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SUMMARY 

Although increasing numbers of spent l ight  water reactor (LNR) fuel 

bundles are moved into storage, no handling equipment i s  se t  up to  manipulate 

a l l  of the various types of fuel bundles. This report summarizes fuel bundle 
informati on of in te res t  t o  the designer of such hand1 i ng equipment. 

Dimensional descriptions are included with discussions of assembly procedure 

and manufacturer provisions fo r  handling equipment. No attempt i s  made to  

make a complete compilation of dimensional information; the number of fuel 
bundle designs and design revisions make i t  impractical. 

Because the fuel bundle designs are so varied, any equipment intended 
for  handling a l l  types of bundles will nave to  be designed with f l e x i b i l i t y  
in mind. Besides the a b i l i t y  to  manipulate fuel bundles in space, handling 

equipment may be required to locate an external surface or to  position a 

cutting operation t o  avoid breaking a fuel rod pressure boundary. Even w i t h  

the most sophisticated and f lex ib le  handling equipment, some si tuat ions will 
require use of the manufacturers' as-bui l t  descriptions of individual fuel 

bundles. 

Because fuel bundle designs are proprietary information, most of the 

drawings acquired from the manufacturers could not be reproduced in th i s  

report. Where possible, pertinent dimensions were taken from these drawi ?gs 

(with the vendors' permission) and applied to ccm~osi t e  diagrams. 
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LWR NUCLEAR FUEL BUNDLE DATA FOR USE I N  FUEL HANDLING 

L i g h t  water r e a c t o r  (LWR) spent f u e l  i s  removed f rom the  reac to rs  

encased i n  f u e l  rods  t h a t  are h e l d  t cge the r  i n  r i g i d  f u e l  bundles. The 

cu r ren t  U.S. i nven to ry  o f  unreprocessed spent f u e l  i s  s to red  i n  these 

bundles. As the  number o f  i r r a d i a t e d  nuc lear  f u e l  bundles increases, i t  

becomes more important  t h a t  e f f i c i e n t  methods o f  hand l ing  these bundles a r e  

developed. This study prov ides  i n fo rma t ion  o f  i n t e r e s t  t o  designers o f  

hand l ing  equipment: LWR f u e l  rod  dimensions, f u e l  bundle dimensions and 

d e t a i l s ,  and t h e  design v a r i a t i o n s  t h a t  would a f f e c t  hand l ing  equipment 

design. This i n fo rma t ion  was gathered by c o n t a c t i n g  t h e  var ious  f u e l  bundle 

vendors, v i s i t i n g  t h e i r  p lan ts ,  and observ ing o r  d iscuss ing  the  design 

fea tu res  and assembly o f  t h e i r  f u e l  bundles. Tables 1 and 2  summarize t h e  

U.S. spent f u e l  d ischarge i n v e n t o r y  f o r  1962 through 1976 w i t h  p red i c ted  

i n v e n t o r i e s  through 1986. 

TABLE 1. Actua l  and P r e d i c t  d U.S. Spent Fuel Discharge Inven to ry  - 
1962 throcgh 1986 Pa) 

Cischar-ed Fuel Bundles 
Reprocessed ieprocessed Yearly Total Curnul~tive Invent- 

Year PWR - -- PMR BWR BWR - Inventory PWR BWR - 

( a )  Source: &Lilt7 Spent Fuel Inventory and Projection. Y/OWI/SUB-77/a2500, 
Nuclear Assurance Corporat icn, June 1977. - 



TABLE 2. Inventory by Type of Discharged and Unreprocessed 
LWR Fuel Bundles Through 1987 

Vendor- 
Manufacturer 

Babcock & Wi 1 cox 

Combustion Engineeri ng 

General Elec t r ic  

Westi nghouse 

Type Unknown 

BWR 

LWR 

Fuel Bundle 
Array Size 

15 x15 
17x17 

Discharged 
Fuel Bundles 

5,866 
1,671 



FUEL B U N D L E  DESCRIPTIONS 

The current U.S. inventory of unreprocessed spent fuel i s  stored in fuel 

bundles designed and bu i l t  by several different  manufacturers. Besides fuel 

rods, the bundles consist of fuel rod spacers, end f i t t i n g s ,  and various 
support devices that  represent a large part of the fuel bundle volurne. 

The fuel bundle descriptions in the following discussion identify 

available de ta i l s  of material composition and mechanical assembly that  would 

be useful in se t t ing  up equipment and process parameters for  handling the 

various kinds of LWR fuel bundles. The descriptions cover pressurized water 
reactor (PWR) and boiling water reactor (BWR) fuel bundles made by: 

1) Combusti on Engineering (PWR fuel bundle) 

2 )  Exxon Nuclear (PWR and BWR) 

3 )  Westi nghouse (PWR) 

4 )  General Electr ic  ( B W R )  

5 )  Babcock and Wilcox (PWR). 

