineering evaluations. A 30-foot drop, followed by a
40-inch puncture test, was performed In side, slapdown, and comer drop orientations. The
results of the tests are discussed in SER Sections 2.5.5.7, 2.5.6.1, and 2.5.6.3.

2.5.5 Normal Conditions of Transport

A variety of evaluations were performed to d‘emonstrate that the cask would meet the criteria
specified in 10 CFR 71.43 and 71.51, when subjected to the conditions and tests specified in
10 CFR 71.71 for normal conditions of transport.
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i For the ambient temperature of 100 F the appllcant evaluaied the effects of the heat test on
v the' cask under maximum’ solar insolation, maximum decay heat, and maximum internal

temperature. whloh result in a maxlmum nonnal operatlng pressure (MNOP)

.
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The apprcant evalualed the thermal growth effects on the mlnlmum gaps between the

B vartous lmportant-to-safety components ‘of the cask.' ANSYS analyses were also performed

*’to determine the thermal stresses resultmg from the Interaction of components such as the
. FSS and cavity liner. - The results show that the stresses in the package are ‘acceptable and

the normal-oondrtron heat test wrll not adversely affect the structural performance of

* 2552 Cold

’w~'.

s .
,«

The apphcant deterrmned that wlth no decay heat a steady-state temperature of 40°F will
"have no detrimental thermal gradlent ‘effects on the cask.’ The evaluation focused on the

" effects of the drflerenoe inthe shnnkage of the DU and the cask Ilner and the resulting
thermal stresses. The results show that there will be axial contact between the DU and the
“steel flange and bottom plate, | under the cold conditions. The thermal stresses in the cask
. and the DU were determined to be small compared with the allowable limits. This ascures
- that the normal cold oondrtlon test will not adversely affect the structural performance of
the package.

.

2553 Reduced Extemnal Pressure DA

4 ‘r ‘. :'\-' X
..... i

A deorease ln extemal pressure to 3.5 psla wlll have no significant effect on the package.
The applicant pedormed stress analysls by conslderlng the external pressure on the cask

-~ wall, together with the apphcable amblent temperature conditions. The analysis results show
- that acceptable design marglns exist for both the cask containment boundary and the outer
shell of the neutron shleld .

. 2 5 5 4 lnoreased Extemal Pressure

-

)4»;.

An inorease ln extemal pressure to 20 psla will have no significant effect on the package.
The applicant performed stress’ analysis by oonsldertng the extenal pressure on the cask
wall together with the applrcable ‘ambient temperature conditions. The analysis results show
 that acceptable design marglns exist for both thé cask containment boundary and the outer

~shell of the neutron shield.’ ‘l’he neutron shield shell was shown not to buckle under the
lnoreased extemal deslgn pressure.

2 5 5 5 \ﬁbratloanatlgue )

The appllcant reterenced a test report in oonslderlng design vibration loads of 0.9 g vertical,
03g longltudinal ‘and 0.3 g transverse for evaluating the vibration effects on the tie-down
systems during transportatlon. “The evaluation results show that the stresses In the tie-down
trunnlons are well within the matenal endurance limits for fatigue considerations. The NRC

.t
{

‘ 15




2 R S M WM EREEN ] .
i N R . ‘_.‘(_.%:‘ h‘-‘.'ur 3 . . h P o )
staff concurs with the appli_can_t'g conclusion that the package is adequately designed for

| vibration incidental to normial conditions of transport. |

T PR P L o ST s SO .
Fatigue evaluations of the package were performed for the lifting and dead load cycles for a

cask design life of 50 years with 50 one-way trips (25 shipments) per year, a total of 2,500

.- operating cycles. The NRC staff concurs with the applicant's conclusion that the fatigue life
. of the cask body, cavity liner, FSS, and neutron shield structure far exceeds 2,500 cycles, the

expected total number of operating cycles for the package. The applicant calculated a load-
and-unload fatigue life of about 1,600 cycles for the closure bolts and slightly greater than

1,400 cycles for the impact limiter attachment bolts. "On this basis, the NRC staff concurs

B

- with the applicant’s conclusion that the closure bolts should be replaced at least every 1,600

load-and-unload operating cycles, and the impact limiter attachment bolts should be replaced
at least every 1,400 one-way cask transport trips. Replacement of the closure and impact
limiter bolts every 20 years is included in the annual maintenance program, as shown in

Table 8.2-1 of the SAR. It is unlikely that these bolts will approach their operating cycle limits ;
over 20 years of service. However, their replacement frequencies should be considered, in
conjunction with any available c_élsk' usage data, upon application for package recertification ’

every 5 years.

2.5.5.6 Water Spray |

The cask structure consists of metallic materials whose strength is unaffected by water spray.
2.5.5.7 Free Drop !

Structural analyses were performed to demonstrate the adequacy of the package for the
normal conditions of transportation involving a 1-foot free drop. The cask components '
considered in the analyses include the cask containment boundary, closure bolts, FSS/cavity
liner, and neutron shield. The analyses show that all components have acceptable design
margins when subjected to the combined effects of a 1-foot free drop under tns applicable
initial environment conditions of temperature, pressure, and fabrication stresses. This
assures that the cask will maintain containment of its contents under normal conditions of
transport, and the structural performance of the package will meet the requirements of
10CFR71.71. e - ,
The applicant used proprietary computer codes, GACAP and ILMOD, to determine cask
deceleration g-oads in a 1-foct free drop event. GACAP calculates the cask impact
response by modeling the cask as 3 two-dimensional (2-D), lumped-mass, single-axis bean
crushed at the impact limiters, characterized with the Joad-deflection curves, ILMOD
considers the footprint of the crushed impact limiter to génerate the load-deflection curves.
By varying the drop angles every 15 degrees from 0 to 90 degrees, and considering a range
of impact limiter material propeties”and the maximum and minimum weights of the cask

contents in the GACAP analysis, the applicant determined the following maximum g-loads to

Ve e

be used for evaluating the maximum stresses in cask components:
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The resuits of the above’ analyses demonstrate that stresses in the'cask components are
wrthln the allowable limits.: :The NRC staff concurs with the applrcant s conclusion that the
package is adequatety deslgned for the 1-foot free drop event.

»” “v. w pe
. t‘q“\.

S a.s.s.a',',comé‘r;prob;.»

AL N L ‘“:if“;'(‘*ﬂr : W
IR The comer drop test is not eppliceble because the package welght exceeds 100 kg (220 Ibs.)
AR and neither wood nor ﬁperboard is used a3 a material of construction.
’:‘;(—T - [N t\d A!\ “‘ .,“/H‘ ‘r ‘, : i U{;‘ o
N 25 5. 9 COmpresslon o ;-.:»v _ Y
i The compresslon‘ test is not applicable because the weight of the package exceeds 5,000 kg
T (11000lbs)‘” Lo R S .
RN N s ’ 7.%,‘3.'
25510 Penetration oy EETIC T
-;’x.—"’, {r. ft‘ ‘ “j'_ "z ,‘;‘ S

The apprcant used a forrnula by the Baliistlc Research Laboratory to evaluate the
penetrabilrty of the package. includmg the neutron shleld outer skin and the impact limiter
enciosure.’The NRC staff concurs with the applicant's ‘conclusion that a 13-b. penetration
" bar dropping from a height of 40 inches in accordance with 10 CFR 71.71(c)(10), will not
adversely affect the abilrty of the cask to maintain containment of its contents.

. .
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268 Hypothetical Accident COndiﬁons'i prsl, -
: < ) The applrcent evaluated the siructu‘ral‘ardequacy of the cask for hypothetical accident -
Tid + conditions through analysrs and scaled ;nodel testing >The cask components congidered

.
.

~'included the cask contarnment boundary. “closure boits, FSSIcavity liner, neutron 'shield, and
) ILSS and Hs attachment bolts.* The evaluatrons show that all cask components have
RATEE acceptable deslgn margins for the hypothetrcai ‘accident’ condrtrons. This assures that the

’ " cask will maintain contamment of its contents and the structural performance ‘of the package
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-The appi‘cant performed static crush’ tests of the 114-scale impact limiter models to validate
the ILMOD methodology for calculatmg load-deflection clrves.’ Seven tests were performed
.ion four 1I4-scale impact lrmiters. three tested twrce on opposite sides, at different crush
2 angles ranging ‘from the end to'the side onentations. L The NRC’ staff concurs with the
. ‘applicant's conclusion that the es! load-deﬂection curves correlate ‘well with those calculated
e . by | ILMOD.. ~,The test load-deflection curves. after extrapolatron ‘were also considered,
L together wrth the curves calculated by ILMOD as lnput to GACAP to determine the bounding
S free drop g-loads for the cask.t:-': A
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~o The applrcant performed a'series of 30-foot free drop tests and 40-inch drop puncture tests of
v 7 ° " a'half-scale cask mode! {0 demonstrate cask performance and confirm the capabiliities of

aiie 1Yy

7 >,
o

7 GACAP to calculate conservative g-loads for the cask.
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The ha?f-sw!e model was constmcted with the same cask and impact limiter materials as
those for the prototype. - Critical dnmenslons and toleranoes of the cask design, including

. closure seals, were oonsldered in model scaling. Steel blocks were attached to the cask

: model to satisfy the mass similitude requirements.: The applicant conducted three sequences
; of drop tests (1) side drop and puncture at side of closure; (2) 30-degree slapdown and
puncture at cask body flat side; and (3) center of gravity-over-closure comer drop, puncture

z at closure bolt and gas sample port, and puncture at DU joint. The test program included
recording cask deceleration time histories and leak testnng the closure seals and gas sample

S port seals before and after each test sequence.
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' The results of the half-scale model drop tests are eonslstent with the analytical results. As
further evaluated in the following section, there would be no permanent deformation of the
cask components to compromise the leak tight containment boundary. The attachment bolts
of the impact limiter would not fail. 'merefore. the impact limiter would not be dislodged from
the cask body. These conclusions were also demonstrated by the helium leakage tests
performed during each sequence of the drop and puncture tests, which showed that the cask

- model performed satisfactorily in maintaining its leak tight containment boundary. The

N following comparison shows that GACAP was used conservatively to calculate g-loads for

the cask:

. Comparison betwcan Test and Analysis Results

. (at cask center of gravity)

5 OQrientation GACAP Analysis() Model Test(q)

Side Drop

- Transverse 47.7 40-44

‘ Slapdown,Primary
Axial 12.3 7
Transverse 214 16

CG-Over-Comer Drop
’ Axial 56.5 46-52

Note: Model test results have been adjusted to account for scaling effect by a
factor of 2.

2.5.6.1 Free Drop

e N

The appllcant evaluated the effects of the 30-foot free drop tests on the cask design in
accordance with 10 CFR 71.73(c)(1). The cask components considered included the
containment boundary, FSS/cavity liner, neutron shield, ILSS, and ILSS attachment bolts.

Considering manufacturing tolerances, temperature variation, and strain loading rate of the
impact limiter material, the applicant used ILMOD to generate bounding load-deflection
curves for the impact limiters. GACAP was then used to obtain the following maximum
g-loads to be used for evaluating maximum stresses in cask components:
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: total unbacked area of the lmpact limiter against the cask: The drop test results of the half-

R Il scale cask model support the results of the attachment bolt analysl and show that the bolts

KAty adequately without exoeedlng the siress ¢ allowables. . -.i., % v

i % R S0 R T B H

2 23 The appllcant followed s sectlon NF, of the ASME Dlvlslon 1, Seotlon lll Code and

1 ai, PN r,tNUREGICR-Sazz to evaluate bucklmg strength of the cask body. FSSIcavlty liner, and ILSS
i b ‘For the neutron shleld shell; the applicant states that lts overall buckling is precluded by

ock

R

ALY

.o the st:ffness of the cesk body The NRC staff concurs with the applrcant's concluslon that the
wa ke " cask oomponents are adequate in meetxng the buckllng deslgn crlterla. )

» e
NI B R e pableg u"‘ ..x TR 1 Waagt 4 N Y
R ?f gt * rs SRR T w‘i..,u.",; 3 - & -"* N ”\ 3 i

o «* These evaluatlons demonstrate ‘that stresses inthe cask oomponents are wlthln aliowable

. . limits and that the cask body, cavity liner, FSS, neutron shield shell, and ILSS ribs are

g.—, aooeptable In resisting bucklmg :This provides reasonable assuranoe that the package is
adequately deslgned for the 30-foot free drop aocldent P

Q . 2.56.2 Crush SRR H

. »
~
."u;*-a'

Because thls package has a mass greater than 500 kg (1100 lbs ) and a density greater than
water thls test is not appllcable. ’

as \*,,y)

‘ iy 2563 Puncture L

1 The package was evaluated for the effects of the 40-lnch drop puncture tests on meeting the
e requirements of 10 CFR 71 J1(e)3). The appllcant used two methods, Nelm's equation and
' the formula by Larder and Arthur, to’ analyze the local behavior of the steel closure, bottom
. plate, and cask side wall to show that they would be of sufficient thickness to preclude
« “punching shear failure. . The results from both methods show significant margins against local
" punch shear failure. For the overall effects on the cask, the applicant applied a concentrated
» force which is equivalent to that developed in @ 6-inch’ dlameter mild steel punch, subject to a
" flow stress of 47,000 psi. The, foroe was applied at erther the mld-length of the package, the
_-center of the closure. or the bottom plate.. The calculated maxlmum primary membrane-plus-
bendmg stresses in the cask body closure. and bottom plate were ‘shown to’be within the
i allowable l’mlts., This evaluatron. as complemented by the results ‘of the half-scale puncture

