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x i i i  

ABSTRACT 

The Safety Analysis Reports f o r  Packaging for two spent  fuel shipping 

The casks were t echn ica l ly  rwiewed by t h e  Oak Ridge National Laboratory. 

casks were designed by Tranenuclear, Inc., fo r  shipment of 85 Big Rock 

Point b o i l i n g  water r eac to r  f u e l  elements and 40 R. E. Cinna pressurized 

water r eac to r  fuel elements from West Valley, New York, t o  Idaho Falls, 

Idaho. 

t h e  requirements t h e  appl icable  Federal  Regulations contained i n  10 CFR 

Pr. 7 1  and allow issuance of Department of Energy C e r t i f i c a t e s  o f  

Compliance f o r  t r anspor t  by t h e  Department of Energy Idaho Operations 

Office.  

Laboratory staff  assembled for t h e i r  expertise i n  c r i t i c a l i t y  ana lys i s ,  

sh ie ld ing ,  metallurgy, nondestruct ive t e s t i n g ,  thermal analysis .  s t r u c t u r a l  

ana lys i s ,  and containment. 

The i n t e n t  of t h e  review waa t o  ensure compliance of t h e  casks with 

The review was performed by a team of Oak Ridge National 

This repor t  descr ibes  t h e  review processes, t h e  f ind ings  i n  each 

technica l  area, and the o v e r a l l  conclusion t h a t  a C e r t i f i c a t e  of Compliance 

could be issued f o r  the proposed s i n g l e  shipment under the  spec i f i ed  

condi t ions  and cons t ra in ts .  
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1. INTRODUCTION 

The Nuclear and Chemical Waste Programs and s p e c i f i c a l l y  t h e  

Operations Division et Qak Ridge National Laboratory ( O W )  w a s  charged 

with coordinating the  review of t h e  Transnuclear ('IN) Big Rock Paint  CBRP) 

and R. E. Ginna (RBG) Safety Analysis Reports for Packaging (SARP). 1.2 

This review w a s  one of t h e  requirements leading t o  the  proposed issuance of 

Department of Energy @DE) C e r t i f i c a t e s  of Compliance for r a i l  shipment of 

Boil ing Water Reactor (BWR) and Pressurized Water Reactor IPWR) spent fuel 

from t h e  DOE si te i n  West Valley, New York. t o  a DOE s i t e  i n  Idaho. 

review team cons is t ing  of personnel with recognized expe r t i s e  i n  t he  areas 

of nuclear  c r i t i c a l i t y .  thermal analysis ,  nuclear  shielding.  metallurgy, 

s t ructural .  engineering, and containment was assembled t o  perform the 

review. This repor t  summarizes t h e  r e v i e w  sequence and s t a t e s  the  

assumptions and conclusions of t h a t  review. 

summarized i n  Sect. 2. Technical considerat ions f o r  t h e  !IN-BRP are 

presented i n  d e t a i l  i n  Sects. 3 through 11. Similar  technical  

considerat ions for t h e  TN-REG are presented i n  d e t a i l  i n  Sects. 1 2  through 

20. Section 21 summarizes t h e  conclusions of t h e  review. Because of t h e  

s i m i l a r i t y  between t h e  two casks, t h e  discussion regarding t h e  TN-RM: is 

somewhat s o r t e r  and assumes a f a m i l i a r i t y  with t h e  discussion on the  TN-BRP 

t o  minimize dupl ica t ion  of material. 

A 

The ove ra l l  review process is 

It should be noted t h a t  t h i s  document and i t s  reference material 

represents  a s t a t u s  repor t  t h a t  i s  ind ica t ive  of t h e  s i t u a t i o n  that existed 

i n  late 1985. The conclusions and evaluat ions presented here in  were 



2 

complete at that time although they W @ K ~  not: presented in a formal manner. 

Subsequent t o  t h i s  time, the SARPs were revised and submitted for NRC 

review. 

issues have continued t o  be  refined. 

additional rwiews and/or findings. 

Additional support from QRNL has occurred during t h i s  period and 

This  report does not document these 
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The major goel of t h e  review process ~ ( ~ 1 6  t o  determine tha t :  (1) t h e  

data and analyses presented i n  the SARP f u l f i l l  t h e  requirements of T i t l e  

10, Code of Federal  bgulet ions,  Part 71  (10 CFR Pt. 71) and t h e  3 

appl icable  U.S. Nuclear Regulatoq Commission (NRC) Regulatory Guidest and 

(2) t h e  technical. content  of t h e  analyses  i s  accura te  and cQmpleter and 

r e f l e c t s  the use of acceptable  and recognized a n a l y t i c a l  methodology. 

Technical a r eas  which are considered i n  such analyses  include a desc r ip t ion  

of the packaging and ita contents ,  mechanical p rope r t i e s  of materiala;, 

general  design standards,  inspee t ion  standards, normal t ranspor t  and 

acc ident  coadi t ions,  containment, shielding,  and c r i t i c a l i t y .  

Each of th@se areas was covered i n  d e t a i l  wi th in  the Thl SARI’S. ORlvL 

reviewed each area for t echnica l  conten t  and compliance wi th  10 CFR P t .  71. 

The preliminary design rand supporting ca l cu la t ions  f o r  t h e  TN-BRP cask 

were submitted by TM i n  March 1984; t he  first draft of the f i n d  S A W  was 

suppl ied i n  February I985 and revisred i n  May 1985. 

preliminary design 8nd supporting ca l cu la t ions  f o r  t h e  TN-REG cask were 

I n  similar manner, t h e  

submitted by TN i n  Apri l  1984; t h e  f i r s t  d r a f t  of t h e  f i n a l  SAR? was 

suppl ied i n  April 1985 and revised i n  October 1985. Sect iaas  sf each SAKP 

document were reviewed by ORNL as they were prepared. 

s ec t ions  required mul t ip le  submissions before  the ORM, reviewers judged t h e  

technica l  content  t o  be adequate. 

Some of these 

The t echnica l  reviews were conducted i n  a v a r i e t y  of ways depending on 

the s p e c i f i c  technical considerat ions.  I n  general ,  t h e  ana lys i s  presented 

i n  t h e  SARP was examhed fo r  t h e  adequacy of the assumptions and the 
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a p p l i c a b i l i t y  of t h e  procedure. In some eases, c a l c u l a t i o n s  wwx then 

performed us ing  the s e or similar procedures i n  auffieient depth to 

veri fy  the accuracy of t h e  reported r e s u l t s .  

were then  t r ansmi t t ed  t o  TN, and the d i f f e r e n c e s  nated were resolved. 

The c r i t i c a l i t y ,  sh5d.dingS decay heat generat ion,  and materials 

reviews; (Sjeets. 4, 5, 6 ,  and 11 €or the TN-BRP and Sects. 13, 14, 15, and 

20 f o r  the TN-REG) depended heavi ly  on independent c a l c u l a t i o n s  and 

analyses .  The emphasis of t h e  thermal,  nondes t ruc t ive  examination. 

s t r u c t u r a l ,  and containment a spec t s  (Sects .  7 ,  8, 9, and 10 for t h e  !l%-BRP 

and Sects .  16, 17. 18, and 19 f o r  the 9TN-REG) w a s  more o r i en ted  torward 

independent review o f  t h e  m a t e r i a l  pt-esented by TN. These d i f f e r e n t  

phi losophies  are ev ident  i ~ i  the format of the ind iv idua l  s e c t i o n s  of this 

document. 

The r e s u l t s  of: t h e  review 

The O W  review was not  t y p i c a l  of an PJaC SARI? r e v i e w .  ORNL reviewed 

independent submissions o f  i nd iv idua l  s e c t i o n s  of t h e  SARPs as they were 

completed by TN. This  process  requi red  a continuous coopera t ive  exchange 

of communication between O W  and TN. I n  many C a 6 B S I  reviews were 

conducted of prel iminary material which w a s  modified and requi red  

reanalyrsis and rereview. The process was success fu l  i n  expedi t ing  t h e  

total review t i m e  a f t e r  completion of t h e  SUP; hawever, a g r e a t e r  e f f o r t  

w a s  required on t h e  part o f  the reviewers and t h e  t r a c e a b i l i t y  and c losu re  

of comments was extremely d i f f i c u l t .  

Each submission of a SARP s e c t i o n  received from "El w a s  d i s t r i b u t e d  t o  

the e n t i r e  review team, and each reviewer prepared an ind iv idua l  set of 

eoments .  These comments were then  reviewed t o  e l imina te  dupl ica t ions .  

assembled i n t o  a composite comment letter, and t r ansmi t t ed  t o  TN. The T'N 
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response was e i t h e r  by l e t te r  o r  by modification of the questioned portion 

of t he  SARP i n  subsequent s u b r i t t e l s  back t o  ORNL. 

required face-to-face discussions and the exchange of several le t ters  

A few of t h e  comments 

before a r r i v i n g  at  a s a t i e f a c t o r y  resolution. 

all comments had been resolved. I n  addi t ion  t o  w r i t t e n  review comments. a 

review meeting was held f o r  each SARP (TEI-flRP. February 27-28. 1985, 

ZIU-REG. April  23. 1985) i n  Oak Ridge. Tennessee. where t h e  s t a t u s  of 

comments regarding t h e  f i r s t  d r a f t  of each f i n a l  SARP was discussed by a l l  

concerned. 

This process continued u n t i l  

The following assumptions concerning t h e  SARP review were considered 

i n  a r r i v i n g  at conclusions as t o  the  adequacy of t h e  design presented in 

the  SARP. 

1. 

2. 

3 .  

4. 

There w i l l  be only one cont ro l led  shipment of each of t h e  loaded casks 

assumed t o  be under DOE C e r t i f i c a t e s  of Compliance and assumed t o  be 

from West Valley. New York. t o  Idaho 'National Engineering Laboratory 

mm.J) 0 

The only f u e l  loaded i n t o  the  casks w i l l .  be t h e  specific assemblies 

described in the SARP which are presently owned by Nuclear Fuel 

Services (WS) and s tored  i n  the  West Valley Nuclear Service Center 

fue l  pool. 

This s p e c i f i c  f u e l  w i l l  be  loaded i n t o  t h e  cask in a spec i f ied  

arrangement determined by t h e  c r i t i c a l i t y  and sh ie ld ing  analyses. 

The review evaluated t h e  subjec t  design only from t h e  standpoint 

of t ranspor t  requirements and conditions as defined i n  10 G R  Pt. 71- 

Aspects r e l a t e d  t o  long-term f u e l  s torage  snd/or requirements of: 

10 CFR P t .  72 were not considered. 
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5 .  Each S A W  w a s  rewiewed only Por t e ~ h n i ~ s l l  adequacy and empliance with 

s tandards  and w a s  no t  reviewed for Eomat or s p e c i f i c  editorial. form. 

It was agreed to r i e w  t h e  eubject materid npiecetnnealn a6 it w a s  

generated rather than wait for 8 completed peckage. 

The design r@vlew was based on s p e c i f i c  c h a r a c t e r i s t i c s  015 t h e  

fuel t o  be shipped w i r h  appropr i a t e  s a f e t y  f a c t o r s  as necessary t o  

reElect possible inaceuraeles in a v a i l a b l e  information. 

confirmation of f u e l  c h a r a c t e r i s t i c s  was no t  conducted by 0 

a n a l y s i s  d id  not consider f a i l e d  f u e l ,  

911i.s review does not  provide v e r i f i c a t i o n  of phys ica l  i n spec t ion  

or c e r t i f i c a t i o n  of any a s p e c t s  of cask procurement o r  cons t ruc t ion .  

The review only evaluated design p a r  

s tandards  as presented i n  t h e  reegec t ive  SAIpPs. 

6 .  

Independent 

7. 

eters and compliance w i t h  design 

4 A Q u a l i t y  Assurance (QA) Plan was prepared and implemented f o r  

t h e  ORNC e f f o r t  i n  review of t h e  S E'. The primary emphasis of t h i s  QA 

plan was documentation control and QA o f  the design organizat ion.  

system w a s  e s t ab l i shed  f o r  document t r ack ing  and c m t m l .  and a QA 

d w a s  conducted by O W  to ensure t h a t  t h e  design was being complered 

i n  a quality manner. The a u d i t  of TIV emphasized t h e  areas of con t ro l  of 

A log  

ineerixag ca l cu la t ions ,  design cont ro l .  computer progr  cont ro l .  and 

drawing con t ro l .  

q u a l i t y  program for design and compliance wi th  t h i s  program was mident .  

It w a s  discovered t h a t  t h e  SARP i s  not  considered t o  be a )udesign document" 

under NRC approved QA p lans  and t h e r e  are p o t e n t i a l  problems wi th  t h e  

l i n k i n g  of degign changes and SARP r ev i s ions ,  

recognized a6 a r e s u l t  o f  the  a u d i t  and w a s  given proper cons idera t ion .  

"he conclusion of t h e  a u d i t  was that "PN bas an acceptab le  

This  p o t e n t i a l  problem was 
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3. TW-BW PACKAGE DESCRIPTION 

The following material is provided t o  acquaint t h e  reader with the 

design of t h e  TN-BW cask. 

The s t r u c t u r e  of t h e  TN-BW packaging is a cask body cons is t ing  of a 

thiek-walled forged carbon steel cy l inder  s h e l l  with an h t eg ra l ly -we lded  

forged bottom and a bol ted  forged top l i d .  The! cask bodyc whi.ch p r w i d e s  

containment of rad ioac t ive  material and r ad ia t ion  shielding, has a spent 

f u e l  cav i ty  with B nominal didtan of 64 in.* and a nominal length of 171 in. 

The cask body has a nominal w e l l  thickness of 9.62 in.  and a nominal bottoan 

thickness of 9.75 in. me l i d .  which has nominal thickness of 9,75 in. 9s 

bol ted  to t h e  s h e l l  by 48 1-5/8-ine d i m  hexagonal head bo l t s .  !Phe l i d  is 

sealed by double gaskets cons is t ing  of PI s i n g l e  metallic O-ring and a 

s i n g l e  Viton O-ring. 

The f u e l  is shipped dry i n  an i n e r t  gas (nitrogen) atmosphere. The 

hea t  generated by the spent f u e l  a s s e r b l i e s  is re jec ted  via  the cask bady 

to t h e  surrounding air by comrection and radiation. No forced cooling or 

cooling f i n s  are required o r  prcnrided. 

The design pressure for t h e  cask body is 150 ps ig  a t  a tenperamre of 

2QO'F. 

protected aga ins t  corrosion by metal spray coating. 

stainless steel c l ad  by weld uverlay. 

A l l  sur faces  of t h e  cask body. except sea l ing  surfaces. are 

Sealing surfaces are 

*For consistency of reference t o  the TN SARPs, equivalent (non-SI) 

u n i t s  w i l l  be used throughout t h i s  document. 



There? m e  two p e n e t r a t i ~ n ~  through the l i d  and three penetra~iana through 

the body. 

and consist of an access port and a vent port. 

for research instrumentation required by DOE include two far gar? s a p l i n g .  

and one f o r  temperature and pressure instrumentation. 

con ta ins  i n t e r n a l  intesconxmcting passages that connect the seal 

i n t e r spaces  t o  an externa?. overpressure ch er used 8s a gas reservoir for 

The penetratisn~ ~Brough the l i d  are required for cask operation 

The three body penetrations 

In. addi t ion ,  t h e  l i d  

leak detection during storage. 

Shield plugs are provided i n  each pene t r a t ion  t o  minimize r a d i a t i o n  

levels during t r anspor t .  

by covers which fit f l u s h  w i t h  the  exterior sur faces .  

above t h e  l i d  i n  t h e  t r a n s p o r t  configuration. 

sea led  by means o f  one metall ic and WE: Viton O-ring. 

pene t r a t ions  are sealed by two Viton Q-rings, 

In  add i t ion ,  a l l  l i d  pene t r a t ions  w i l l  be closed 

No protrusions exist 

%ne l i d  pene t r a t ions  are  

TRe body 

Four trunnions.  bolted  t o  t h e  cask body, are used t o  lift. tie-down. 

and r o t a t e  the -BW cask. Two of t h e  t runnions  are l oca t ed  near  t h e  l i d  

end of t h e  body and two near the bottom. 

Each tsunnion i s  designed wi th  two shoulders  (diameters) .  The ou te r  

shoulder (small  diameter) is designed f o r  l i f t i n g  t h e  cask; t h e  inner 

shoulder  ( l a r g e  d imie te r )  i s  designed f o r  rotating t h e  cask for t i e -dwn 

and f o r  support of t h e  cask during t r anspor t .  

The baske t ,  which f i t s  i n t o  the! cav i ty  o f  t h e  cask body, spaces  t h e  

f u e l  a s s m b l i e s ,  t r a n s f e r s  h e a t  t o  t h e  cask body w a l l ,  and provides  

neutron-absorbing material to ensure t h a t  nuc lear  c r i t i c a l i t y  safety 
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requirements are met. 

is capable of s t o r i n g  2 BRP f u e l  assemblies stacked end-to-end. 

f u e l  cornpartlnent rJpaces w i l l  be  f i l l e d  by spacers.  

The basket  conta ins  44 compartments, each o f  which 

Any empty 

Impact limiters are i n s t a l l e d  on t h e  cask body, one at  each end, 

before t ranaport .  

carbon steel containers .  

o the r  i s  bo l t ed  to t h e  cask bot tau.  

meet t h e  requirements of t h e  accident  conditions.  

The impact lhuiters are made of b a l s a  and redwood i n  

One impact l i m i t e r  is bol ted  t o  t h e  l i d  and the  

The impact limiters are designed t o  

Additional detail on t h e  TN-BRF' cask described may b e  obtained by 

1 re ference  t o  t h e  TN-BRP SARP. 
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4.1 SUMMARY OF REVIEW PROCESS 

In an e f f o r t  t o  expedite t h e  review of t h e  f i n a l  SARPB1 it w a s  

requested t h a t  t h e  BRML review team be kept informed of t h e  TN-BRP design 

process and be  provided with d r a f t  copies of t h e  SARP chapters RB they were 

prepared. Thus. i n  March 1984, TN submitted the preliminary design and 

supporting information f o r  t h e  TN-BRP 

provided. Following t h i s  exchange, TN began submitting d r a f t  partions o f  

t h e  SAEU? for review and ~ a m m e n t . ~  

SARP WBG submitted t o  ORML. 

staff f r m  TN, ORNL, WE, and WS,* "final" comments on t h e  SARP were 

generated. 

After another exchange of comments t h e  completed SARP for  t h e  TN-BRP cask 

was i s sued  by TN i n  September 1985. 

reference f o r  t h e  f ind ings  and conclusions presented herein. 

and comments w e r e  

In February 1985 t h e  f i r s t  complete 

Then, following R l a t e  February meeting w i t h  

Revisions t o  the  SARP were then issued t o  OluNL i n  MRY 1985. 

1 This SARP document i s  a l s o  the 

"he general  discussion below is  re levant  for  t h e  TM-BRP c r i t i c a l i t y ,  

shielding, and decay hea t  analyses (Sects. 4, 5, and 6) as w e l l  as t h e  

TN-RBG c r i t i c a l i t y ,  shielding, and decay hea t  anlalyses (Sects. 13, 14, and 

15). 

Engineering Applications Department (NEAD) of Martin Marietta Energy 

Systems Computing and Telecommunications Division using t h e  described 

camputational techniques. 

A l l  these  analyses were conducted by t h e  review staff of the Nuclear 
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The review process  undertaken fay each of t he  vaxious submi t t a l s  

involved (1) reading, and besaxnlng f a m i l i a r  w i th  t h e  new and/or rev ised  

material, (2) not ing  incons i s t ene ie s  i n  the material, (3 )  not ing  po r t ions  

of t h e  material. that were poorly presented or lacked c l a r i t y ,  (4) 

evalua t ing  the j u s t i f i c a t i o n  f o r  c a l c u l a t i o n a l  assumptions and procedures, 

and (53 performing c a l c u l s t i o n s  t o  v e r i f y  t h e  adequacy of c a l c u l a t i o n a l  

va luec  provided i n  t h e  SARP, 

reviewed t o  en~ure t h e  cask met t h e  requir 

revised September 6, 1984. 

Tlhe content  of t h e  SARP was specifically 

ente o f  IO CFR ~ t .  7 1 , ~  as 

Coments  generated during the review process  were c o l l e c t e d  and 

faswarded through the Task Leader t o  "ru. To avoid ~ ~ n f ~ s f o n ,  t h i s  s e c t i o n  

w i l l  not attempt to docment each comment and i t s  re so lu t ion ,  b u t  simply 

supply the f ind ings  and sonclus ians  o f  t h e  NEAD review staff r e l a t i v e  to 

the f i n a l  SARP submi t t a l ,  Note, howevers that s i g n i f i c a n t  changes were 

necessary i n  the c r i t i c a l i t y  and sh ie ld ing  po r t ions  o f  t h e  d r a f t  SARP i n  

o rde r  eo resolve the NEAD review staff"  comen ta .  Ca lcu la t iona l  results 

generated by NEAD review s t a f f  w i l l  be  presented in t h i s  r epor t  where 

expedient  f o r  j u s t i f y i n g  t h e  acceptance o f  assumptions o r  ca l cu la t ed  

restilts provided i n  the SARP. 

Any analyses  performed by t h e  N&AD r e v i e w  s t a f f  were done using 

v a r i o u s  modules of t h e  SCALE computational This syt-item w a s  

developed by NEAD f o r  the Transpor ta t ion  and C e r t i f i c a t i o n  Branch of t h e  

NRC's Off i ce  of Nuclear Material Safety and Safeguards PO provide a t o o l  

f o r  eva lua t ion  of nuc lear  f u e l  f a c i l i t y  and cask designs.  

modular code system t h a t  enables  a user t o  e a s i l y  perform a variety of 

neut ronic  and thermal analyses  by proper beck-ta-back execut ion of 

SCALE i s  a 



13 

well-eatabliehed func t iona l  a o d u l ~ s ,  En addi t ion,  e a s y - t m s e  con t ro l  

modules have been developed t o  automate and s tandardize ana ly t i c  

sequences. Using a s impl i f ied ,  free-fom input  format. a w e t  is able to 

prepare a con t ro l  module input  wi th  e a s i l y  v i sua l i zed  engineering 

permeters and keywords. 

any necessary d a t a  processing (e,g., cross-sect ion preparation), ,  generates  

The con t ro l  module then  autonratically performs 

the input t o  t h e  func t iona l  modules,, i n i t i a t e s  module execution i n  proper 

sequence, and perforans any needed post-processing of t h e  ana ly t i c  r e s u l t s ,  

Standardizat ion is  f u r t h e r  enhanced by t h e  incorporat ion of a host of 

va l ida t ed  d a t a  bases. e .g . ,  composition, property. cross sec t ion ,  w h i ~ h  

allow easy input  (via keywordel and d a t a  a c c e s s i b i l i t y .  Note t h a t  the 

analyses  performed by the NEAD rwiew s t a f f  are confirmatory i n  na ture  and 

thus,, a l l  the modeling details of the analyses  are not reported here. 

4.2 Rmmw OF SARP COATTENT 

The TN-BRP cask was designed t o  hold 85 "short" BWR assemblies varying 

i n  length  from 76.86 in, t o  34-17 in. The f u e l  assembly c h a r a c t e r i s t i c s  

required for c r i t i c a l i t y  safety review o r  ana lys i s  are provided i n  Figs,  

1.3-1.5 and Figs.  6.1-6.4 of t h e  SARP. 

assemblies are shown i n  Table 5 .1  of t h e  SARP. This i n f o m a t i o n  was 

obtained from t h e  opera tors  of t h e  Big Rock Point r eac to r  (Consumers Power) 

and t h e  fuel f a b r i c a t o r  (General E l e c t r i c ) .  The c r i t i c a l i t y  safety review 

was performed based on the supplied f u e l  assembly descr ip t ions .  

The i d e n t i f i c a t i o n  numbers for the 
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.The review of Chap. 6 of the S P i nd ica t ed  that gemereted an 

acceptable e e t  of calculati~~al benchmarks fo r  their codes and subsequently 

used these calculational t o o l s  i n  el proper  manner to ensure t h a t  a 

conserva t ive  k-eff value: WBB obtained per the requirements o f  

10 CFR B t .  71. Spee i f i ea l ly ,  TN: 

1. searched far and fo.cnmd that t h e  optimum water maderasion occurred at 

full dens i ty ,  

2. 

3. assumed the Pu i n  the  three a v a i l a b l e  mixed-oxide assemblies t o  be 100X 

decemiried the U%12 assembly type with t h e  largest r e a c t i v i t y .  

2 4. assumed a fully loaded cask conta in ing  the most-reactive UO 

assemblies and e i g h t  mixed--cJxi.de assemblies  (Pu = 100%. 23yPu), 

5 .  assumed an i n f i n i t e  length of a c t i v e  fue l .  

6 .  assumed an i n f i n i t e  array o f  t h e  casks, and 

7. assurned i n i t i a l  fuel enrlehments w i t h  X-IQ credit for burnable poisons 

o r  f u e l  deple t ion .  

The computer codes used by Tx9 for  cross-section pro@esE%imp, (NITAWL) 

and eva lua t ion  of the  e f f e c t i v e  m u l t i p l i c a t i o n  factor (KENO IV> ~ i ~ e  widely 

recognized as acceptab le  tools €or t h i s  type  of a n a l y s i s ,  The 27-group 

cross-section set a l s o  repreeents  a v a l i d a t e d  d a t a  l i b r a r y  f o r  c r i t i c a l i t y  

ana lys i s .  911e~e codes and t h e  c rass -sec t ion  set  are a l l  p a r t  of t h e  S@&E 

package developed by the ORNlC Nuclean Engineering Applications Department 

(NEAB) review staff of Computing and Telecommunications Div is ion  which was 

respons ib le  f o r  the Pinalyses presented i n  this review, 



15 

With the  ~ S B U I ~ I  

value of 0.903 - + 0. 

