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INTRODUCTION 

The f u e l  assembly f o r  t h e  LMFBR r e a c t o r  development programs 

a t    an ford (FFTF) and Clinch River (CRBR) c o n s i s t s  of a c lo se -  

packed a r r a y  of  217 f u e l  p ins  i n  a hexagonal flow tube  o r  housing,  

which i s  about 5 inches ac ros s  f l a t s .  Each p i n  i s  about 1/4 inch  

i n  diameter and has a wire  wrapped around i t  i n  a s p i r a l  with a 

1- foot  p i t c h .  The wires  space t h e  p ins  from one another  i n  t h e  

a r r ay ,  t hus  providing channels f o r  flow of  coo lan t .  The p ins  a r e  

8 f e e t  long f o r  Hanford and 10 f e e t  long f o r  Clinch River ,  and 

t h e  corresponding o v e r a l l  l engths  of t h e  assemblies  a r e  12 and 

14 f e e t ,  r e s p e c t i v e l y .  The assembly weight i s  aLuu t  SO0 pounds. 

M a j o r  R e q u i r e m e n t s  A f f e c t i n g  G e n e r a l  C o n c e p t s  

Major req115rements s p e c i f i e d  by t h e  u s e r s  f o r  t h e  design and 

opcra t ion  of shipping con ta ine r s  f o r  t h e  u n i r r a d i a t e d  assemblies  

i nc lude  t h e  fol lowing:  

* Work done under USERDA Contract  No. AT(07-21-1. 



The assembly must be supported a t  des igna ted  p o i n t s  a long i t s  

l ength  when not i n  a v e r t i c a l  p o s i t i o n .  

The assembly must not experience a shock g r e a t e r  than  6 g 

a c c e l e r a t i o n  from primary impact i f  t h e  con ta ine r  i s  dropped 

i n  any o r i e n t a t i o n  from a he ight  of  6 inches .  

The des ign  must be such t h a t  t h e  e n t i r e  package, o r  an inne r  

con ta ine r  i f  t h i s  i s  r e a d i l y  removable from an overpack, may 

be lowered through a 22-inch-diameter f l o o r  va lve  opening 

and such t h a t  t h e  assembly may then  be ex t r ac t ed  v e r t i c a l l y .  

The package miise permit r e m ~ v a l  of a s u i t a b l y  supported 

assembly i n  a ho r i zon ta l  posi.t.jnn. 

Accelerometers must be provided t o  i n d i c a t e  t h e  maximum number 

of g f s  shock a t  each end of t h e  assembly and i n  each of t h e  

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

The package must be designed f o r  shipment i n  a c losed  t r a i l e r  

with access  only  through r e a r  doors .  

a The weight and dimensions per  assembly should be a s  small  a s  

f e a s i b l e .  . 

The major requirements (S l ide  1) determine t h e  genera l  

f e a t u r e s  of design,  bu t  d e t a i l s  a r e  a f f e c t e d  by numerous o the r  

requirements  r e l a t i n g  t o  c l e a n l i n e s s ,  p r o t e c t i o n  aga ins t  phys ica l  

damage, a l lowable loads  and d e f l e c t i o n s ,  a l lowable r a d i a t i o n  ' 

l e v e l s ,  ' l im i t a t ions  of handling devices  and f a c i l i t i e s ,  and 

temperature cons ide ra t ions .  The package must, o f  course,  

s a t i s f y  a l l  app l i cab le  r e g u l a t i o n s ,  i n  p a r t i c u l a r  P a r t  71 of  

' I ' i t l e  10 of t h e  Code of  Federal Regulat ions.  