2564 Thermal e _
The apprcant pert'ormed a f ire accldent analysls and calculated a maxlmum cask intemal
pressure of 90.2 psig and a maxlmum contalnment boundary temperature of 780'F. ANSYS
thermal stress analysls of the cask was then performed fo evaluate the stresses under the
'>*combinéd thermal and lntemal pressure ‘conditions.” On the basis of differential thermal
expanslons maxlmum gaps between varlous cask oomponents were calculated including a
* maximum temporery gap of 0.024 ln. between the closure and flange at the location of the

* 'primary closure seal. The applrcant determined that this temporary gap would cause a
reductron ln seal pressure and produoe axlal and bendmg siresses in the closure bolts.
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The NRC staff concurs wrth u{‘é apphcavnt s ooncluslon ﬁiat the ﬁre-lnduoed thermal stresses
s are within the’ allowable llmlts and the drfferentlal thermal expansions will not cause a loss of
cask oontalnment integnty ' ",..:é,i;.‘ . :

‘» ..0 —‘\;‘.sn\s«‘ P i ,‘- ‘*)f ":
2 S. 6 5 lmmerslon Fzsslle Material Ll
. e a3t \‘: :

Water in—leakage s assumed for. the critlcallty analysls of the package Therefore. the
immerslon test for fissile matenals Is not applicable (10 CFR 71.73(c)(5)).” However,
immersion under 3 feet of water is equivalent to an extemal pressure of 1.3 psig, which has

...f‘/,i . A

- 1o effeot on cask lntegrity

w_-. “‘"«v,.- », - ,l;

2. 5 6 6 lmmerslon -All Material

“ R o
B A
S RECERAR

The effect of a 21 7~pslg extemal pressure caused by lmmerslon under 50 feet of water, as
requnred by 10 CFR 71 73(c)(6). is of neghguble consequence. The cask design has been

- shown to' satlsfy 10 ‘CFR 71.61; whlch requires the containment boundary be deslgned to
. withstand an external water pressure of 290 ‘psl (200 meters lmmerslon pressure) without

collapse buckllng. or ln-leakage of water. ‘

2. 5 7 Speclal Requlrement for lmdlated Nuclear Fuel Shlpmenu

\'4 "
e

The applncant evaluated the cask contalnment boundary in meeting the requirements of
10 CFR 71 61 as follows . :
lla; se nl TR e o

. :‘ )‘/

. A 1",
o, ) .“.r
- vet . 3 N'_ e,
- a z C AN IR TR .
uel, '\ -l‘f,..f‘,.; AT

. 'f'he stress state of the cask was-anal&zed to show that the contalnment boundary can

withstand an extemal water pressure Joading of 280 psl The results show that there is a
large stress margln to prevent breach or rupture of the cask contalnment boundary

r . . - .
. FAS PR - !
v o. + r .l e 7
f » ' . 4 N ' g .
s Crat St
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.The applncant perfon'ned a buckllng evaluatlon and demonstrated adequate margin against
- bucklrng of the cask subject to an extemal pressure of 290 psi.
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Under an extemal water pressure of 290‘psl no permanent deformation of the containment

_boundary could result and, thus, would not affect the function of the primary seals in

o
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preventmg water ln-leakage. o
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Byt “The package MNOP s 74 pslg. frhe eask was analyzed for a boundlng lntemal pressure e
X, - [load of B0 psig:” The ‘containment boundary, s pressure-tesled before first use at 120 psig, ;0
4 . . “which exceeds 1.5 x MNOP.".The' ‘pressure test s conducted In accordarice with the . ;.
, S aooeptanoe procedures; which are .described and evaluated In SER Section 8.".The" o
gl » ‘calculation of MNOP.Is evaluated in SER Section'3 and is included ln the stmctural o
A - ", evaluations for normal conditions of transport (SER Sectlon 2 8)
5?'1'”*::\.‘ . s ". “"".(l'Q\:hl‘-“F“n:{;fﬁfi”d‘: -kuaf v - ’
e . 2.6 EVALUATION FINDINGS s /1t .

o SRR, ety LA "””1"“"9‘ SN L

2.6 1 Descrlptlon of Structural Deslgn ¢ nl‘»“u

N K ‘<
: ’x('t¥. :)\' g, (‘

The NRC staft has revrewed the package stmctural deslgn descnptlon and concludes that the

contents of the applncat:on meet the requirements of 10 CFR 71 31 -
: The NRC staff.has revlewed the codes and standards used ln package deslgn and finds that
Wi they are acceptable. . S
lA 26, 2 Materlal Propertles L ) -
:f There are no slgnlfcant chemlcal galvanlc. or other reactlons among the packaglng
G components, among package contents; or, between the packaging components and the
i ~ " contents in dry or wet environment conditions.”. The effects of radiation on materials were '
1.3,{;.; " considered and paokage contalnment ‘Is constructed from’ materials meeting the guidelines of X
R .RGs 7.11 and 7.12. Therefore. the NRC staff concludes that the material properties are ;
BE . adequate to meet the requlrements of 10 CFR 71 43(d) e
we 2.6 3 Llftlng and Tle-Down Stan'dards' for Package - : :
< AR S ) o
' X The NRC staﬁ has revlewed the liftlng and tne-down systems for the package and concludes
7 that they meet 10 CFR X4 45 standards e jt I

».n N

2, 6.4 General Conslderatlons for Structural Evaluatlon of Packaglng

I T [ v'. ‘ +
1 » "l

: .The NRC staff has revlewed the packagmg structural evaluatnon and concludes that the
appl»catnon meets the requlrements of 10 CFR 71 35, -
26. s Normal Condltlons chransport ‘ 3
; p IThe NRC staff has revlewed the packaglng structural perfon'nance under the normal
SR conditions of transpon and concludes that there will be no reduction in the effectiveness of
B the paokaglng .- LS
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The NRC staff ﬁes reviewed the contalnment structure and eonc!udes that it will meet the ‘
10 CFR 71.85(b) requirements of malntamlng the structural integrity capabllity during the :
pressure test. - -

R RASKC AR PRy <R T SN S '

1.?9?32:;:;;,‘;‘,,épml‘r"):.—’,\'} ;';2"}:‘?:;;.{:‘3: i;f .'{‘,‘. % :,-r“," > :1‘.'"}1;::. . 1“ . i :

ORI T - 7
‘z.s.sﬁ‘liypotheﬁcal Acclden} Condltjo’ns il ».:;}«' R ‘ :
Ve B B A 6 «37"3““‘ ‘i::h"“-ér: s :”._3::‘ SR A - A ' :
The ‘NRC, staff has’ viewed the packaging structural performanoe under the hypothehcal :
accident conditions and’ concludes that the packaglng hae_gdequate ‘structural integrity to (
sahsfy the supmﬁcalrty, contamment shieldlng. ‘and temperature requlrements of Part 71. :

4,,,_\. 1 q,i:\) ."',AL;;.":K'H ‘s",“-,.,:_‘ f,',, '~. ,»\ 4:,.‘-«_): ~'. P (n-,;- :.'\.,, r, P - ‘. £
< S, bo{Ys P NN Aot ¥ ‘-‘\"7"‘“ »,H.‘»' A % f:‘» e - ﬂ' L %
2.6 7 Spochl Requlrement for lm_\dlated Nuelear Fuel Shlpmenh B
1‘. v."\.,- """"-"7“‘,,1:; v .}’ 1‘* -"',"J.x’-:'“, ’ '..‘”“' \ N b
“The NRC staff has' reviewed the contalnment structure and eondudes that it will meet the 10 ‘
. 'CFR71.61 requlrements for lrradnated nuclear fuel ehipments ' :
L -‘_ : . ,;;;" Do ey e 'i‘ i P ey T T :
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N REVIEW OBJECTIVE — S ;
:i'r"\; N 4 ‘u : ‘ﬂ"‘w‘ e ‘Jl: .\ “‘;'c'?:‘ y.r!",;_ji,: i’w{ l, \"ly J. ‘k : i “ ~" : ). d - : K )
pix b The objective of this review is’ to verity that the thermal performance of the package haa been
% d

,t' PR adequatety evaluated for the tests’ speciﬁed under normal conditions ‘of transport and . 1

. "hypothetical accident conditions and thal the package design satisf es the thermal TR
T :requirements of 10 CFR Part71.,:’*‘~~'-“t S IR N
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,‘ 3'5 1 Descrtption of the Thermai Design~" SO

N
r, r. .

Ao N -y ¢ .
ooy o A Mt i A WO W S EN R W T L T i

s ’ e '1' ‘i*.f 4 ""- ‘t\‘S-’f::‘,} ‘“f:: §‘g‘t '1\3"“3: .'-_‘ N '
3 51 1- Packaging Design’ Featureat , e g
.4 - -' \;-‘“ . ¥1 pe :-. s » r“t., tﬂvcklw;‘,_'ﬂ ‘“3,;‘ " t'!" L .*,",J',«x‘:\}‘ il . e B -
. The GA-4 Legal Weight Truck Spent Fuel Shipptng Cask is designed to transport up to four
. PWR fuel assemblies.,The GA4 cask provides for,the containment of the radioactive --
.. - materials under Part. 71k The' packaging Includes’ the ‘cask assembiy ‘and two impact ltmiters, :
.- each of which Is attached to the cask with eight bolts.: *The packaging s overall dimensions
are approximately 90 inches In diameter and 234 inches long.* Several aspects of the cask
. design and operation’ provide significant thermal advantages.. For normal conditions, the use
3 . of helium within the’ primary. containment boundary and within the DU cavity enhances the
ww. - transfer of decay heat from the fuel assemblles to the'inner and outer shells of the cask, '
o respectively.- The FSS" surrounding the fuel’ assembires also aids the heat transfer by ‘
: . behavtng trke a set of intemal fins to 4ctlsttipate heat ety e AENGS
B SRR e Gy e N :ﬁi".,ﬁ"r‘ﬂ :u-j“:-,“'{i};?f” g _';Bs';‘ i ’-'\ g :
O 3, 5 1 ? Codes and Standarda o T N f:;"-‘" ¢ 'z.f iy ,
P R R AR SRR S
A Where appropriate codes and standards were ferenced by the applicant For standard
S matenais the ASME Code is referenced by the appitcant. S
3. 5. 1 3 Content Heat Load Spedﬁcation)t»r“ M{t ': e
- .. ’ ':‘t; ‘\,: :1(5\‘ ﬂl :&',:‘,‘\::.; ,‘) :\f‘ :\;’"I;;,'.t:*;‘}‘,; ” ‘«;“;‘!“‘. Ny :e-* ) .,‘4'1 ,:; ?
AR The appirca‘nt analyzed the GA4 cask for the transportation of up to four, PWR fuet assembiies.
20V The maxtmum burnup for each fuel assembty I8 35,000 MWd/MTU with a mlntmum cooling time
w0 of 40 years or. 45,000 MWAMTU with a  minimum cooling time of 15 years. Each assembly in S
w7 the package I allowed a maximum thermial load of 617.Watts; with an axial power profile that
w7 " results in'a peaking factor of 1.243This’ gives a maximum pa ackage thermal load of 2.468 kW. .
.. TheORIG N-S code was used to determine the assembly (decay heat load using bumup, s
i ,ennchment ‘and coolmg ttme of the fuel. .,The method of determining heat load was reviewed

,.( A—"w\“-""‘"" s e s

L land cont‘nned to be correct.’ b
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3. 5 1 4 Summary Tabies of:'remperatures SO
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R (The summary tables of the temperatures of package components. SAR Tables 3. 1-1 3. 4-1
5 - and 3.5-1,'were verified to include the ‘Impact limitera containment vessel, ‘seals, shielding.
‘ : and neutron absorbers and were consistent with'the temperatures presented throughout the

SAR for both the normai condrtlons ot transport and hypothetrcal accident conditions.” For the
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. hypothetncal accident condrtions the appircant accounted for the pre-f re. during-ﬁre. and
EEE post-f ire component temperatures. ,.Wrth the exception | of the impact limiters, which are not
e critrcai to contalnment during the fire, all components remain below their material property
T irmits. “The temperatures ‘and design temperature limit criteria for the package components
; . were reviewed and found to be oonsistent thnoughout the SAR foi

f':‘; ] ‘. 10 . ,f ;;: '),“ . R h REUIE <

2"; T 3 5. 1.5 Summary Tabies of Pressures jn the Containrnent System Y
};‘{:" : i RS E- N ey R [ .’ r ¢ ) e
f;?;";{f' E ’Summary tables of the pnessure in the containment system under the normal oondrtrons of
BRL transport and hypothetical ; accident conditions. (SAR Tables 3.6.3-1 through 3.6.3+4) were
B0 reviewed and found consistent with the pressures presented in the *General Information,”
e - *Structural Evaluation,”.and *Contalnment Evaluation” SAR sections. These tables reported
;.; N .both the MNOP and thedaccid'ent' condrtron resultant pressures for each of the fuel types.
::;, - 3 3 8 2 Materlai Properties snd Component Spectﬂcations