This value is  below the  acceptable upper l i m i t  typical ly  used i n  

c r i t i c a l i t y  safety assessments of transport  casks, t ha t  is K-eff + 2a 

I 0.95. 

of the  basket. However, consultation with the  ORNL s t ruc tu ra l  reviewer 

confirmed the  SARP contention tha t  any deformation or mmments of the  

basket during nomsil. or  accident conditions do not cmpromise the  in tegr i ty  

of t he  basket o r  i ts  a b i l i t y  t o  keep fue l  assemblies within t h e i r  

respective compartments. 

muvements of t he  basket: indicated by Chap. 2 of t he  SARP are not 

s igni f icant  and W O U ~ ~  not al ter the k-eff value beyond the  2 sigma 

uncertainty limit. 

5 for t he  e f f ec t ive  mult ipl icat ion fac tor  (k-eff). 

The calculated k-eff did not consider any deformation o r  rncnrements 

Our opinion i s  tha t  the  rminor deformations or  

I n  conjunction with the  SARP review, a review of the  TN report 

concerning boron ve r i f i ca t ion  i n  the  basket w a s  a l so  completed. 

report adequately summarizes the  e f f o r t s  to ensure the boron content i n  the  

basket end is sa t i s fac tory  t o  the  NEAD review s t a f f .  

persons famil iar  with the  chemical t e s t ing  procedures and by Quali ty  

Assurance (QA) /Quality Control (QC) personnel is recommended. One 

shor t f a l l  of t he  f i n a l  SARP is that t h i s  report  is not referenced i n  the 

SARP sect ion on boron ve r i f i ca t ion  (SARP Sect. 8.1.11). nor a r e  the  methods 

and procedures of the  report  included i n  the  SARP. 

This 

Bowevex, a r e v i e w  by 
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A d e t a i l e d  revi and check of t h e  submitte KENO PV input would be 8 

tedi0US.  the-conswin; ,  and perhaps error-prone project. If ever. becaurre 

~ E S U P ~ X W ~  of s u b c r i t i c a l  cond i t ions  5.s imperative. i t  vas decided t o  

develop an independent model of t h e  ea& and fuel con ten t s  

analyses at 8 t o  v e r i f y  c r i t i c a l i t y  safety of the cask, Analyses; were 

performed both. f o r  transport and loading  condi t ions.  

were considered because the  analyses were also used t o  aupport  the 

c r i t i c a l i t y  safety report w r i t t e n  a t  t h e  West V ley s i t e  f o r  t h e  DOE-Idaho 

Safety Officer- 

Loading condi t ions  

The NEAD r e v i e w  staff performed the ealculations us ing  the CSAS25 

analysis  sequence w i t h i n  t h e  SCALE computational system, (The CSAS25 

sequence use6 BQNAMI-S and NITAWL-S for crsas-sec t ion  processing and 

resonance se l f - sh i e ld ing  and subsequently accesses  RENO V . a  for t h e  

c r i t i c a l i t y  ana lys i s . )  

pin-by-pin d e s c r i p t i o n  of each assembly i n  the cask, 

filled with  t h e  most-reactive UQ2 assembly type (Type F) and t h e  

t h r e e  mixed-oxide assemblies  (!Pype EP). The entire finite cask (not 

just a quadrant) w a s  modeled. and a 5 4 x 1 .  water gap (no basket material) 

was placed between t h e  fuel s tacks .  Only the f u e l  region o f  an assembly 

w a s  modeled, and t h e  active f u e l  l eng th  o f  70 in. ( q p e  F f u e l )  w a s  

assumed f o r  t h e  t o t a l  assembly height .  

modeled wi th  t h e  same height  as t h e  assemblies, and a f u e l  assembly w a s  

placed i n  every compartment. The b o t t m  s t a c k  of fuel asseanbliea wae 

Tfie model. developed f o r  t h e  a n a l y s i s  includes a 

The cask w a s  

The bora ted  s t e e l  baske t  was 
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provide an indication of the  l semoitivity of %-eff to the boron above 

pirw%deer results fo r  a series 0%" eale BltlCaPPI perfomed to deternine the 

EP Pisseinbly configupation that ~~~~~~~ the ~~~~~~~ k-eff valuer 

Figures 1-6 srhw the EP ~~~~~~~ eaanfi 

compartments are ~ H X W Y ~  EO hold 

i l lustrates  the fue l  conf i  ulrcstion that gave the anmbwm. k-aff value. 

Instead of the fuel configuration ~f Fig. 5 ,  the SAfaP model assumed four 

inf initely long EP rsseemblie~ (02. e t actual msernblies) t o  be located 

in the four central cmpartments. 

(1) eight rather than three ammnblies W ~ F B  assumed in the SAW mcsde~, 

(2) the S U P  model. is more consistent w i t h  the specified loading 

pattern. and (3) the k-eff value 

loadllng is $n basic  agreement with  &he value reported in the SARP, 

After the  final S U P  wt35 submitted. several more calculat ions were 

pe F ae;sm&lieB* 

s was deemed acceptable because 

tainea with the optbwn (Ti& 5) 

performed as a final check and as an a i d  to the West Valley review of 

cask loading. 

in the basket plates. Table 3 presents the k-eff values obtained ~ 5 t h  

the EP loading pattern of Fig.  5 and various dens i t ies  a€ water 

These calculations were a l l  performed with  1.3 wt X boron 



le 1. CxitJcal i ty  analysis; resultf3 far the 
cask shcawing, sens i t iv i ty  o f  bsmn wt X 

and assurnad bounda 

BRB1 1.56 0,856 - + 0.804 29100 

BRPl REFb 1.56 0.854 - + 0.004 38000 

BRPlA 1.3 0,856 I 3 0.004 30080 

BRPlB 1.0 0.~380 + 0.0~14 30QQQ 

BRPIC a. o 1.066 + 0.004 30000 

a1 calculations performed with a d o s e d  cask a. 

loaded w i t h  only Type P assemblies. 

Pull specular ref lect ion boundary condition. 
A l l  other cases run w i t h  vacuum cauter boundazy. 

Table? 2. Criticality analysis results for the TN-BWP 

mixed--sxide (E%”) assembliess 
cask for variations in loading configuration of the 

BSE-OR EP assembly Multiplication 
Case (wt 23 location fac tor  

BRP2 
B RP3 
BRP4 
B RP5 
BRP6 
BRP7 

1.56 Pig. 1 0.865 + 8.004 
1.56 Pig. 2 0.858 c 0.004 
1.56 Fig, 4 8.878 0.004 
1.56 Fig. 4 0.858 4 0.004 

1*56 Fig. 6 0.880 f- 0.004 
1.56 Pig. 5 0.88’3 5 0.005 

a All  calculations performed with (1 )  vacuum 
outer boundary condition, (2)  a clssed cask loaded w i t h  
Type F assemblies and three! Type ‘EP assemblies, and 
( 3 )  30,000 histories. 



F i g .  I .  Locations of EP fuel. assemblies f u r  case BRP2 loading.  
Parentheses denote E? assembly i n  bottom portion of basket. 
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L-DWC, 85-484634 

STR &I CTU RE STAINLESS ST 
PLATES 

FUEL T 

F i g .  2. Location of  EP f u e l  assemblies for case BRP3 loading .  
Parentheses denote EP assemblies in bottom p o r t i o n  of basket. 



E 

Fig .  3 .  Location of EP fue l  assemblies f o r  case BRP4 loading .  
Parentheses denote EP assemblies in botrom p o r t i o n  of basket.  
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L-DWG 85-18466 

Fig. 4 .  Location of EP f u e l  assemblies for case BRP5 loading .  
Parentheses denote EP assemblies i.n bottom portj-on of basket. 



Fig. 5. Location of EP fuel assemblies f o r  case BRPG loading. 
Parentheses denote EP assemblies in bottom portion of baske t .  



F i g .  6.  Loca t ion  of EP f u e l  assembl ies  f o r  case RRP7 l o a d i n g .  
Parentheses  denote  EP assembl ies  i n  bottom p o r t i o n  of basket. 
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Table 3.  Griitfcdity analysis results fo r  the 
cask f o r  variatilgnsr in water density" 

Mu1 t i p l  i e at ion 
factor 

1.8 
0.95 
D"9 
0.7 
0,s 
0.2 
0 .  I 

.e91 2 8.004 
0,893 + O.QO4 

,691 d. 0.003 

c 

a~~ calculations performed with (13 1.3 w t  z boron 
in basket, (2) a closed cask loaded with Type F assemblies 
in the configuration of Fig, 5 ,  and (3) 38,0160 histories. 
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moderator. TEle results verify the TN m e  

provides moderation cond2tions that  are optimuna (or so near opthtum 88 

to be satisfactory). 

Table 4 p ~ e e e n t s  w f inal  set af results far a aeries of loading 

scenarios and far the cask i n  trsnaport. 

w i t h  1.3 wt 2 boron i n  the basket. and 90.000 h i s t o r i e s  were used to 

ensure accotpt~ble  result^, 

with the l i d  removed. 

reflection around the cask. Far a l l  of these eases. the EP assemblies 

were placed i n  the t op  layer because t h i s  configuration was f e l t  to be 

the most reactive with the lid r a c v e d ,  Cases BWPS and BRP17 indicate 

the  negative react iv i ty  associated w i t h  removing a Type F assembly 

l o c a t e d  in t h e  center o f  a quadrant. For both  cases. the assembly 

loading pattern of Fig. 3 was used; hwever. t h e  EE3 assemblies were 

placed in the top stack and only Type F assemblies were in the hottan 

( i . e . .  the  t o p  and bottom patterns o f  Fig. 3 were interchanged). Case 

BWIB uses the opthum EP assembly pattern of F i g .  5 except the top and 

bottom are again interchanged to put the  EP assemblies on top. 

re~ult i s  the conservative maarimm k-eff  wslue for the loaded opera cask 

i n  water. By comparison. case B W 2 3  is  loaded j u s t  8 s  for ease BRP18 

~ ~ : e ] p t  the l i d  is on (cask f i l l e d  with water), and a s l i g h t  decrease in 

k-eff is seen, Case B W 1 9  uses she loading pattern of case BRP18 in an 

i n f i n i t e  E L K ~ ~ Y  of closed. water-f i l led casks per  the requirement of 

10 CPR Pt. 71. 

These calculations were done 

A l l  cases except BRP19 rand BRP23 were done 

A l l  casek: e x c e p t  BRP19 have an i n f i n i t e  water 

The 
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Fig. 5 
bottm 



The last two cases given in Table 4 were performed to a 

locading accident ssenarlo proposed by West Valley where an asembly is 

assumed to fall across the t ~ p  of an almost fully loaded open cask. 

Case BRP2l is for  EL fully loaded cask with the EP assmbl iea  loaded on 

tap in the pattern sham in Pig. 5 and w i t h  a 

acrws the open cask d i r e c t l y  mer the EP assemblies. 

conservatively assumed to be only 5 in .  of water between the horizontal 

assembly and the fue l  i n  the t op  stack o f  assemblies. Thus. t h i s  

accident model is adequate (or perhaps conservative) for even the worst 

case scenario where the assembly has one? end laying on the t a p  o f  the 

basket (because the distance from the top o f  basket to act ive  fue l  i s  at  

l e a s t  5 in.  and probably 8 ta 10 in.). 

BRP21 except an EP assembly i s  laying acroI?;E; the open cask and s Type P 

assembly i s  used to replace one of the EP assemblies. 

pe I? assembly laying 

There i s  

Case SRP20 i s  a repeat of case 

The conclusion drawn from the analyses i s  tha t  the TN-BRP design as 

presented i n  the SARP 8 6 ~ ~ 1 r e s  a subcrit ical  configuration during loading 

and transport when loaded with the f u e l  f o r  which it wag designed. 

calcukacions also serve to confirm the validity o f  the  k-eff values 

presented in the SAFIP, 

The 
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perfomed by m to ~ Y ~ S P P T Q  that the cask wsuia meet the dose r e q u i r ~ e t m  

s p e c i f i e d  i n  16 CFR Pt, 

a description of the available  cask shielding, (2) the  irradiation 

characteristics of the fuel contents, (31 a description of t he  

procedures f o r  generating the radiation ~ources ,  (4) necessary 

information regarding the caleuPation of cask dose rates, and I S  

evaluation of the 

rates and corresponding 3.6 CFR Pt. 71 l h i t s  are Q ~ Q W I I  5.11 Table 5.2 of 

the SARP, This table  indicates that the available shielding for the 

"3-BRP is  adequate to sst is€y the 10 

with tbe designated fuel contentsrs. 

This chapter ~f t h e  S 

R Pt. 71 limits far rail shipment 

The f inal  s h i e l d h g  calculations performed by TN for the SARI? were 

done using well-established codes and cross-section libraries. TIN used 

the QRIGEN code" for the fuel depletion analyeis while the BUGLE-~O 

coupled cross-section set" was used with the tWISM12 and 

XSI)QSE13 codes to perform the radiation transport and dose 

evaluations. Assumptions used by Iw i n  terns of the cobalt impurity 

content i n  the assemblies [€iS6UlUed IOQZ unce r t a in ty  in nominal " ~ c d  

content), the peaking factor employed (1.2). use of one-dimensional 

analysis  methods, and the homogenization o f  the fuel henre been found 

acceptable and/or conservative. me methodology and models used for 
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generating the: radiation P O Z Z ~ C ~ P .  perfoming t h e  transport caleulat%ons, 

and evaluating the  dose rates are  nab^^ and acceptable procedures, 

ent holds f o r  both the cask body analysis, and t h e  

asldySh pE?rfOXTiTi2d On t h e  Cask penS?tratiQnS. 

As wi th  t h e  c r i t i c a l i t y  r An review s ta f f  reviewed the 

shielding eva lua t ion  cisswing the  Euel contents s p e c i f i e d  i n  t h e  SAIRP t o  

be co r rec t .  The con ten t s  af the TN-BRP cssk are l i m i t d  to t h e  s p e c i f i c  

85 BWR fuel assemblies* The i r r a d i a t i o n  data s p e c i f i e d  i n  the  S A W  are 

p a r t i c u l a r l y  important t o  the sh ie ld ing  eva lua t ion ,  and any s i g n i f i c a n t  

changes could i n v a l i d a t e  the ca lcu la t ed  doses, However.  it: appears  that 

TN has used reliable sources  (reactor oltif.ity and West Valley) to obta in  

t h e  i r r a d i a t i o n  da ta .  V e r i f i c a t i o n  of removal of t h e  cobalt rods f r o  

t h e  9x9 and 11x11 assemblies  is  recamended by t h e  rcrviewers prior eo 

cask loading  of t h e  fuel. 

as notedr t h e  r a d i a t i o n  sources and doses could be  much h ighe r  than 

those predicted i n  t h e  S&P. 

I f  a l l  t h e  cobalt rods have not: been removed 

Adminis t ra t ive procedures also need t o  be i n  place t o  ensure t h a t  

the cask i s  loaded i n  accordance with the p a t t e r n  s p e c i f i e d  i n  Chap. 7 

of t h e  SAM?.  

the fuel assemblies with the highest burnuy (h ighes t  r a d i a t i o n  source)  

were, of necess i ty ,  placed i n  t h e  cask c e n t e r  for the sh ie ld ing  

analyses, 

'Phe loading p a t t e r n  shown i n  t h e  SARP is  requi red  because 



Although the evsnluation groce 

"bw were judged to be acceptable, it was decided that selected 

verif icat ion anedytaes would increase the confidence of reviewers in the 

results end arethodolo used and serve to better familiarize the 

reviewers with the deta f la  and ~ g s ~ p ~ i ~ ~ s  used in the SARP ~ ~ l ~ a ~ ~ ~ ~ ~  

Therefore, etfter receiving the f i n a l  SARP in September 1985, verifying 

calculations were perfomed using the SA62 and SASP madalee of the S 

and pyaeeaur- presented 

in the SARI?. For noma3 transport conditions, an axial shielding, 

analysis for the essk bottm and a radial shieldin analyaie were 

performed in an &'fort to obtain reasonable agreement with the reported 

dose sates i n  the S A W .  

analysis because: 

1. different cross eeetiaarms~ flux-tcrdose conversion factorsr and 

Only reasonable agrement w a s  expected with the 

O I Z I G ~  data libraries were uses; 

the  radiation source wspzpe: obtained using only two depletion and 

decay eases (using3 merage bumup and consemative decay v ~ ~ ~ ~ ~ ~ *  

whereas TN developed the radiation ~ ~ u t e e s  based on dive deplet5ion 

cases and the accurate decay t h e  for each assembly; and 

the mesh spacing, angular quadraturea and (in some eases> sneteri 

number deneities were different. 

2. 

3 ,  

A caparison of the partial results obtained at (P 

earresponding results  reported in the S 
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The differences En the reapectiwe analyses (as s i t e d  above) and t h e  

uncertainty (c ross -sec t ion  data, methods, and ab; 

with  any shielding analytxisr ~f t h i s  type led to the conclusion t h a t  the 

r e s u l t s  presented  i n  c P appear reasonable in eonlperison to 

those calculated by the i e w  s t a f f ,  The fact that the r a d i a l  2 m 

dose rate c a l e u l a t e d  a t  OIpEI%, is higher than the 10 @pR Pt. 71 l i m i t  does 

not overly concern the reviewers because of the approximate nature by 

which the Euel G Q U ~ C ~  was obtained (the T;N method 2s more precise) and 

because of the  prudent. but most l i k e l y  cessive. m ~ n t  o f  cobalt 

(double nominal conten t )  used in all t h e  TN analyses .  

probable nominal coba l t  mounts i n  the ana lyses  would reduce the results 

between 30%' and 50%. A B  shown i n  Table 5. 

Using the m ~ r e  

Table 5. Calculated m a x i a i m  dose rates f o r  noma1 t r a n s p o r t  
i t h  S M P  valuesa 

Total dose rate ( m i l l i r m d h )  

SAWP ORNL 10 r n R  
Double Nominal P t .  7 1  

Locat i on  Nominal Cob a1 c l i m i t  

...I_ 

Cobalt 

Package s u r f a c e  s i d e  85.9 114.5 57.4 
Package surface bottom 84.0 62.4 

2 m from vehicle s i d e  8.0 10,2 6 . 8  
2 m from v e h i c l e  bottom 8*7  8.3 

1QOQ 
1000 

10 
10 

SARP values taken from Table 5.2 ~f Ref. 1. Eo 



iscream wias added to ~~~~~~ to tbe Regulatory Gui 

The 15X increase is included in the requirements for BWR fanel. 

Regenlatory Guide to cover generic uncertainties associated w i t h  using 

P%liS type  os' n&%ysis for BWR fue l .  further raised the total  decay 

beat valare by rounding asff tc 4*0 kW. 

rased on w total hl-2.r: generation of 6,aj IS, presents a 
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I n  conclusion, the  reviewers feel tke t  the decay heat values  i n  the 

SAaP were obtained in c? c o r ~ e c t  and prudent: manner w i n g  an ~ d e ~ u ~ ~ ~  

ccrmputstional toal (QRXGEN), which was verif ied against an ETRC 

Regulatory Guide. The requirements sf t h e  Regulatory Guide per ta in ing  

t o  i n i t i a l  cobalt content and the uncertainty tPesociated with B6JR fuel. 

were adhered to. 

6.2 ~A~~~~~~~~ VERIFICATION 

The validity of the  t o t a l  decay heat  load of 6.0 kW w a s  first 

verif ied us ing  t a b l e s  and f i g u r e s  ia Regulatory Guide 3.54 and i n  the 

O W  repor t  upon which the  guide was based. l5 

provided by t h e  two SAS2 deple t ion  ca l cu la t ions  referred t o  i n  

Sect. 5.2. 

kW after incorporat ion of the 15% increase for B R fue l .  

cases were performed using t h e  average deple t ion  and decay 

c h a r a c t e r i s t i c s  of the inner  and ou te r  fuel. regions (see SARP. 

Chap. 5).  These runs indicated average heat  .load8 (with 15% increase 

f o r  BWR f u e l  included) of 0.05 kW f o r  ou te r  region assemblies and 0.034 

ErkJ f o r  inner  region assemblies. These calculations thus v e r i f y  t h e  

adequacy of the values  presented in  the SARP. 

A further check was 

g'hese ca lcu la t ions  indicated a t o t a l  decay heat value  of 5.1 

The two %AS2 

A separate ORIGEN-SI" ca lcu la t ion  was a l s o  performed f o r  t h e  

BWR fuel assembly with  t h e  highest burnup (assembly C10 with a burnup of 

24.997 ~~~~~ and 0.121 MTU/assembly p e r  Table 5 . 1  of the SARP) . 
ca lcu la t ion  provided a n ~ a x h u m  a6Sernbly decay hea t  va lue  of 0.113 kW 

(a f te r  the  15% increase for BWR fuel), which agrees well with the 0.115 

mis 
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kW value provided i n  the SARP. 

values presented i n  the SARP and those calculated by ORIGEN-S (within 

the SAS2 sequence or stand-alone). 

Table 6 summarises the caparison of 

Table 6 .  Comparison of decay  heat values 
calculated at ORNL with values i n  the 

TN-BRP SARP' 

Decay Heat 
(kW 1 

SARP ORNL 

Total cask contents 

Inner assembly average 

Outer assembly average 

Maximum assembly value 

6.0 

0.1 

0.06 

0.115 

5.1 

0.084 

0.05 

0.113 

SARP values from Chap. 3, Appendix A, of Ref. 1. a 





37 

An independex6z review of Chap. 3 . 0 ,  nThermsr9. Evaluation,R of the 

1 'I"-BRQ SARP and related mater ia ls  wat: performed by Engineering 

personnel of Martin I%xrietea Energy Systemss Ine. Prelhinary 

submissions; sf prspcas:ed SIsFeP text were reviewed as they were submitted 

during 1984. 

reviewed. Cormtents related to the thermal evaluation contained i n  these 

En 1985, B. draft SARP and a revised draft SARP were 

docmentc were incorporated i n t o  the ORNL review t e r n ' s  comments and 

transmitted t o  TIN. 

issues in separate le tcerg and far other issues d i r e c t l y  by modification 

Responses to comments were provided by TN for some 

of the SARP i n  subsequent submissions. These responses were also 

reviewed to ensure that every significant: technical issue was resolved. 

A f i n a l  SARP was received September 6,  1985, and the  conclusions i n  

Sect. 7.6 of tlbie document were based on tbe review of that document. 

Revised design eriter3.w were tben reviewed for consistency with tbe SARP 

and with appl icable  regulations, Each phase of the review was conducted 

under rhe guidance provided by U.S. MRC regulations expressed i n  

3 17 18 CFR Pt. 711 and the related U.S. NRC Regulatory Guides 7 .6 ,  

19 7.8,18 and 7 . 9 .  

In addition to she review of SARP material.  a series of independent 

thema1 analyses was con i f~c ted  based on the cask design presented i n  the 

S A W .  These analyses were undertaken t o  increase tbe reviewers' 

understanding of the cask's expected thermal behavior and t o  reduce the 

reviewers' uncerta int ies  regarding the  a b i l i t y  of t h i s  cask to meet 
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regulatory requirenaents. These canxalygsee were done using the 

HEATINGQ2' code as documented in t h e  G W E  reports9 or  by other 

calculational methods generally employed i n  engineering prac t i ce .  21 

7.1 REVIEW OF DESIGN CRITERIA 

-RE@/TN-BRP design criteria W B B  submitted i n  

i n i t i a l  draft on January 30, 1984, and ORNL ccrmments were t r ansmi t t ed  on 

February 9 .  1984. The des ign  cr i ter ia  document contained temperature 

opera t ing  ranges f o r  the components of t h e  cask. No thermal analyses 

were presented i n  t h i s  document. The expected heat load and t h e  

boundary cond i t ions  t o  be used i n  thermal ana lyses  were spec i f i ed .  

7.1.3. O W ' S  Coments 

An es t imated  decay hea t  load  of 5 kW appeared i n  t h e  design 

criteria.  ORB& suggested t h e  use  of a range for t h e  decay h e a t  load 

with minimum and maximum va lues  d ~ ~ ~ ~ i n ~ d  by t h e  degree o f  unce r t a in ty  

i n  t h e  decay hea t  c a l c u l a r i a n  and the u6e of t h e  more conserva t ive  

l i m i t i n g  value appropr i a t e  to each subsequent ca lcu la t ion .  

noted t h a t  t h e  design c r i te r ia  included a maximum s o l a r  hea t  

2 load o f  62 Btu /h / f t  d ,  which is about one-half of the solar heat 

load  for c y l i n d r i c a l  surfaces given i n  Subpart F of 10 CFR 

Pt. 71. 23 

O W  noted t h a t  t h e  design c r i t e r i a  incli ided a minimum ambient 

0 
p e z t ~ t ~ r e  of -10 F f o r  t r enspa r t .  where 10 CPR P t .  31 gives 

minimum ambient temperatures of -20% (drop tests. noma1 t r a n s p o r t  

csndi. t ions) and -40OF (cold t e s t ) .  
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i . f . 2  'TN*s ~esponee  

TN made no formal response to these comments. Subsequent 

submission of proposed tart f o r  the TN-BRP SARP included resolution of 

the above C O m e 4 1 t E :  8 8  follows. 

!lN began to use a range sf 4.5 kW t o  15.0 kW for the decay heat 

load, applying the mre eonsemat5ve extreme i n  evaluation of each test 

condition required by 10 @E"R Pt, 71. 

Rv corrected the m c u r h u m  solar heat load to 124 Btu/h/ft'. 