The r e g u l a t i o n s  r e q u i r e ,  among o the r  t h i n g s  and i n  add i t i on  

t o  avoidance of  c r i t i c a l i t y ,  t h a t  t h e  package s h a l l  no t  r e l e a s e  

more than t e n  m i l l i c u r i e s  of plutonium i f  i t  i s  dropped from 

a height  of 30 f e e t  on to  an e s s e n t i a l l y  unyie ld ing  f l a t  su r f ace ,  

then dropped 40 inches  onto a  6-inch-diameter p e n e t r a t o r ,  and 

then  subjec ted  t o  a  147S°F environment f o r  30 minutes.  The 

ind iv idua l  f u e l  p ins ,  without ex t e rna l  p ro t ec t ion ,  have been 

shown t o  remain l e a k t i g h t  under t h e  s p e c i f i e d  cond i t i ons  of 

impact and f i r e .  There i s  almost no doubt t h a t  t h e  assembly of 

217 p i n s  a l s o  s a t i s f i e s  t he  requirement;  however, a  formal 

demonstration of t h i s  i s  under way. Thus, t h e  packaging does 

not  have t o  provide containment under t h e  hypo the t i ca l  acc iden t  

cond i t i ons  of t h e  r e g u l a t i o n s .  

The shipping con ta ine r  i s  being designed by t h e  Engineering 

Department of t h e  Du Pont Company a s  p a r t  of a  Savannah River 

P lan t  program of t echn ica l  a s s i s t a n c e  t o  t h e  ERDA Divis ion of 

Reactor Development and Demonstration i n  t h e  a r e a  of shipping 

r a d i o a c t i v e  m a t e r i a l s .  

Prel iminary eva11iat.inn was  made f o r  ~ e v o r a l  d i f f e r e n t  d t s i g ~ ~ s ,  

inc luding  arrangements of  two and f o u r  assemblies  pe r  con ta ine r .  

Although some saving i n  shipping c o s t  could be r e a l i z e d  by having 

more than one assembly per  con ta ine r ,  cons ide ra t ion  of  ope ra t iona l  

d i f f i c u l t i e s ,  exposure of personnel  t o  r a d i a t i o n ,  and r i s k  of 

damage t o  an assembly during handl ing l e d  t o  s e l e c t i o n  of  a  

design having one assembly pe r  con ta ine r .  



Unl oadi ng Sequence a t .  Hanford 

View A of S l i d e  2 i s  a b i rd ' s - eye  view of t h e  e n t i r e  package. 

Bas i ca l ly ,  t h e  package c o n s i s t s  of an overpack made up of  two 

concent r ic  p ipes  with cushioning devices  i n  t h e  annular  space,  

and wi th  a removable cap a t  each end. I n s i d e  t h e  package i s  a 

strongback t h a t  i s  s p l i t  lengthwise i n t o  two ha lves .  The s t rong-  

back has s u i t a b l e  hardware and pads t o  p o s i t i o n  and hold t h e  f u e l  

assembly. This  s l i d e  i l l u s t r a t e s  t h e  proposed method of unloading 

a t  Hanford. View B shows t h e  overpack wi th  end caps removed; C 

shows t h e  stron'gback t h a t  has  been withdrawn from the  overpack. 

In Views D and E,  t h e  strongback i s  r a i s e d  t o  a v e r t i c a l  p o s i t i o n  

and a t t ached  t o  an unloading f i x t u r e .  In View F ,  a grapple  

engages t h e  f u e l  assembly; i n  G ,  t h e  strongback i s  opened; and 

i n  H, t h e  assembly i s  being taken away. With t h i s  method of  

opera t ion ,  t h e  assembly may be i n  a p l a s t i c  bag dur ing  shipment. 

Unloading Sequence a t  C l i nch  R ive r  

S l i d e  3 shows t h e  proposed method o f  handl ing a t  Cl inch River.  

The e n t i r e  package i s  o r i en t ed  v e r t i c a l l y  and i s  then Inwered i n t o  

a f l o o r  p i t  a s  shown i n  View C .  The upper end cap i s  removed, and 

t h e  f u e l  assembly i s  withdrawn v e r t i c a l l y ,  l eav ing  t h e  strongback 

i n  t h e  overpack. Views D and E a r e  merely a l t e r n a t i v e  methods of  

support ing t h e  package i n  t h e  f l o o r  p i t .  