‘,'".~‘I, . N ‘ ‘ ‘r? N

ol 35. 2 1 Matenal Prgpertres P \',«“'.-‘:’; ,’

i’g{ The package applrcatron provided matenai propertres in the form of thermal conductivities,

densitres and specrﬂc heats for all modeied components of the cask. Conservative thermal

by -vsq-
L

: R ‘emissivities were used to model the radiative Heat transfer to and away from the
Bee L transportahon cask.’ Materials’ that did not have a readily determinable thermal emissivity
322';3 R relred on a value of 0.8 for hypothetrcai accident conditions, pursuant to 10 CFR 71.73(c)(4).
f}g..* o : The thermal properties used for the anaiysis of the package were appropriate for the
e matenais specrf ed andltor the condrtrons of the cask requrred by Part 71, during normal and
Fai accident condrtrons. AR 'f _' b
Frou SRR PN CLE T TR
,, o S 3 5 2 2 Technicai Specrf cations of‘Corh?ponents _f' - ::
? | Reference(s for tthe technicai ’s'pecit'catnons of pre-fabricated package components for O-rings,
o - impact lrrniters. and the neutron shreid were provided by the appircant "All components were
e shown to perfor;m wrthout fail under norrnal condrtrons with an ambient temperature of <40F.
gé":,'t‘. ’ ’ H ‘”': U- :‘ i’i B \'-'"-f" 3 ‘H 4
g e 3 5 2 3 ;i‘h_errrra(i Design Lirnits of Package Materiais and Components
,(m L .‘ivg B :tr"w .‘,,.. LN ?”,“‘,“,h"
gé‘r?: ! ) The NRC staff revrewed and conﬁrrned that the maximum allowabie temperatures for each
gl component critical to the' proper function of cask containment, radiation shielding, and
i,
SO criticairty were "specified. The NRC staff verified that the'design basis fuel cladding
gl temperature of 716°F was reasonabie and justified by the Pacific Northwest National
;{é“ E Laboratory (PNL) report PNL-4835 whrch isa methodoiogy accepted by the NRC staff.
i . oY,

X

fel 3.63 Therrnai Evaluation Niethods L

i :," : "f THD o ,lt .
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fg ' 3 .5~3 1 Evaiuatron by Anaiyses G " o

o5 ,\ 'i'he hiRC staff coni' rmed ,that the methods used for the thermal analysis were identified and
13;'2,‘: . suft’ cientiy descnbed 1o permit a complete and independent verification. The applicant used
i{« o the TACZD fi mte-drfference and ANSYS f nrte-eiement code for its thermal evaluation. For
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" normal condrtlons the ﬁnlte-drfference code was used fo perform a steady-state evaluation of
7 the entlre cask.’ ‘For ‘accident condmons. both the fi nlte-drfference and finite-element codes
_were used to mode! the end portlons ‘of the cask that ‘sustained damage during the free drop
‘and puncture tests belore the fire.. For normal condrtlons, the steady-state analysis produced
‘a’maximum’cladding temperature of 313' F.This' temperature is below the limit of 716° F.

The /maxlmum seal temperature under normal condrtlons ls 143' F, which ls below the
extended exposure Ilmlt of 300' F. S .

' For accldent condrtlons the analysls revealed a maxlmum claddlng temperature of 442° F

' 'whlch Is below the limit of 1058° F.: Under these conditions, the ‘maximum seal temperature

.was shown to be 300° F. This seal temperature for the 30-minute fire sccident is below the
50-hr exposure llmlt of380°F.’ AL .

3. 5 3. 2 Evaluatlon by Tests )

The them'lal aoceptance test required before the first use of the cask is described in SAR

,Sectlon 8 1. 6

3533 Ternpe_ratures

See SER Section 35,63,

3. 5 3 4 Pressures

See SER Sectlon 3.5.6.3.

3. 5 3 S Thermal Stresses

Thennal stresses were evaluated In SAR Sections 2.6.1,2.7.3, and 2.10.12, using the

';temperatures generated by'the thermal evaluation "The applrcant evaluated the effects of
; differential thermal expanslon on gaps, and the stresses resulting from component

interactions. Stresses were calculated for the interaction ot the cavity liner and containment
boundary and for gaps assoclated wrth the'DU and FSS. The gaps analyzed are depicted in

SAR Flgure 2. 6-1 The apphcant consldered thermal stresses tor the hot-normal, the cold-

nonnal and the translent eccldent condrtions
For the accldent analysls the appllcant used the maxlmum Intemal pressures and
contalnment boundary temperatures 16 calculate the thermal stresses and displacements.

The' gap analysls. supported by calculations perlormed In SAR Section 4.5, provided

' reasonable assurance that the cask response. lncludlng contalnment integrity, Is acceptable.

.....

boundary are presented in SAR Table 2.7-2} and are acceptable
3 5. 3 6 Cont'nnatory Analyses

Conﬁrmalory analyses were perfon'ned by the NRC staff by hand calculations and the ANSYS
finite element code. Taking into account the unlque inner geometry of the GA-4 cask with a
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The NRC staff considered the appt‘cents thermai evaluatxons and ‘ensured that they

s addressed the ettects of uncertaintres in thermal and structurai propertres of materials, test
i 'condrtions and diagnostics and in analyticai methods. Because of significant design
margins the’NRC staff found reasonable assurance that the .applicant used appropriate
considerations

_..o

L
’.

‘ l

Etfects

. .
Ter
ert

n of 'Accessibie Surface Temperature

3 5.{ Evaiuatio

(M\ B

‘- Under norrnai condrtions the package is designed ‘and constructed such that the accessible
surface temperature is 170°F with the design basis heat load ‘and no solar insolation. This
temperature complies with the 10 CFR 71 43(g) requirement under the condition that the

package wrll be shipped as exciu e

Fefiag g
¢
6« 3..

3 5 5 Thermai Evaiuation under Normai Conditions ot Transport
3 5. 5 1 Heat '

Under nonnai condrtions aii of the matenais used remain below their respective failure
temperatures The appircant performed three steady-state calculations under nomal
condrtions of transport These caicuiatlons provrded steady.state temperature distributions
for the foiiowrng combined boundary conditions. (1) 4 an ambient temperature of 100° F, with
soiar insolation and maximum decay heat; (2) an ambient temperature of 40° F, with no
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throughout the applrcation. N .‘

vh

1

T

+

smeared fuei mass the NRC stafr predicted cask temperatures that were in agreement with
the appircant's e b,

Y

SE .

,.«—.

‘solar insoiation and maxrmum decay heat and (3) an ambient temperature of -40° F, with no

soiar insoiation and n

1 v

tp fan
,.i

o'decay heat. » ‘.'

RN ?' . .
The appircant used one modei to detennrne the temperatures under the condrtrons listed

above. ,For this’ anaiysis the package was modeied using

,J,

T
i .'

" axiai temperature drstnbution. A longrtudrnai cross-sectionc’ysymmetric about the axis

empioyed an ambient}emperature ot.,100° F . and an adiabatic boundary aiong the axis.
Detaried spent,fuel assembiies and the FSS warranted the use of effective thermal

.t.,;-.

flindrical coordinates to obtain an

conducbvmes. which combined conductive and radiatrve modes of heat transter. Because the

: cask was)designed w:th a square basket wrthin a
a function of azrmuthai position .for this situatio

K

aps were averaged around the

Iindncal enciosure. some gaps varied as

circumference of the’ package. providing the effective gap thickness. The design basis decay
heat usedea\s 617 W per assembty

_'3552 Coid

s W

\,r

,'I"',Wrth no decay heat and an ambient temperature of -40‘ F the entire package will maintain a
.steady-state temperature of 40° F. ‘Cask components inciudrng the containment system
‘seais wouid not be adversely afiected by this low temperature.

b
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3.5.6 Thermal Evaluation under Hypothetical Accident Conditions
3.5.6.1 Initial Conditions

The applicant performed a transient thermal analysis to evaluate the package under
hypothetical accident conditions. Two models were used for these conditions: a 2-D, finite-
difference model of the closure end with a damaged impact limiter, and a three-dimensional
(3-D), finite-element analysis of the closure end with a damaged impact limiter. The 3-D
model was used to provide temperature dlstnbutnon for the thermal stress analysis.

The 2-D model assumed a cask in vertical orientation with the neutron shield absent and
replaced with air. The outer shell is intact. Similar to the then  avaluation for normal
conditions, the mode! employed a longitudinal cross- section, .metric about the axis, with
the introduction of an adiabatic boundary at the mndp!ane Cnushed and punctured impact
limiters were modeled on the package ends since they were shown to remain attached after
the drop tests. Damage to the impact limiter was exaggerated as an added conservatism to
the model. A conservative convection coefficient bounded the exterior, to ensure the
maximum heating of the package during the fire.

For the thermal stress analysis, the applicant modeled a 3-D cylindrical sector of the
damaged cask. The model provides temperatures for the thermal stress analysis used in the
structural evaluation. As an added conservatism caused by the thermal stresses introduced
by the fire, the damage to the impact limiter is further exaggerated by increasing the exposed
area of the closure lid. The neutron shield during the post-accident phase is assumed to be
replaced with air.

Two separate groups of boundary conditions were used to determine the temperatures for
maximum thermal stresses. For hot initial conditions, the applicant assumed a uniform
temperature of 120° F with the design basis heat load and no solar insolation. For the cold
initial conditions, the initial temperature was -20° F with zero decay heat.

For the post-accident steady-state analysis, the applicant used the model developed for
normal conditions of transport but replaced the neutron shield material with air.

3.5.6.2 Fire Test
See SER Section 3.5.6.1.
3.5.6.3 Maximum Temperatures and Pressure

The maximum temperatures calculated by the applicant are given in Table 3.1 below. The
accident temperatures in the table reflect the peak temperature of a specified component
from the time the fire was extinguished to the time the package reached steady-state
conditions. For both normal and accident conditions, the inner cavity was assumed to be
filled with helium.
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e Maxlmum Calcilated Temperatures (°F)

) *. Location .= ~~"*" | .7 Normal Conditions'. . Accident Conditions

» Impact Limiter “-%. | 51707185 ey 1472

" Outer Accessible Surface ~ |~ - .=, - 188 o 1244
3. .. Neutron Shield".” "7 ~ Ceo 191 - 926
. CaskBody " " |l 498 o 612
. DU Shielding ;= | 12027 453
5 Cavity Liner” > . b 2220 437
+ Fuel Support Structure * - T 2040 L ' 426
" Fuel Cladding 313 o] 442

Under normal condmons all of the matenals remaln below their respectrve melting
temperatures For the accident condmons all 'of the ‘materials, with the exception of the
alumrnum honeycomb impact ilmrter remain below thelr respective melting temperatures.
Although the impact limiter was shown to exceed its ‘melting temperature, the applicant
assumed the material did not melt during the’ f‘ ire.” By doing this, the applicant maximized the
amount of heat to have entered the package. Had the material been allowed to melt, this

process “would have resulted in a lower maxrmum fuel claddmg {emperature during the
fire acoident BRSE 'If' s ,

1
- ‘.“ 4
K | * ‘r

.....

the aluminum honeycomb of the lmpact lrmrter an,d that the alumlnum will not bumn under the
hypothetical accrdent condrtrons. PR At eyl

;' At v
-

4

R s ‘\ »lm}‘lrr; B

Potentral 'interactions between rnolten aluminum and components of the cask system were
also evaluated by the NRC staff A 0 04-in-th|ck steel skin’ surroundmg the aluminum
honeycomb impact irmiters could be at temperatures sufficient to melt the Alumlnum 5052

. ‘alloy, whose meltrng pomt is about 1100°F, Any safety-related lnteractlon would require
. mol*en alumlnum fo flow past the seal of the closure and into the body of the transportation
‘cask”’ The stress analysis presented in SAR Section'2.7, ‘Hypothetncal Accident Conditions,”

mdlcates that the closure bolts have suffi caent margln to marntain tension on the closure

: under the condrtnons imposed by a 30-foot free drop Further the structural analysis

lndicates t'tat the cask wouid have suft' cient marglns against the local punch shear failure in
_the’ 40-inch drop punoture test.’ In the ’Hypothetlcal Accident Therrnal Evaluation® of SAR

Sectnon 3.5, it is shown ‘that the contamment seals will remain functional at the temperatures
and’ condrtrons of the hypothebcal accsdent The NRC staff further concludes that any molten

,,,,,,

t
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The NRC staff also considered, qualitatively, the secondary effect of the thermal transient
associated with the first 10 to 15 minutes of a hypothetical accident fire. The diameter of the
cask is sufficiently small to conclude that temperatures from the center to edge of the closure
would be nearly uniform. During the time that molten aluminum is likely to be present on the
exterior of the cask, temperature differences through the thickness of the closure would likely
be small and would promote closure (gap tightening). Therefore, differential heating is
regarded as a secondary effect that could not play a significant role in distorting the lid in a
manner that would aid the entry of aluminum into the cask. It is concluded that the cask
containment boundary, including the fit-up of the closure, will be adequately maintained
during and after the hypothetical accudent conditions and that there is reasonable assurance
that any molten aluminum could not penetrate the seal and enter the cask. It is concluded
further that any molten aluminum that might form during the hypothetical accident would be
present only outside the cask, that it would largely be contained within the impact limiter steel
skin, and that it would not lead to safety-related consequences or unacceptable damage to
the cask.

The applicant calculated the MNOP assuming that 100 percent of the fuel rods fail and
that 30 percent of the gaseous fission products are available for release. The total gas
volume considered the gaseous fission products, the helium fill gas, and the cavity back-fil
gas. The gaseous fission products were based on a fuel bumup of 60,000 MWd/MTU.

The average gas temperature was calculated to be 233°F. Based on this gas temperature,
the MNOP was determined o be 88.6 psia. The maximum pressure under hypothetical
accident conditions is 104.9 psia, based on the average cavity gas temperature of 360°F.