TN brought m i n h m  ambient temperature assumptions i n t o  agrement 

with 10 GFR Pt. 71. 

7.1.3 16SUeS Pendin& 

The issues above were considered pending unt i l  the changes t o  the 

proposed SARP text  (noted & m e )  were received by O W ' S  reviewers 

June 19. 1984. At that time the i s sues  above were considered to be 

resolved e 

7.2 IHUilNmY SBWMISSIONS 

6 The 'P"N-BRP t ranspads torage  cask preliminary design was 

recejlved March 15, 1984, and ORM, comments were transmitted 

Aprl.1 12, 1984. Prapossed text f o r  the SARP Chap. 3 was recei.ved 

June 19. 1984, and 8 ~ ~ m m e n t s  were transmitted July 23, 1984. 

Revised text  for the S A W  Chap. 3, Wmmal Evaluation" was received 

October 22, 1984, and (9 comments: were transmitted November 21, 1984, 

8lRML's c m e n t ~ : ,  TNus response t o  comments. and pending issues a t  each 

stage 0% review are presented. 



r the outer surf 

iv i ty  of the inner eurfece of the cask wall. 

 est^^ modifying the  basket the 

preferential loading of the hottest aasrmblies in the basket center. S 

Fig. 8.2.1.1-1 shws the csnsextsatiwe fuel h a d i n g  uaed in the final S 

basket p late  t peraturea f o r  n ~ r m d  transport conditions 

f i r e  accident conditions as defined i n  16 CZIR P t .  71. 

asked for consider tion of non-uniform axial. distribution of decay 

heat i n  the spent fuel assemblies. The mi distribution of dec heat used in 

P is shmn in SaRP P i g .  8.2.1.1-2 normalized t o  the 

heat vaauee 

7.2. I. 2 TN* bl Response 

made DO  mal response but resolved these! e 

incorporating changes in the proposed 5 B text received June 19, 1984. 

"1w reduced emissivity and incrc sed aberorptivity t o  acceptable 

values on the ou te r  and innem: cask wall surfaces;. 

accounted far preferential loading of hotter ass 

basket center, thus making the basket thermal analysis 

eansesuative. 

TN a p p l i e d  a peak pawerr €actor of 1 .2  to the axial distribution of 

decay heat in the fue l  assemblies, thus increas ing  the  csn~ervati 

basket and fuel pin aax aperEitUr@ pXed&%! t i O D 6  
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7.2.9.3 Isuues BenBini 

Based on r e so lu t ion  nf the c ents abwe in the June 19, 1984. 

submission, no co ents remained pending before review of that 

submission. 

7.2.2 Review OL Bierrawl. Aspects of TN-BRP SARP R e v .  0 

' 8  c o m c n t ; ~  0x1 the thermal evaluation. TN's resrponse t o  

c~lllfnents~ and is-oues pending at  t'tiis stage of the review are l i s t e d .  

7.2.2.1 

Transient nne%imum temperature criteria should be estebl ished 

beeawe the thermal evaluation o f  the hypothetical accident fire 

indicated basket and f u e l  pin long-term m a c i n u m  temperature criteria 

would b e  exceeded. 

A lowest m e t a l .  service temperature (LMST) should be defined and 

added t o  the design cr i ter ia  document and the S A W .  

Impact limiters must be proven to remain intact  and in place 

Eoflowing the hypothetical aeeident tests to p r o t e c t  the Viton seals 

from extreme Emhiegas t 

A ehemal evaluation was needed f o r  the enclosure added t o  the cask 

design lo protect personnel from high surface temperatures. 

enclosure was subsequently dropped from the design.)  

(This 

Tke V i t o n  seal useful temperature range should be  established. 

p w e r  factor of 1.2 should be used i n  the cask body 

analysis 

Characterization and documentation of the axia l  d i s t r i b u t i o n  of 

decay heat should be added to  the  SARI?. 
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M ~ i x h u n a  f u e l  p in  tmperetrpre should be calculated using t h e  fue l  

bundle w i t h  t h e  h ighes t  ea l cu la t ed  decay heat. 

7.2.2.2 "N' bi Response 

d id  not agree chat  m a x i m u m  t r a n s i e n t  temperature  c r i t e r i a  were 

needed for rhe basket and fuel pin  

The LMST w a s  to be defined by material tea ts ,  Pending completion 

of those  teste* 'i"N defer red  a c t i o n  on this c ent .  This i s s u e  war; 

resolved by manufacturer ' s  t e a t  data repor ted  on February 27, 1985. 

aJ c l a r i f i e d  the  boundaries  of containment f o r  the cask, TN 

r e f e r r e d  t o  @hap. 2 ~f t h e  SARP, the s t r u c t u r a l  a n a l y s i s  wherein t h e  

impact limiters were ca l cu la t ed  to meet r e g u l a t ~ ~ y  re 

Agreement was reached among ORPIE structural and thermal reviewera t h a t  

TN's p o s i t i o n  on t h i s  i s s u e  was ac~ep tah le .  

agreed t o  provide a c a l c u l a t i o n  f o r  the enclosure.  

TN provided t h e  c o r r e c t  working temperature  range f a r  t h e  Viton 

seals and agreed to mend the design c r i t e r i a  d ~ c ~ e n t .  

agreed t o  provide a revised two-dimensional a n a l y s i s  w i t h  a 

peaking, f a c t o r  f o r  t h e  cask b d y .  

IT4 provided a re ference  t o  "data from G Q ~ S U B I ~ ~ S  Power." The 

correct pe& pawer f a c t o r  f o r  spent  f u e l  is 1.2. 

TN agreed t o  base she  c a l c u l a t e d  m a x i m u m  fuel p i n  temperature  on 

the maxi.nucn p red ic t ed  decay h e a t  among the BRP f u e l  assemblies. 
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7.2.2,3 I s s u e s  Pen,& 

The response Prm QIB t r a n s i e n t  m a x i m u m  temperature  c r i t e r i a  was 

judged i n s u f f i c i e n t .  In Qhe absence of such criteria. the 3n€4lyGeS 

should demonstrate compliance w i t h  t h e  long-term temperature  c r i te r ia  

shown i n  t h e  design criteria document. 

revised d r a f t  z1 P Is;ee Sact .  7.3.2). 

This j s s u e  was reso lved  i n  t h e  

The a c c e p t a b i l i t y  of t h e  s t r u c t u r a l  a n a l y s i s  f o r  the impact 

limiters had to be determined by ORNLvs s t r u c t u r a l  rwiewer. Pending a 

f i n d i n g  t h a t  t h e  impaet limiters would s t a y  on i n  a hypothe t ica l  

acc ident  s p e c i f i e d  in 164 CFR Pt. 71, t h i s  i s s u e  was considered open. 

The requi red  f i n d i n g  w a s  made on February 27, 1985, and t h e  issue was 

considered resolved.  

TN's response t o  o t h e r  cMnments was considered s a t i s f a c t o r y .  and 

t h e  remaining issues were considered reso lved  when t h e  SARP and t h e  

des ign  c r i te r ia  document were amended as TN proposed. 

7.2.3 R e v i e w  of Chape 3, R e v .  1, "Thermal Evalua t ion  - B W "  
A second roiind of comments and responses  was undertaken be fo re  

r e c e i p t  of the draft SARP based t h i s  r ev i sed  submission. O m ' s  

ctlmments, TNus responses and pending issues are 86 follows, 

7.2.3.1 O W ' S  CQmments 

was asked again to provide m a x i m m  t r a n s i e n t  temperature  

cri teria for  t h e  basket and t h e  fuel pia analyses .  

criteria had been adjus ted ,  and t h e  changes had been j u s t i f i e d  

Other design 

aec ep  t ab ly e 
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The a n a l y s i s  of t h e  e.nelosure showed a cons tan t  temperature for air 

i n s i d e  t h e  enclosure the same as the 

nonconsewative: in f a c t o  heating of t h e  air in the W ~ @ ~ O S U Z - ~  would 

occur, and both t h e  e n c l a ~ ~ l t e  and the eask's: ~ u t e s  surface would be 

h o t t e r  than shown, 

i e n t  air temperature.  'phi5 was 

The p e d  power factor desc r ib ing  t h e  axial d i s t r i b u t i o n  of decay 

hea t  i n  spent  f u e l  was used when eva lua t ing  t h e  minimum cask 

temperature. Care should be taken t h a t  a power f a c t o r  o€ 1.0 OX- less be 

a p p l i e d  t o  the decay heat load  t o  calculate the rnin t m p e r a t u r e .  

The Consumers Power d a t a  t h a t  support  t h e  use of 1.2 a5 the c o r r e c t  

peak p m e r  f a c t o r  for t h e  axial d i s t r i b u t i o n  o f  decay hea t  in TN-BRP 

spent  f u e l  should be placed i n  t h e  SAXE', or a reference  t o  a r epor t  of 

these  d a t a  i n  t h e  publ ic  l i t e r a t u r e  should be added t o  t h e  SARP. 

7.2.3.2 TN's Response 

TW agreed t o  add maximum t r a n s i e n t  temperature c r i t e r i a  of 

800% for the  baske t  and 1000% f o r  t h e  f u e l  p i n s  t o  t h e  SARP, 

9"N agreed to repeat: t h e  enc losure  thermal analysis with more 

conservstive assumptions. 

The minimum temperature c a l c u l a t i o n  was a two-dimensional a n a l y s i s  

with an axial d i s t r i b u t i o n  applied t o  t h e  minimum expected decay beat 

load. As ORE& suggested,  t h e  minimum temperature was pred ic t ed  at  a 

point on the cask, o u t e r  su r face  f a r  from t h e  p o s i t i o n s  of peak decay 

heat release. 

TN agreed to add a reference  t o  Consmess P er's data to the S U P .  
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9 . 2 . 3 . 3  Issuae Pen- 

TN had agreed t o  add m a x b m  transient temperature c r i t e r i a  f o r  t h e  

baske t  and fue l  pin@ eo the S P. Mawever, t h e  termperaturea chosen 

nQeded t o  be justkfied, preferab ly  by re ference  t o  other documents 

already aceepted by NRC, References o r  o the r  j u s t i f i c a t i o n  for these  

temperature criteria rernained a pending issue until the review of the 

revised d r a f t  SARP (described i n  Sect. 7.3.2). Otherwise. TN's respanee 

to comments was considered s a t i s f a c t o r y ,  and the remaining issues were 

considered resolved when the S A W  was mended as TN proposed. 

7.3 RETiTIEId OF 'I'M-BRP D W P "  SARP 

% a 2 5  The !K'N-BRP draf t  SARP vas received February 15. 1985. 

This w a s  t h e  first submission of a complete SARP document t o  ORNL 

reviewers. On February 27-28. 1985, a review meeting among p r o j e c t  

p a r t i c i p a n t s  was held i n  Oak Xidgee8 

TN-BRP d r a f t  SARP were provided i n  that meeting, as documented i n  the 

l e t te r  of March 13, 1985, from L,  D. Bates (ORML9 t o  F. J. W i l l i a m s  

(TN) . 26 
pending technical. i s s u e s  was t ransmi t ted  t o  TN. The TN-BRP revised 

d r a f t  S U P  was received from TN on May 14, 1985, and comments were 

re turned June 19, 1985. The pending technica l  issues from the d r a f t  

SARP were resolved i n  t h e  t a t  of the revised draft SARP. R e v i e w  of the 

latter document r e s u l t e d  in comments OD. minor m i s s i o n s ,  

incons is tenc ies ,  and suggested improvements i n  t h e  SARP. No new major 

Detai led comments on the 

On A p r i l  26, 1985. a sepa ra t e  set of cannments on our 

7 



issues were i d e n t i f i e d  in t h i s  phase of t h e  r w i w .  

major t echn ica l  issues and their resslaitd.sm at each reva'. 

A discussfon of t h e  

f O l l m 6 .  

7.391 Revim of TN-BW Draft SARP 

The fol lowing four technical issuers WCTB considered t o  be 

unresolved f a l l w i n g  the K E W ~ W  of the document and t h e  r 

he ld  on F & r u a q  27-28. 1985. 

Axial d i s t r i b u t i o n  of the spent  f u e l  heat genera t ion  rate was 

er Pcrwer d a t a  f o r  modeled by an +xxial power shape takaam from Cons 

current BRP spent  fuel, More d i scuss ion  was needed including:  

A. Correct r e fe rences  to the Cans er d a t a  in t h e  t e x t  end 

s e c t i o n s  "References" and "Appendices." and d i scuss ion  of haw 

t h e  axial. power shape a c t u a l l y  used i n  the thermal eva lua t ion  

w a s  der5ved f r  the spa r se  data a v a i l a b l e  from Conskuner Paver.  

3. me fuel p in  rnaar imu~rs  t r a n s i e n t  (acc ident  fire) temperature 

c r i t e r i o n  was 10QOOF.  

t h i s  new c r i t e r i o n ,  it had not  been added t o  the S A W .  The 

reference should appear i n  the S A W ,  and the new c r i t e r i o n  

should appear i n  t h e  mended design c r i te r ia  d ~ c m e n t .  

Although EP reference? e x i s t e d  f o r  

e. "he Viton seal opera t ing  temperature  range was stated 

i n c o n s i s t e n t l y  wi th in  the S A W .  

criteria doement should agree  on t h e  correct opera t ing  

The SARP and the design 

tE?Flperat%lre rang@ fOK V i t O n  Seals. 
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crirrerion WAS 8 da%a No reference ~~tgist~: ta a ~ p p o r t  t h i s  

criterionq but the? criterion w m  j u s t i f i e d  based on materials 

propertieb: al: t h a t  temperature and QII the absence o€ dynamic 

structural load8 during the hypothetical accident f i r e  test. 

Note tha t  t8.m 800% criterion cannot be applied i n  normal 

transport or wherever dynamic structural loads must be 

c ~ n ~ i d e r e d  wecr rdhg  to applicable regulations, 

7.3.1.2 W s s  Response 

A l l  four technical issues above were resolved i n  the TN-BRP r e v i s e d  

draft SARP without fomal response by TFJ. 

7.3.1.3 Issues Pending 

The only issue pending at the start of the review of this revised 

draft SARP was the mended design crjteria document which had not been 

submitted fo r  review at that t i m e ,  Sect. 7.4 covers the review of the 

mended design criteria document. 

7.3.2. Review of -BRP Revised Draft SARP 

This document was received by the thermal evaluation reviewers on 

Msly 14, 1985, and coments were transmitted on June 19, 1985. No new 

major issues were identified in this phase of the rwiew. Previously 

identified outstanding technical issues were considered to be  resolved 

based 5n the matcri.al presented in this revised draft. 

minor missions, incons5stencies, and suggested hnprmernents in  t he  

SARP. 

Comments covered 

A few of the comments made are repeated below. 
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7.3.2.1 O R m ~ k 3  Conunemts 

A discrepancy was noted i n  the SARP between the  non 

temperature d i s t r i b u t i o n  of Chap. 3 of t h e  S 

temperature d i s t r i b u t i o n  i n  Chap, 2 of t h e  SARP f o r  the TN-BWP basket.  

Tie text of Chapz 2 of t h e  S A W  ind ica ted  these  should be  i d e n t i c  

Actual va lues  of temperature at any node i n  the basket  d i f f e r e d  only 

s l i g h t l y ,  so no impact was expected i n  T N 8 g  conclusions based on e i t h e r  

temperature d i s t r ibu t ion .  

10 CFR P t .  7 1  provides  t h a t  t h e  maximum value  of i n so la t ion  on 

v e r t i c a l  sur faces  be one-kalf t h a t  on c y l i n d r i c a l  surfaces .  The SllRP 

appl ied the l a r g e r  va lue  to a11 surfaces o f  the cask. 

w a s  not  considered a departure  from regula t ions  because the r e su l t i ng  

temperature pred ic t ions  are, i n  a l l  cams. conservative.  

This discrepancy 

Temperatures 6-7'P too  high were used as i n i t i a l  condi t ions  f o r  

the fire t r a n s i e n t  temperature ca l cu la t ion  i n  t h e  cask body t h e m a l  

evaluation. Because t h i s  d i f fe rence  had a s m a l l  impact 8'11 t h e  f i n a l  

r e s u l t ,  and because the values  ac tua l ly  used r e su l t ed  i n  a more 

coimemative.  higher  prediction of maximim basket  and f u e l  p in  

temperatures, t h i s  ca l cu la t ion  needs not  be repeated. 

m e  comments w a s  made by r ev i s ion  of the revised 

d r a f t  SARP and r e l ease  of a final.  SARB document, No major technica l  

i s sues  remained unresolved i n  the  themak evaluat ion presented i n  t h e  

revised d r a f t  SARP. 
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7.3.2.3 ISSU@S Pendir~g 

Although t h e  TR-BRP revised d r a f t  S A W  could b e  improved by 

response to t h e  c enta t r ansmi t t ed  on June  19, 1985, the thermal 

po r t ion  of app1iQabl.Q r e g u l a t i o n s  inc luding  10 CFR P t .  7 1  appeared to be 

met i n  full by the cask des ign  as presented  i n  t h i s  document. 

conclus ion  of this m w i e w ,  rhe one outs tanding  issue was the status of 

A t  t h e  

t h e  amended des ign  c r i te r ia  document. which had not  been submitted f o r  

review (see Sect. 7.4). 

7,3.3 Review of RP Final SARI' 

The f i n a l  S A W  was received by ORNL September 6, 1985, The 

conclus lons  i n  SARP Sect. 8.6 are made on t h e  basis of review of t h e  

document and suppar r ing  material. No emunents t o  TN are required.  The 

document was reviewed and found t o  be s u b s t a n t i a l l y  equ iva len t  t o  the 

r ev i sed  d r a f t  S M P  w i t h  pages rev ised  t o  reflect TPJ response t o  O W ' S  

comments af June 19, 1985. 

7.3.3.1 Issues Pending 

N o  i s s u e s  were pending fol lowing r e c e i p t  and review of t h e  r ev i sed  

design cr i te r ia  doct~~tent: discussed below. 

transport!  storage cask appears  to s a t i s f y  the requirements of the MRC 

r e g u l a t i o n s  embodied in IO CE"R Pt. 7 1  and r e l a t e d  Regulatory Guides. 

The SARP f o r  the Tw-BRF' 

7.4 REVIW OF REVISED DESIGN CRITERIA 

The r ev i sed  design c r i t e r i a  document w a s  rece ived  J u l y  2, 1985. 

review of t h i s  docmenr was conducted, and i t  w a s  concluded t h a t  t h e  

thermal c r i t e r i a  contained t h e r e i n  are c o n s i s t e n t  w i t h  those  contained 

A 
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i n  the m-BRP rev ised  draft: SARP. mias conclwiaan is extended t o  the 

f ina l .  SARP. Comments on t he  revised design criteria document W @ K ~  

t r ansmi t t ed  J u l y  30, 1985. 

EPENnENT ANALYSES 

Thermal ana lyses  performed by members o f  t h e  O W  rgview team on 

models corresponding t o  s e l e c t e d  a spec t s  o f  t h e  "s"N-BW thermal 

eva lua t ion  were underralren t o  i nc rease  the confidence of t h e  reviewers 

i n  t h e  r e s u l t s  and/or the methodology used by 

rmiewers with  a s p e c t s  o f  t h e  design and/or t h e  thermal bel?iwior of the 

cask, and t o  eva lua te  t h e  combined impact of TNqs design assumptions. 

The thermal ana lyses  discusced below were undertaken and documented. 

t o  f a m i l i a r i z e  t h e  

Documentation of t h e  independent ana lyses  discussed below will be 

maintained by t h e  thermal eva lua t ion  reviewers w i t h i n  the  f r  

t h e  q u a l i t y  assurance a c t i v i t i e s  of Engineering Analysis,  Process 

Engineering Divis ion,  Martin Marietta Energy Systems. 

7 .5 .1  Prel iminary Cask Body Thermal Analyset: 

9 Prel iminary cask thermal ana lyses  with SCALE were performed 

f o r  both steady state and 30-mi17 f i r e  t r a n s i e n t .  Several s impl i fy ing  

asawiprions were used, and t h e  r e s u l t s  i nd ica t ed  agrement wi th  t r ends  

and approximate confirmation of va lues  repor ted  by TI?. 

r e s u l t s  are compared to " N ' s  eva lua t ion  i n  Fig.  7. 

Selec ted  O W a  
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ORN L- DWG 86- 1 4  901 

AXIMUM OUTER 

M A X I M ~ M  CAVITY 

Fig. 7. Comparison of predicted time-temperature history during and following f i r e  accident 
conditions E G ~  TN finite element model and ORNI, finite difference model. 
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7.5.2 Cask Outer Surface Temperatures 

Hand c a l c u l a t i o n  of &e cask surface 

us ing  TN ' f i  predicted peak heat generation 

te3Rpertntux-e w%s performed 

ra te  and cond i t ions  imposed by 

10 C F W  Pt. 7 1  r egu la t ions , '  Standard engineer ing practices were used. 

No s i g n i f i c a n t  d i screpancies  were noted between r e s u l t s  of t h i s  a n a l y s i s  

and m p s  $ h e m a l  evaluat ion.  

7.5.3 - Rand Ca lcu la t ion  of Enclosure Ef fec t  

Hand c a l c u l a t i o n  of the enclosure ' s  e f f e c t  on cask s u r f a c e  

temperature  was undertaken us ing  several d i f f e r e n t  models f o r  t h e  

convect ion o f  a i r  between the enclosure  inne r  wall and cask outer w a l l .  

Resul t s  are n o t  presented because t h e  enc losure  has been e l imina ted  from 

t h e  cask design. 

7.5.4 Tho-Dimensional Cask Body T'hemal Analysis  

Two-dimensional thermal a n a l y s i s  o f  t h e  cask body wi th  impact 

limjters was performed using t h e  HMTING6 computer code. Axial ly  

d i s t r i b u t e d  hea t  genera t ion  rate, d e t a i l e d  modeling of cask geometry, 

and materials p r o p e r t i e s  independently checked were app l i ed  i n  R f i n i t e  

d i f f e r e n c e  formulation. Good agreement wi th  TN's r e s u l t s  w a s  

obtained. Comparative temperature p r o f i l e s  are shown i n  Table 7. 

7.6 SUWAHY 

The 'thermal. eva lua t ion  presented  i n  t h e  TN-BRP SARP has been found 

t o  m e e t  t h e  requirements of 10 CFR Pt. 71. regula t ions .  Temperature 

p r e d i c t i o n s  found i n  t h i s  document are judged to be reasonable  e s t ima tes  



53 

0 

U 

t 
E 

i 

e 
a 

S 
U 
r 
f 
a 
C 

e 

17 1 
171 
171 
172 
173 
174 
175 
176 
177 
179 
178 
178 
17’3 
179 
1 80 
181 
181 
181 
181 
181 
181 
181 

1811 
179 
179 
179 
178 
178 
178 
17 8 
178 
179 
179 
180 
180 
181 
182 
183 
184 
18.5 
1 85 
186 

187 
187 
188 
188 
188 
189 

181 

187 

Table 7. 

C 

A 

S 

K 

B 

0 

D 

Y 

rear 

17 1 
I72 
172 
173 
175 
176 
177 
17 8 
179 

180 
181 
182 
182 
183 

184 
184 
184 
184 
184 
184 
184 
184 
a 82 
181 
181 
180 
179 
179 
179 
179 
180 

182 
183 
184 
185 
186 
187 
188 
188 
189 
190 
190 
191 
191 
192 
192 
192 

i a o  

184 

is1 

0 

i u 
n t 
6 6 
i i 
d d 
e e 

6 6 

U U 

r r 
f f 
a a 
C C 
e e 

o m  
Front  

_ _  ~ 

17 2 
172 
174 
175 
176 
177 
178 
178 
179 
179 
180 
180 
181 
181 
181 
181 
182 
182 
182 
181 
181 
181 
181 
180 
180 
179 
179 
17 9 
179 
179 
179 
179 
179 
17 9 
180 
180 
181 
181 
183 
184 
185 
186 
186 
187 
187 
188 
188 

188 
188 

189 

17 2 
174 
176 
178 
179 
180 
181 
182 
183 
183 
184 
184 
184 
185 
I as 
185 
1.85 
185 
184 
184 
184 
183 
183 
182 
181 
181 
180 
180 
180 
180 
181 
181 

182 

184 
185 
186 
188 
189 
190 
190 
19 1 
19 1 
191 
191 
191 
19 1 
19 2 
192 

182 

1a3 

i 
n 

i 
li 

a 
e 

E 

U 
r 
f 
a 

e 
C 

rear 

Comoarison of medicted steady s t a t e  cask body 
temperatures For the TN finit;! element rnodel-and the ORNL f i n i t e  
difference model. 



5 4  

of the values that may actually be experienced. 

sf the TN-BRP transport/storage sa& should meet the requirements of 

Federal regulations applicable t d  spent fue l  shipment. 

The thermal performance 
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Over t h e   pa^: year t h e  s u b j e c t  SARP has been reviewed at both  in t e r im  

and f i n a l  s t a g e s  t o  e n m r e  conformance wi th  10 CFR P t .  7 1  i n  t h e  area of 

nondes t ruc t ive  e x m i n a t i o n  (NDE). Paragraph 71.85(a) of 10 CFR P t ,  71  

r e q u i r e s  t h a t  before use t h e r e  be assurance  of no flaws t h a t  could 

s i g n i f i c a n t l y  reduce t h e  e f f e c t i v e n e s s  of t h e  packaging. 

of 10 CFR Pt, 71 r e q u i r e s  t h a t  special. processes ,  inc luding  NDE, be  

R e o n t r o l l e d  and accomplished by q u a l i f i e d  per60nnel us ing  q u a l i f i e d  

procedures i n  accordance wi th  a p p l i c a b l e  codes. s tandards.  s p e c i f i c a t i o n s .  

cri teria,  and o t h e r  s p e c i a l  requirements." Paragraph 71.37(a) of 

10 CFR Pt. 7 1  r equ i r e s  i d e n t i f i c a t i o n  of any e s t a b l i s h e d  codes and 

s t anda rds  proposed f o r  use. 

are n o t  def ined  i n  10 CFR P t .  71. 

a c t i v i t i e s  involved the r e v i e w  of i n t e r i m  s t a g e s  of t h e  SARP and r e l a t e d  

correspondence as w e l l  as p a r t i c i p a t i o n  i n  review meetings w i t h  TRT 

personnel. t o  ensure t h a t  t h e  requirements were be ing  m e t .  