These descriptions and the subsequent dimensional data represent, a t  

best, descripticns of "typical" fuel bundles. Within each fuel bundle 

desi yn ,  many small design variations may have evolved as design and 

manufacturing experience accumulated. 

COMBUSTION ENGINEERING 14x14 AND 16x16 PWR FUEL BUNDLES 

Each of Combusti on Engineering' s 14x14 or 16x16 fuel bundles represented 
in Figure 1 consists of fuel rods, Zircaloy-4 control element guide tubes, 
fuel rod spacer grids, upper and lower end f i t t i n g s ,  and a hold-down device. 
The fuel rods in the bundle are i n i t i a l l y  pressurized with helium and are 

designed t o  have a maximum pressure of 2250 psi a f t e r  i r radiat ion.  

The guide tubes, spacer grids,  and end f i t t i n g s  form the s t ructural  

frame of the assembly. The spacer grids are welded to  the guide tubes; the 

end f i t t i n g s  are mechanically joined. The spacer grids are Zircaloy-4 b u t  

the bottom retention grid i s  Inconel 625. The lower end spacer grid i s  
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FIGURE 1. Combustion Engineering i 6 x X  ?WR F ~ e l  Bundle and Fuel Rod 



supported by Inconel tabs,  which are welded d i rec t ly  to the lower end 

f i t t i n g .  The spacer grids provide f r i c t iona l  axial r e s t r a in t  to  fuel rod 
motion. The posit ive axial r e s t r a iq t  on the fuel rods i s  prcvided by end 

contact with the upper or lower end f i t t i n g .  The lower end f i t t i n g  i s  cast  
s ta inless  s teel  (CF-8). The upper end f i t t i n g  consists of two cast  s ta inless  

s teel  plates and f ive  machined alignment posts of 304 s ta in less  s t ee l .  

A t  t he i r  upper ends, the outer guide tubes each have a widened shoulder 

that  contains an internal thread. Connection with the upper end f i t t i n g  i s  
made by passing the male-threaded end posts through the upper end f i t t i n g  and 

into the guide tubes. There i s  an additional mechanical connection between 
the posts and guide tube to ensure that  the threaded joint  does not become 

locse during operation. Each guide tube also has a threaded f i t t i n g  a t  i t s  
lower end. This threaded f i t t i n g  passes through a hole in the lower end 

f i t t i n s  and is  secured by a Zircalgy n u t  tha t  in turn is'secured by welding. 

The central guide tube inser ts  into sockets in the upper and lower end 

f i t t i n g s .  There i s  no posit ive axial connection between the central guide 
tube and the end f i t t i n g s .  

The upper end f i t t i n g s  can eas i ly  be removed by unscrewing the four 

outer alignment posts with a modest torque. The center post i s  part  of the 
upper end f i t t i n g  assembly and i s  removed as part o f  the assembly. 

EXXON NUCLEAR FUEL BUNDLES (PMR 14x14, 15x15 AND BWR 7x7,  8x8) 

Exxon Nuclear fuel bundl2s are designed with mechanically locked upper 
t i e  plates to allow removal and replacement o f  individual fuel rods. The PWR 

bundles have cap screws tha t  lock the iower t i e  plate to the guide tubes or 

guide bars. The BWR bundles are assembled by screwing the threaded lower end 
cap of the t i e  rods into the lower t i e  plate.  6WR standard fuel rods are 

held in position in the lower t i e  plate  by compression springs bearing 

against the upper t i e  plate as shown in Figure 15, p. 23. The assembly of 

these fuel Sundles i s  the same as the assembly of the bundles they replace. 



WESTINGHOUSE 14x14, 15x15, AND 17x17 PWR FUEL BUNDLES 

Fuel rods are mechanically joined to  form a typical Westinghouse fuel 

bundle. The 15x15 and 17x17 fuel bundles are shown in Figures 2 and 3. The 

fuel rods (Figures 4 and 5)  are supported a t  intervals  along the i r  length by 

grid assemblies that  maintain the la te ra l  spacing between the rods. The grid 

assembly consists of an "egg-crate" arrangement of interlocking straps.  The 

straps contain spring fingers and dimples for  fuel rod support (Figure 6 )  as 
well as coolant mixing vanes. 

The central instrumentation thimble of each fuel assembly i s  not 

attached to e i ther  the top or bottom nozzles, b u t  the thimble i s  constrained 
by i t s  seating in counterbores of each nozzle. 