3.5.6.4 Maximum Therma! Stresses

Thermal stresses as a result of the hypothetical accident condition fire are determined by
finite element analysis and were evaluated in SAR Sections 2.7.3 and 2.10.12. For the
accident analysis, the applicant used the maximum intemal pressures and containment
boundary lemperatures to calculate the thermal stresses and displacements. The gap
analysis, supported by calculations performed in SAR Section 4.5, prowdes reasonable
assurance that the cask response, including containment integrity, is acceptable. The
resulting and allowable stresses for the closure bolts, seal surface, and containment
boundary are presented in SAR Table 2.7-21 and are acceptable.
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3 6. 1 Descrfption of tho Thermal Deslgn

-
.

: The NRC staff has revnewed the package descﬁption and evaluation and found reasonable
n . assuranoe that they satrsfy the thermal requfrements of Part 71.

KA

‘ 3. 6.2 Materlal Proportfes and Cornpo\nent Spectﬁcations "

Jegudted 5
S N
N
v

PIETS

! The’NRC staff has revrewed the matertal properues and component specifications used in the
. thermal evaluatron and found reasonable assurance that they ‘are sufficient to provide a basis
for evaluat:on of the package aga:nst the thermal nequinements of Part 71.
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3.6. 3 Thermal Evaluatlon Msthods

The NRC. staff has revrewed the methods used in the thermal evaluation and found
reasonable assurance that they are described in sufficient detall to permit an independent
' revnew. wnth conﬂrmatory calculatlons of the package thennat design.

'|‘) )" ‘. 'l

K 3 6. 4 Evaluation of Accesslble 3urface Temperaturs

s

o

i 7 f
.

I
. T
-

IS EPEL IS e

L

-4,-:-- ; The NRC staff has revlewed the accesslble surface temperatures of the package as it will be
e prepared for shipment ‘and found reasonable assurance that they satrsty 10 CFR 71.43(g) for
. ! packages transported by exclusrve-use vehncle. 0

. 3 6 5 Evaluatlon under Normal Conditlons of Transport

-

L

.v
»

v,

The NRC staff has revnewed the package desngn constructlon and preparations for shipment
,and found reasonable assurance that the package material and component temperatures will
not extend beyond the specifed allowable ‘limits during’ normal conditions of transport,
, conslstent wrth the tes_ts specrﬁed in 10 CFR 7171,

.-1,,

WA SUE BRIl
Al . .\ A *
' .

C 3 6 6 Evaluatlon undar Hypomeﬂcal Accldent Condttlons

..‘{."‘ K "f lz R
\e a, ‘

h The NRC staff has revrewed the package design constructnon and preparatuons for shipment
and found reasonab!e assurance that the package matenal and component temperatures will

dere st

conslstent wrth the tests specrf ied in 10 CFR 71 73,
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SR 4 Contamment Review
Rewswomscnvs

The ob]ective of thls review is to verify lhat the package design satisfies the containment

requirements of Part 71 under normal conditions of transport and hypothetical
' acddent oondltlons. s :

-----

4 5 1.1 Contalnmeqtgoupdery Y

The contalnment boundary of the GA-4 Legal Welght Truck Spent Fuel Shipping Cask
consists of the following componients: (1) cask body wall, (2) bottom plate, (3) cask flange,
(4) cask c!oeure lid, (5) gas sample valve, (6) drain valve, and (7) the inner ethylene
propylene elastomer O-nng: on the closure lzd gas eample valve, and drain valve.

*s

4.5. 1 Descrlp’don qf the Contalnment Sy:tem :

: Table 4 1 lnste all contalnment boundary components and their material of construction.

+ 1

Table 4.1 GA-4 Containment Boundary Components
g ‘ GA Drawin
COMPONENT MATERIAL ‘ 031348, Rev. D,
D « { Lo item & Sht. No.

Cask Body Wall | ASME SA-240, Type XM-18 8.2
Bottom Plate | ASME §A-182, Type FXM-19 82
Cask Flange ASME SA-182, Type FXM-19 10,5
Cask Closure Lid | ASME SA-182, Type FXM-19 as, 6
Gas Sample Valve ~ | ASME SA479, S21800 43,6
Drain Valve ASME SA-479, S21800 84,7
Elastomer O-fing . | Ethylene Pro Iene Compound Parker

(Closure Lid) ' © - | E74075 " 7 P 39,5
Elastomer O-rin Eth lene Pro lene Compound Parker

(Gt Saine Ve | EVAgg Propyiene Compe 46,6
Elastomer O-ring | Ethy Iene Propylene Compound Parker

(Drain Vaive) © - | E74075 e o 93,7

The oonta]nment system is deslgned to be teak tfght. as defined in American National
Standards Institute (ANSI) N14.5-1987 (i.e., a leakage rate of less than or equalto 3 x 107
std-cm¥/sec of alr).
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. Fai[ed' fuel is not considered In this revierv, therefore, this section is not applicable. |

All containment seals are elastomer ethylene propylene O-ring seals The cask closure is an
11 inch thick Type XM-19 stainless steel plate, which is attached to the cask body with twelve
1-nch bolts. Each bolt is torqued to 235 + 15 fi-lbs. The closure lid is equipped with dual O-
ring seals set in dovetail grooves. The dimensions of the dovetail grooves are designed to
maintain sufficient squeeze and leak tightness of the primary seal during normal 'and
hypothetical accident conditions. The gas sample valve and drain valve are seated on plugs
that form part of the containment boundary in the closed position. The design of the gas
sample valve and closure lid Interface ‘enables simultaneous leak testing of the closure lid
and gas sample valve primary O-fings. The design of the drain valve also enables direct
leak testing of its primary O-ring. The gas sample valve and draln valve are torqued to 20 %
2 ft-lbs. Aocordmg to the manufacturer's guidelines, the ethylene propylene elastomer O-ring
containment seals are designad to properly operate within an accumulated radiation dose

of 1.0 x 10* rads.

|

4.5.1.2 Codes and Standards

All containment boundary welds, except the final fabrication weld joint connecting the cask .
body wall 15 the bottom plate, sre full-penetration and are radiograph and liquid-penetrant
examined, in accordance with ASME Code Saction lll, Division 1, Subsection NB. The final
fabrication weld joint connecting the cask body wall to the bottom plate cannot be
radiographed because of interference from the gamma shield. However, it is examined by
both ultrasonic testing and progresslve liquid-penetrant inspection, in accordance with note
20 on sheet 19 of GA Drawing No. 031348, Rev. D.

The NRC staff has reviewed the description of the containrent system, as given in SAR

Chapters 1 and 4. - The NRC staff found reasonable assurance that: (1) the SAR describes

the containment system in sufficient detail to provide an adequate ‘basis for its evaluation; (2)

the SAR identifies established codes and standards for the containment system; (3) the
containment system is securely closed by a posmve fastenmg device that cannot be opened
unintentionally or by a pressure that may arise wrthrn the package; and (4) the containment
system is made of matesials and construction that ‘assure that there will be no s'anf cant ,
chemrcal galvanic, or other reactions.

4.5.1.3 Special ‘Requirements for Damaged Spent Nuclear Fuel

4.6.2 Contalnment Under Normal Condlﬁgns of fl’rgnepf:rt !
4.5.2.1 Pressurization of Containment Vessel ! | |

Within the thermal and structural evaluations, the applicant demonstrated and the NRC staff
confirmed, that the MNOP and resumng stresses are within the structural allowables.

4522 Contarnment Criteria !

The containment system is desrgned to be leak tight (i.e., a leakage rate of less than or equal
to 1x107 std-cm’/sec) under both normal conditions of transpon and hypothetical accident
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conditions. Therefore, it was not necessary for the applicant to calculate the releasable
radiological source term or the maximum allowable leak rate. In accordance with

ANSI 14.5-1987, fabrication verification, periodic verification, and assembly verification leak
tests will be performed to verify the leak tightness of the containment system.

4.52.3 Compliance with Containment Criteria

Results of the applicant's structural and thermal evaluations show that the tests specified for
normal transport and hypothetical accident conditions do not affect the integrity of the
containment boundary. The applicant also performed a leak test on a full-scale closure lid
and containment seal, in conditions similar to normal transport, and determined leak rates
were below 1.0 x 107 std-cm¥/sec. The applicant calculated the maximum annual exposure
to any elastomer containment seal to be 6.8 x 10° rads and stated the accumulated exposure
is within the manufacturer's guidelines. Therefore, radiation is expected to have only a minor
influence on performance of the O-ring material.

A fabrication verification leak test of all containment components will be performed before first
use (shipment) of the package. A leak test will also be performed on containment seals after
the third use of the package. All seals will be replaced annually and a periodic leak test of
the containment seals will be performed annually or within 12 months before each shipment.
Also, a maintenance leak test will be performed on any containment component that has
been replaced or any portion of a containment component that has been repaired. Each leak
test will be performed with a helium mass spectrometer and will have a test sensitivity of at
least 5.0 x 10® std-cm¥sec. The leak test acceptance criteria will be a leak rate no greater
than 1.0 x 107 std-cm?/sec. The fabrication verification, periodic, and maintenance leak test
procedures are specified in the operating procedures and the acceptance tests and
maintenance procedures.

After loading and final closure of the package, an assembly verification leak test will be
performed before each shipment. The leak test will be performed with a pressure rise
monitor and will have a test sensitivity of at least 1.0 x 102 std-cm¥sec. The leak test
acceptance criteria is no detectable leakage. Assembly verification leak test procedures are
specified in the operating procedures.

Results of the applicant's structural and thermal analyses show that the containment system
remains leak tight under the tests specified in 10 CFR 71.71. Therefore, the NRC staff has
reasonable assurance that the loss or dispersal of radioactive material from the cask will be
less than 10 A, per hour under normal conditions of transport, as required in 10

CFR 71.51(a)(1). The gas sample and drain valves are protected against unauthorized
operation and are provided with leak tested O-ring seals to retain any leakage. Therefore,
the package design meets the requirements of 10 CFR 71.43(e).

4.5.3 Containment Under Hypothetical Accident Conditions

4.5.3.1 Pressurization of Containment Vessel

See SER Section 4.5.2.1.
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4.5.3.2 Containment Criteria ~
See SER Section 4.5.2.2,

4.5.3.3 Compliance with Containment Criteria

The containment boundary O-ring seals are designed to function property, remain below
allowable temperatures, and maintain sufficient compression under both normal transport and
hypothetical accident conditions. The applicant also performed a leak test on a full-scale
closure lid and containment seal, in conditions similar to the thermal hypothetical accident
condition, and determined leak rates were below 1.0 x 107 std-cm¥/sec.

Results of the applicant’s structural and thermal analyses show that the containment system
remains leak tight under the tests specified in 10 CFR 71.73. Therefore, the NRC staff has
reasonable assurance that the escape of krypton would not exceed 10 A, in 1 week, and the
escape of other radioactive materials would not exceed A, in 1 week, under hypothetical
accident conditions, as required by 10 CFR 71.51(a)(2).

4.6 EVALUATION FINDINGS

4.6.1 Description of Containment System

The NRC staff has reviewed the description and evaluation of the containment system and
found reasonable assurance that: (1) the SAR identifies established codes and standards for
the containment system; (2) the package includes a containment system securely closed by a
posttive fastening device that cannot be opened unintentionally or by a pressure that may
arise within the package; (3) the package is constructed of materials that assure that there
will be no significant chemical, galvanic, or other reaction; and (4) the gas sample and drain
valves are protected against unauthorized operation and are provided with leak tested C-ring
seals to retain any leakage.

4.6.2 Containment Under Normal Conditions of Transport

The NRC staff has reviewed the evaluation of the containment system under normal
conditions of transport and found reasonable assurance that the package design, acceptance
tests, operating procedures, and maintenance procedures satisfy the containment
requirements of 10 CFR 71.43(f) and 10 CFR 71.51(a)(1), for normal conditions of transport,
with no dependence on filters or a mechanical cooling system.

4.6.3 Containment Under Hypothetical Accident Conditions

The NRC staff has reviewed the evaluation of the containment system under hypothetical
accident conditions and found reasonable assurance that the package design, acceptance
tests, operating procedures, and maintenance procedures satisfy the containment
requirements of 10 CFR 71.51(a)(2), for hypothetical accident conditions, with no
dependence on filters or a mechanical cooling system.
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S5 Shielding Review

" REVIEW OBJECTIVE

The objective of this review is to verify that the package design satisfies the extemnal radiation
requirements of Part 71 under normal conditions of transport and hypothetical

accident condjtion;. "

5.5.1 Description of Shielding De;fgn
The GA4 Legal Weight Truck Speﬁt Fuel Shipping Cask design is described in SAR Section

I

1.2 with additional details in Chapters 2, *Structural,” and 5, *Shielding Evaluation.” The cask

is designed to transport up to four PWR assemblies with fuel burmups of 35,000 MWAMTU
and a cooling time of 10 years or 45,000 MWd/MTU and a 15-year cooling time.

- Cask components include the containment (flange, cask body, bottom plate, and drain valve

seals); the cavity liner and FSS; the DU gamma shield; and the neutron shield and its outer
shell. With the exception of the DU gamma 'shield, the neutron shield, and the B,C peliets in
the FSS, all major components of the cask are stainless steel. The top and bottom ends of

the cask are a solid stainless steel structure.