Paragraph 71.119 

Additional. d e t a i l s  or recommendations on NDE 

Toward meeting t h e s e  objec t ives .  

8.1 EEVIEW OF TN DESIGN CRITERIA DOCUMENTS 

The f i r s t  review a c t i v i t i e s  (February and March 1984) were on t h e  TN 

i n i t i a l  des ign  cri teria document da ted  January 27. 1984. and t h e  TN 

prel iminary des ign  

Pressure  Vessel. Code, Sect ion  111, Article  NC 2000 ( C l a s s  2 vessels) and 

t h e  s p e c i f i c a t i o n  requirements of Sec t ion  If for material requirements. 

Both documents c i t e d  t h e  ASME Boiler and 
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The c i t e d  ASME doc e n t s  were reviewed relative t o  NDE requirements.  

included t h e  Sec t ion  II material specifications referenced i n  t h e  TN 

prel iminary design document , 

This 

The referenced material s p e c i f i c a t i o n  f o r  t h e  forged s h e l l ,  bottm, 

and lid of the casks were SA 508 o r  SA 350. Subsect ion NC 2540 f o r  

forgings and b a r s  r equ i r e s  e x m i n a t i o n  i n  accordance wi th  the material 

e p e c i f i c a t i o n s  and provides  guidance f o r  magnetic p a r t i c l e  and l i q u i d  

pene t ran t  examination when one of t h e s e  is  requi red  by t h e  r u l e s  of t h i s  

subsecFion. SA 350 ( s t e e l  fargingp; f o r  p ip ing  components) i d e n t i f i e s  

magnetic p a r t i c l e  and l i q u i d  pene t ran t  examinatx'on as suppl  

requirements, app l i cab le  only when s p e c i f i e d  by t h e  purchaser,  SA 508 

(steel forg ings  f o r  pressure  v e s s e l s )  r e q u i r e s  dimensional, v i sua l .  

magnetic p a r t i c l e ,  and u l t r a s o n i c  examinations. 

The u l t r a s o n i c  e x m i n a t i o n  i s  t o  be performed by both long i tud ina l  and 

angle  beam techniques.  

discussed i n  this repor t . )  

r e l i a n c e  on only a surfare examination (magnetic p a r t i c l e  o r  l i q u i d  

pene t ran t )  w a s  deemed inadequate.  

vo lumetr ic  ul erasonic  examination. 

(The a d d i t i o n a l  examination d e t a i l s  w i l l  not be 

For t h e  approximately 9-in.-thick vessel, 

A recommendation was made f o r  use  of 

For t h e  t runnions  and l i d  alignment pins.  re fe rence  was made t o  SA 564 

( s t e e l  b a r s  and shapes). which has no requirements fo r  NDE, 

deemed appropr i a t e  f o r  forg ings  up t o  15-in. d i m .  and a rec 

made t h a t  volumetr ic  u l t r a s o n i c  examination should a l s o  be  used for t h i s  

load-bearing member. 

This was nut  
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For t h e  b o l t s  far tbe impact limiter, lSd, trunnion, and p ro tec t ive  

cover. reference was made t o  SA 320 (alloy steel bo l t ing )  o r  SA 193 (a l loy  

steel  and s t a i n l e s s  steel b o l t i n g  f o r  high temperatures). Neither required 

ME. This was considered inadequate, and recommendations were made f o r  

sur face  NDE such 8s magnetic p a r t i c l e  o r  l i q u i d  penetrant  examination, 

Because of apparent inadequacies i n  t h e  Code Class I1 requirements for  

t h i s  appl ica t ion ,  a review w a s  made f o r  comparison wi th  NjDE requirements 

f o r  Class I. For forgings,  MB 2540 ( f o r  Class I) r equ i r e s  u l t r a son ic  

examination. 

be examined by magnetic p a r t i c l e  o r  l i q u i d  penetrant  methods. 

NB 2540 also r equ i r e s  a l l  access ib l e  sur faces  of forgings t o  

The 

procedural requirements and acceptance s tandards f o r  t he  sur face  

examination are equivalent  f o r  Classes I and 11, For bol t ing ,  MB 2581 

(Class I) r equ i r e s  V i 6 U d ~  magnetic p a r t i c l e  o r  l i q u i d  penetrant ,  and 

u l t r a s o n i c s  f o r  b o l t s  more than 2 in. d i m .  

8.2 REVIEW OF FIRST DRAFT OF SARP 

7 In  May 1984, t h e  first e d i t i o n  of t h e  "N-BRP SARP was reviewed 

r e l a t i v e  t o  NDE requirements. 

SARP were t h e  same as noted above i n  t h e  design cr i ter ia  documents. and the 

review comments were repeated. I n  addi t ion,  as shown i n  Dwg. 3010-150-3 of 

t h e  d r a f t  SARP, the s h e l l  is jo ined  t o  the  bottom wi th  a b u t t  weld. ASME 

B o i l e r  and Pressure Vessel Code, Sect ion 111, Subsection NC 5211 s p e c i f i e s  

Most of the c i t e d  requirements i n  the d r a f t  

radiographic examination. (If t h e  weld is quench and tempered. magnetic 

p a r t i c l e  o r  penetrant  examination is required a f t e r  hydros ta t ic  t e s t ing . )  

The minimum requirements o f  t h e  Code do no t  r equ i r e  u l t r a s o n i c  examination 

of t h e  w e l d  (although t h e  cu r ren t  t rend  is  for pressure  vessel 



manufacturers t o  use  U ~ ~ ~ U X X K ~ C B  t o  examine t h e  welds).  ORE& rec 

u l t r a s o n i c  ex 

assurance of t h e  weld q u a l i t y  rand i n t e g r i t y .  These c 

through appropr i a t e  channels  t o  TPJ. 

Jna t ion  of t h e  b u t t  weld of t h e  cask t o  provide improved 

e n t s  were conveyed 

Subsequently i n  J u l y  1984, by both te lephone and l e t t e r  communication, 

"I"BJ contac ted  0EW.L stating that  the Procurement S p e c i f i c a t i o n  f o r  t h e  cask 

imposed t h e  fol lowing NDE requirements: 

1. The forg ings  f o r  the s h e l l ,  bottom, l i d ,  and t runnions  were to be 

exmined i n  accordance wi th  ASME s p e c i f i c a t i o n s  SA 654 ( f o r  s teel  bars 

and shapes) inc luding  t h e  examinations f o r  ASME B o i l e r  and Pressure  

Vessel Code, Sect ion 611. Class I forgings.  The u l t r a s o n i c  

examinations 3re s p e c i f i e d  i n  SA 388, which r e q u i r e s  t h a t  a l l  forg ings  

be  examined by t h e  s t r a i g h t  beam technique. The acceptance c r i t e r i a  

s p e c i f i e s  ( fo r  t h e  s t r a i g h t  beam examination) no i n d i c a t i o n  equal to ,  

or l a r g e r  than  t h a t  from a 1/4-in, d i m  flat-bottom hole.  

r e q u i r e s  that a l l  r i n g  forg ings  and h o l l m  fo rg ings  be examined us ing  

t h e  angle  beam technique wi th  an acceptance cr i ter ia  of no i n d i c a t i o n  

equal to ,  ot l a r g e r  than  t h a t  from a c a l i b r a t i o n  notch, 1 /4  in .  deep by 

1 in .  long. 

SA 388 ale0 

2. me shell-to-bottom weld is to b e  examined by radiographic ,  ultrasonic, 

and magnetic p a r t i c l e  o r  l i q u i d  pene t ran t  methods i n  accordance wi th  

ASME Code, Sect ion V (NDE) and Sec t ion  111, Subsection NC 5000. 

It w a s  agreed t h a t  t h e s e  requirements i n  t h e  purchase s p e c i f i c a t i o n  

met t h e  i n t e n t  of t h e  QREfL comment r e l a t e d  t o  NDE requirements. 



8.3 REVIEW OF TN POSITION PAPER ON USE 

Also submitted by TN i n  July 1984, 

OF ASHE CODE 

w a s  a pos i t i on  

paper  discussed the  use of the ASME Code [Section 111, 

paper. 27 

Subsection NC (with 

modif icat ions)]  for design, f ab r i ca t ion ,  and inspec t ion  of shipping casks 

8s a supplement tea (and method of implementation of) 10 CTR Pt .  7 1  and t h e  

U. S. NRC Regulatory Guide 7,6. l2 

Class I (Subsection 1 requirements €or NDE of forging and b o l t i n g  

materials and t h e  add i t ion  of u l t r a son ic  examination requirements f o r  the 

welds, 

conta in  s u f f i c i e n t l y  d e t a i l e d  guidance t o  ensure adequate NDE for  t h e  

casks, i t  seemed reasonable to adapt por t ions  of t h e  ASME Code t o  pravide 

such guidance. 

forgings,  bo l t i ng ,  and welds w e r e  addressed above r e l a t i v e  t o  the 

Procurement Spec i f ica t ions .  

radiography. and magnetic p a r t i c l e  or  l i q u i d  penetrant  methods were t h e  

same f o r  Classes I and IT, 

t h e  weld exceeded t h e  requirements f o r  e i t h e r  Class I o r  11. 

The modif icat ions included invoking 

Because the c i t e d  10 CPR Pt .  71 and Regulatory Guide 7.6 do not  

Details of t h e  upgrading t o  Glass I NDE requirements f o r  

The acceptance s tandards fo r  ultrason3c8, 

The requirement f o r  u l t r a s o n i c  examination of 

The pos i t i on  paper also documented t h e  TN i n t e n t  t o  requi re  t h a t  t h e  

cask f a b r i c a t o r  be an ASME-authorized supp l i e r  of components (Ea c e r t i f i c a t e  

holder)  and t o  use a third-party Authorjzed Nuclear Inspector.  

personnel wi th  such experience should enhance t h e  confidence i n  t h e  work 

performed (if i t  i s  spec i f i ed  i n  t h e  requirements and proper examination 

d e t a i l s  are i n  t h e  f a b r i c a t i o n  examination procedures). 

a l e t te r  w a s  submitted not ing t h a t  u l t r a son ic  exam5nation of welds is not  

required by Sect ion I11 of the ASME Code; therefore ,  pre-existent 

ASME-approved procedures might no t  be an t i c ipa t ed ,  

Use of 

I n  September 1984, 

It w a s  recognized that 



r e s p o n s i b i l i t y  vas l i m i t e d  t o  detllign a ~ ~ ~ ~ t ~  sf the casks, w i t h  

f a b r i c a t i o n  and exmination ta be t h e  respons ib i l i ty  of others. Howevers 

ended that the r e s p o n ~ i b l g  parties! ensure that adequate 

examination procedures be implemented by having a rewiew a i  the procedureg 

and performance by permns with  good technical  knowledge in NDP. technology. 

8.4 RmPm OF IN RIM DRQTS OF SARP SECTIONS 

During t h e  priod from November 1984 to January 1985, OW% reviewed 

inter3irn revised d r a f t s  of sections of the SARP. 

t echn ica l  requirements (noted above) had been incorporated,  bu t  

occas iona l ly  withaut re ference  ea t h e  gmerning documentation. 

addition, Chap. 8 of the SAP2 required the a p p l i c a t i o n  of l i q u i d  pene t ran t  

ot magnetic particle ex i n a t i o n  of l i d  lifting lugs and trunnions a f t e r  

In general, the  NDE 

In 

load tests;. O R K  recamended that approved written procedures be 

referenced and used, 

i n  a rtmiew meeting (February 1985) wi th  DOE, E G G  Idaho. TN, and 6 

These shortcomings were noted i n  correspondence and 

8 

ptXsozlne1, 

8.5 REVXEFa OF FINAL DRAFT OF SARP ANB @ONCL,USIONS 

content .  I n  general .  the  requested modif ica t ions  had been made. 

Recommendations were repeated for docmentation r e fe rences  t o  surface 

examination techniques to  be  used af ter  load tests an lifting. lugs ,  and 

tmxinions. As noted earlier. ORNL has  not reviewed the d e t a i l e d  NDE 

procedures and tes t  r e s u l t s .  k w @ v @ r D  i f  t h e  'NBE requix eats cited i n  the 

S A W  are properly implernenfed. that phase of the design and f a b r i c a t i o n  of 
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the BRP cask should be adequate fox the proposed o n e t h e  transportation of 

spent fuel and to meet the requirements for NDE imposed by 10 CE'R Pt. 71 

and Regulatory Guide 7.6, 
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9.1 OVERVIEN 

An independea: revim of Chap. 2, m'StrUctural Evaluation," of t h e  

1 TN-BRP SARP and r e l a t e d  materials was performed. The review 

a c t i v i t i e s  began i n  1984 and continued thxough 1985. 

cons&sted of receiving por t ions  of t h e  SARP, thoroughly reading t h e  

submitted material, comparing t h e  reported r e s u l t s  with the  appropr ia te  

regula t ions  o r  design c r i t e r i a ,  performing independent ca l cu la t ions  €or 

checking purposes, submitt ing comments f o r  considerat ion by TN. and 

cons idera t ion  of the  comments of o thers  t h a t  had reviewed the same 

material. During t h e  review a c t i v i t y .  a l l  comparisons with regula t ions  

were made by reference t o  10 GFR Pt. 7 1 . ~  U.S. NRC Regulatory Guides 

7.617 and 7.8.18 appl icable  sec t ions  of t h e  ASME Boi l e r  and 

Pressure Vessel Code, and ASTM Standards. 

The review 

9 .2  REVIEW FINDINGS 

Chap. 2 of t h e  SAM' addresses t h e  s t r u c t u r a l  aspec ts  of t h e  cask i n  

tbe major areas of containment, f u e l  6UppOrt, l i f t i n g  and r e s t r a i n t .  and 

impact protect ion.  

below. During t h e  review process. s i g n i f i c a n t  design changes were made 

as a r e s u l t  of needs i d e n t i f i e d  by TN and those i d e n t i f i e d  by t h e  review 

process. 

d e t a i l e d  ana lys i s  of a l l  por t ions  of t h e  Cask. 

review of mechanical i n t e g r i t y  is  not  a mature technology. The design 

of a l l  po r t ions  of t h e  cask is no t  cwered by codes o r  standards.  For 

Each of these  areas w i l l  be  addressed separa te ly  

It was not  poss ib le  due t o  t i m e  ava i l ab le  t o  perform a 

A t  the present  time, the  
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the containment function excluobve of B C ~ . S -  ~mnd bslting, U,S,  NRC 

Regulatory Guides 7.6 end 7.8 ~ e m e  8s eodea; of aesepaable ~ ~ X ~ O E I Z \ B X X ~ ~  

supplemented by the AS o i l e r  and Pressure Vessel Code. There are no 

similar guidelines for the acceptability o f  l i f t i n g  and restraint  

~ I T S ~ ~ I I L B ,  amad impact protection. The reviewers were prohibited from 

having direct eontact with the NRC a t  the tima o f  t h i s  review. The 

review process was thus based on judgments of personnel wwith experience 

in design o f  casks and submi t ta l  of S A W S  but could not direct ly  benef i t  

by contac t  w i t h  the NRC. 

TN has provided analytical demonstrations that the cask meets 

10 CFR Pt. 71 and Regu1atm-y Guides 7 . 6  and 7.8. '!%%is was accomplished 

by use o f  the computer program bJW'YS28 and a series of hand 

calculat ions.  

W-33XB SmF and O m  reviewers' calculations.  

The following paragraphs provide B comparison between the  

The stresses .in the cask ends were checked by simplified hand 

calcu3.ations. !J%e stress in the cask bottom due t o  150 psi internal 

p~essenre w a s  found by the reviewers to be 1,508 ps i  vs. 1456 p s i  (SARP 

p. 2.A,1-43). 

lower impact limiter was found by the reviewers to be 17,407 pgi vs 

28,700 psi (SmP p. 2.A.1-47). Stress i n  t h e  %id was found by the 

reviewers to be 2.500 psi and 30,493 psi under 150 psi and 80 g impact, 

respectively, versus 2.355 psi and 18,599 p s i  as s p e c i f i e d  at  cross 

sect ion 1-1 on Table 2.A.1-16 (SARP p. 2.A.1- 

Stress at 88 g axial impact and 43 p s i  and excluding the 
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S t r e s s e s  induced i n  the cask wal ls  by t h e  t runnions  were checked 

us ing  B i j l a a r d ’ s  methods. M a x i m u m  membrane stress was found by t h e  

reviewers t o  be 2,044 psi and m a x i m u m  membrane and bending vas 17,025 

p s i  VS. repor ted  stresses of 1,959 psi and 18,842 p s i  r e spec t ive ly  (SUP 

p. 2.A. 1-90]. 

Stress in t h e  cask w a l l s  due t o  150 p s i  i n t e r n a l  p re s su re  was 

checked and found by t h e  reviewers t o  be 433 p s i  (hoop). 217 p s i  

( a x i a l ) ,  and 367 p s i  ( r a d i a l ) .  Reported stresses were 584 p s i  (hoop), 

217 p s i  ( a x i a l )  and 150 psi (radial) (SARP p. 2.A.1-42). S t r e s s  due t o  

25 p s i  e x t e r n a l  p re s su re  was found by t h e  rwiewers to be 123 psi and 

was n e g l i g i b l e  as specified at c r o s s  s e c t i o n  19 i n  t h e  SARP (SARP p. 

1.A.1-77). 

4,662 p s i  vs.  3,107 p s i  (SARP p. 2.A.l-45) and 8,874 psi v6. 7,905 p s i  

S t r e s s  during 30-ft impact was found by t h e  reviewers t o  be 

(SBRP p. 2.A.l-48). 

9.4 FUEL SUPPORT 

The fuel i s  supported by a basket cons t ruc ted  of a s t a i n l e s s  steel  

a l loyed  wi th  boron. TN has provided a n a l y t i c a l  models of t h e  mechanical 

performance of the basket .  The major requirement f o r  t h e  basket is t o  

provide p o s i t i o n i n g  of t h e  f u e l  and t h e  moderating cons t i t uen t ,  boron. 

The a n a l y s i s  must demonstrate that t h e  baske t  does not permit excess ive  

motion and t h a t  t h e  gene ra l  topology i s  re ta ined .  While s p e c i f i c  

c r i t e r i a  fo r  f u e l  motion o r  baske t  topology were not stated, the  ORNL 

s t r u c t u r a l  reviewers and t h e  ORNL c r i t i c a l i t y  reviewers d iscussed  t h e  

adequacy of IT9s design a t  l eng th  and agreed t h a t  t h e  l i m i t e d  basket 

d i s t o r t i o n  was acceptab le  (see Sect.  4.2, p. 13 of t h i s  r e p o r t ) .  



A check was made on the capacit ies  o f  t h e  baske t  p l a t s?  assemblies 

Simplifying assumptions were made and the under v a r i o u s  g loadings.  

r e s u l t s  of c a l c u l a t i o n s  compared ea t h e  f i n i t e  el 

i n  the SBRP. 

VB. SARP v a l u e s  of 4.250 1be !SARP p.  2.A.2-73). The maximum load  under 

120 g cond i t ions  was 87.976 Ibs vs. an ad jus t ed  v a l u e  at 120 g of 91.680 

lbs (SARP S e c t .  2.A.2-91. for 100 gl. Using a 31,000 p s i  yield stress 

allowable, the maximum g-load capac i ty  was found ta be 95 g which 

exceeds t h e  maxialum t r a n s v e r s e  a c c e l e r a t i o n  of 80 g. 

ent analysis results 

'Il-ie maximmi p l a t e  load  under 5 g cond i t ions  was 3,568 lbs 

Ind iv idua l  p l a t e s  under suppast  c o n d i t i o n s  of one-end fixed and 

one-end simply supported were checked for m e x i m u m  buckl ing  stress 

cons ider ing  a f u l l  7.12 i n ,  l ength .  A c r i t i c a l  buckl ing s t ress  of 

28,273 psi .  w a s  found. 

r e s t r a i n t )  t o  the minirnw bea r ing  area. t h e  m a x i m i u n  a c c e l e r a t i o n  

capac i ty  of 86.8 g which exceeds t h e  m a x i m u m  expected transverse 

a c e e l e r e t i o n  of 80 g. 

When t h i E  stress is app l i ed  (no spread QT lateral. 

The func t ion  o f  t h e  basket assembly i s  t o  maintain s e p a r a t i o n  of 

t h e  fue l  elements.  Some l o c a l i z e d  p l a s t i c  deformation ris acceptable .  A 

cheek W A S  made of m a x i m u m  deformation under 126 g-load condi t ions .  

m a x i m i m  d e f l e c t i o n  under e l a s t i c  cond i t ions  w a s  .058 i n .  Local stre66 

l e v e l s  are above the  u l t i m a t e  bending capac i ty  of t h e  p l a t e  but below 

the ultimate shear c a p a c i t i e s .  This  i n d i c a t e s  i n e l a s t i c  deformations 

greater than t h e  c a l c u l a t e d  e l a s t i c  defomati.ans would be expected at 

t h e  conserva t ive  120 g-loading level,  This may be compared t o  the 

maximurn  f i n i t e  element SAlRP r e s u l t s  of .Q63 i n ,  on an interior plate 

(SARP p. 2.A.2-98) and .IO7 in .  on an e x t e r i o r  plate.  A nominal gap of 

The 
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.I4 i n ,  e x i s t s  i n i t i a l l y  between t h e  Euel e lement  and a d j a c e n t  p l a t e s .  

Under c o n d i t i o n s  of 108 8 aceeleration in two s imul taneous  d i rec t i .ons ,  

adjacent deformed p la te s  would n o t  touch a fuel element. It is 

t h e r e f o r e  f e l t  t h a t  the e x i s t i n g  egg crate  p l a t e  design is  adequate, 

9.5 LIFTING ANlD RESTRAINT 

The l i f t i n g  and r e s t r a i n t  f u n c t i o n s  are  provided by f o u r  t r u n n i o n s  

t h a t  are bo l t ed  t o  t h e  cask. body, TN has prov-ided a series of hand 

calculations f o r  the des ign of t h e  t r u n n i o n s  and b o l t s .  

series of  c a l c u l a t i o n s  were made by O N .  

A similar 

T r a n s p o r t a t i o n  stresses i n  the t r u n n i o n s  were checked under the 

s m e  c o n d i t i o n s  i v  t h e  SAW. Assuming loads  are u l t i m a t e l y  r e s i s t e d  

only by t h e  pre loaded  b o l t s .  assuming no c r e d i t  f o r  f r i c t i o n ,  s h e a r  

stress was found by t h e  rev iewers  t o  be 54.926 p s i  and m a x i m u m  t e n s i o n  

stress w a s  51,975 p s i v s .  28,900 p s i  and 78,300 p s i  (SARP p. 2.A.3-19) 

r e s p e c t i v e l y  . 
The stress i n t e n s i t y  was found t o  be 116.15 k s j  and t h e  a l l o w a b l e  

i n t e n s i t y ,  u t i l i z t n g  a c t u a l  m a t e r i a l  v a l u e s ,  w a s  found t o  be 121.63 k s i  

a t  200'F (SARP p. 2.A.1-68). 

w a s  97.4 ksi (SARP p. 2.A.3-19). Trunnion stresses were checked and 

found very c l o s e  t o  the r e p o r t e d  values. 

The r e p o r t e d  stress i n t e n s i t y  value 

9.6 IMPACT PROTECTION 

T h e  c a s k  i s  p r o t e c t e d  from impact by a composi te  s t r u c t u r e  of balsa 

and redwood encased i n  carbon s teel  and w i t h  removable aluminuni 

s p a c e r s .  

p r o p r i e t a r y  computer program, ADOC. The SARP provides  an overview of 

The d e s i g n  of t h i s  s t r u c t u r e  was performed by TN utilizing a 



t he  procedures i n s o x p o r a t d  i n t o  t h i s  program and the r e s u l t i n g  

performance o f  t h e  l imi te r  i n  ternla o f  force ,  de f l ec t ion ,  and t i m e  over 

8 range of drop angles  and material prope r t i e s .  In add i t ion ,  the  

p red ic t ions  of AD06 are compared wi th  s impl i f i ed  a n a l y t i c a l  models snd 

s c a l e  model tests. The reviewers have compared t h e  p red ic t ion  of AQOC 

wi th  the s impl i f i ed  models end experiments and with a similar program 

developed i n  t h e  course  of: the review, 

iuaterial p r o p e r t i e s  used were found t o  be conserva t ive  and appropr i a t e  

The r e s u l t s  of ADBC and the  

f o r  design. 