Upper End o f  Fuel Assembly and Container 

S l i d e  4 shows c r o s s  s e c t i o n s  of t h e  end of t h e  package con- 

t a i n i n g  t h e  upper po r t ion  of  t h e  f u e l  assembly. O r i g i n a l l y  a 

foam-type cushioning ma te r i a l  was considered; however, t h e  wire  

rope  devices ,  suggested by our a s s o c i a t e s  a t  Hanford and shown 

a t  each end i n  t h e  annular  space of t h e  overpack, appear p r e f e r a b l e  

from t h e  s t andpo in t s  of d u r a b i l i t y ,  c l e a n l i n e s s ,  temperature 

s e n s i t i v i t y ,  and f i r e  r e s i s t a n c e .  Cushioning i s  provided both 

r a d i a l l y  and a x i a l l y ,  and t h e  damping c h a r a c t e r i s t i c s  a r e  good. 

An acoolerometcr i s ;  a t  l e f t  end of t h e  strongback; 

perhaps more than one accelerometer  w i l l  be used,  depending on 

t h e  type  f i n a l l y  s e l ec t ed ,  i n  o rde r  t o  measure i n  a l l  d i r e c t i o n s .  

An accelerometer  i s  a l s o  i n s t a l l e d  a t  t h e  o t h e r  end of t h e  

strongback. These instruments  w i l l  have e l e c t r i c a l  connect ions 

t o  permit readout  be fo re  t h e  overpack i s  opened and must be  

unplugged dur ing  t h e  course of unloading ope ra t ions .  

The pos i t i on ing  and holding device  a t  t h e  upper end of t h e  

f u e l  assembly i s  a d j u s t a b l e  t o  accommodate s l i g h t  bow and s l i g h t  

v a r i a t i o n  i n  length  o f  assemblies .  

Between'the ends of t h e  inne r  and o u t e r  p ipes  of t h e  overpack 

i s  a diaphragm, p r imar i ly  f o r  reasons  of c l e a n l i n e s s  and decontam- 

i n a b i l i t y .  This  diaphragm must be f a i r l y  loose,  because l i m i t i n g  

shock t o  6 g l s  with a 6-inch drop w i l l  n e c e s s i t a t e  about 1 .5- inch  

r e l a t i v e  motion between t h e  inne r  and ou te r  p ipes .  



Center and Bottom End o f  Fuel Assembly 

S l i d e  5 shows t h e  c e n t r a l  l ong i tud ina l  s ec t ion  of t h e  package. 

S l i d e  6 shows t h e  bottom end, which i s  ve ry  much l i k e  t h e  

upper end. However, a  pad provides  both a x i a l  and r a d i a l  r e s t r a i n t  

and suppor ts  t h e  assembly when t h e  package i s  i n  t h e  v e r t i c a l  

p o s i t i o n .  One pad shown i s  f o r  t h e  Clinch River assembly; t h e  

o t h e r  i s  f o r  t h e  s h o r t e r  Hanford assembly. 

Aside from t h e  d i f f e r e n c e  i n  l eng th  between t h e  Hanford and 

Clinch River assemblies ,  t h e r e  a r e  minor d i f f e r e n c e s  i n  conf igura-  

t i o n ,  and a s  p rev ious ly  d iscussed ,  t h e  proposed methods of handling 

a r e  d i f f e r e n t .  The strongback i s  designed t o  accommodate e i t h e r  

type  of hardware. 

A l eg  wi th  wheels i s  a t t ached  t o  t h e  forward end of t h e  

overpack f o r  shipment. This  l e g  has a  ho le  t o  match a  p in  i n  a  

pos i t i on ing  f i x t u r e  mounted i n  t h e  t r a i l e r .  A d o l l y  under t h e  

r e a r  end i s  then  used f o r  maneuvering t h e  con ta ine r  i n t o  p o s i t i o n .  