The cask body is sqﬁare with rounded comers and transitions to a round outer shell for the
heutron shield. The thickness of the nieutron and gamma shields is reduced at the comers.
Shielding in the non-fuel regions of the cask is tapered. The cask is designed to optimize the

cask shielding configuration for minimum Weights‘and maximum payloads.

The FSS is made up of four equal panels that contain B,C pellets for criticality control and
divide the cask cavity into four spent fuel compartments. The flange connects the cask body
wall and fuel cavity liner at the top, and the bottom plate connects them at the bottom.
These components contain’'and support the DU gamma shield. The gamma shield is made
up of five rings that are assembled with zero axfal clearance, within the DU cavity, to

minimize the'gaps gt operating temperatures.

The neutron shield occupies the space between the cask body wall and the outer shell. The

-

components of the neutron shield are proprietary and thus are not further described in this

¢ oa

document. - The proprietary version of the SAR contains a detailed description of the neutron
shield, including dimensions and the specification of materials used for the neutron shield.

551 3 'Paqkagié.\é Design Features
See SER Section 5.5.1.3.

5.5.1.2 Codes and Standards

See SER Section 5.5.1.3.
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5.5.1.3 Summary Table of Maximum Radiation Levels

The “General Information® Chapter, the *Shielding Chapter”, and the Drawings in the
application were reviewed for completeness of information and consistency. The Information,
parameters, and dimensions provided are sufficlent to perform a review and were consistent
among the chapters and drawings. . Where appropriate, standards are identified and used.
The summary table of maximum radiation levels for both normal and accident conditions
outside the cask shows values within the regulatory limits for an exclusive-use shipment.

6.5.2 Source Speclfication

The cask is designed fo transport up to four PWR spent fuel assemblies with bumups of
35,000 MWJ/MTU and a cooling time of 10 years or 45,000 MWd/MTU and a 15-year cooling
time. GA used a variety of codes to complete the shlelding evaluation. The source term was
generated using the SAS2 module of the SCALE-4.1 code. SAS2 computes gamma and
neutron source terms.

5.5.2.1 Gamma Source
See SER Section 5.5.2.2.
5.5.2.2 Neutron Source

GA used the SAS2 module of SCALE-4.1 to generate the neutron and gamma source terms
for the spent nuclear fuel to be transported in the GA-4 cask. A standard Westinghouse
15x15 fuel assembly with an initial enrichment of 3.0 wt. percent U-235 was used to calculate
the source term. The 3.0 wt. percent enrichment produces a higher source term, because of
larger neutron values than higher initial enrichments. The source gpecification for the
shielding design assumes an axial distribution of relative bumup in the active fue! region.

The SAS2 module computes gamma and neutron source terms using reactor history and
cooling times for fuel assemblies.

Radiation sources in a spent fuel assembly come from four regions: the active fuel region,
the bottom tie plate and skirt, the plenum and spring, and top tie plate. The active fuel region
includes both gamma and neutron sources, whereas the three non-fuel regions include only
gamma sources. , i

The gamma sources for the fuel region used in the shielding analysis include primary
gammas, x-rays, conversion photons, alpha-neutron photons, prompt and fission-product
gammas from spontaneous fission, and bremsstrahlung radiation. Generally, only gammas
with energles from 0.8 MeV to 2.5 MeV contribute significantly to the external dose. GA
used gamma energles from 0.7 MeV to 2.5 MeV in calculating the gamma dose rates outside
the cask. Contributions for the neutron source term include the primary neutron source in the
spent fuel, spontaneous fission, and alpha-neutron reactions.

The NRC staff performed confirmatory calculations using the SAS-2H module of SCALE 4.3

to generate the neutron and gamma source term. The Information needed to develop the
input deck for the SAS-2H computer run is located in SAR Chapter 5. Since the assembly
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was divided into six axial lengths, with each axial length having the appropriate relative
power, six SAS-2H computer runs were performed. The gamma and neutron source terms
determined from the confirmatory calculations do not differ significantly from the source terms
determined by GA and presented in the SAR. The gamma and neutron source terms
determined by the NRC staff were then used In the confirmatory calculations to verify GA's
predicted dose rates.

5.5.3 Model S pecification

The structural and thermal properties of the cask components were evaluated by the NRC
staff. The NRC staff has determined that, based on the information provided, the cask
components, including those necessary for shielding, have an acceptable design margin to
maintain structural integrity during normal conditions of transport and hypothetical accident
conditions. The thermal evaluation conducted by NRC staff concluded that the maximum
normal operating and hypothetical accident condition temperatures would not adversely affect
the casks components, including the shielding materials.

The models for nérmal and accident conditions were reviewed and found to be consistent
with the drawings and appropriate or bounding for the analyses presented in the sttuctural
and thermal analyses.

5.5.3.1 Configuration of Source and Shielding

t
i

See SER Section 5.5.3.
:
5.5.3.2 Material Properties

The reported material properties were reviewed and a sample of mass and atom densities
was checked and found to be comrect. \

i

5.5.4 Evaluation
554.1 iMetrwds

The shielding analyses were performed using the PATH point kemal integration code, DORT
B transport code, the CSASN module of SCALE-4.3 for cross-section data, and MCNP Monte
B Carlo Code. The DORT, SCALE, and MCNP codes are well-established codes that are used
extensively in Industry PATH was developed by GA as a gamma shielding computer

program that uses the point-keme! integration technique to perform calculations of dose rates
R and shielding requirements-for complex geometry and various source types. The PATH code
N has been validated against the QAD code, which is a multidimensional point kernal module
R of SCALE. .

MCNP was developed by Los Alamos National Laboratory and is a complete shielding code
with cross-section data for neutrons and gammas built into the code. MCNP is a 3-D code
that can explicitly mode} the unusual geometry of this cask design. Using MCNP to calculate
the gamma dose from the fuel region, the DU gamma shield and the neutron shneld were

‘ subdivided into several subregions to determine the radial dependence of the dose'rates on
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the material thicknesses. Dose rates were calculated over several azimuthal regions, to
determine the azimuthal variation of the dose rate at the cask surface and at 2 meters from
the edge of the transporter.

The PATH code was also used to calculate the gamma dose rates from the hardware region
of the cask. This code calculates the exponential attenuation of gamma rays and applies
single-medium buildup factors to determine the final dose rate. For the cask ends, which are
made up of only stainless steel, the PATH code will generate reliable dose rate predictions.
However, for the sections of the cask where the gammas from the hardware will interact with
more than one material (the DU gamma shield and the stainless steel), a correction factor
needs to be applied when determining the dose rate. MCNP was used to account for the
differing scattering characteristics of the different shielding material. The correction factor
was determined to be the ratio of the MCNP dose rate predication to the PATH dose

rate prediction.

A gap analysis of the DU gamma shield was performed using the 2-D DORT code. The DU
shield is divided into five pieces that are assembled with zero clearance at room temperature
to minimize gaps at operating temperatures. The analysis assumed a 0.114-cm gap between
two pieces of the shield in the region of the peak fuel source. This analysis yielded a dose
rate increase of up to 8 percent at the cask surface and up to 1 percent at 2 meters. Based
on this analysis, primary gamma dose rates on the side of the cask were increased 8 percent
and 1 percent at 2 meters for conservatism.

MCNP was also used to calculate the neutron dose rate along the surface of the cask and at
the cask ends. The MCNP radial model for the neutron dose, which was identical to the
model used to determine the gamma dose, was used to determine the azimuthal variation of
dose rate at the cask surface and at 2 meters from the edge of the transport vehicle.

An axial MCNP mode! was developed to describe the lower end of the cask bottom because
the neutron source peaks at the lower end of the assembly. Also, the cask closure is thicker
than the cask bottom plate, so the cask bottom plate will have a higher dose. A simple,
cylindrical MCNP model was developed to determine the dose rate ratio between the top and
bottom cask surfaces. The neutron dose rates at the top end of the cask were determined by
multiplying the dose rales at equivalent locations at the bottom end by the dose rate ratio.

To confirm that this resulted in a conservative dose, GA performed an axial MCNP model of
the top end of the cask. This evaluation determined that the dose rates on the sides and
conical surfaces of the upper impact limiter were 20 percent less than the corresponding

dose rates for the lower end model.

MCNP was used to perform a ground scattering analysis, since ground scattering can be a
significan! component of the total extemnal dose rate, especially at 2 meters from the
transport. The ground scattering faclor is generally higher for neutrons because they have a
higher albedo than gammas. Three MCNP cases were run: (1) the cask without the ground,
(2) a horizontal cask 3.5 feet above the ground, and (3) a cask lying on its side upon the
ground. From these runs, a ground scattering factor of 1.4 for neutrons and 1.1 for gammas
was applied to the results of the dose rates at 2 melers from the transport.
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The applicant’s calculations showed dose rates within the régulatory limits at the package
surface, the vehicle surface, 2 meters from the vehicle, and at the underside of the vehicle.
The NRC staff used the data generated from the confirmatory analysis of the source term as
input to the MCBEND computer code 1o perform confirmatory shielding analyses. MCBEND
uses the Monte Carlo methodology and quasi-continuous-energy cross-section data derived
from UKNDL to solve radiation transport and shielding problems. With MCBEND, the NRC
staff modeled the complex shield geometry of the GA-4 transportation cask and calculated
the doses from direct neutrons, subcritical neutron multiplication, direct gammas, and
neutrondnduced gammas. The NRC staff also extended the MCBEND model to estimate the
contributions of ground shine to the computed doses. The NRC staffs MCBEND results
confirm that the dose rates on contact and at 2 meters, with the design basis fuel a! 3.0
weight-percent U enrichment, are within the limits specified in 10 CFR 71.47 and
corespond to the dose rates calculated by GA. Although the calculated dose rates on the
surface of the cask and at 2 meters from the vehicle have been determined to be within the
regulations in 10 CFR 71.47, the end-user of the GA-4 transport cask is still responsible for
performing a dose rate survey of the loaded cask to demonstrate compliance with the
regulations before transportation.

Based on the information submitted by the applicant and from the results of the NRC staff's
confirmatory analysis, the NRC staff has determined that for fuel with a bumup of 45,000
MWdJ/MTU and cooled for a minimum of 15 years, an initial enrichment of 3.0 wt. percent 2°U
is bounding. Based upon information available from DOE, for fuel with bumups above 35,000
MWdA/MTU, the initial enrichment of the fuel is generally not less than 3.0 wt. percent 24U,

For fuel with a bumup of 35,000 MWd/MTU and cooled for a minimum of 10 years, the
minimum initial enrichment authorized will be 3.0 wit. percent ***U. This minimum enrichment
is based upon the analyses performed by GA which identifies 3.0 wt. percent #*U as the
bounding initial enrichment. For enrichments less than 3.0 wt. percent U, the neutron dose
rate component of the total dose rate may be increased while the gamma dose component
will essentially remain the same. To load fuels with initial enrichments less than 3.0 wt.
percent U in the GA-4 cask, GA will have to submit an amendment request with supporting
analyses 1o demonstrate compliance with the dose rate limits specified in 10 CFR 71.47.

5.5.4.2 Key Input and Output Data

Key input and output data for the shielding calculations were identified and provided. The
NRC staff reviewed the applicant's key input data and output files and found

them appropriate.

5.5.4.3 Flux-to-Dose Rate Conversion

The flux-to-dose-rate conversion factors used in the shielding calculations are from
ANSI/ANS-8.1.1-1977, *Neutron and Gamma-Ray Flux-to-Dose-Rate Factors.”

5.5.4.4 Radiation Levels

GA performed an evaluation, using 3.0 wi. percent **U enrichments, to demonstrate the
shielding evaluation of the cask is adequale to ensure compliance with the dose rate limits in
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Part 71. The summary of maximum dose rates calculated by GA for the GA-4 transportation
cask for normal conditions and the hypothetical accident condition is found in Table 5.1. The
flux-to-dose-rate conversion factors used by GA in the shielding evaluation are from
ANSVANS 6.1.1-1877, which is a standard accepted by the NRC.

e 1]

TABLE 6.1

UMMARY OF MAXIMUM REGULATORY DOSE RATES

[ ey

FOR GA-4 CASK in mR/hr (mSv/hr)
Bumup (GWI/MTU) 35 45
Cooling Time 10 15
{years)
Number of 4 4
I Assemblies
Normmal Conditions
Package Surface Gamma | Neutron | Total | Gamma | Neutron | Total | Reg.
Side 105.5 57.7 163.2 81.6 116.2 197.8 200
(1.06) (0.58) | (1.63) | (0.82) (1.16) (1.98) (2)
Top End 20.8 20 22.8 11.3 12.0 23.3 200
(0.21) (0.02) (0.23){ (0.19) (0.12) (0.23) (2)
Bottom End 48.1 6.0 54.1 33.8 12.0° 458 200
(0.48) (0.06) | (0.54) | (0.34) (0.12) (0.46) (2)
2 m from Vehicle Gamma | Neutron | Total | Gamma | Neutron | Total Reg.
Surface
Side 6.59 1.68 8.27 3.72 5.05 8.77 10
(0.07) (0.02) | (0.08) § (0.04) (0.05) 0.08) | (0.1)
Rear 1.54 0.15 1.69 1.07 0.29 1.36 10
(0.02) (0.002) | (0.02) 1 (0.01) (0.003) | (0.014)} (0.1)
Back of Cab 0.278 0.042 0.32 0.19 0.10 0.29 2
(0.003) | (0.0004) | (0.003)] (0.002) | (0.001) ! (0.003) | (0.02) I
i Hypothetical Accident Conditions F
1 m from Gamma | Neutron | Total | Gamma | Neutron | Total | Reg.
Damaged Cask
Side (peak) 103 194 297 75 388 473 1000
(1.03) (1.94) | (2.87) | (0.75) (3.98) (4.73) (10) l




The methods used to determine the dose rates were described in the preceding section. The
transporter used in the dose rate evaluations was an 8-foot-wide semitrailer with 19.6 feet
between the top of the impact limiter and the rear of the tractor's cab. The cask is to be
mounted on the trailer bed with the comers facing down. The dose rate evaluation for the
hypothetical accident condition assumes a complete loss of neutron shield and the stainless
steel outer skin. Dose rates for the accident condition were determined in the same manner
as for normal transport conditions, except that the neutron shield and outer shell are missing.