9.7 C O N a U S I O N S  ON STRUCTfJWAI, REXZhXd 

The s t r u c t u r a l  eval.ixation s e c t i o n  of t h e  S U P  was t h e  most modified 

and l a s t  received po r t ion  of the SARP. Only l i m i t e d  po r t ions  oE t h i s  

chap te r  of t h e  SARP are  addressed by codes and s tandards  or  by a mature 

design procedure: As such, judgement was c a l l e d  f o r  on t h e  p a r t  of t h e  

reviewer i n  terns o f  weighing t h e  a n a l y s i s  provided aga ins t  t h e  

performance b a s i s  of 10 CFR Pt. 71. 

d i scuss ion  i n t e r n a l  t o  O W  and i n  conjunct ion wi th  TN, an understanding 

was developed f o r  a l l  r e l evan t  a spec t s  of the SARP. In some casee3. such 

EIB t h e  ds’rect: use of the AS Code i n  p l ace  of t h e  Regulatory Guides 7.6 

and 7.8, t h e  reviewer igno~ed what vas considered t o  b e  i r r e l e v a n t  

material. 

the bending load  induced tene ion  were judRed t o  be unacceptable  and an 

a l t e r n a t i v e  a n a l y s i s  was performed which provided t h e  reviewers with 

confidence i n  t h e  design. 

the S A W  as a document i s  not developed t o  an  expected f i n a l  state.  It 

Afte r  cons iderable  r e v i e w  and 

I n  the t runnion ana lys i s ,  t h e  use of f r i c t i o n  and d e t a i l s  of 

The above are s t a t e d  only to i n d i c a t e  t h a t  
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does, however. provide suff ic ient  evidence that a review can be 

conducted leading to an affirmative conclusion on the adequacy of the 

cagk in  terms of the  a b i l i t y  to  satisfy all appropriate regulatory 

requirements. 
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IO. 'PEJ-BRP CONTAINMENT REVIEW 

10.1 OVERVIm 

An independect review of SARP Chap. 4, nContainment.*t and the s e c t i o n s  

and appendices r e l a t e d  t o  the l i d  c l o s u r e  seals and b o l t s  from SARP 

Chap. 2, "S t ruc tu ra l  E.sralustion,n has been performed. The rwiew 

ac t iv i t ies  began in 19114 and continued through 1985. 

of r ece iv ing  po r t ions  o f  t h e  SARP, thoroughly reading t h e  submit ted 

material, comparing wi th  appropr i a t e  r e g u l a t i o n s  o r  c r i t e r i a ,  performing 

independent c a l c u l a t i o n s  f o r  checking purposes, submit t ing comments for 

cons ide ra t ion  by 'I%, and cons ide ra t ion  of t h e  comments o f  o t h e r s  t h a t  had 

rwiewed t h e  same material. During t h e  rwiew a c t i v i t y ,  all comparisons 

wi th  r e g u l a t i o n s  were made by r e fe rence  t o  10 CFR Pt. 71, ANSI N14,5. 

and U.S. MRC RegUl8tQry Guide 7.4.30 

i s  contained i n  Chap. 4, Sects. 4.2 and 4.3. 

The review consisted 

29 

The design cr i ter ia  from the SARP 

10.2 R E V I E X  FINDINGS 

The SARP provides  a n a l y t i c a l  and empir ica l  evidence t h a t  t h e  con ten t s  

of t h e  cask w i l l  b e  adequately contained under a l l  prescr ibed  condi t ions .  

This evidence i s  provided i n  terms of a demonstration of t h e  mechanical 

i n t e g r i t y  of t h e  seals. b o l t i n g  and c l o s u r e  f langes ,  p rovis ion  of s u p p l i e r s  

performance spec i - f i ca t ions  f o r  t h e  seals ,  determina t ion  of permiss ib le  leak 

rates,  and demonstration t h a t  t h e  permiss ib le  l e a k  rates are g r e a t e r  than  

t h e  expected l e a k  rate. 
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As with  the  E3Structural  h b a l u ~ ~ t i o n ,  B1 

methodology f a r  demonatration o f  adequacy 

ehaptes aP t h e  SARP, the 

of contsitment by ans lys i s  is woe 

8 mature technology-. 

reference to procedures of the  ASNE B o i l e r  and Pressure  Vessel Code. While 

these procedures  are w e l l  recognized a6 adequhste in many circumstances.  

the ir  a p p l i c a b i l i t y  f u r  URC" i n  cask design has not  been generally 

accepted, Tine approach taken by the r e v i e w  requi red  B d e t a i l e d  examination 

of Lhe   tress a n a l y s i s  o f  The contaimenat system. This design changed 

s i g n i f i c a n t l y  over t h e  review period.  

the  changes be ing  made, A completely independent a n a l y s i s  of the mechanical 

i n t e g r i t y  of t h e  containment system w a s  not  poss ib l e ,  Ins tead ,  a series of 

confirming hand c a l c u l ~ s i u n s  were made. 

'L"rJ chose 60 design the cont.aiment system by 

Because of the time a v a i l a b l e  and 

These c a l c u l a t i o n s  addressed t h e  

loading  condi t ion ,  load pathso  and material c a p a b i l i t y .  The review was 

focused on the question o f  general agrement  between TPJ and ORMA 

c a l c u l a t i o n s  and determinat ion that the state of stress i n  the b o l t s  andl 

f l anges  was below y i e l d .  

obtained. 

f o r  w small por t ion  o f  some b o l t s .  

l i d  causing a bending d i s t o r t i o n  i n  some of the bolts. 

i n t e g r i t y  i s  based an t h e  e las tomer ic  seal, t h e  small moun t  of y i e l d i n g  is 

n o t  expected to c m s e  a loss of containment. 

It w a s  found t h a t  gene ra l  agreement was 

'The stress condi t ion  i n  the b o l t s  repor ted  by TW w a s  above y i e l d  

This is due t o  lateral  loading of t h e  

Since t h e  closure 

'The S A W  i n d i c a t e s  t h a t  t h e  main c l o s u r e  w i l l  be subjec ted  t o  a 

45 p s i g  i n t e r n a l  pressure and 80 g, axial impact imder acc iden t  condi t ions ,  

For these condi t ions ,  t h e  m a x i m w n  load per b o l t  W B F  calculated to be 3,016 

Ib lbs l te :  and 121,666 Ih/balt  versua 3,450 l b j b o l t  and 131,363 l b / b o l t  (pe r  

SARP p p .  2.A.6-126 and 2.A.3-l52C.) This  loading  would r e s u l t  i n  a 
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momentary seal loss  on the metal Helicoflex seal but containment would be 

preserved by the Viton b r i n g .  

integrity was calculated. 

Under normal csnditions no l o s s  of sed. 

10.3 CONCLUSIONS ON CONTAINHENT REVIEW 

The cloeure system of the cask has been adequately shown to meet the 

prescribed design cr i ter ia  and regulatory requirements in  the judgement of 

the reviewers. 
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1 The review sE materials sec t ion  for  the  TN-13RP SARP has focused 

3 on t h e  requirements sf 10 CFR Pt. 71 

b r i t t l e  f r ac tu re .  

condi t ions  t h a t  may occur a t  an i n i t i a l  temperature of -20%. 

r e l a t e d  t o  prevention aga ins t  

That document r equ i r e s  casks t o  withstand accident  

A t  t h a t  

temperature, many l~steels are sub jec t  t o  b r i t t l e  f r ac tu re ,  and 

s u s c e p t i b i l i t y  of t h e  steel i s  dependent on many fac tors .  

review was t o  e s t a b l i s h  a procedure which would minimize t h e  p o t e n t i a l  f o r  

b r i t t l e  f r a c t u r e  of t he  cask. 

steels i s  dependent on operat ing temperature, t h e  procedure should 

necessar i ly  def ine  temperature condi t ions  wi th in  which t h e  cask body can be 

t ransported.  One published document addressing material toughness cr i ter ia  

f o r  f e r r i t i c  steel shipping casks is NUREG/CR-181531. which w a s  

prepared f o r  t h e  Transportat ion C e r t i f i c a t i o n  Branch, Off ice  of Nuclear 

Material Safety and Safeguards. U.S. Nuclear Regulatory Commission (NRC). 

The NRC has, in f ac t .  published a d r a f t  U.S.  NRC Regulatory Guide based on 

t h a t  report. 

t h i c k  o r  less. 

repor t  have not  been adopted by t h e  NRC. 

conta iners  g r e a t e r  than 4 in .  - thickness,  N U R E G / C R - ~ ~ ~ ~ ~ ~ ,  was published 

i n  July 1984. 

One goal of t h i s  

Since t h e  f r a c t u r e  toughness of f e r r i t i c  

However, t h e  information w a s  developed fo r  conta iners  4 in .  

To t h e  b e s t  of ORNT.,'s knowledge, t h e  provis ions of t h a t  

A subsequent repor t  appl icable  t o  

The pos ture  r e c m e n d e d  fo r  t h i s  app l i ca t ion  ( a  o n e t i m e  shipment 

consider ing t r anspor t a t ion  only) w a s  opera t ion  of t h e  casks a t  a 

temperature a t  o r  above t h a t  a t  which the material a t t a i n s  100% d u c t i l e  

f r a c t u r e  as measured by standard Charpy V-notch t e s t ing .  The dynamic 
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f r a c t u r e  toughness versus temperature  r e l a t i o n s h i p  given i n  NURFGbCR-3826 

i nd ica t e s ,  for 9-l/2 in .  th ickness ,  that t h e  lower tempexature l i m i t  f o r  

f u l l y  p l a s t i c  behavior  would be approximately NDT + 120°F. That i s  

probably q u i t e  r e a l i s t i c  as en approximation of t h e  temperature at  which 

many s t r u c t u r a l  steels exhibi t  the onset  o f  f u l l y  d u c t i l e  behavior  (100% 

shear )  i.n M marpy V-notch. iJEpact test. I n  f ac t .  out of f o u r  e 

s t r u c t u r a l  s teels t e s t e d  a t  0 

2 p l a t e s ) ,  t h e  onse t  of 100% shear  occurred at about T + 120% €OF t h e  

(A508 class 1 forging,  A337 Classes 1 and 

forg ing  anel one p l a t e .  T + 90% f o r  another p la t e .  and T + 160°F 

f o r  t h e  t h i r d  p l a t e .  Thuss i t  itz important t o  recognize t h a t  s u b s t a n t i a l  

d i f f e r e n c e s  occur  even among steels of similar shemica1 composition. It is  

important t h a t  t h e  Chatpy V-n~tch absorbed energy be  s u f f i c i e n t l y  high t o  
! 

demonstrate high r e s i s t a n c e  t o  f r a c t u r e  even on the upper s h e l f .  

t i gh ten ing  the ASTM s p e c i f i c a t i o n  on elements sueh as s u l f u r  and 

By 

phosphorus, f o r  example, one can ob ta in  s u b s t a n t i a l  improvements i n  

material toughness i n  terns of t r a n s i t i o n  temperature and upper-shelf 

energy levels, 

Tlne same comments apply t o  t h e  weld metal and heat -a f fec ted  zones of 

t h e  weldments. Thus, t h e  minimal t e s t i n g  requi red  i s  drop-weight NDT of 

t h e  base metal and weld metal; Cbarpy P-notch impact t e s t i n g  of t h e  base 

and base  metal; and hardness  testing o f  a11 t h r e e  components. The 

toughness tests should be performed mer a temperature  range and at 

i n t e r v a l s  t o  allow for cons t ruc t ion  of t h e  f u l l  Charpy V-notch curve of 

b r i t t l e  t o  f u l l y  d u c t i l e  behavior.  f i e  r e s u l t s  should inc lude  t o t a l  

absorbed energy. mils lateral expansion, and percent  shear.  This  kind o f  
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in format ion  will a1l.m €or a arrfnimal assessment of t h e  m a t e r i a 1 8 B  

res i f i tance  t o  b r i t t l e  fracture as w e l l  as determina t ion  of t h e  lowest 

temperature  a t  which f u l l y  d u c t i l e  behavior  i n  a Charpy &pact teE;t i s  

achieved. 

can then  be  d e f i n e d .  

A. recornendation regarding limiting temperatures  f o r  t r a n s p o r t  

TN o r i g i n a l l y  proposed to use t h e  c r i t e r i a  f o r  8 minimum opera t ing  

temperature  ou t l ined  i n  Appendix R. Subsect ion NC, Sect.  1x1, of the  ASME 

Boiler and Preesure Vessel Code. 

procedure for determining t h e  pe rmis s ib l e  LSMT, The LSMT i nc reases  w i t h  

t h e  th i ckness  of t h e  component so t h a t  a +in. t h i ckness  requires  a LSMT of 

about MI)" -t 75% (EIDP' i s  the  n i l - d u c t i l i t y  t enpe ra tu re  determined from 

the ASTV drop-weight t e s t ) .  

requirements,  howeverb are not necessarily designed to give a LSMT i n  t h e  

Charpy V-notch upper-shelf temperature  regime. The temperature  a t  which 

upper-shelf  (meacing fully duc t i l e9  behavior  is achieved i s  dependent on 

t h e  s p e c i f i c  material and, as mentioned earlier. can vary from h e a t  t o  

hea t ,  depending cn tIlicknwLi* chemistry, h e a t  t rea tment ,  etc. 

Addi t iona l ly .  the requirements of Subsection NC were not.  t o  O W ' S  

knowledge, intended t o  apply t o  t h e  k inds  of s e r v i c e  loadings t h a t  might be 

experienced by a shipping cask. 

These c r i t e r i a  provide a graphica l  

The Appendix R procedure and Subsect ion MC 

A s  stated earlier, t h e  b a s i c  t e n e t  of t h e  ORNL roughness c r i t e r i a  i s  

opera t ion  of t h e  cask structural parts at or above the onse t  of t h e  Charpy 

V-notch impact upper-shelf  temperature.  That is, the temperature  a t  which, 

o r  above, t h e  Charpy specimens e x h i b i t  100% shear fracture, 01: fully 

d u c t i l e  f r a c t u r e .  Specifying t h e  temperature at which 100% s h e a r  f r a c t u r e  

i s  a t t a i n e d  i s  equal  to spec i fy ing  no  b r i t t l e  f r a c t u r e .  A TN response 
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s t a t e d  acceptance of the c r i t e r i o n  i n  p r i n c i p l e  and offered apec i f i c  

gu ide l ines  t o  determine that temperature.  The O N  reviewers agreed w i t h  

most of t h e  statements ou t l ined  i n  the rceponse; howeverp they d isagreed  

w i t h  t h e  s p e c i f i c  aspec t  a€ t h e  sllowanee of I e m  than  10 shea r  f racture. 

The procedure pmpQSE2d and accepted by TN f a t  detemination of t h e  

LSMT i s  8s Pollews: 

The specimen orientation should have the l o n g i t u d i n a l  axis i n  the 

transverse d i r e c t i o n  (transverse t o  t h e  major working d i r e c t i o n s )  and, 

f u r t h e r ,  t h e  crack should propagate in t h e  long i tud ina l  d i r e c t i o n  ( p a r a l l e l  

t o  the major working d i r e c t i o n ) .  The test specimens should b e  removed at a 

depth i n  t h e  component n o t  c l o s e r  t o  the s u r f a c e  than 1/4  of t h e  

th ickness ,  Far  t h e  weldxnent tests, ~pecinoenc; should be or i en ted  t r a n s v e r s e  

t o  the d i r e e t i a n  of welding wi th  crack propagat ion i n  t h e  d i r e c t i o n  o f  

welding, 

requirements as those  for base materials, and those  of weld metal should 

not be l oca t ed  closer tharrt 1 / 2  in .  of t h e  surface. 

Locat ions  of heat-affected zone specimens s h ~ u l d  follow t h e  same 

It is prec i se ly  because of material  v a r i a b i l i t y  t h a t  OF@& proposed t h e  

requirement t h a t  at least t h r e e  specimens t e s t e d  at the same temperature  

exh5bi t  no evidence o f  b r i t t l e  f r a c t u r e  ( i . e .#  18Q% sheer ) .  The 

requirements for d e t e m i n a t i o n  of the LSm are as f o l l ~ s :  

1, Three specimens s h a l l  be  t e s t e d  a t  a temperature  p red ic t ed  t o  result i n  

100% shear f r a c t u r e .  

2, If all t h r e e  specimens e x h i b i t  100% shear. t h a t  temperature  q u a l i f i e s  

; if not, two of t h e  spechens  must e x h i b i t  100% shear ,  

whi le  t h e  t h i r d  must e x h i b i t  a t  least  95% shear to qualify f o r  retest 

at the same temperature.  
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3. I f  retest ~ ~ ~ i ~ ~ e ~ t ~  are met, two add i t iona l  specimens may be t en ted  

a t  t h e  same temperature; both s h a l l  exhibit 100% shear t o  qua l i fy  t h a t  

temperature ah; t h e  LSN'I. 

4. If t h e  retest5 do not qualify-, a higher  temperature s h a l l  be selected,  

and t h e  above procedure repeated u n t i l  successful qua l i f i ca t ion .  
I 

Addit ional ly ,  ORNL agreed t h a t  t h e  f i n a l  LSMT would be t h a t  determined 

by e i t h e r  t h e  Sub~ection WC procedure or t h a t  determined by t h e  above 

Charpy V-notch t e s t i n g  procedure, whichever provides the  h ighes t  

temperature. 

All tests s h a l l  be conducted with material i n  the  f i n a l  heat- t reated 

condi t ion t o  include postweld heat treatments.  

The above procedure Ti more r e s t r i c t i v e  than t h a t  suggested i n  the  TN 

le t ter .  However, i n  t he  absence of more sophis t ica ted ,  q u a n t i t a t i v e  

f r a c t u r e  mechanics analyses  and t e s t ing ,  LI conservat ive procedure should be 

required t o  minimize t h e  p o t e n t i a l  for b r i t t l e  f r ac tu re .  The f a c t  t h a t  t h e  

more severe c o n s t r a i n t s  of t h e  thick-sect ion cask can r e s u l t  i n  an 

increased p o t e n t i a l  for brittle f r a c t u r e  serves  8s t h e  motivation for such 

conservatism. 

Regarding t h e  acceptance c r i t e r i a  €or Charpy energy, 75 f t - l b  was 

suggested as t h e  minimum Charpy V-notch impact upper-shelf energy f o r  t he  

material comprising t h e  shipping cask body and heads. 

s i t u a t i o n ,  rhe  upper-shelf energy s h a l l  be  determined at t h e  lowest LSPiT. 

The establishment of a minimum Charpy V-notch energy as t h e  basis f o r  

prevention of b r i t t l e  f r a c t u r e  i s  c e r t a i n l y  not  new, but  i t  i s  somewhat 

a r b i t r a r y  because t h e  @harpy V-notch impact test  is e s s e n t i a l l y  a 

q u a l i t a t i v e  measure of toughness. 

For purposes of t h i s  

There are various c o r r e l a t i o n s  between 



Charpy V-notch energy and f r a c t u r e  toughness f a r  ma te r i a l e  of various 

s t r e n g t h  levels, b u t  they are approximations w i t h  large degrees  of 

unce r t a in ty ,  which i s  a d r i v i n g  force i n  employing c o n s e r v a t i m s .  

Nonetheless, in t h e  absence of guantiratJlre f r a c t u r e  toughnees 

infomineion For the materials of i n t e r e s t .  c o r r e l a t i o n s  f o r  t h i s  

a p p l i c a t i o n  were used. A material s t a t i c  y i e l d  s t r e n g t h  of 50  ksi w a s  

E I S S U M ~ ~ ,  which, using a wethad developed by George Irwin, 33 t r a n s l a t e s  

t o  a dynamic y i e l d  s t r e n g t h  of about 77.5 hia It was assumed t h a t  t h e  BIDE 

procedures would allow for the c a p a b i l i t y  t o  d e t e c t  p l ana r  d e f e c t s  0.25 in .  

d e e p  and l a r g e r .  

e s t a b l i s h  a minimum c r i t i e d  flaw size o f  0.50 in .  The flaw size chosen is 

similar t o  t h a t  contained i n  Sec t ion  X I  o f  t h e  AS Code. A simple 

c a l c u l a t i o n  for a s e m i - i n f i n i t e  p l a t e  with the above c r i t i c a l  flaw depth 

assuming dynamic yield level stresses r e s u l t s  i n  a stress i n t e n s i t y  of 

about 160 ksi men, us ing  t h e  Barsom-Rolfe 

c o r r e l a t i o n :  

As 8. measur'~ of conservatism, t h i s  value was doubled t o  

34 

where 

IC. = dynamic f r a c t u r e  toughness, p5i ( in . )  1/2 
I d  

A = cons tan t  of propor t iona l i ty .  A = 4 and A -- 5 bound 
d a t a  used f o r  correlat i .on,  

E = Young's nodulus, %36 x 10 6 
p s i ,  
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cvp3 energy values of 67 f t - lb  (A = 5) and 83 f t - lb  (A = 4) are 

obtained. 

as 75 ft- lb.  

The value midway between those cor re la t ion  r e s u l t s  was selected 

The required minimum KId value of 100 ksi (in.)1i2 is  very 

c lose  t o  t h a t  which would r e s u l t  from a ca lcu la t ion  using a procedure 

s imi la r  t o  t h a t  described i n  MJREx;/CF-3826. For a 9.62-in.-thick 

container, they recommend a K / o  r a t i o  of about 1.3 f o r  the  most 

conservative flaw aspect ration. For CI of 77.5 ksi, t h a t  r a t i o  would 

Id yd 

Yd 

y i e l d  a RId of 100.75 ksi (in.)1i2. Thua. t h e  two methods of 

ca lcu la t ion  y ie ld  similar results. 

The data  package supplied by Kobe Steel for the  TN-BRP cask 

demonstrated compliance with t h e  above requirements. For the  var ious 

portions of t h e  BRP cask, the highest temperature a t  attainment of 100% 

d u c t i l e  f r a c t u r e  i s  -40°F. 

criteria, t h e  LSMT would be -54OP. 

-40'F i s  appropriate. 

are a l l  above 150 ft-lb. far i n  excess of the  required 75 et-lb. 

Using t h e  ASME Code, Subsection NC, 

Therefore. t h e  establ ished LSMT of 

Additionally, the  Charpy upper-shelf energies 

It is t h e  opinion of the ORNL reviewers t h a t  the materiale selected 

and t e s t e d  f o r  t h e  TN-BRP cask meet t h e  requirements of 10 CFR Pt. 71. 





12, "@N-REG PACKAGE DESGRIPTION 

The following is 8 b r i e f  overview of t h e  TN-RFX; package descr ip t ion .  

!I'N-RE(: psckagc is composed of a c y l i n d r i c a l  vessel f ab r i ca t ed  from a 

for&ed carbon steel cy l inde r  wi th  an i n t e r n a l  d i m  of 71.75 in .  and a w a l l  

th ickness  of 8,25  i n ,  wi th  an integral ly-welded forged carbon ateel bottom 

having a thickness  of 8.25 in .  me overall length  of t he  bas i c  vessel. is 

174.50 in .  Tfie cask body is sealed with a d i sk  shaped forged steel l i d .  

This l i d  is 82.25 in. dim with  a b o l t i n g  f lange  a t  its ou te r  edge. The 

m e x i m u m  thickness  of the I l d  is 8.50 in .  reducing t o  4.25 in.  a t  the  

b o l t i n g  flange. 

b o l t s .  

The l i d  is  a t tached  t o  the cask body by 48 1-5/8 in. diam 

The l i d  s ea l ing  is accomplished by one metallic and one Vitan 

O-ring. 

The major design f e a t u r e s  f o r  t he  TN-REG are similar t o  t h e  TN-BRP 

(see Sect. 3).  

atmosphere. 

with no forced cooling or cooling f i n s .  

body i s  150 ps ig  a t  a temnperature of 20O'F. The cask body sur faces  are 

metal spray coated with the exception of t he  sea l ing  sur faces  which are 

s t a i n l e s s  steel c lad  by weld overlay. 

The fuel is shipped dry i n  an i n e r t  gas (ni t ragen)  

Heat d i s s i p a t i o n  from t h e  cask is v i a  convection and r ad ia t ion  

The design pressure  f o r  the cask 

The cask body conta ins  t h r e e  pene t ra t ions  f o r  research d a t a  

co l l ec t ion .  

pressure  and temperature instrumentation. 

pene t ra t ions  w i l l  be sealed v i a  a bo l t ed  c losu re  and double Viton O-ring. 

The cask lid conta ins  two penetrat ions.  

t he  second is an access  por t  which is used i n  pressur iz ing  t h e  cavi ty  wi th  

!I'wo of these  pene t ra t ions  are f o r  gas sampling and one is f o r  

During t ranspor t  these  

One penet ra t ion  is a vent por t  and 
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i n e r e  gas during storage OF for introducfng cool ing  water p r i o r  t o  

r e tu rn ing  t h e  cask t o  sr. fuel pool  €or fuel t r a n s f e r ,  

are also  pro tec t ed  by s t a i n l e s s  steel bolted covers with  a s i n g l e  Viton 

O-ring i n  conjunct ion  wi th  8 metallic O-ring. 

These pene t r a t ions  

The cask s h e l l  i s  machined for  t h e  attachment of f ~ u r  l i f t i n  

t runnions f o r  cask handling. 

and is used f o r  ver t ica l  handling. 

cask bottom and is used f o r  r o t a t i o n  of t h e  cask during handling. 

t runnions  are machined from stainlese,  steel and are a t tached  wi th  14 1-1/2 

in .  d i m  socket  head b o l t s ,  The trunnions are separa ted  by 106 in. 

O n e  p a i r  of t runnions  i s  located near  t h e  l i d  

The second p a i r  i s  loca ted  near the 

The 

The TN-REG con ta ins  an i n t e r l o c k i n g  bora ted  s t a i n l e s s  steel fuel 

basketr t o  aceommodate 40 PWR fuel assemblies  from t h e  R. E. Ginna p lan t .  

Front  and rear impact limiters are provided f o r  t h e  package. These impact 

l i m i t e r s  are composed of balsa wood and redwood encased i n  a carbon steel 

conta iner ,  The ou t s ide  diameter of t h e  l imiters i s  131 in .  wi th  an end 

th i ckness  of 26 in .  and a side th ickness  of 20 in- 

Addit ional  d e t a i l s  on t h e  W-REG cask descr ibed  may be  obtained by 

2 
re ference  t o  the  TN-REG SARP. 
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13.1 SuMPlwiY OF 

The r e v i e w  Fmcess f o r  t h e  c r i t i c a l i t y .  sh ie ld ing ,  and decay hea t  

analyses  for t he  'IW-REG i s  equivalent  t o  t h a t  descr ibed f o r  t h e  TN-BRP. 