The d o l l y  i s  removed, and t h e  colltairler i s  then t i e d  down. This  

method of ope ra t ion  avoids t h e  need f o r  personnel  t o  pass  along- 

s i d e  t h e  con ta ine r  dur ing  o r  a f t e r  loading.  A s  many a s  s i x  

con ta ine r s  w i l l  be shipped on a  t r a i l e r ,  t h r e e  a b r e a s t  and two 

lengthwise wi th  very  l i t t l e  space between con ta ine r s .  

Conclusions 

Spec ja l  sh i e ld ing  i s  not  needed t o  meet r c g u l a t o r y  r e q u i r e -  

ments. The c a l c u l a t e d  su r f ace  r a d i a t i o n  l e v e l  i n  t h e  reg ion  of 



t h e  a c t i v e  f u e l  i s  l e s s  than 100 mrem per  hour f o r  i n i t i a l  

opera t ion .  The composition of f u e l  now f o r e c a s t  a f t e r  t h e  mid- 

1980's may r e s u l t  i n  r a d i a t i o n  l e v e l s  r e q u i r i n g  some sh i e ld ing  

f o r  handl ing.  The des ign  w i l l  accommodate t h e  a d d i t i o n  of a  

moderate amount of e i t h e r  neutron o r  gamma s h i e l d .  

Some t e s t i n g  of mockups of t h e  cushioning system i s  planned 

a s  p a r t  of t h e  des ign  e f f o r t .  Whether t o  f a b r i c a t e  a pro to type  

f o r  d r y  runs  before  order ing  a d d i t i o n a l  u n i t s  i s  being considered.  

The des ign  appears  s t ra ight forward  so t h a t  on ly  minor modi f ica t ion  

and adjustment might. be r equ i r ed .  

An a l t e r n a t i v e  des ign  being considered has t h e  overpack s p l i t  

lengthwise i n t o  two ha lves .  This  des ign  would f a c i l i t a t e  i n s t a l l a -  

t i o n  and p o s s i b l e  replacement of t h e  cushioning devices  and would 

permit l i f t i n g  t h e  strongback and f u e l  assembly out  of t h e  opened 

overpack. Both t h e  inne r  and o u t e r  s h e l l s  of t h e  overpack would 

be bol ted  toge the r  f o r  shipment; t h e  inne r  s h e l l  would be bo l t ed  

through ho le s  i n  t h e  o u t e r  s h e l l ,  which would then  be c losed  wi th  

p lugs .  Disadvantages of t h e  des ign  a r e  t h e  l e s s e r  ea se  of main- 

t a i n i n g  c l e a n l i n e s s  and t h e  added ope ra t ing  s t o p s .  A f inah  

dec i s ion  on t h e  design i s  expected s h o r t l y .  Meanwhile, des ign  

i s  cont inuing with t h e  goal  of completing d e t a i l e d  des ign  and 

s a f e t y  a n a l y s i s  t h i s  ca lendar  year ,  ob ta in ing  a  c e r t i f i c a t e  of  

compliance i n  1978, and having con ta ine r s  a v a i l a b l e  f o r  u se  i n  

1979. 



MAJOR REQUIREMENTS 
AFFECTING GENERAL CONCEPT 

a Support f o r  h o r i z o n t a l  assembly 

a Maximum 6  g  acce le ra t i on  
f o r  6 - inch  drop 

a Maximum diameter 22 inches 

a V e r t i c a l  o r  h o r i z o n t a l  removal 
o f  assembly 

a Ins t rumenta t ion  t o  measure shock 

i Shipment i n  rea r - l oad ing  t r a i l e r  

a Minimum s i z e  and weight 

SLIDE 1  



UNLOADING SEQUENCE AT HANFORD 
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UPPER END OF FUEL ASSEMBLY AND CONTAINER 
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CENTER SECT1 ON 
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BOTTOM END OF FUEL ASSEMBLY AND CONTAINER 
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