The NRC staff performed calculations to confirm the applicant’s dose rate results for normal
conditions. The NRC staff used the SAS2H sequence in the SCALE system to generate the
radiation source terms. The shielding calculations used this source term with the MCBEND
code. The dose rates calculated by the NRC staff are consistent with those presented in the
application. The operating procedures specify that the loaded package is to be surveyed
prior to shipment to verify that the dose rates are within the limits specified in NRC and
Department of Transportation regulations.

The NRC staff agrees, in conjunction with the minimum enrichment conditions discussed
previously, with the applicant’s conclusion that the package shielding, together with the
radiation survey performed before each shipment, are adequate to assure that external dose
rates are within allowable limits.

5.6 EVALUATION FINDINGS
56.6.1 Description of the Shielding Design

The NRC staff has reviewed the description of the packaging design and found reasonable
assurance that it provides an adequate basis for the shielding evaluation.

5.6.2 Source Specification

The NRC staff has reviewed the source specifications used in the shielding evaluation and, in
conjunction with the minimum enrichment conditions discussed previously, found reasonable
assurance that they are sufficient to provide a basis for evaluation of the package against
Part 71 shielding requirements.

5.6.3 Model Specification

The NRC staff has reviewed the models used in the shielding evaluation and found
reasonable assurance that they are described in sufficient detail to permit an independent
review, with confirmatory calculations, of the package shielding design.

5.6.4 Evaluation

The NRC staff has reviewed the extemal radiation levels of the package and vehicle as it will
be prepared for shipment and found reasonable assurance that they satisfy 10 CFR 71.47(b)
for packages transported by an exclusive-use vehicle.
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S The NRC staff has reviewed the package design, construction, and preparations for shipment
. ‘ and found reasonabie assuranoe that the extemal radiation levels will not significantly
increase dunng normal condltions of transport consistent with the tests specified in

v

10CFR 71 71.,;\;};;’; .;;:;‘ * RN

o The NRC stafi has reviewed the package deslgn, eonstruction, and preparations for shipment
. and found reasonable assuranoe that the maximum extemal radiation level at 1 meter from
. the extemal surface of the package wnll not ‘exceed 10 mSv/hr (1 rem/hr) during hypothetical
aoeident condrtione. consistent with the tests specified In 10 CFR 71.73.
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. & Criticality Review
REVIEW OBJECTIVE
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o The objeétivé of this review Is to verify that the package design saﬁsﬂés the criticality safety

requirements of 10 CFR Part 71 under normal conditions of transport and hypothetical
! accident conditions.

1N
v hy

- The applicant performed a criticality analysis to show that the !package remains subcritical

! under normal conditions of transport and hypothetical accident conditions. The analysis

i shows that the package meets the requirements of Part 71 for exclusive-use shipments with ’
u a transport index for criticality control of 100. The analysis and transport index limits the

number of packages in a shipment to a single GA-4 cask.

r £ i 6.5.1 Description of the Criticality Design

e J i

7 The applicant described the packaging in sufficient detail to provide an adequate basis for its
e evaluation. The descriptions in the SAR include the types and dimensions of materials of

> construction and materials specifically used as nonfissile neutron absorbers or moderators.

The structural analysis shows that the configuration of the fuel basket will be maintained
under normal conditions of transport and hypothetical accident conditions.

6.5.1.1 Packaging Design Features

The GA-4 cask can transport up to four intact, iradiated PWR fuel assemblies. Each fuel
» assembly comprises a 14 X 14 or 15 X 15 pin array with Zircaloy-clad fuel rods. The fuel
rods contain uranium dioxide (UO,) pellets with a maximum Initial uranium enrichment of 3.15

wi. percent “U. The detailed contents description is provided in SER Section 1.5.2.3., and |
is discussed further, later in this evaluation. -

A cruciform FSS provides the spacing and neutron poison needed to prevent criticality. The
FSS' four identical panels are made of stainless steel. Each panel contains pellets of 96 wt.

percent boron-10 (*°B) enriched B,C, stacked In a uniform series of 292 holes running
; perpendicular to the FSS axis. The FSS Is welded to the stainless steel liner of the spent

fuel cavity, Radially outside the cavity liner are a gamma shield of DU metal and a :

i hyc{rogenpqs neutron shield. Material specifications, fabrication controls, and the acceptance
= measurements and tests described in SAR Section 8.1 ensure that each FSS hole contains
no less than the specified minimum B loading. '

P 6.5.1.2 Codes and Standards

The applicant identified, where appropriate, the codes and standards used in all aspects of
the criticality design and evaluation. '
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6.5.1.3 Summary Table of Criticality Evaluations

The applicant provided a summary of the final criticality results in SAR Table 6.4-4. The
table addresses results for a single package, and amrays of damaged and undamaged
packages, as required by 10 CFR 71.55 and 71.59. The summary table illustrates that the
GA-4 cask meets the criticality criteria of Part 71.

6.5.1.4 Transport Index

The apphcant spectﬁed a number °N" of 0 5 and analyzed the appropriate number of
packages in amays. The GA<4 cask, based on these analyses, has a transport index for
criticality control (50/N) of 100, which was verified to be specified consistently throughout the
SAR. The transport index thus limits to one the number of GA-4 casks that can be
transported in a single shipment.

6.5.2 Spent Nuclear Fuel Contents

The specifications of the spent fuel used in the criticality evaluation and authorized for
transport are consistent with those specified in other SAR sections. The GA<4 cask can
transport up to four intact, irradiated PWR fuel assemblies. Each fuel assembly comprises a
14x14 or 15x15 pin armray, with Zircaloy-clad fuel rods. The fuel rods contain UO, pellets,
with a maximum initial uranium enrichment of 3.15 wt. percent #°U. The detailed contents
description Is provided in SER Section 1.5.2.3. and, is discussed further, [ater in

this evaluation.

§.5.3 General Considerations for Evalttatlons
6.5.3.1 Model Configuration

In the criticality calculations, the applicant conservatively assumed fresh fuel without burnable
poisons. The boron carbide pellet stacks were approximated as continuous cylinders of B,C,
with a single axial gap located at either end or in the middle of the stack. Each B,C cyhnder
was assumed to have the minimum pellet diameter and the minimum pellet-stack height.
The size of the axial gap in'the pellet-stack mode! was taken as the maximum-tolerance
difference between the FSS hole depth and pellet-stack height at bounding operating
temperatures The poison material was modeled as 96 w:. percent B enriched B,C with its
density adjusted to give 80 percent of the specif ed minimum B loading in each peliet stack.
The DU shielding material was modeled with a 2% content greater than the specified
maximum. The rounded, contoured DU shield was approximated with a square model
geometry. Pure water conservatxvely replaced the actual neutron shielding material in the
applicant’s computational model.

Control components, if present, were ignored in the modeling. All fuel rods were modeled
intact with no rods missing and the maximum enrichment throughout.

The models for normal and accident conditions were reviewed and found to be consistent with
the drawings and in keeping with the structural and thermal analyses.
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6.5.3.2 Material Properties

The reported material properties were reviewed and a sampling of mass and atom densities
was checked and found to be comrect. GA specifies that the boron in the pellets be 96 wt.
percent *°B enriched and the minimum density be 96 percent of theoretical. The boron
carbide peliets are acceptance-tested, as described in SAR Section 8.1.4.4, to verify that
these specifications are met. Additionally, the drawings specify 8 minimum diameter, length,
and total weight of "°B of an assembled pellet stack. The applicant's specifications and
acceptance methods for the boron carbide pellets were reviewed by the NRC staff and
determined to be acceptable.

The NRC staff verified that the B,C is essentially inert and will not be attacked or degraded
under expected service conditions. Only negligible amounts of radiation-induced sweliing of
the B,C are expected in service and, in the unlikely event that a pellet is cracked in service,
the neutron absorption characteristics will remain essentially unaltered during the

service period.

The applicant's criticality calculations conservatively assume DU with 0.3 wt. percent #°U,
and GA Drawing 031348 specifies a maximum #°U concentration of 0.2 wt. percent.

6.5.3.3 Computer Codes and Cross-Section Libraries

The applicant’s criticality analysis used KENO-Va and 27BURNUPLIB within the CSAS25
sequence of the SCALE-4.3 code system. To validate the computational method for this
application, the applicant performed benchmark calculations for a set of 27 fresh-fuel critical
experiments. The input files for the KENO-Va runs were provided in SAR Section 6.6 and
reviewed by the NRC staff. In addition, benchmarking of the analytic method by the applicant
and independent calculations by the NRC staff provide reasonable assurance that the
package meets regulatory requirements.

6.5.3.4 Demonstration of Maximum Reactivity

The applicant determined that the Westinghouse 15x15 OFA was the most reactive of the
requested contents. Table 6.1 presents a summary of the relative computed reactivities of
the requested contents, as modeled by the applicant. Using the most reactive contents, the
applicant performed a series of calculations to determine the most reactive configurations
under optimally flooded conditions. The calculations showed that the closest assembly pitch,
with the assemblies touching the FSS, was most reactive. Although reactivity was shown to
be only weakly sensitive to the assumed positioning of maximum gaps in the B,C pellet
stacks, the case with the gaps at the outsides of the pellet stacks did appear to be marginally
more reactive than the cases with gaps at the insides or middle of the pellet stacks. All
flooded cases assumed flooding within the fuel-clad gap.
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Table 6.1 Criticality Safety Basis for Allowed Contents

(Assembly types listed in order of decreasing maximum k,)

Ratio | Active Length (inches) MTU (3.15 wt. % 2°U)
Fuel Assembly Type ke to
(Mfr-Array-Version) koo * | Modeled | Nominal*™ | Modeled Nominal*™*
W-15x15-Std/ZC 00990 | 144.35 | 142-144 | -0.4660 | 0.4563-0.469
W-15x15-OFA 0.9990 | 144.35 144 0.4660 0.4627
BW-15x15-Mk.B.BZBGD | 0.995 | 142.70 141.8 0.4765 0.4636
ExoJA-15x15-WE | 0.990 | 144.35 144 0.4422 0.432
CE-15x15-Palisades l 0.987 | 144.35 :fff)’ 0.4459 0.413
CE-14x14-Ft.Calhoun 0.977 | 12840 128 0.3784 0.376
W-14x14-Model C 0.974 | 137.75 136.7 0.4147 0.397
CE-14x14-Std/Gen. 0.973 | 137.75 137 0.4060 0.386
Exx/A-14x14-CE 0.971 | 137.75 213;%; 0.3921 0.381
W-14x14-OFA 0.965 | 14435 | 135.2-144 | 0.3641 | 0.336-0.358
'W-14x14-Std/ZCA.IZCB ' 0.965 | 146.00 14(15;;)5'2 04191 | 0.389-0.407
ExxlA-14x14-WE | 0.952 | 14270 142 0.3728 0379 |

*kos, = 0.9331 for the most limiting assembly types. Ratio values in italics are estimated from

applicant's calculations.

**Nominal values are taken from DOE/RW-0184. Where different, nominal values quoted in
the SAR are shown in parentheses.

The applicant’s analysis demonstrates the most reactive case for the single package, array of
undamaged packages and amays of damaged packages, and is further evaluated in SER

Section 6.5.4.

6.5.3.5 Confirmatory Analyses
See the Evaluation Findings in SER Section 6.6, below.
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6.5.4 Single Package Evaluation
6.5.4.1 Configuration

To show that the package meets the single-package requirements of 10 CFR 71.55(b), the
applicant analyzed a single water-reflected package fully fiooded by water at various
densities. Flooding with full-density water, conservatively modeled as 1.0 g/cm®, was most
reactive. In addressing the requirements of 10 CFR 71.59 for arrays of undamaged
packages, the applicant modeled an infinite array.of dry packages. Results of the structural
and thermal analyses showed that the dimensions and arrangements of package internals
would not be changed under accident conditions. Because the application is for a criticality
transport index of 100, with N=0.5, the applicant's analysis for the damaged array was the
same as that for the single package.