The reader is r e fe r r ed  t o  Sect. 4.1 for a more d e t a i l e d  overview of t h i s  

process e 

As with  t h e  TN-BW, the  review was expedited by maintenance of a c lose  

design/review re l a t ionsh ip  during t h e  prepara t ion  of the. TN-REG SARP. 

Apri l  1984, TN submitted t he  preliminary design and supporting information 

f o r  the TN-REG cask.35 

the preliminary design were compiled and forwarded through t h e  Task Manager 

i n  May 1984. 

of the SAEZP for review and comment. 36s37*38 

complete SARP was submitted t o  ORM, followed by a comment meeting and a 

rwised SARP submittal. i n  August 1985. The f i n a l  TN-Rbx: SARP was 

issued by TN i n  October 16385 and i s  t h e  reference for the findings and 

conclusions described herein. 

In 

Comments on t h e  nuc lear  and thermal aspects of 

Following this exchange, TN began submitt ing d r a f t  por t ions  

I n  A p r i l  1985, t h e  f i r s t  

2 

The review process included a combination of reviewing/evaluating 

submitted material. eva lua t ing  assumptions and procedures. and performing 

ve r i fy ing  calcu2at ions.  

t o  ensure t h e  cask m e t  t h e  requirements o f  10 CFR P t .  71. All analyses  

performed i n  support of t h e  c r i t i c a l i t y ,  shielding.  and decay heat  s e c t i a n s  

were done using var ious  modules of t h e  SCALE computational system. 

T"he content  of t h e  SARP was s p e c i f i c a l l y  rev iewed 

9 



13.2 RmlTIh3 QP SARP CONTmT 

TRe TN-REG cask was designed t o  hold 40 Westinghouse 14 x 14 PWR f u e l  

assemblies.  

safe ty  review or  a n a l y s i s  are  provided i n  Figs. 1.3 and 6.3 and Tables 6.1 

The fuel assembly c h a r a c t e r i s t i c s  requi red  fo r  c r i t i c a l i t y  

and 6.2 of t h e  S A W .  The i d e n t i f i c a t i o n  numbers f o r  t h e  assemblies  are 

shown i n  Table 5.1 of the  SARP. This  information was obtained from t h e  

ope ra to r s  of t h e  R. E. Ginna reactor (Rochester Gas and E l e c t r i c )  a d  the 

f u e l  f a b r i c a t o r  (Westinghouse). ?%e ctiticality safety 1: 

performed based on t h e  suppl ied  f u e l  assembly desc r ip t ions .  

The review of Chap. 6 o€ t h e  SAliP i n d i c a t e s  t h a t  T'N generated an 

acceptab le  set of c a l c u l a t i o n a l  b e n c h a r k s  for t h e i r  codes and subsequently 

used these c a l c u l a t i o n a l  t o o l s  i n  a proper manner t o  ensure a conserva t ive  

k-eff v a l u e  was obtained per t h e  requirements of 10 CFR Pt.  71. 

Spec i f i ca l ly ,  TN ( I )  searched for and found t h a t  t h e  optimum water 

moderation occurred at o r  near  full densicy (Table 6.4 of S U P ) .  (2 )  

appropr i a t e ly  considered t h e  absence of burnable  poison (BP) rods i n  

c e r t a i n  assemblies  (see Thihle 6.1 of t h e  SARI?). (3) took c r e d i t  f o r  t h e  

presence  of a v a i l a b l e  BP rods, b u t  no t  for any neutron poison t h a t  they 

might contain.  ( 4 )  appropr i a t e ly  consi.dered s l i g h t  movements of the f l u  

t r a p  walls. (5) assumed an i n f i n i t e  length. of a c t i v e  fuel, (6) assumed an 

i n f i n i t e  array of the casks,  and (7) assumed i n i t i a l  fuel esnrjx 

no credit f a r  burnable  poisons o r  fuel deple t ion .  

by TN for  c ross -sec t ion  processing (NITAM.) and evaluation of the e f f e c t i v e  

m u l t i p l i c a t i o n  f a c t o r  (KENO IV) are widely recognized as acseptable tools  

for c h i s  type of ana lys i s .  'Tke 27-group cross-sec t ion  set, based on 

The computer codes used 
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EM)F/B-IV, also represents  a v a l i d a t e d  dater library for c r i t i c a l i t y  

analyclis. These codes: and t h e  croeg-section set are all p a r t  of t h e  SCALE 

peekage’ developed by N W  review s t a f f .  

With the  assumptions and cedes spec i f i ed  above, TN obtained a value  of 

0.931 - .b 0.004 for t he  e f f e c t i v e  mul t ip l i ca t ion  f a c t o r  Ik-effl .  

i s  below t h e  acceptable  upper l i m i t  t y p i c a l l y  used i n  c r i t i c a l i t y  s a f e t y  

assessment of t r anspor t  casks* i.e., k-eff 9 20 5 0.95. 

value  reported by appears  reasonable and i s  v e r i f i e d  by confirmatory 

ana lys i s  (see Sect.  13.3 of t h i s  report). the KENO-N input  provided i n  

Appendix 6.A.1 of the  SAKP does not  appear t o  be  t h e  one used t o  obta in  t h e  

r epor t  value.  

conta ins  comment cards  wi th  t h e  wrong problem desc r ip t ion  and also 

i nd ica t e s  only 18,000 h i s t o r i e s  were run. t h e  same number which provided 

8 (7 of 0.006 i n  t h e  l a s t  d r a f t  SARI? c a l ~ u l a t i o n . ~ ~  The c o r r e c t  KENO IV 

input  and output should be placed i n  t h e  SARP pr ior  t o  approval by DOE. 

This value 

Although t he  k-eff 

The primary reasons for t h i s  conclusion are t h a t  rhe  input  

The c r i t i c a l i t y  n i o d ~ l  was changed i n  going from t h e  l a s t  d r a f t  SARP t o  

t he  f i n a l  SARP because i n  attempting t o  v e r i f y  t h e  fuel assemblies i n  the 

West Valley pool. West Valley Nuclear Services  (WVNS) discovered an 

add i t iona l  assembly with no BP rods present. 

ca lcu la t iona l  model of t h e  SaRP were a l t e r e d  i n  t h e  f i n a l  SARP t o  i n d i c a t e  

eight assemblies with  only e igh t  BP rods and two assemblies (1.D. C17 and 

C40) with  no BP rods present.  This v e r i f i c a t i o n  p ro jec t  was performed by 

WVNS and t h e  f ind ings  were reported ve rba l ly  t o  C. V. Parks of t h e  ORNL 

review team by J. A. Eggert of WVNS. DOE should seek w r i t t e n  confirmation 

of t h e  v e r i f i c a t i o n  process and f ind ings  from WVNS p r i o r  t o  approving t h e  

SARP or  cask loading scheme shown i n  Pig. 7-4 of the SARP. 

Thus, Table 6.1 and t h e  

The loading 



p a t t e r n  i n  t h i s  

c on6 idle rat ions.  

bo th  c r i t i c a l i t y  and sh ie ld ing  

to ensure  t h a t  admin i s t r a t ive  

procedures are i n  p l a c e  at WVNS t o  load  t h e  cask i n  accordance w i t h  t h e  

s p e c i f i e d  loading  pattern. 

The c a l c u l a t e d  k-eEf va lue  shown above d i d  no t  cons ider  any 

defsmation o r  movements o f  t h e  basket .  Howmmro consu l t a t ion  wi th  t h e  

OIWI, s t r u c t u r a l  reviewer confirmed t h e  S A W  content ion  t h a t  any deformation 

o r  movements of t h e  baske t  during normal o r  acc iden t  cond i t ions  do not  

compromise t h e  imteg r i ty  of t h e  baske t  or its a b i l i t y  t o  keep f u e l  

assemblies w i t h i n  t h e i r  r e spec t ive  compartments. 

c r i t i c a l i t y  reviewers is  t h a t  t h e  minor deformations o r  movements of t h e  

baske t  i nd ica t ed  by Chap. 2 of t h e  SARI? are not  s i g n i f i c a n t  and would not  

alter t h e  k-eff va lue  beyond t h e  2 

s e c t i o n  i n  t h e  SARP ( S e c t .  6-4.2.21 t o  address  the p o t e n t i a l  decrease i n  

t h e  f l u x  t r a p  width during an acc ident  clue t o  l o c a l  bending of the basket 

p l a t e s .  

width. TN chose t o  vary t h e  water dens i ty  i n  t h e  f l u x  t rap  ( t o  

Q,9 g/cm 1 r a t h e r  than t h e  a c t u a l  p l a t e  width. 

t h i s  to be an  acceptab le  scheme f o r  eva lua t ing  omall changes i n  t h e  f lux 

t r a p  width. Although t h e  a c t u a l  numbers are no t  presented,  734 claims k-eff 

shows 38vi+trtally no change” from t h e  normel cond i t ion  ca l cu la t ion .  

The spinion of t h e  

unce r t a in ty  l i m i t .  Tf9 a l s o  included a 

Since t h e  bending provides  only a s l i g h t  decrease i n  t h e  f l u x  t r a p  

3 The r ~ i e w t ~  judged 

I n  conjunct ion wi th  t h e  SARP review, a review of t h e  TN repor t  E-6781 

concerning boron v e r i f i c a t i o n  i n  t h e  baske t  w a s  also completed. This 

repor t  does a good job of summarizing, t h e  e f f o r t s  to ensure  t h e  boron 

conten t  i n  t h e  baske t  and w a s  s a t i s f a c t o r y  t o  t h e  NEAD review staff ,  

Wowmers B r e v i e w  by persons f i l i a r  w i t h  t h e  chemical t e s t i n g  p r o c e d u r e s  



and by QMAC personnel  is rec 

t h a t  t h i s  r e p o r t  is not  re ferenced  i n  t h e  SARP s e c t i o n  on baron 

v e r i f i c a t i o n  (SARP Sect.  8.1.319 nor are t h e  methods and procedures of t h e  

r e p c r t  included i n  the SAF@. 

re ference  t o  i t  be added t o  t h e  SARP. 

ended. One s h o r t f a l l  of t h e  f i n a l  SARP is 

It  is reemmended t h a t  the r epor t  or  a 

13 e 3 CALCXKATIOMAL VERIFICATION 

As wi th  t h e  RP review, a d e t a i l e d  r e v i e w  and check o f  t h e  

submit ted KENO IV input  would be  a t ed ious ,  time-consuming, and perhaps 

error-prone p ro jec t .  However,  s i n c e  assurance of s u b c r i t i c a l  cond i t ions  i s  

imperat ive,  i t  w a s  decided t o  develop an  independent model of t h e  cask and 

f u e l  con ten t s  and p e r f o m  analyses  a t  QRNL t o  v e r i f y  c r i t i c a l i t y  s a f e t y  of 

t h e  cask. 

condi t ions .  

also used t o  support  t h e  c r i t i c a l i t y  s a f e t y  r epor t  w r i t t e n  at t h e  West 

Val ley s i te  f o r  the DOE Safe ty  Off icer .  

Analyses were performed both  for  t r a n s p o r t  and loading  

Loading cond i t ions  were considered because t h e  ana lyses  were 

The NEAI, review s t a f f  performed t h e  c a l c u l a t i o n s  us ing  the CSAS25 

a n a l y s i s  sequence w i t h i n  t h e  SCALE computational systeme9 

sequence uses BONAMI-S and NITAWL-S fo r  cross-sectian processing and 

resonance se l f - sh i e ld ing  and subsequently accesses KENO V . a  €OK t h e  

c r i t  i c a l i t y  ana lys i s .  

The CSAS25 

The model developed f o r  the analyses  inc ludes  a pin-by-pin d e s c r i p t i o n  

of each asseaably i n  t h e  cask. Guide tubes, burnable  poison (BPI rods, and 

instrument  tubes  are modeled e x p l i c i t l y .  

quadrant)  w a s  modeled and loaded w i t h  the 40 'REX= assemblies. Axial ly ,  only 

the f u e l  reg ion  of an  assembly was modeled. and t h e  active fuel l eng th  of 

The e n t i r e  cask (not  j u s t  a 



144 in. WBM assumed for the 'i5tal. assembly height. 

basket vas modeled with the same height as the assemblies. 

27-group cross-section l ih rary  was used f o r  a l l  calculations. 

The borated steel 

The S 

The basket loading configurations used for the csnfimaaorgr 

c r i t i c a l i t y  analyses are shewn in Figs .  8 - 12. 
o f  F i g .  8 is that prescribed in @bag. 7 of the Auguat S 

whi.rh had only one as~enJ:,ly without o BP cfusterr w h i l e  Fig. 10 shows t h e  

loading configuration assumed by NEAD review staff after being informed by 

The load ing  configuration 

39 

MS t h a t  two (instead o f  one> assemblies had na BP rod cluster. 

Consenvative case loadings relative t o  Pigs .  8 and 10 are shown in Figs. 9 

and 11, respectimely. Only a f t e r  the f i n a l  S A W  submittal was the actual 

loading configuration used by available for calculation. This loading 

pattern is slightly different from t h a t  assumed i n  Fig. 10 and is shown in 

Fig.  12. Although Figs. 11 and 12, respectively,  provide the correct 

conservative case and intended loading of the casks results corresponding 

to PrLgs. 8-10 are a l s o  provided because they show reactivity effects tha t  

apply to. hiit were not  l a t e r  demonstrated fors the f i n a l  configurations o f  

Figs .  11-12. 

The first e d c u l a t i o a a l  set models an infinite square array (void 

bemeen casks) of closed, water-f i l led casks: p e r  the conditions ~f 

10 CFR Pt. 71. The results presented  in Table 8 indicate that (1) the  

k-eff values show l i t t l e  sensitivity to the baron content  in the basket 

bemeen 1.5 w t  X and 1.7 wt X. (2) f u l l  density water provides the optimum 

moderating conditions. and (3) removal. of all BP clusters (case REG41 or 

assuming the conservative Case loading s c e n a ~ i ~  (case REG2P. Pig. 11 
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Fig .  8. TN-REG Fuel. Basket Loading Conf igura t ion  f o r  August 1985 
X d r a f t  SARP. 

i n d i c a t e s  p o s i t i o n  of assembly wi th  only  8 BP rods.  
compartments con ta in  assemblies  w i t h  full BP rod cluster- .  

0 i n d i c a t e s  p o s i t i o n  of assembly w i t h  no BP rods.  
A l l  o t h e r  baske t  
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.”- 

I 

Fig.  9 .  TN-REG Worst: Case F u e l  Bask .e t  TAoading Confi-gurat ion f o r  
one assembly w i t h  no BP r o d s .  
BP r o d s .  
b a s k e t  compartments c o n t a i n  assembl ies  w i t h  f u l l  BP rod c l u s t e r .  

0 i n d i c a t e s  p o s i t i o n  of assembly w i t h  no 
X i n d i c a t e s  p o s i t i o n  of assembly w i t h  o n l y  8 BP r o d s .  All o t h e r  



ORNL-DWG $6-11262 

.- 

I 

Fig. 10. ORNL Assumed TN-REG Fuel  Basket Loading Configurat ion f o r  
two assemblies  with no BP rods.  
BP rods.  
o the r  basket  compartments con ta in  assemblies  with full BP rod c l u s t e r .  

0 i n d i c a t e s  p o s i t i o n  of assembly with  no 
X i n d i c a t e s  p o s i t i o n  of assembly with only 8 RP rods.  All 
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Fig .  11. TN-REG Worst Case Fuel  Basket Loading Configurat ion for two 
assemblies with no BP r o d s .  
r o d s .  
basket compartments conta in  assemblies with full BP rod  cluster. 

0 i n d i c a t e s  position of assembly with no B’P 
X indicates position of assembly with only 8 BP rods .  All other 
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F i g .  12. TN-REG Fuel Basket Loading Configuration for f i n a l  SARP. 
X indicates position 

All other basket compartments contain 
0 indicates position of assembly with no BP rods. 
of assembly with only 8 BP rods.  
assemblies w i t h  full BP rod cluster. 
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Table 8. Cri t i ca l i ty  analys is  remlts for an 
in f in ice  square array of TM-REG closed casks 

Loading 
- 

Water d nsity, Boson Plul.tiplication 
a 

Case pattern %/arm w t  z fae t o r  
9 

Fig. 8 
Fig. 8 
F i g .  8 
Fig. 8 
F i g .  8 
Fig. 8 
Fig.  8 

Fig. 8 
Fig, 9 
Fige 10 
Fig. 11 

All  assemblies 

Pig. 8 

Fig* 12 

with 8 BP rods 

with no BP rods 
aSSemblie6 

1.0 
1.0 
1.0 
0.95 
0.9 
0.7 
0.5 
0.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 

1.7 
1.6 
1.5 
1.7 
'I. 7 
1.7 
1.7 
1.9 
1.7 
1.7 
1.6 
1.5 
1.7 
1.7 

1.7 

0.933 2 0,004 
0.936 + 0.004 
0.933 7 0.004 
0.923 t 0.004 

0.829 0.004 
0.727 0.004 
0.519 0.004 
0.457 8.004 
0.94Q 0.004 
0.941 + 0.004 
a.948 T 0.004 
0.935 0.004 
0.938 - -I- 0.004 

0.895 7 0.004 

0.962 I -I- 0.804 

All  k-eff values ace fox  30,000 h i s tor ie s .  a 



loading) provides a k-eff c %a value g r e a t e r  than 0.95. 

comparable to and praarides reasonable agreement with t h e  9% ca lcu la t ion  i n  

t h e  S A W .  

Case REG21 5s 

The second calculational set models va r ious  loading scenar ios  wi th  a 

s i n g l e  cask i n  an h f i n i t e  pool of water. 

ca l cu la t ions  are skmn i n  Table 9. The ca lcu la ted  k-eff values  i n d i c a t e  

t h a t  (1) t h e r e  is no p o s i t i v e  r e a c t i v i t y  change assoc ia ted  wi th  the  removal 

of an assembly from the  cen te r  of a quadrants (2) the accident  scenar io  

with an assembly l y ing  across t h e  open cask does not  increase  t h e  k-eff 

value. and (3) a s i n g l e  open o r  c losed cask i n  an i n f i n i t e  pool of water is 

less r e a c t i v e  than an i n f i n i t e  a r r ay  of c losed casks. 

The r e s u l t s  f o r  this set of 

As evident  by t he  r e s u l t s  of cases  REG2P and R E 4 ,  if t he  worst case 

loading p a t t e r n  is assumed o r  i f  a l l  t h e  Bf rods are removed from the  

assemblies, t h e  ca lcu la ted  k-eff 9 20 value  i s  g r e a t e r  than the  design 

c r i t e r i a  l i m i t  of 0.95 spec i f i ed  i n  Ref. 17. Although t h e  scenar ios  

pos tu la ted  by these two cases may seem u n r e a l i s t i c ,  these  ca l cu la t ions  

d e f i n i t e l y  serve  to demonstrate that DOE must ensure t h a t  t h e  cask loading 

p a t t e r n  of Fig. 7-4 i n  t he  SARP is s t r i c t l y  adhered t o  and that  the 

p e s e n c e  of t h e  BP c l u s t e r s  is confirmed by WVNS. 

con t ro l s  and v e r i f i c a t i o n  developed t o  meet t h e  above requirements should, 

i n  the  opinion of t h e  reviewers, be p a r t  of t h e  SARP o r  C e r t i f i c a t e  of 

Compliance s ince  they are required t o  ensure t h e  design c r i t e r i a  are not  

exceeded. 

The adminis t ra t ive  



Table 9. C r i t i c a l i t y  a n a l y s i s  r e s u l t s  f o r  a T N - R E  
a cask i n  an imf in t e  pool of water 

Case 
Loading 

conf igu ra t ion  
Mu1 t i p l i e a t i o n  

factor b 

REG23 
REG 1 4 
m 1 3 P  
REG14P 
REG14PA 
REG20 
REG 15 
REG 16 
REG15P 
REG16P 
REG17 
REG18 
REG19 

Fig.  
Fig.  
Fig.  
Fig.  
F ig .  
Fig.  
Fig.  
Fig.  
Fig.  
Fig.  
Fig.  
Fig.  
Fig.  

8 ,  open cask 

10, open cask 
11, open cask 
11, c losed  cask 
12, open cask 
8. w/asserobly ac ross  topC 
9. w/assernbly across topC 
10, w/assembly ac ross  topC 
11, w/assembly across top' 
8 w/posi t ion 12 empty. open cask 
9 wlpos i t i on  12 empty, open cask 
10 w/pos i t ion  33 empty, open cask 

9. open cask 
0.929 3- 0.004 

0.932 -a 0.004 
0.933 0.004 
0.9345 0.002 
0.934 0.004 
0.928 '7 0.004 
0.926 7 0.004 
0.922 -4- 8.094 
0.934 s 0.004 
0.922 0.004 
0.924 7 0.004 
0.917 - 0.004 

0.935 -k 0.004 

All c a l c u l a t i o n s  performed with 1.7 wt% boron in the basket a 

and full water  densi ty .  

k-eff values are f o r  30,000 h i s t o r i e s  except case REG14PA 
which had 90,000 h i s t o r i e s .  

c Assembly l a y i n g  across t o p  of open cask con ta ins  no BP rods. 



The f ina l  conclusion drawn from these analyses is that the zhl-R)36 

design as presented i n  the SARP assures a subcri t ica l  configuration during 

loading and transport when the cask i s  loaded with the fue l  for which i t  

was designed. 

Et-eff values presented i n  the SARP. 

The calculations also serve t o  confirm the validity of the 
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14.1 REVIEW OF 

Chap. 5 of 

by "IN to ensure  

3 10 CFR Pt. 71, 

2 tXe SARP 

tha t  the cask would meet t h e  dose requirements s p e c i f i e d  i n  

is chap te r  of t h e  SARP provides  (11 a d e s c r i p t i o n  of 

p re sen t s  t h e  s h i e l d i n g  eva lua t ion  performed 

t h e  a v a i l a b l e  cask sh ie ld ing ,  (21 t h e  i r r a d i a t i o n  c h a r a c t e r i s t i c s  of t h e  

fuel can ten t s ,  (33 a good d e s c r i p t i o n  of t h e  procedures f o r  genera t ing  t h e  

r a d i a t i o n  sourcesr  64) necessary information regarding t h e  c a l c u l a t i o n  of 

cask dose rates, and (5) and adequate eva lua t ion  of rhe  dose from t h e  cask 

penet ra t ions .  The eva lua ted  dose rates and corresponding 10 CFR Pt.  71 

limits are shown i n  Table 5 . 2  of t h e  SARP. This table i n d i c a t e s  t h a t  the 

a v a i l a b l e  s h i e l d i n g  f o r  t h e  TM-RW cask i s  adequate  to s a t i s f y  t h e  

10 CFR Pt .  71  limits f o r  r a i l  shipment wi th  t h e  designated fuel contents .  

The f i n a l  s h i e l d i n g  c a l c u l a t i o n s  performed by TN f o r  t h e  SARP were 

done us ing  wel l -es tab l i shed  codes and cross-sec t ion  l i b r a r i e s .  TN used the 

ORIGEN code" for the  f u e l  dep le t ion  a n a l y s i s  wh i l e  t h e  BUGLE-80 

coupled c ross -sec t ion  set" was used wi th  t h e  ANISN12 code t o  

perform t h e  r a d i a t i o n  t r a n s p o r t  and s u r f a c e  dose evalua t ions .  Graphs from 

Ref. 40 and t h e  c a l c u l a t e d  s u r f a c e  dose w e r e  used t o  o b t a i n  dose rate 

va lues  a t  vary ing  d i s t ances  from the cask. The e f f e c t i v e  59Ca impurity 

in t h e  fuel assemblies  was c a l c u l a t e d  using an e s t a b l i s h e d  and accepted 

procedure and wi th  documented information suppl ied  by t h e  f u e l  vendor and 

included i n  t h e  SARP (ref. 4 of Appendix 5.8.3 of t h e  SAKP). Assumptions 

used by TN i n  terms of the peaking f a c t o r  employed (1.21, use of 
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for gemeroting the radiation S O U ~ C ~ B ,  performing rhe tranaport 

calculat ions,  and waloat%ng the dsae rates are rewasunable and acceptable 

procedures. 'Erie above a t a t m e n t  hold5 f o r  both the cask body analysis and 

the analysis performed OD the ccask penetrati  Q I I S ,  

As with the criticality r e v i e w B  the NE& review staff reviewed rhe 

shielding ewcPluatiion asnming the f u e l  ~ontefnts s p e c i f i e d  in the SARP to be 

correct.  The contents o f  the T%I-REG cask is l i m i t e d  t u  the spec i f i c  40 PWR 

f u e l  assemblies i d e n t i f i e d  in Table 5.4 and described in Figs. 1 . 3  and 6.3 

and Tables 6.1-6.2 of the  S P. 

5 . 1  o f  the SAX€‘ is particularly important to the shielding evaluation and 

any significant changes could invalidate the v a l i d i t y  o f  the ca lcu la ted  

doses. Wmeve?ps i t  appears khat  has used re l iable  sources (reactor 

utility and Wesz Valley) to obtain the irradiation data. 

The irradiation data specif ied in Table 

Another issue that needs the attention of DOE and W e s C  Valley i s  the 

fne l  loading pattern specified in Pig.  7.4 o f  the SARP, 

procedures need to be i n  place t o  ensure that the cask is loaded i n  

accordance with the approved specif ied pattern. In addition to the 

criticality concerns noted earlierB the  loading  pat tern shown i n  the S A W  

i s  also reqxircd because the file1 aesembl.ies with the  highest bumup 

(highest radiation sources)  were placed i.n the cask center for the 

shielding analyses ( ~ e e  Sect. 5.3.1.1 and Fig. 5 . 1  of the SAIRP). 