6.5.4.2 Results
Table 6.2 summarizes the reported results of the criticality analysis.

Table 6.2 Summary of Applicant's Criticality Safety Calculation Results

Ratio of maximum
Analyzed Configuration calculated k., 10 Kys,

_

Single Package: 0.9990
Optimally moderated and reflected by full-density water ’

Array of 2 5N Undamaged Packages:

Bounded for N=0.5 by infinite array of dry undamaged packages 0.3164

Array of 2 2N Damaged Packages:
For N=0.5, analyzed as a single package optimally moderated and 0.9680
reflected by full-density water l

*ks, = 0.9331

6.5.5 Evaluation of Package Arrays Under Normal Conditions of Transport
6.5.5.1 Configuration

See SER Section 6.5.4.1
6.5.5.2 Resulis
Sea SER Section 6.5.4.2
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6.5.6 Evaluation of Package Arrays Under Hypothetical Accident Conditions
6.5.6.1 Configuration '

See SER Section 6.5.4.1
6.5.8.2 Results
See SER Section 8.5.4.2

6.5.7 Banchmark Evaluations

6.5.7.1 Experiments and Applicability

The applicant's criticality analysis used KENO-Va and 27BURNUPLIB within the CSAS25
sequence of the SCALE-4.3 code system. To validate the computational method for this
application, the applicant performed benchmark calculations for a set of 27 fresh-fuel critical
experiments. All of the experiments consisted of various configurations of UO, fuel-pin arrays
moderated by water or borated water. Uranium enrichments ranged from 2.35 t0 4.74 wt.
percent 2°U. In nine of the benchmark experiments, fuel-pin arrays were separated by
absorber curtains consisting of B,C-pellet-loaded pins in two cases, boral in three cases, and
borated stainless steel in four cases. Four other experiments included reflection by DU.
Other imporiant physical characteristics of the benchmarks, such as the pitch-to-diameter
ratio of the fuel rods and the CSAS25-computed average energy group causing fission (AEF),
were similar to and bracketed those of the package.

6.5.7.2 Bias Determination

. The applicant used the methodology from NUREG/CR-6361, “Criticality Benchmark Guide for

Light-Water-Reactor Fuel in Transportation and Storage Packages,” Section 4.1.1, Upper
Subcritical Limit Method 1, to perform a statistical trending analysis of the 27 benchmark
results. Considering AEF, rod pitch, fuel enrichment, hydrogen-to-uranium atom ratio, and
Dancoff faclor as potential bias-trending parameters, the analysis showed that rod pitch gave
both the strongest comelation for linear variation of the computed critical eigenvalue and the

Jowest upper-safety-limit eigenvalue (k. ) for the package analysis. Using an eigenvalue

administrative margin of 0.05, the applicant invoked a uniform k.5 of 0.8326 even though the
analysis supported a slightly higher ks, of 0.8331 for the rod pitch of the limiting assembly
type. Although the NRC staff has chosen to use the latter k5, value in its evaluation of the

" analysis, this choice has not affected any conclusions drawn from the analysis.

The NRC staff noted that the reported benchmarking results for the two B,C experiments
showed greater-than-average underpredictions of the critical eigenvalue. Specifically, the two
B,C experiments had CSAS25-calculated critical eigenvalues of 0.8864 £ 0.0018 and 0.8875
S 0 0017, whereas the corresponding trended average of the eigenvalue for all 27

" benchmarks was 0.9916 (i.e., k(pitch) in SAR Figure 6.1-3). The NRC staff also noted,

however, that the two B,C benchmarks were part of a three-experiment set taken from a
single facility (SAR Ref. 8.5-3), and that the CSAS25-computed critical eigenvalue for that
set's third experiment, which had no B,C pins or other absorber curtains, was even lower
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than the other two at 0.9844 £ 0.0018. It was further noted that the benchmark models
assumed nominal '°B loadings in the stacked-pellet B,C absorber pins, whereas the package
analysis method assumes 90 percent-of-minimum loadings. Based on the latter
observations, the NRC staff believes that the applicant's analysis of the combined set of 27
benchmark results did produce a conservative estimate of bias for the package calculations.

6.6 EVALUATION FINDINGS

The NRC staff performed independent confirmatory calculations using the MONK7B Monte
Carlo code with quasi-continuous-energy cross-section data derived primarily from UKNDL.

A set of 22 benchmarks of thermal UO, rod lattices shows that MONK7B generally
overpredicts the reactivity of such systems by approximately 0.5 percent. Without any bias
allowances, the MONK7B-computed k., for the bounding case described above was 0.9381 ¢
0.0008. Repeating the calculation with natural uranium (0.7 wt. percent #*U) in place of DU
(DU, modeled with 0.3 wt. percent ®°U) as the gamma shielding material resulted in a K, of
0.9512 + 0.0010, thereby demonstrating a significant sensitivity to the #**U content in the DU
shielding material. MONK7B calculations with both exact- and square-geometry models of the
DU shield showed statistically negligible differences in reactivity. Sensitivity calculations with
the limiting-case fuel density increased by 0.8 percent, likewise showed Insignificant reactivity
effects. The NRC staff's calculations also confirmed the applicant’s conclusions regarding the
most reactive fuel type and the most-reactive conditions of fuel-assembly pitch, B,C-gap
location, and internal water density. '

Table 6.3 summarizes key specifications for the package materials and components affecting
criticality safety. These specifications ensure that the actual dimensions and compositions of
the FSS and DU shield are consistent with the stated bases for the applicant's calculational
models. In particular, the tabulated specifications establish the following relationships

between the packag,e and the analysis model: |

> Each B,C pellet stack has at least 111 percent (i.e., 1/0.80) of the '°B content
assumed in the applicant’s computational model.

> The actual length and outer surface area of each B,C pellet stack are no less than in
the computational model.

> The sizes of B,C pellet gaps within the FSS holes are no greater than those
considered in the analysis model. !

> The DU shielding material contains no more #°U than is assumed in the
analysis model.

}
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Teable 6.3 Key Package Component Specifications Affecting Criticality Safety

. Specified Parameter Minimum Maximum
B,C boron enrichment L 86 wt. percent B N/A
Diameter of each B,C pellet 0.426 in 0.430In
Height of each B,C peliet stack 7.986 in 8.046 in
Mass of "B in each B,C pellet stack* 3159 N/A
Mass of each B,C pellet stack* 430¢g 4509
Diameter of each FSS hole 0.4321in 044 in
FSS nominal hole pitch N/A 0.55in

FSS hole depth minus B,C pellet-stack

height (at room temperature) 0.008 In 0.128 in
Thickness of each FSS panel 0.600 in 0.620 in
Fuel cavity width N/A 9.1351in
%Y content in DU shielding material** N/A 0.2 wi. percent

* The applicant specifies only the minimum mass of "B in each pellet stack, a quantity that is
not readily measured. Assuming B,C with 1.0 wi. percent chemical impurities (typical), the
NRC staff notes that this corresponds to a minimum pellet stack mass of 43.0 grams. Pellet
stack masses greater than 45.0 grams suggest that other B,C parameters may be outside
their specified acceptance limits (e.g., very low '°B enrichment, leading to higher B,C

mass density).

** The applicant's criticality calculations conservatively assume DU with 0.3 wt. percent 2°U.

Based on its review of the information and analyses reported by the applicant and its own
calculations, the NRC staff has determined that there is reasonable assurance that the
package design meets the criticality safety requirements in Part 71.

6.6.1 Description of Criticality Design

The NRC staff has reviewed the description of the packaging design and found reasonable
assurance that it provides an adequate basis for the criticality evaluation.

The NRC staff has reviewed the summary information of the criticality design and found
reasonable assurance that it indicales the package is in compliance with the requirements of
Part 71.
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6 6.2 8pent Nuclear Fuel Contenu

et

' The NRC staff has reviewed the descript:on of the spent nuclear fuel contents and found

reasonable assuranoe that it provldes an adequate basis for the criticality evaluation.

\

E 6 6 3 Gemrsl Conslderations for Evalustlens

The NRC staff has reviewed the criticality description and evaluation of the package and
found reasonable assurance that it addresses the criticality safety requirements of Part 71.

6.6.4 SIngle Psckage Evaluaﬂon

,- ‘ Dbt

The NRC staff has reviewed the criticality evaluation of a single package and found
reasonable assurance that It is subcritical under the most reactive credible conditions.

6.6.5 Evaluation of Package Arrays under Normal Conditions of Transport

The NRC staff has reviewed the criticality evaluation of the most reactive array of 5N
packages and fodnd reasonable assurance that it is subcritical under normal conditions

,of transport

6 6, 8 Evalusﬁon of Packege Arrays under Hypothetical Accident Conditions

The NRC staff has reviewed the criticality evaluation of the most reactive amray of 2N
packages and found reasonab!e assurance that it is subcritical under hypothetical

'accldent condmons.

6.6_.7 Benchmark Evaluations

FERN

.The NRC staff has revlewed the Jbenchmark evaluation of the calculations and found

. reasonable assurance that the ‘calculations are sufficient to determine an appropriate bias
“and uncertalntnes for the criticahty evaluation of the package.
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7 Operating Procedures Review

REVIEW OBJECTIVE

The objective of this review Is to verify that the operating procedures comply with the
requirements of Part 71 and ensure that the package will be operated in a manner consistent
with the conditions assumed in its evaluation for approval.

The CoC has been conditioned to specify that the package shall be both prepared for shipment
and operated in accordance with detailed written operating procedures to be prepared by the
applicant. Procedures for preparation and operation shall be developed in accordance with the
guldiance presented within the application and shall include those tests and inspections detailed
within the CoC. '

7.6.1 Package Loading

The loading procedures for the GA-4 spent fuel shipping cask provide for both the typical wet
loading at reactor sites and for dry loading at facilities where a hot cell is available.

7.5.1.1 Preparation for Loading

The package preparation procedures specify a receipt inspection, radiation surveys, and
contamination surveys of package-accessible surfaces and the trailer. A redundant lifting
fixture is specified and used if required for the heavy-loads specification of certain utilities.
The preparation procedures also specify visual inspection and replacement, if necessary, of
seals that are part of the confainment boundary. All containment boundary seals are verified
to have been replaced within the previous 12 months, as specified in the maintenance
procedures. .

7.5.1.2 Loading

The loading procedures were reviewed by the NRC staff and found to contain sufficient detail
to allow the applicant, as required by the CoC, to develop detailed loading procedures. The
cask loading procedure requires specific identification and verification that the fuel to be
loaded in the cask meets the specifications of the CoC. Critical requirements both for the
closure of the cask body and for the leak testing and transport readiness of the GA<4 cask
have been made a part of the CoC. Those requirements include the following:

1) Identification of the fuel to be loaded and independent verification that the fuel meets the
specifications of Condition 5.b of the CoC.

2) That before shipment the licensee shall:
a) Perform a measured radiation survey to assure compliance with 49 CFR 173.441 and
10 CFR 71.47 and assure that the neutron and gamma measurement instruments are
calibrated for the energy spectrums being emitted from the package.




b) Verify that measured dose rates meet the following correlation to demonstrate
compliance with the design bases calculated hypothetical accident dose rates:
3.4 x (peak neutron dose rate at any point on cask surface at its midlength) +
1.0 x (gamma dose rate at that location) < 1000 mR/r.

c) Verify that the surface removable contamination levels meet the requirements of
49 CFR 173.443 and 10 CFR 71.87.

d) Inspect all containment seals and closure sealing surfaces for damage. Leak test all
containment seals with a gas pressure rise test after final closure of the package. The
leak test shall have a test sensitivity of at least 1 x10° std-cm®/sec and there shall be no
detectable pressure rise. A higher sensitivity acceptance and maintenance test may be
required as discussed in SAR Chapter 8.

3) Before leak testing, the following closure bolt and valve torque specifications:
a) The cask lid bolts shall be torqued to 235 % 15 ft-Ibs.

b) The gas sample valve and drain valve shall be torqued to 20 + 2 fi-Ibs.

4) During wet loading operations and before leak testing, the removal of water and residual
moisture from the containment vessel in accordance with the following specifications:
a) Cask evacuation to a pressure of 0.2 psia (10 mm Hg) or less for a minimum of 1 hour.
b) Verifying that the cask pressure rise is less than 0.1 psiin 10 minutes.

5) Before shipment, independent verification of the material condition of the neutron shieid as
described in SAR Section 7.1.1.4 or 7.1.2.4.

7.5.1.3 Preparation for Transport

The operating procedures specify decontamination of the accessible surfaces of the cask,
before shipment, as required by 10 CFR 71.87(l). The procedures also specify providing written
instructions to the carrier, as required by 10 CFR 71.47 for exclusive-use shipments. A thermal
acceptance test will be performed on the first GA-4 cask to be fabricated, to verify the heat
rejection capability of the packaging. This test is stipulated as a Condition of the Certificate.
The test results will be correlated with the analytical predictions. Satisfactory performance of
the thermal acceptance test will provide reasonable assurance that, before the first use of the
package design, the external surface temperature requirements of 10 CFR 71.43(g) will be met
{for the design bases contents.

The NRC staff has previously evaluated, in this document, and determined acceptable,
provisions of the design and loading procedures with respect to radiation surveys, leakage
testing, & tamper-indicating feature, and tie-downs.

7.6.2 Package Unloading

7.5.2.1 Receipt of a Package from Carrier

Package receipt procedures were reviewed and found 1o have sufficient detail to allow a
licensee a basis for the development of a detailed site-specific procedure for the receipt of a
cask. The applicant specified a recelpt inspection, cask and trailer inspection (including the

integrity of the tamper-indicating seals), and the performance of dose and contamination
surveys to ensure compliance with 10 CFR 71.87.
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7.5.2.2 Preparation for Unloading

The procedures for wet and dry unloading preparations were reviewed by the NRC staff and
contain sufficient detail to provide the basis for the development of detailed procedures by
the licensee. Provisions are provided to check and depressurize the cask cavity to the
facility's processing system. During wet unloading, provisions to monitor and control the cask
refill rate, to prevent exceeding MNOP, are included.

7.5.2.3 Contents Removal

The procedures for wet and dry unloading procedures were reviewed by the NRC staff and,
with consideration for sequencing, contain the same acceptable provisions of the loading
procedures. They contain suffi ment detall, as required by the CoC and in conjunction with
the empty package procedures, to provide the basis for the development of detailed contents
removal procedures by the licensee.

7.5.3 Preparation of Empty Package for Transport

The applicant’s preparation procedures for empty package transport perform the appropriate
radiation and contamination surveys, as required by 10 CFR 71.47, 71.87, and 49

CFR 173.428. The procedures contain sufficient detail to provide the basis for the
development of detailed procedures by the licensee.

7.6 EVALUATION FINDINGS

The operating procedures review resulted in the following findings:

7.6.1 Package Loading

The NRC staff has reviewed the proposed special controls and precautions for transpont,
loading, and handling and any proposed special controls, in case of accident or delay, and
found reasonable assurance that they satisfy 10 CFR 71.35(¢c).

The NRC staff has reviewed the description of the radiation survey requirements of the
package exterior and found reasonable assurance that the limits specified in 10 CFR 71.47
will be met.

The NRC staff has reviewed the description of the temperature survey requirements of the
package exterior and found reasonable assurance that the limits specified in
10 CFR 71.43(g) will be met.

The NRC staff has reviewed the description of the routine determinations for package use
prior to transport and found reasonable assurance that the requirements of 10 CFR 71.87 will
be met.




|
The NRC staff has reviewed the description of the special instructions (if applicable) needed
to safely open a package and found reasonable assurance that the procedures for providing

the special instruction to the consignee are in accordance with the requirements of
10 CFR 71.89. ) '

7.6.2 Package Unloading

, The NRC staff has reviewed the proposed special controls and precautions for unloading and
handling and found reasonable assurance that they satisfy 10 CFR 71.35(c).

I
763 Propiaratlon of Empty Package for Transport
The NRC staff has reviewed the description of the routine determinations for package use

before transport and found reasonable assurance that the requirements of 10 CFR 71.87 will
be met.

7.6.4 Other Procedures
The NRC staff made no findings with respect to other procedures.
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8 Acceptance Tests and Maintenance Program Review

© oy
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REVIEW OBJECTIVE

PR
IR

The objectives of this review are to verify that the acceptance tests for the packaging comply
with the requirements of Part 71 for the package design and that a maintenance program will
ensure acceptable packaging performance throughout its service life.

Acceptance Tests

Section 8.1 of the application speciiies all testing required on the GA-4 cask before its first use.
SAR Table 8.1-1 summarizes the acceptance tests. The acceptance tests and inspections
considered critical to the safe operation of the GA-4 are captured within the CoC.

8.2.4.1 Visual Inspections and Measurements

The applicant has committed that the GA-4 cask materials of construction and welds shall be
examined in accordance with the specifications dalineated on the GA-4 Spent Fuel Shipping
Cask Packaging Assembly Drawing No. 031348, shoets 1 through 19, Revision D. The NRC
staff has reviewed the commitments and has concluded that, if met, there is reasonable
assurance that the packaginf;‘will be fabricated and assembled in accordance with drawings

and other requirements speciﬁe\d in the SAR.

8.2.4.2 Weld Inspections

The GA-4 containment boundary components were designed in accordance with RG 7.6,
"Design Criteria for the Structural Analysis of Shipping Cask Containment Vessels,” ASME
B&PV Code, Section lIl, Subsection NB, “Class 1 Components,” and Appendix F, “Rules for
Evaluation of Service Loadings with Level D Service Limits.” The applicant reviewed Section il
Division 3, of the ASME Code, and determined that the current containment system design
meets this standard, with the exception of the final fabrication weld.

However, as discussed in Section 3.3 of NUREG/CR-3018, “Recommended Welding Criteria for

-Use in the Fabrication of Shipping Containers for Radioactive Materials,” access limitations
. often hinder the ability of the fabricator to inspect multi-wall vessels in strict compliance with the
- ASME Code requirements. This is the case regarding the radiography of the final fabrication

weld of the containment system. Because of the interface with the DU shield, this weld cannot
be radiographed. This weld, however, is both volumetrically examined using ultrasonic testing,
+ and by progressive liquid-penetrant inspection, efier each weld pass, as discussed in
NUREG/CR-3019.

8.2.4.3 Structural and Pressure Tests

The acceptance tests specify proof loading tests of the trunnions and redundant lifting
sockets. The upper trunnions are tested with a vertical lift, the redundant fifting sockets are
tested with a vertical lift, and all four trunnions are tested for a horizontal lit. The vertical lifts
b apply a load to each trunnion and redundant lifting socket, for 10 minutes, equal to 300

: percent of one-half of the combined weight of the cask (without impact limitzrs), contents,
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and water in the cavity. The horizontal lift applies a load equal to 150 percent of one-quarter
of the cask’s design weight (55,000 Ibs.) to each trunnion. Following the tests, all trunnions
and lifting sockets are visually examined, and all welds are liquid-penetrant tested, following
ASME Code, Subsection NG 5233.

The MNOP was determined to be 74 psig in SAR Section 3.4.4 "Thermal Evaluation.” The
applicant conservatively used a MNOP of 80 psig in the cask pressure and drop analyses.
The cask containment boundary shall be pressure-tested before first use to 150 percent of
the MNOP, per the requirements of 10 CFR 71.85(b), to verify structural integrity. The
containment vessel will be teste.1 to 120 psig, which is 150 percent of 80 psig, and is
conducted in accordance with ASME Code Section 1ll, Division 1, Subsection NB-6000.
Accessible weld and material inspections will be performed during the pressure hold to detect
leakage and pressure decay and to verify the maintenance of structural integrity and the
absence of any permanent deformations.

The applicant also specifies acceptance testing of the neutron shield. The details of the
testing are proprietary and are specified within the SAR. The NRC staff reviewed the testing
specifications and acceptance criteria and determined them to be acceptable.

8.2.4.4 Leakage Tests

Fabrication leakage tests shall be performed on all containment components, including the
O-ring seals, to verify that the containment boundary leakage rate does not exceed the
maximum allowable design leakage rate of 1 x107 std-cm®¥sec. The fabrication leakage tests
shall have a test sensitivity equal to or greater than 5 x 10 std-cm¥sec. The acceptance
criterion specified in the test procedures are consistent with the containment evaluations.

The DU cavity is also tested for leakage through the cask cavity liner. A leakage rate of less
than 1 x107 std-cm?¥/sec, with a test sensitivity of 5 x 10° std-cm?¥sec, is acceptable to show
that the cavity liner is leak tight.

8.2.4.5 Component Tests

Tests are performed to verify the nominal crush strength of the aluminum honeycomb to be
used in the impact limiters. Qualification tests of the honeycomb are performed to establish
the temperature effects on the crush strength of each honeycomb type, and verifications tests
of the crush strength of each honeycomb production lot are performed. The NRC staff has
reviewed these tests and finds reasonable assurance that they will adequately demonstrate
the performance of the aluminum honeycomb.

8.2.4.6 Shielding Tests

The Integrity of the cask shielding will be determined during cask fabrication. The DU
procurement specification requires a gamma scan to ensure there are no discontinuities and
specifies a source strength, scanning rate, and grid spacing to provide 100 percent inspection
coverage. Specifications are provided of the supplier to certify that the neutron shield
material meets the minimum requirements specified in the shielding analysis. GA will

perform an independent chemical analysis of the neutron shield for verification. GA also
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specifies detalled first-use gamma and neutron dose readings, scaled up to the design basis
fuel source, to ensure that the dose readings will be below the limits of 10 CFR 71.47.

8.2.4.7 ‘Neutron Absorber Tests

The B,C c?iticality control pellets inserted Into drilled holes within the FSS are tested for B-10
enrichment and total weight. The full extent of these specifications was described in
Chapter 8 of this evaluation and were determined to be acceptable.

8.2.4.8 Thermal Tests

The first GA-4 cask shall be subjected to a thermal acceptance test, to verify the heat
rejection capability of the packaging. The test will be conducted in the horizontal (transport)
condition, with a heat source and dimensions approximating the design basis thermal spent
fuel contents. The cask will be backfilled with air rather than helium, and an insulated lid will
be used, instead of the closure, to allow penetrations for temperature instrumentation. The

‘ results will be correlated with the analytical predictions presented In the thermal evaluation.
- The NRC staff reviewed the proposed methods and acceptance criteria and has reasonable
assurance that they can be camried out in a satisfactory manner.

Maintenance Tests

Section 8.2 of the application specifies a maintenance program for the GA-4 cask. The
maintenance program includes: (1) annual testing of the neutron shielding, as discussed
previously in SER Section 8.2.4.3; (2) annual containment system periodic verification
leakage tests; (3) containment system assembly verification leakage tests, before shipment;
(4) replacement of containment boundary O-ring seals after third use and before the annual
leakage testing; (5) annual checks on the material condition of the neutron shield: and (6)
visual inspection of various package components before loading and shipment.

8.3.4.1 Structural and Pressure Tests

The neutron shield will be tested annually, as previously evaluated In SER Section 8.2.4.3.
R Other than the tests required before first use, no other structural or pressure tects are
t necessary to ensure continued performance of the packaging.

8.3.4.2 Leakage Tests

The containment boundary O-ring seals are to be replaced after their third use and before the
containment system's annual verification leakage test. The O-ring seals shall be tested to

: show a leak rate of less than 1 x107 std-cm®sec. The leak test shall have a test sensitivity

' of at least 5 x 10* std-cm¥sec.

If a containment component Is replaced or repaired, the affected portion shall be tested to
show a leak rate of less than 1 x107 std-cm*/sec. The leak test shall have a test sensitivity

of at least 5 x 10° std-cm¥/sec.
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8.3.4.3 Component Tests

All fasteners and threaded inserts are visually inspected, and replaced if necessary, before
each shipment. The closure bolts and impact limiter bolts shall be replaced every 20 years.
The impact limiters are visually inspected annually and before each shipment, to ensure that
they are in an unimpaired physical condition. Lifting and tie-down trunnions are visually
receipt inspected, including the trunnion wear surfaces.

8.3.4.4 Neutron Absorber Tests

After the initial fabrication inspections and verifications, no further special maintenance
is required.

8.3.4.5 Thermmal Tests

Before first use, each package will'undergo a thermal acceptance test to verify that its heat
rejection capabilities are consistent with the thermal analysis. The cask design and
maintenance provisions prevent deterioration of the heat transfer mechanisms over time. No
special further testing and maintenance are required.

Evaluation Findings

The NRC staff has reviewed the identification of the codes, standards, and provisions of the
QA program applicable to maintenance of the packaging and found reasonable assurance
that the requirements specified in 10 CFR 71.31(c) and 10 CFR 71.37 (b) will be met.

The NRC staff has reviewed the description of the routine determinations for package use

before transport and found reasonable assurance that the requirements of 10 CFR 71.87(b)
and 10 CFR 71.87(g) will be met.
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CONCLUSIONS

Based on the statements and representations contained in the application, as supplemented,
and the conditions listed above, we have concluded that the Model No. GA-4 package meets
the requirements of Part 71.

Principal Contributors:

'D. Carlson
S. Hogsett
C. Interrante
E. Keegan
T. McGinty
D. Tang

M. Waters

* viatelecon
** see previous concurrence

OFC SFPO \)%‘ﬂ SFPO SFPO SFPO SFPO

NAME | DTang* ‘ EKeegan™ Clnterrante™ SHogsett™ DCarison**

DATE | 10721 /98 10/20 /98 10721 /98 10/21 /98 1020 /98

oFc * | sFPO NMSS SFPO SFPO SFPO

NAME | MWaters** EKraus* TMcGinty *":vt FSturz* MWHodges**

DATE | 10/20/98 10/16 /98 10721 /98 10/21 /98 10/26 /98
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CONCLUSIONS

Based on the statements and representations contained in the application, as supplemented,
and the conditions listed above, we have concluded that the Model No. GA-4 package meets

e ¢
. the requirements of Part 71.
|
Principal Contributors:
D. Carlson
S. Hogsett
o C. Intemante
¥ ; E. Keegan
o ~ T. McGinty
D. Tang
M. Waters
* viatelecon !
** see previous concurrence
OFC SFPO /SFPO SFPO SFPO SFPO
NAME | DTang** / EKeegan*~ Clnterrante™ SHogsett"* DCarison** ’

8 . 10721 /98 / 10720 /98 1021 /98 10/21 /98 10/20 /98

B s !

, NMSS SFPO ' SFPO , I SFPO | .
e NAME | Mweiers EXraus® TMcGinty vt | FSturz MWHodges
: DATE 16/20/98 10716 /98 10/21 /98 10 /21 /98 101209

e /

:‘V. :r. J I
3 5“':. ~
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CONCLUSIONS

Based on the statements and representations contained in the application, as supplemented,
and the conditions listed above, we have concluded that the Model No. GA-4 package meets
the requirements of Part 71.

Principal Contributors:

D. Tang
M. Waters
E. Keegan
D. Carson
S. Hogsett
C. Inlerrante
T. McGinty
*via fax
orc | srro VsFPo ‘s;rro | | sepo SFPO
6lntomntﬁf3¥~ SHogsettég} DCarlson ﬁ%
ey 198 /- 198 — /0120198
; SFPO SFPO SFPO
I NAME MV‘lem'H‘r:l/ EKraus® 1%4“ FSturz MwWHodges
DATE k{/ggma 10/16 108 2121198 ! 8 I8
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