Administrative 
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14.2  AT^^^^ ~E~~~~~~~~~ 

Although t he  wdruation procedures and ca l cu la t iona l  t o o l s  used by TN 

were judged t o  be seceptabk?,  it wag decided t h a t  s e l ec t ed  v e r i f i c a t i o n  

ana1:rses would increase t he  confidence of reviewers i n  t h e  r e s u l t s  and 

methodology used and eeme t o  b e t t e r  familiarize t h e  reviewers wi th  the  

d e t a i l s  and assumptions used i n  the SARP evaluation. Therefore, a f t e r  

receiving t h e  f i n a l  SARP i n  October 1985, ve r i fy ing  ca l cu la t ions  were 

performed using the  BAS2 and SASl modules of the SCALE system’ and 

employing t h e  b a s k  methodology and procedures presented i n  t h e  SARP. 

reasonable agreement was expected wi th  the analysis because (1) d i f f e r e n t  

c r o s s  geetions.  flux-to-dose conversion f ac to r s ,  and ORIGEN da ta  l i b r a r i e s  

were used and (2) the mesh spacing. angular  quadrature. and ( i n  some cases)  

material number d e n s i t i e s  were d i f f e r e n t .  

r e s u l t s  obtained a t  ORML and t h e  corresponding r e s u l t s  reported i n  t h e  SARP 

are provided in Tables 10 and 11. Note t h a t  t h e  ORNL r a d i a l  r e s u l t s  a l s o  

include an axial pedcing f a c t o r  value of 1.2. 

Only 

A comparison of t he  par t ia l  

The d i f f e rences  i n  the respec t ive  analyses  (as c i t e d  above) and t h e  

uncer ta in ty  (cross-section da ta ,  methods, and assumptions) assoc ia ted  with 

any sh ie ld ing  ana lys i s  of t h i s  type l e d  t o  t h e  conclusion that  the 

r e s u l t s  presented i n  t h e  SARI? appear reasonable i n  comparison t o  those 

ca l cu la t ed  by the EAD review s taf f .  



Package surface: B i d e  
t sp 
bottom 

2n from vehicle:  s i d e  
2m from package: top 

bottom 

38-6 44.5 200 
8,9 8.7 200 
20. a 23.8 200 

9.3 9.8 10 
3.0 3.5 10 
7.0 9.5 10 

P values taken from Table 5.% of Ref. 2. a 

Table 11. ORNL calculated m a x i m u m  dose rates far accident 
conditions compared w i t h  SARP valuesa 

Total. dose rate (mJllirm/h) 

SARP ORNL l i m i t  
10 r n R  Pt. 71 

b Locat ion 

Package surface: top 
bottom 

lm from package: t op  
bottom 

45.1 43.1 
117.0 115.4 

31.6 29.2 1000 
82.0 79.5 1000 

I _ _ _  ~ 

S A W  values taken from Table 5,2 o f  R e f .  2. a 

bPackage i s  without impact l i m i t e r s  for accident results. 
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15. !l%-FS DECAY H-T G'P;NERATIQN REVIEW 

15.1 REVIEW OF SAB.P ~~~A~~~~ 

Zhe methodsicrgy used to obta in  

evs;uation is presented i n  Chap, 3, 

the decay hea t  values f o r  t h e  thermal 

Appendix 3, of t he  TN used 

t h e  f u e l  burnup and decay c h a r a c t e r i s t i c s  of Table 5.1  i n  t he  SARP t o  

c a l c u l a t e  hea t  generat ion values v ia  t h e  ORXGEN code. lo P r i o r  t o  the  

ana lys i s ,  TN ran OTU[GEN t o  enable comparison with results ava i l ab le  i n  U.S. 

NRC Regulatory Guide 3.54.  l 4  

comparison between t h e  Regulatory Guide values and those from OUGEN.  

To obta in  t h e  t o t a l  hea t  generation, t h e  REX; f u e l  was grouped by 

Table 3.A,3-1 of t h e  SARP shows the 

discharge d a t e  and an QRIGEN ana lys i s  performed using t h e  average burnup 

assoc ia ted  wi th  each discharge date .  

run w a 6  mul t ip l i ed  by the t o t a l  PlTU f o r  t h e  discharge group and 

"normalized" to t h e  Regulatory Guide values  by f a c t o r s  of 1.01 to 1.04. 

The t o t a l  ca lcu la ted  decay hea t  was 5.11 kW. 

decay hea t  va lue  by rounding off  to 5 , 5  kW. 

The decay hea t  va lue  from each ORIGEN 

TN f u r t h e r  r a i sed  the t o t a l  

Based on a t o t a l  heat  generat ion of 5.5 kW and Fig. 3.A.3-1 of t h e  

SAKPB TN presents  a reasonable procedure f o r  determining t h e  average kW 

value  for t he  inne r  12  ( h o t t e s t )  assemblies, 0.166 kW, and t h e  ou te r  28 

assemblies, 0.125 kW. 

also obtained by TN using decay hea t  p l o t s  generated wi th  ORIGEN results 

(see Fig. 4.A.3-1 of SARP). 

A maximum assembly decay hea t  va lue  of 0.19 kW w a s  
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In? C O A C ~ U B ~ ~ ~ ~  the redmcxs feel that t h ~  decsy heat values i n  the 

SAFIP were obtained ira B corxeet  and prudent miannex using an adequate 

computation t oo l  (OWIGENI whish vas verified against a Regulatory Guide, 

The requirements of the Regul.atory Guide pertaining t o  initial cobsalt 

content were adhered to. 

15.2 CALCULATIONAL VERIPlCATIOW 

The vrs%idj.ty of the to ta l  decay heat load of 5 . 5  kFa was f i r s t  verif ied 

using tables  and f igures i n  Regulatory Guide 3.5414 and in the QRM, 

report 

by the 

source 

upon which the  guide was bsssed,15 

SASZ depletion calculations used i n  Sect .  14.2 for the shielding 

terns. 

A further check was provided 

These depletion calculat ions were performed using the t w o  

fue l  groups in Table 5.1 o f  the S A W  that had the highest average burnups, 

The calculations indicated a total cask heat laad. of 4 .8  kW and an merage 

assembly heat load of 0.107 k6J fo r  the outer 18 assernbliee: (9.7 6wB/ 

average burnup) and 0.129 kbl for the inner 22 assemblies (11.5 GWD/ 

average burnup). 

assembly average values presented i n  the S 

Tlieso calculat ions h d i c a t e  the adequacy of the t ~ t a l  and 

A separate SAS2 calculation w a ~  a l s o  performed far the 

assembly with the  highest burnup and shortest decay t h e  (assembly e23 w i t h  

a busnup of 14293 ~~~~~ and 0.382 /assemb3y per Table 5 . 1  of the 

S A W )  . 
0.194 kW which agrees we3.Z w i t h  the Q,19-kW value provided in the SARP, 

Table 12 ssrmtnarizes t h e  comparison of values presented in the  SARP and 

those calculated by O W .  

!I%is calculation provided p1 m a x i m u r n  assembly decay heat value of 
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Table 12. Comparison of decay heat values calculated at 
QRML with v s ~ u e s  in the TN-REG SARP' 

Decay heat, kW 
SARP ORMI 

Total cask contents 5 . 5  4.8  

Inner region average/aesembly 0,166 0. 12gb 

Outer region averagelassembly 0.125 0. 

Maximum assembly value 0.19 0.174 

SARP values from Chap. 3. Appendix A, of R e f .  2. 

bThe number of fuel assemblies and average burnup values 

a 

used for the inner and outer regions d i f f e r s  from that 
of the SARP but seme to provide a reasonable confirmation 
of the ir  adequacy. 
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An independent review of Chap. 3.0, Thermal Evalua t ionrn  of t h e  

2 TN-REG SARP and related materials w a s  performed. Design c r i t e r i a  were 

i n i s i a l l y  reviewed by QRNLO, Prel iminary submissions of proposed SARP text 

were reviewed as they were submit ted during 1984, I n  1985, a d r a f t  SARP 

and a r ev i sed  d r a f t  6&P w e r e  reviewed, Comments r e l a t e d  t o  the t h e m a l  

eva lua t ion  contained i n  t h e s e  documents were incorpora ted  i n t o  ORNL's 

review team comments and t r ansmi t t ed  t o  TN. Responses t o  comments were 

provided by TN f o r  some i s s u e s  i n  s e p a r a t e  letters and €or o t h e r  issues 

d i r e c t l y  by modi f ica t ion  of t h e  SARP i n  subsequent submissions. 

responses  were a l s o  reviewed to a s s u r e  t h a t  every s i g n i f i c a n t  t echn ica l  

These 

i s s u e  w a s  resolved. "he conclus ions  were based on t h e  rwiew of t h e  

r w i s e d  d r a f t  SARP submitted on August 16 and amended on August 22, 1985. 

Revised des ign  cr i ter ia  w e r e  t hen  reviewed for cons is tency  with t h e  SARP 

and w i t h  a p p l i c a b l e  regula t ions .  Each phase of the review w a s  conducted 

under t h e  guidance provided by U.S. NRC r e g u l a t i o n s  expressed i n  

10 CFR Pt.  71 and t h e  r e l a t e d  U.S. NRC Regulatory Guides 7.6, 

7.8.la and 7.9. 

17 

19 

The TN-RE SaRP i s  s imilar  i n  cantent t o  the TN-BRP SARP. One set of 

design c r i te r ia  w a s  appl ied  t o  both  packagings. Therefore,  t h e  r e v i e w  of 

des ign  c r i te r ia  a p p l i e s  equal ly  w e l l  t o  e i t h e r  cask. 

En add i t ion ,  prel iminary submissions and d r a f t  SAFtPs f o r  TN-REG w e r e  

gene ra l ly  submit ted f o r  review a f t e r  t h e  corresponding submission fo r  t h e  

TN-BRP SARP had been reviewed. The two casks are very similar i n  design 

and requirements.  Frequently,  t h e  submission f o r  t h e  REG cask incorpora ted  
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TN's response t o  comments made on the corresponding submission f a r  the 

H", The discuRsioa of TN$s response $0 c ents on the TPJ-RE 

a l ready  inc ludes  r e s o l u t i o n  of evezy major c 

eva lua t ion  made by QRNL reviewers, Therefore,  t h e  sepa ra t e  t rea tment  of 

TN's r e s o l u t i o n  of comments for  t h e  TN-KEG SARP is abbrevia ted  here ,  

ent an mas thermal 

F ina l ly ,  no independent thermal ana lyses  were conducted on t h e  TN-RFX 

A series of independent ana lyses  of the TN-BWP cask design cask design. 

w a s  conducted t o  inc rease  the reviewers' understanding sf t h e  casks' 

thermal behavior  and t o  reduce reviewers' u n c e r t a i n t i e s  regarding t h e  

casks '  compliance wi th  regula t ions ,  The results of independent an  

t h e  TN-BRP cask design are thought genera l ly  t o  apply t o  both  designs.  

16.1 REVIEW OF PRELIMINARY THE EV&UATION 

The thermal a spec t s  of t h e  prel iminary design3' ( rece ived  

Apr i l  13, 1984) €or  the TM-REG t r a n s p o d s t a r a g e  cask were reviewed. 

Informal d iscuss ion  of comments wi th  224 occurred on May 8 ,  1984, 

on the correspanding TN-BRP document6 

TN-REG r e p o r t  (see Sect.  7) .  A summary i s  provided below of t h e  s p e c i f i c  

coments. 

16.1.1 ORNL's Comments 

Coments  

were genera l ly  applicable t o  the 

The 30-Inin f i r e  t r a n s i e n t  a n a l y s i s  and other  ans lyses  requi red  by 

10 @FR Pc .  71 are missing from and ~ h o u l d  be added to t h e  document, !i%ree 

cr i te r ia  far m s u r h u m  temperatures  are  set i n  t h e  design criteria document: 

1. 

2. 

3. 

o maximuan  f u e l  p in  temperature  5 707 F. 

m a x i m u m  baske t  t € ~ i p e r a t u r @  5 650°F, and 

m a x i m u m  m e t a l l i c  aeal temperature  5 TOOOF. 
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Calcula t ions  showing complisnce w i t h  each criterion should 

Decay hea t  e x h a l  d i s t r i b u t i o n  d o n g  t h e  length  of t h e  

b e  included. 

f u e l  assemblies 

should be  appl ied i n  the cask body, basket,  and f u e l  pin thermal 

evs lua t  i ons  I 

Radial d i s t r i b u t i o n  of t h e  assemblies ( h o t t e s t  tuward the c e n t e r  of 

t h e  cask) should afeo be  taken i n t o  account. 

Whenever t h e  S A W  depar t s  from t h e  most conservat ive i n t e r p r e t a t i o n  of 

10 CFR P t .  71 requirements, j u s t i f i c a t i o n  should be  c i t ed ,  including 

re ferences  t o  t h e  appropr ia te  regulatory guide or S f W  f o r  a previously 

l i censed  cask. 

More information should b e  added on t h e  basket  ana lys i s ,  including 

boundary condi t ions,  mater ia l  p roper t ies ,  and j u s t i f i c a t i o n  f o r  

s impl i f i ca t ion  of the thermal model as conservative.  

Al l  codes used should b e  documented by e i t h e r  (1) a reference t o  a 

repor t  i n  t he  publ ic  domain o r  (2) a f u l l  desc r ip t ion  of t h e  Code's 

assumptions and methodology. 

The m a x i m u m  fuel. pin tempera ture  should be ca lcu la ted  using the  fuel 

assembly wi th  the maximum predic ted  decay heat ,  presumed t o  b e  loaded a t  

the  h o t t e s t  po in t  i n  t h e  basket.  The c o r r e l a t i o n  showing b e s t  agreement 

with experimental d a t a  should be  i d e n t i f i e d  and used i n  t h i s  ca lcu la t ion .  

16.1.2 TN's Response 

Subsequent SaRP submissions s t a r t i n g  June 19,  1984. appl ied a peak 

power factor of 1.2 t o  t h e  axial d i s t r i b u t i o n  of decay hea t  i n  t h e  f u e l  

assemblies and accounted f o r  radial d i s t r i b u t i o n  of the  assemblies. 

Missing information was supplied. By submissions of October 22, 1984, use 

of t h e  peak power factor was extended to t h e  cask body, and tho  co r rec t  
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maximum pred ic t ed  decay heat was being used t o  calculate m a x i m u m  f u e l  g i n  

temperature. The issue af c o r r e c t  va lues  for m a x i m  ba&et  t eanperature 

maximum fuel p i n  temperature,  and the matching temperature  c r i t e r i a  were 

resolved i n  t h e  text of t h e  revised drafr: S ? (see Sect. 16.1.5). 

16.1.3 Reviw of Proposed TN-W SARP Chap. 3.0, Rev. 0 

Proposed text  far the thermal eva lua t ion ,  Chap. 3 , O  af tbe ?Y-REG 

SARP, was received August 6, 1984. The document was reviewed and comments 

were made. This  document was s u b s t a n t i a l l y  similar t o  the corresponding 

s e c t i o n  of t h e  TN-BRP SARP on which comments has been prepared. 

comments were considered app l i cab le  to the TN-REG SARP, and '1"N had not had 

Those 

the opportuni ty  t o  inco rpora t e  responses t o  t h e  ear l ie r  comments i n t ~  this 

submission e 

16.1.4 Review of Addendum 8 - REG, Chap. 3.0. Rev. 1 

The thermal a spec t s  of t h e  document received November 19, 1984, were 

reviewed. Comments r e s u l t i n g  from review of Addendum 8 o f  TN-REZ SAKP 

f ollow. 

16.1.4.1 ORNL's Comments 

The maximum baske t  temperature  c r i t e r i o n  has gone from 650°F t o  

7OO0P to 800°F. This c r i t e r i o n  should no t  be a moving t a r g e t ,  and 

t h e  f i n a l  va lue  should appear wi th  j u s t i f i c a t i o n  i n  both SARP and design 

c r i t e r i a  document. 

The maximum fuel p in  temperature  design c r i t e r i o n  of 767" i s  

v i o l a t e d  during a t r a n s i e n t .  A change i n  t h e  c r i t e r i o n  or  a separate 

t r a n s i e n t  c r i t e r i o n  shauld be included w i t h  j u s c i F i c a t i o n  i n  both SaRP and 

design c r i t e r i a  document. 
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me maximnupn duel pin  temperature design c r i t e r i o n  of 707' is 

v i o l a t e d  during a t r ans i en t .  

t r a n s i e n t  c r i t e r i o n  ahwuld be ineluded with j u s t i f i c a t i o n  i n  both SARP and 

design c r i t e r i a  document 

A change i n  the c r i t e r i o n  o r  a sepa ra t e  

More information i s  needed regarding thermal coupling between t h e  

basket  and cask body. 

A n  axial. d i s t r i b u t i o n  of decay hea t  exists. Therefore. a reasonable 

maximum va lue  of decay heat  should be  used i n  m a x i m u m  temperature 

ca l cu la t ions ,  and a minimum va lue  of decay hea t  should b e  used i n  minimum 

temperature ca lcu la t ions .  

16.1.5 Review and Resul ts  of Review f o r  TN-REG Draf t  SARP 

The TN-REG draft SARP 36837*38 wag received Apri l  11, 1985. A 

review of thermal aspec ts  o f  t h e  e n t i r e  document was done. 

meeting42 w a s  held among p a r t i c i p a n t s  i n  the  D r y  Cask Transport/Storage 

Demonstration Pro jec t  including O m ,  TN, Nuclear Fuel Services,  EG&G 

A SARP review 

(Idaho). and DOE. DRNL's eomments were provided t o  TN. and TEI proposed 

r e so lu t ions  t o  t h e  comments. Fallowing the meeting, a formal summary of 

comments on thermal. aspec ts  were made. 

by TN was s t i l l  required involved t h e  co r rec t  c r i t e r i o n  f o r  the basket 

The s i n g l e  issue f o r  which ac t ion  

p l a t e  temperature. 

t h e  TN-BRP revised d r a f t  SARP. 

16.1.5.1 ORML'a Comments 

This i s s u e  remained pending u n t i l  t h e  release by TN of 

Table 2-10 of the SARP. taken from U . S .  NRC Regulatory Guide 

7.8, 

t he  t a b l e  was produced. 

required several notes  explaining changes i n  regula t ions  s ince  

The LSNT should be added t o  Chap. 2.0 of the  SARP. 
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As def ined  i n  10 e3rR P t .  71, solar i n s o l a t i o n  induces a 12-h h e a t  load 

2 2 of 2950 %tu/Ft  on horieontwl. flat su r faces ,  1475 B t u / f t  on curved 

2 surfaces, and 737 B t u / f t  on nonhor izants l  f l a t  surfaces. Given TNps 

cask design, TN'e use  of 1475 Bru/ft 

is unnecessar i ly  conservat ive.  

2 throughout t h e  t h e m a l  eva lua t ion  

No a c t i o n  was requi red  of 

References t o  r e p o r t s  i n  t h e  publ ic  domain o r  actual sources  should b e  

added t o  t h e  SARP f o r  (1) t h e  amrial decay h e a t  peaking f a c t o r  o f  1.2, (2.1 

t h e  use  of 800% as t h e  m a x i m u m  basket p l a t e  temperature  c r i t e r h n ,  and 

(3)  s p e c i f i c  power f o r  REG f u e l  during opera t ions  which generated the spent 

fuel. being  t ranspor ted .  

16.1.5.2 TN's Response 

The requested n a t e s  and r e fe rences  were incorpora ted  i n  t h e  revised 

d r a f t  SARP 

16.1.6 Review and Resul t s  of Review f o r  TN-RM; Revised Draf t  SARY 

The TN-RFG rev ised  d r a f t  SARP3' w a s  received August 23, 1985, and 

amended pages w e r e  received August 29, 1985. 

of t h e  e n t i r e  document w a s  performed. The primary f ind ings  o f  t h i s  r e v i e w  

were t h a t  a l l  previous comments r equ i r ing  TNps response had been resolved 

t o  t h e  s a t i s f a c t i o n  of t h e  ORM, thennal  reviewers. 

were i d e n t i f i e d  i n  t h e  course  of t h i s  K W ~ G W .  

presented  i n  this d r a f t  appears  to meet t h e  thermal postion of NRC 

requirements set f o r t h  i n  10 CPR Pt. 71 regula t ions .  

A review a i  thermal aspects 

No new major issues 

Fina l ly .  t h e  SARP 8 s  

Comments on thermal a s p e c t s  of t h e  TN- revised d r a f t  SARP covered 

minor omissions, incons is tenc ies .  and suggested improvements i n  the SUP. 

A summary of t hese  comments i s  included bel 
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16.1.6.1 ORNL's Gmnments 

The water spray quench tes t  cond i t ion  given i n  10 CFR Pt. 7 1  is 

covered adequately i n  t h e  SAIUZ Sect.  2.6.5. "Water Spray," but is not  

mentioned i n  t h e  SARP Sect .  2.1.2.1, "Containment Vessel." ORNL sugges ts  

t h a t  t h e  SARP Sect.  2.1.2.1. b e  amended. 

Chap. 2.0, Appendix 3, Sect .  6.28 "Trunnion Flange and Bolts ,"  of t h e  

SARP r e f e r s  t o  a b o l t  preload. F w i t h  

pounds. 

P 

TN has  r e t a i n e d  t h e  (conservat ive)  

solar heat l oad  during a 12-hour per iod  

u n i t s  of inches  in s t ead  of 

2 use  of 1475 B t u / f t  v a l u e  for 

on flat vert ical  su r faces  on t h e  

impact limiters v e r s u s  t h e  737 Btu / f tL  shown i n  10 CFR P t .  7 1  

r egu la t ions .  

none of  TN's conclus ions  regarding t h e  thermal eva lua t ion  of t h e  cask 

design would be affected. 

No a c t i o n  on TN's p a r t  is  requi red  i n  t h i s  i n s t ance  s i n c e  

Appendices 1 - 4 of Chap 4.0 of t h e  SARP have a nonstandard page 

numbering scheme. ORNE sugges ts  t h e  pages i n  t h e s e  appendices be  

r enumb e r ed . 
16.1.6.2 TN's Response 

N o  formal response by TN w a s  required.  

16.2 SUMMARY OF TET-REG THERMAL REVIEW 

Tbe thermal eva lua t ion  presented  i n  t h e  TN-REG SARP has been found t o  

meet t h e  requirements of 10 CFR 71 regula t ions .  

t h e  TN-REG t r anspor t / s to rage  cask should meet t h e  requirements of f e d e r a l  

r e g u l a t i o n s  a p p l i c a b l e  t o  spen t  f u e l  shipment. 

The thermal performance af 
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requirements of Sect. I1 fox material t e q u i r  tse The c i t e d  AS 

documents were reviewed relative ta W E  requ 

Sect ,  11 material s p e c i f i c a t i o n s  referenced i n  the support ing information. 

A f t e r  review, comments were provided not ing  t h a t  t h e  e x m i n a t i o n  

requirements of the ASME Code c a l l s  f o r  w r i t t e n  procedures,  a reasonable  

approach. The adequacy of t h e  examination w i l l  depend on t h e  d e t a i l s  of 

t h e  procedures as r e l a t e d  t o  t h e  a c t u a l  f a b r i c a t e d  hardware, 

I d e n t i f i c a t i o n  was needed on t h e  person(s)  t o  provide approval of t h e  

procedures. 

ente. This included the 

The re ferenced  material s p e c i f i c a t i o n s  ( inc luding  NDE requirements) 

f o r  t h e  forged s h e l l .  bottom, and lid of t h e  casks,  as w e l l  as t h e  

t runnions  and l i d  alignment p ins  and t h e  bolts for t h e  impact l i m i t e r ,  l i d .  

trunnion, and p r o t e c t i v e  cover were t h e  6 RP cask. The 

review comments noted i n  Sect.  8.1 ( t h i s  r epor t )  w e r e  repeated. I n  

a d d i t i o n  t o  t h e  s p e c i f i c a t i o n  requirementa, reearnendat ions  were made f o r  

(1) volumetr ic  u l t r a s o n i c  e x m i n a t i o n  f o r  the t runnions  and t h e  s h e l l .  

bottomr and l i d  of the cat&, and (2) s u r f a c e  examination of bolts with 

magnetic p a r t i c l e  o r  l i q u i d  pene t r an t  methods. 

17.2 REVIEW OF FIRST DRAFT aF s 

I n  J u l y  1984, t h e  f i r s t  d r a f t  of t h e  TN-RM; SARP" was reviewed 

relative t o  M)E requirements. Most of t h e  cited requirements i n  the  d r a f t  

SARP were t h e  same as noted above i n  the design c r i t e r i a  documents and t h e  

review commente were repeated. I n  addi t ion .  as shown i n  

of t h e  d r a f t  SARP. t h e  s h e l l  is  joined t o  the bottolrn with a butt veld. 

ASldE B o i l e r  and Pressure  Vessel Code, See t i an  111, Subsect ion NC-5211 
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s p e c i f i e s  radiographic examination. 

magnetic p a r t i c l e  o r  penetrant  exmina t ion  is  required a f t e r  hydros ta t ic  

tes t ing . )  

examination of t h e  weld (although t h e  cur ren t  trend i s  f o r  pressure  v e s s e l  

manufacturers to use u l t r a son ic s  t o  examine t h e  welds), We recommended 

u l t r a son ic  examination of t h e  b u t t  weld of the  cask t o  provide improved 

assurance of t h e  weld q u a l i t y  and i n t e g r i t y .  

through channels t o  724. 

Subsequently, i n  July 1984, by both  telephone and l e t t e r  

(If t h e  weld is quenched and tempered, 

The rn~nhum requirements of t h e  Code do not  r equ i r e  u l t r a son ic  

These comments were conveyed 

communication. TN contacted ORNL s t a t i n g  t h a t  t h e  procurement s p e c i f i c a t i o n  

f o r  t he  cask imposed the  following NDE requirements: 

1. !J%e forgings for t he  s h e l l ,  bottom, l i d ,  and t runnions were t o  be 

examined i n  accordance wi th  ASME s p e c i f i c a t i o n s  SA-654 ( f o r  s t e e l  bars 

and shapes) including t h e  examinations for  the  ASME Code, Section 111. 

Class I forgings.  

which requires t h a t  a l l  forgings be examined by the  straight-beam 

technique. The acceptance c r i t e r i a  spec i f i ed  ( fo r  t h e  straight-beam 

examination) ind ica t ion  equal to or l a r g e r  than t h a t  from a 

1/4-in.-diam flat-bottom hold. 

forgings and hollow forgings be examined using t h e  angle-beam technique 

wJth an acceptance c r i t e r i a  of no ind ica t ion  equal to ,  

t h a t  from a c a l i b r a t i o n  notch, 1/4 in.  deep by 1 in.  long. 

The u l t r a son ic  examinations a r e  spec i f i ed  i n  SA-388. 

SA-388 also requi res  t h a t  a l l  r i n g  

l a r g e r  than 

2. The shell-to-bottom weld i s  t o  b e  examined by radiographic,  u l t r a son ic  

and magnetic p a r t i c l e  o r  l i q u i d  penetrant  methods i n  accordance with 

the  ASME Code, Sect ion V (NDE) and Section 111, Subsection NC-5000. 



We agreed t h a t  these r e q u i r  ents  i n  t h e  purchase s p e c i f i c a t i o n  met 

t h e  i n t e n t  of t h e  comments r e l a t e d  t o  NDE r e g u i r m e n t s  i n  t h e  d r a f t  S A W .  

17.3 REVIEW QF TN POSITION PAPER 

I n  J u l y  1984, TN submitted a 

ON USE OF ASKE CODE 

poa i t ion  paper, 27 t h a t  discussed t h e  

use  o f  t h e  ASME Code [Sect ion 1x1, Subsect ion NC (with modi f ica t ions) ]  Ear 

design, f a b r i c a t i o n ,  and in spec t ion  of shipping casks as n supplement PO 

(and method of implementation o f )  10 CFR Pt. 71 and t h e  Regulatory Guide 

7.6.17 

i n  Sect. 8.3. 

Our review and comments on t h e  p o s i t i o n  paper are found here in  

17.4 REVIEW OF INTERIM DRAFTS OF SARP SECTIONS 

During t h e  per iod from Navernber 1984 to Apri l  1985. we reviewed 

in t e r im  rev i sed  d r a f t s  of s e c t i o n s  of t h e  S P. I n  general .  t h e  NDE 

t echn ica l  requirements (noted above) had been incorporated.  bu t  

occas iona l ly  without  re ference  t o  t h e  governing documentation. 

add i t ion ,  Chap. 8 of t h e  SARP requi red  t h e  a p p l i c a t i o n  o f  l i q u i d  pene t ran t  

o r  magnetic p a r t i c l e  e x m i n a t i o n  of l i d  l i f t i n g  luge  and t runnions  after 

load  tests. 

and used. 

In 

We recommended t h a t  approved w r i t t e n  procedures be referenced 

17.5 REVIEW OF FINAL DRAFT OF SARI? AND CONCbUSIONS 

I n  August 1985 rev ised  s e c t i o n s  of t h e  SkSP were rwi .@wed b a r  NDE 

content .  I n  general ,  t h e  requested modi f ica t ions  had been made. 

Recommendations were repeated f o r  docmen ta t ion  r e fe rences  t o  su r face  

examination techniques t o  be used a f t e r  load  t e s t s  an  l i f t i n g ,  lugs ,  and 
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trunnions. As noted eerlier, w e  were not: privileged to  rwiew the detailed 

M)E procedures and test results. Hoarever, if the NDE requirements cited i n  

the SARP are properly implemented, that phase of the design and fabrication 

of the REG cask should be adequate for the proposed onet ime transportation 

of spent fuel and t o  meet the requirements for NDE imposed by 10 CFR Pt. 71 

and Regulatory Guide 7.6. 
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18.1 OVERVIEW 

An independeilt r e v i e w  of Chap. 2, "S t ruc tu ra l  Evaluation," a f  t h e  

2 
TN-REG SARP and r e l a t e d  materials w86 performed. The review 

ac t iv i t i e s  began i n  1984 and cont inued through 1985. 

performed i n  conjunct ion  with,  and i n  t h e  same manner as t h a t  of t h e  TN-BRP 

SARP of Sect.  9.1 of t h i s  r epor t .  A l l  comparisons wi th  r egu la t ions  

were made by re ference  t o  10 CFR Pt. 71, U.S. NRC Regulatory Guides 

7.61f and 7.8,18 app l i cab le  s e c t i o n s  of t h e  ASME B o i l e r  and 

Pressure  Vessel Code, and ASTM Standards. 

The r e v i e w  w a s  

1 

18.2 REVIEW FINDINGS 

Chap. 2 of t h e  SARP addresses  the s t r u c t u r a l  a s p e c t s  of t h e  cask i n  

t h e  major areas of containment, fuel  upp port, l i f t i n g  and r e s t r a i n t ,  and 

impact pro tec t ion .  

Sect .  9.2 for the TN-REG cask. and t h e  same comments are appl icable .  

Each of these areas w a s  addressed sepa ra t e ly  as i n  

18.3 CONTAINMENT VESSEL 

TN has provided a n a l y t i c a l  demonstrat ions t h a t  t he  cask meets 

10 CFR Pt. 7 1  and Regulatory Guides 7.6 and 7.8. 

use of t h e  computer program ANSYS28 and a series of hand c a l c u l a t i o n s .  

The following paragraphs provide a comparison between t h e  TN-REG and ORM, 

reviewers '  c a l c u l a t i o n s .  

This was accomplished by 
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The stresses i n  the cank ends were checked by hand ca l cu la t ions .  

stre66 i n  t h e  cask b o t t  

reviewers t o  be 2,585 p s i  v8. 2,062 p s i  (SARI? p. 2.A.l-45). S t r e s s  a t  95g  

axial impact and 45 p s i  and excluding t h e  lower impact limiter was found by 

t h e  reviewers t~ be  32,885 p s i  vs 32,663 p s i  (SARP p. 2.A.1-53). Stress in 

t h e  l i d  was found t o  be 4,020 p s i  and 53,804 p s i  under 150 p s i  an  95 g 

impact r e spec t ive ly  VB. 2.331 p s i  and 34,090 p s i  ae s p e c i f i e d  for cross 

s e c t i o n  1-1 on table 2.A.1-19 (SARP p. 2.A.1-88). 

The 

due t o  150 p s I  i n t e r n a l  p re s su re  wae found by t h e  

Stresses induced i n  the cask w a l l s  by t h e  t runnions  were checked lasing 

B i j l a a r d s  methods. Maximum membrane stress was found by t h e  reviewers t o  

b e  8,162 p s i  and maximum membrane and bending was 18,832 p s i  QS. stresses 

of 8,680 p s i  and 30,340 psi r e spec t ive ly  ( S A W  p. 2.A.1-115). 

S t r e s s  i n  t h e  cask wal l s  due t o  150 psi i n t e r n a l  p re s su re  was checked 

and found by t h e  reviewers t o  b e  665 psi (hoop), 258 p s i  ( a x i a l ) ,  and 408 

p s i  ( r a d i a l ) .  These stresses in the SARP were 665 p s i  (hoop) and 258 p s i  

( ax ia l )  (SARP P. 2.A.1-48). S t r e s s  due to 25 p s i  s t e r n a l  pres su re  was 

found by t h e  reviewers t o  be  136 p s i  and was a m a x i m u n a  of 134 p s i  a t  cross 

s e c t i o n  22 (SARP p. 2.A.1-9-). 

reviewers to b e  5.314 p s i  vs. 3061 p s i  and 3,043 p s i  (SARP p. 2.Ae1-54). 

S t r e s s  during 30-ft  impact w a s  found by the 

18.4 FUEL SUPPORT 

The f u e l  i s  supported by a basket cons t ruc ted  of a s t a i n l e s s  steel 

a l loyed  wi th  boron i n  a manner similar t o  the TN-BRP cask, 

a n a l y t i c a l  models of t h e  mechanical performance ob t h e  basket .  

requirement f o r  t h e  baske t  i s  t o  provide pos i t i on ing  of the f u e l  and t h e  

moderating cons t i t uen t ,  boron. The a n a l y s i s  must demonstrate t h a t  the  

TN has provided 

The major 
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basket does not  permit exce6lsive motion, and t h a t  t h e  gene ra l  topology is 

re t a ined .  

not s t a t e d ,  t h e  QRNL s t r u c t u r a l  reviewers and t h e  ORNL c r i t i c a l i t y  

reviewers d iscussed  t h e  adequacy of TNs des ign  a t  l eng th  and agreed t h a t  

t h e  l i m i t e d  baske t  d i s t o r t i o n  wa6 accep tab le  (Sect. 13.2, p. 86 of t h i s  

r epor t ) .  

While s p e c i f i c  cr i ter ia  f o r  f u e l  motion or  basket topology were 

A check was made on t h e  c a p a c i t i e s  of t h e  baske t  plate assemblies  

under v a r i o u s  g loadings. 

r e s u l t s  of c a l c u l a t i o n s  compared t o  the f i n i t e  element a n a l y s i s  r e s u l t s  i n  

t h e  SARP. 

6,953 l b s  (SARI? p. 2.A.2-86). The maximum l oad  under 75 g cond i t ions  was 

82,215 l b s  VS. a v a l u e  at 75 g of 70,968 l b s  (SARP p. 2.A.2-103). Using a 

31,000 p s i  yield stress allowable. the maximum g-load capac i ty  w a s  found by 

t h e  reviewers t o  be 69 g which is i n  acceptab le  agreement w i t h  the repor ted  

maximum t r ansve r se  a c c e l e r a t i o n  of 75 g. 

Simplifying assumptions were made and t h e  

The maximum p l a t e  load  under 5 g cond i t ions  was 5,489 l b s  v6. 

Ind iv idua l  p l a t e s  under support  cond i t ions  of one-end f i x e d  and 

one-end simply supported were checked f o r  maximum buckl ing stress 

cons ider ing  a full 8 3/8 i n .  l ength .  

p s i  w a s  found. 

r e s t r a i n t )  t o  the minimum bear ing  area, t h e  m a x i m u m  a c c e l e r a t i o n  capac i ty  

i s  66.5 g which i s  i n  accep tab le  agreement w i t h  t h e  repor ted  expected 

t r a n s v e r s e  a c c e l e r a t i o n  of 75 g.  

A cr i t ica l  buckl ing stregs of 28.362 

When t h i s  stress i s  appl ied  (no spread o r  lateral 

The function of t h e  baske t  assembly is t o  maintain c r i t i c a l i t y  

s e p a r a t i o n  of t h e  fuel elements. Some l o c a l i z e d  p l a s t i c  deformation is 

acceptable .  A check was made of maximum d e f o m a t i o n  under 75 g-load 

condi t ions .  The maximum d e f l e c t i o n  under p l a s t i c  cond i t ions  is l i m i t e d  t o  
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t h e  spacer  depth of ,058 i n .  Local 6 t r e % ~  1wels are abwe t h e  u l t i m a t e  

bending capac i ty  of t h e  p l a t e  b u t  belaw t h e  u l t i m a t e  shea r  c a p a c i t i e s .  

This i n d i c a t e s  ine las t ic  deformations g r e a t e r  than  t h e  ca l cu la t ed  elastic 

deformations would be expected a t  t h e  conserva t ive  75 g-loading lwrrl. 

This may be compared t o  t h e  maximum f i n i t e  element S 

on an i n t e r i o r  p l a t e  (SARP p. 2.A.2-102) and .262 i n .  on an exterior 

p l a t e .  A nominal gap of .143 in .  exists i n i t i a l l y  between t h e  fuel element 

and ad jacent  p l a t e s .  

simultaneous d i r e c t i o n s ,  ad jacent  deformed p l a t e s  would touch a fuel 

element and support  would be  uniform. It i s  t h e r e f o r e  felt t h a t  t h e  

e x i s t i n g  egg crate  p l a t e  design is  adequate. 

P r e s u l t s  o f  "075 in .  

Under cond i t ions  o f  75 g a c c e l e r a t i o n  i n  two 

18.5 LIFTING AND RESTRAINT 

The l i f t i n g  and r e s t r a i n t  func t ions  are provided by four trunnions 

t h a t  are b o l t e d  t o  t h e  cask body. 

c a l c u l a t i o n s  for the design of t h e  t runnion and b o l t s .  

c a l c u l a t i o n s  were made by OIW., 

TN has provided a series of hand 

A similar series of 

Transpor ta t ion  stresses i n  t h e  t runnions  were checked under the 6me 

cond i t ions  i n  t h e  SARP. 

preloaded b o l t s ,  shea r  stress was found by t h e  reviewers  to be 54.091 psi 

and maximum t ens ion  stress was 43,368 p s i v s .  11,900 p s i  and 84,280 p s i  

(SARP p. 2.A.3-19) respec t ive ly .  

Assuming loads  are u l t i m a t e l y  resisted only by t h e  
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The stress intensity was found to be 116.6 ksi and the allowable 

intens i ty ,  u t i l i z i n g  actual material values,  was found by the rwiewers to  

be 121.63 k s i  a t  208OF. 

(SARP p. 2.A.3-18). 

reported values. 

The reported stress intensity value was 67 k s i  

Trunnion stresses were checked and found close to the 

18.6 IMPACT PRO'IXCTION 

The cask i s  protected from h p a c t  by a composite structure of balsa 

and redwood. This structure is  i n  fac t ,  the same 8s that u t i l i z e d  for the 

TN-BRP cask as detai led in Sect. 9.6 of t h i s  report, without the aluminum 

spacers. The comments of Sect. 9.6  are applicable f o r  the TN-REG review. 

18.7 CONCLUSIONS ON STRUCTURAL REcrlEw 

2 The conclusions an the  structural evaluation of the TN-BRP SARP 

are ident ica l  to those stated in Sect .  9.7, p. 66 of t h i s  report. 
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19.1 OVERVIEW 

2 An i ndependa t  revietill of Chap, 4, "CantainmentDW of the  SARP and 

t h e  s e c t i o n s  and appendices r e l a t e d  to t h e  l i d  c losu re  seals and b o l t s  from 

Chap. 2, nSt rue tu ra l  Evaluation," of the SARP has been performed. The 

review act ivi t ies  began i n  1984 and continued through 1985. 

cons is ted  of receiving por t ions  of t h e  SARP, thoroughly reading t h e  

submitted material. camparing wi th  appropr ia te  regula t ions  or  criteria, 

performing independent ca l cu la t ions  for checking purposes, submitt ing 

comments f o r  cons idera t ion  by TN, and considerat ion of t h e  comments of 

o the r s  t h a t  had reviewed t h e  same material. 

all comparisons with regula t ions  were made by re ference  t o  

10 CFR Pt.  7 1 , ~  ANSI N14.5.29 and U.S. NRC Regulatory Guide 

7.4.30 

Sects.  4.2 and 4.3. 

The review 

During t h e  review a c t i v i t y .  

The design cri teria from the SARP is contained i n  Chap. 4, 
22 

19 .2  REVIEW FINDITJGS 

The comments and f ind ings  expressed i n  Sect. 10.2, p. 69 of t h i s  

report on t h e  !IN-BRP containment review are a l s o  appl icable  t o  t h e  7%-RBG 

as regarding to ana lys i s  methodology and t h e  c losu re  i n t e g r i t y .  

The SARP i nd ica t e s  t h a t  t h e  main c losu re  w i l l  b e  subjected t o  a 

45 ps ig  i n t e r n a l  pressure  and 95 g axial impact under acc ident  conditions.  

For these  condi t ions,  t h e  maximum load pe r  b o l t  was ca lcu la t ed  t o  be 

3.834 l b / b o l t s  and 158,064 l b / b o l t  ve r sus  14,251 l b / b o l t  and 135,323 

l b / b o l t  (74 g and 150 ps i )  (SARP p. 2.A.1-63 and 2.A.1-59.) This loading 
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would resul t  i n  a momentary seal loss on the metal Helicsflex seal but 

containment would be preserved by the i ton  O-ring. Under normal 

conditions no loss of seal integrity was calculated. 

19.3 CONCLUSIONS ON CONTAINMENT REXIEN 

The closure system of the cask has been adequately shown to meet the 

prescribed design c r i t e r i a  and regulatory requirements i n  the judgement of  

the rwiewers. 



The materid s p e c i f i c a t i o n s  and requirements for the TN-REG cask are 

equivalent  t o  t b s a  f o r  t h e  TN-BRP cask discuased i n  Chapter 11. 

reader is  re fe r r ed  t o  t h a t  chapter  fo r  more d e t a i l e d  d iscuss ions  regarding 

The 

the  approach and techniques u t i l i z e d  i n  the review. 

discuss ion  addresses add i t iona l  s p e c i f i e s  r e l a t e d  t o  the  2%-REG cask. 

The following 

As with  t h e  review of t h e  TN-BRP, the review of mater ia la  s e l e c t i o n  

was focused on t h e  requirements of 10 CFR 7 1  r e l a t e d  t o  t h e  prevention of 

b r i t t l e  f r ac tu re .  

condi t ions  t h a t  may occur 8t an i n i t i a l  temperature of -20'F. 

'This document requi res  t h e  cask t o  withstand accident  

The 

approach for t h e  r e v i e w  of t h e  TN-REG cask assumed a o n e t i m e  only shipment 

which could occur a t  B temperature at  or above t h a t  a t  which t h e  material 

a t t a i n s  100% d u c t i l e  f r a c t u r e  with s tandard Charpy V-notch t e s t ing .  This 

requirement app l i e s  equal ly  to t h e  weld metal and t h e  heat-affected zones 

of t he  weldments. 

The minimum recommended t e s t i n g  included drop-weight lVDT sf the base 

metal and weld metal: Charpy V-notch impact t e s t i n g  of t h e  bs se  metal, weld 

metal, and hea t  a f f ec t ed  zones; t e n s i l e  t e s t i n g  of weld metal and base 

m e t a l ;  end hardness t e s t i n g  of a l l  t h r e e  components. The toughness test;: 

s h a l l  covet a temperature range with s u f f i c i e n t  i n t e r v a l s  t o  allow f o r  

cons t ruc t ion  of the f u l l  Charpy V-notch curve of b r i t t l e  t o  f u l l y  ductile 

behavior,  The r e s u l t s  will include t o t a l  absorbed energy, m i l s  lateral  

expansion, and percent  shear.  The objec t ive  of t h e  t e s t i n g  i s  t o  provide 
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s u f f i c i e n t  i n f o m a t i o n  t o  allm f o r  8 determina t ion  of t h e  lowest semiee 

metal temperature (LSPIT) a t  which f u l l y  d u c t i l e  behavior  is  achieved and 

use th iB as a l i m i t i n g  condi t ion  €or t r anspor t .  

The TN-REG SARP gives -20°C as t h e  LSMT i n  both Chapters 1 and 2, 

That va lue  i e  i n  agreement w i t h  t h e  Kobe Steel Company d a t a  package. 

However. on pages 1-2 and 2-1. it is s t a t e d  t h a t ,  since Regulatory Guide 

7.818 r equ i r e s  acc iden t  condi t ions  t o  be evaluated a t  an ambient 

temperature of -20°F, Transnuclear  cons iders  t h a t  t h e r e  i s  no need f o r  

any m b i e n t  temperature  r e s t r i c t i o n s  on cask shipment. 

Regulatory Guide 7.8 is used in conjunct ion w i t h  Regulatory GuJde 

7.617 and a p p l i e s  t o  casks made of s t a i n l e s s  steel. 

previously d iscussed  propensi ty  of f e r r i t i c  steeler f o r  b r i t t l e  f r a c t u r e  

(dependent on temperature).  t h e  cask body and lids should be maintained a t  

-2Q°C o r  higher .  

temperature t o  be a t t a i n e d  i n  t h e  event  of lower ambient temperatures.  

O W 9 s  recommendation i s  t h a t  t h e  cask should n o t  be t r anspor t ed  i f  t h e  

cask body or  l i d s  are a t  a temperature  below -20°C. 

Because of t h e  

Perhaps decay h e a t  o r  i n s u l a t i o n  w i l l  allow t h a t  

The baske t  material is s p e c i f i e d  i n  SARP Tables 2-12 and 2.A.2.1 as 

boron s t a i n l e s s  steel wi th  1.7 w t  % Baron. 

range of 1 t o  2 w t  % degrades toughness. 

app ropr i a t e  cons ide ra t ion  c o n s i s t e n t  w i t h  t h e  a p p l i c a t i o n  o f  t h e  s p e c i f i c  

material i n  t h e  context  of t h e  requirements €or t h e  s t r u c t u r a l  design of 

t h e  package (See Sec t ion  18.4). 

Increas ing  boron conten t  in t h e  

This i s s u e  must be given 
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21 CONCLUSIONS 

This  r epor t  has  summarized t h e  d e t a i l s  of th t echn i  el evalu t i o n s  

1 
completed dur ing  the SAF@ reviews of both  t h e  TN-BRP 

TN-REG spent  f u e l  shipping casks.  The summaries included ind iv idua l  

s e c t i o n s  on the package desc r ip t ion .  c r i t i c a l i t y  sa fe ty ,  sh ie ld ing .  h e a t  

and t h e  

2 

genera t ion ,  thermal. analysess  nondes t ruc t ive  examination, s t r u c t u r a l  and 

containment analyses.  and materials concerns. As noted i n  t h e  

In t roduct ion ,  t h i s  r epor t  and t h e  r e fe rence  material r ep resen t s  an " in te r im 

s t a t u s "  as a d d i t i o n a l  r e v i s i o n s  and d i scuss ions  have occurred during NRC 

review of t h e  sub jec t  casks. 

Based on t h e  eva lua t ions  presented  herein.  i t  is t h e  opinion oE the  

ORNL reviewers t h a t  t h e  cask designs,  a8 presented t o  ORM, by TN, have been 

developed us ing  accepted techniques and procedures, and t h e  des igns  m e e t  

t h e  t echn ica l  requirements of 10 CFR Pt.  71  and are acceptab le  f o r  t h e  3 

i s suance  of a one-time shipment DOE C e r t i f i c a t e  of Compliance f o r  

t r a n s p o r t a t i o n  as intended by t h e  suppor t ing  DOE program. 

This recommendation f o r  c e r t i f i c a t i o n  i s  based on a l l  the  assumptions 

as descr ibed  i n  Sec t ,  2 of t h i s  document and i s  predica ted  on d a t a  

descr ibed  herein.  

r ep resen t  a knowledgeable i n t e r p r e t a t i o n  of t h e  equ iva len t  NRC s tandards  as 

appl ied  and i n t e r p r e t e d  by t h e  O W  reviewers based both  on t echn ica l  

This  3 s  not  a guarantee  of MRC a c c e p t a b i l i t y .  b u t  does 

competence and experience i n  s imilar  work both wi th  t h e  DOE and NRC, 

It w a s  recognized during t h e  course  of t h e  review t h a t  t h e r e  are not  

d e f i n i t e  s tandards  f o r  t h e  design of cask i n t e r n a l  s t r u c t u r e s  that are 

c r i t i c a l  t o  s a t i s f y i n g  the  performance f a c t o r s  of 10 CFR Pt.  71. In 
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p a r t i c u l a r ,  i s s u e s  such BB t h e  f r a c t u r e  toughness of t h e  baske t  p l a t e s  w i t h  

t h e  quoted boron concent ra t ions  must b e  considered as judgemental, dec i s ions  

on t h e  p a r t  o f  t h e  reviewers.  

During t h e  course  of t h e  t echn ica l  eva lua t ions ,  recommendations were 

compiled regarding work which was beyond t h e  scope of the 0 

represent ing  concemg which should be v e r i f i e d .  For convenience, these 

recommendations are summarized b e l m .  

1. ORNL recognizes  t h a t  t h e  r e spec t ive  SMPs  uponwhich c h i s  review w a s  

based are not  of regetlatrony quality; and, i n  some ca6e6. QRML's 

opinions are based on knowledge of f a c t s  not adequately represented  i n  

t h e  SARPs. For external review. t h e  SARPs should b e  upgraded t o  

acceptab le  s tandards.  

A review of procedures and q u a l i t y  c o n t r o l  for t h e  boron concent ra t ion  

i n  t h e  cask baske t s  should be conducted. 

2. 

3. V e r i f i c a t i o n  o f  r a m a l  of t h e  c o b a l t  rods from t h e  9 x 9 and 11 x 11 

assemblies  to b e  shipped i n  t h e  TN-BRP should b e  completed p r i o r  t o  

loading of t h e  TN-BRP. 

Adequate NDE must b e  implemented by a review of procedures and 

performance by ind iv idua l s  wi th  appropr i a t e  knowledge and expe r t i s e .  

For groper  c r i t i c a l i t y  and sh ie ld ing  s a f e t y ,  t h e  cask loading p a t t e r n  

of t h e  T N - R E  must be s t r i c t l y  adhered t o  and confirmed v i a  

admin i s t r a t ive  procedures a t  WVNS, and t h e  presence of t h e  burnable  

poison c l u s t e r s  must be  confirmed. 

4. 

5 .  
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