The guide thimbles are joined to  the grids by means of bulge jo in ts  

(Figure 7 ) .  The top end of the guide thimble i s  fastened to  a tubular sleeve 
by three expansion swages. The sleeve f i t s  into and i s  welded to  the top 

nozzle adapter plate. The lower end of the guide thimble i s  f i t t e d  with an 

end plug tha t  i s  then fastened into the bottom nozzle by a weld-locked screw, 

which penetrates through t h e  nozzle and nates with an inside f i t t i n g  in each 

guide tube (Figure 8 ) .  After the fuel rods are loaded, the end plugs are 

pressed into the ends of the tube and welded. All fuel rods are pressurized 
with helium, and the f s l i  hole located in the upper end plug i s  welded closed. 

The bottom nozzle i s  a box-like s t ructure that  serves as a bottom 
structural element o f  the fuel assembly and directs  the coolant flow 
dis tr ibut ion to  the assembly. The square nozzle i s  fabricated from 304 

s ta in less  steel and consists o f  a perforated plate and four angle legs with 

bearing plates.  

The top nozzle assembly functions as the upper s t ructural  element. I t  

consists of an adapter plate ,  enclosure, top plate,  hold-down springs, 

clamps, and pads. The springs are Inconel 718 and the bolts are Inconel 600; 

other coniponents are 304 s ta in less  s tee l .  

The fuel rods are l a t e ra l ly  res t r ic ted  by the spring fingers and dimples 

located in the grids.  This spring ccntact allows axial thermal expansion of 

the fuel rods resul t ing in creep fron the original assembly location. This 
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FIGURE 2.  Westinghouse 15xi5 Fuel Bundle  
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FIGURE 3. West inghouse 17x17 Fue l  Bundle 
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FIGURE 5. End Plugs fo r  Nonremovable Fuel Rods (Westinghouse 17x17 Fuel Bundle) 
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Assembly Grid (Westinghouse Fuel Bundles) 
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(Westi nghouse Fuel Bundles) 



BOTTOM G R I D  

SPOT WELD (4) 

S. S. INSERT 

TH 1 MBLEI  END PLUG 
I NERT-GAS FUS I O N  
WELD 

Z I RCALOY TH I 
END PLUG 

S. S. BOTTOM 

S. S. LOCK WI  RE S. S. THIMBLE SCREW 

MBLE 

MBLE 

NOZZLE 
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(Westinghouse Fuel Bundles) 



creep i s  l i m i t e d  by c o n t a c t  w i t h  t h e  upper and lower  nozz les.  Examinat ions 

o f  i r r a d i a t e d  f u e l  bundles i n d i c a t e  a maximum creep o f  1/8 i nch .  Tests  a l s o  

i n d i c a t e d  a maximum breakaway f o r ce  o f  100 pounds was r e q u i r e d  t o  niove t h e  

f u e l  r o d  th rough t h e  g r i d s .  

Some o f  these  elements cou ld  be r e c e i v e d  f r om t h e  u t i l i t y  w i t h  t h e  

c o n t r o l  r od  c l u s t e r  i n  p l ace .  

GENERAL ELECTRIC 7x7 AND 8x8 BUR FUEL BUNDLES 

The General  E l e c t r i c  f u e i  bund le  c o n t a i n s  f u e l  r o d s  (and 1 water  r o d  i n  

t h e  8x8 bundle o n l y )  spaced and suppor ted i n  a  square a r r a y  by t h e  lower  and 

upper t i e  p l a t e s  ( F i g u r e s  9 and 10 ) .  The upper and lower  t i e  p l a t e s  a re  304 

s t a i n l e s s  s t e e l  cas t i ngs .  The lower  t i e  p l a t e  has a nose-piece t h a t  suppor ts  

t h e  f u e l  assembly i n  t h e  r e a c t o r .  The upper t i e  p l a t e  has a handle f o r  

t r a n s f e r r i n g  t h e  f u e l  bundle f rom one l o c a t i o n  t o  another .  An Inconel -X 

expansion s p r i n g  on t h e  upper end p l u g  shank o f  each f u e l  r o d  keeps t h e  rods  

seated i n  t h e  lower  t i e  p l a t e .  The f u e l  rods themselves have a s p r i n g  i n  t h e  

upper end plenum chamber as suggestzd i n  t h e  composite diagram, F i g u r e  16. 

Besides s tandard  f u e l  rods,  two o t h e r  t ypes  o f  r ods  a re  used i n  t h e  f u e l  

bundle:  t i e  rods and a non- fue l  water rod. The e i g h t  t i e '  rods  i n  each 

bund le  have lower  end p l u g s  t h a t  t h read  i n t o  t h e  lower  t i e  p l a t e  c a s t i n g  and 

upper end p l u g s  t h a t  2xtend th rough t h e  upper t i e  p l a t e  cas t i ng .  k s t a i n l e s s  

s t e e l  hexagonal n u t  and l o c k i n g  t ab  are i n s t a l l e d  on t h e  upper end p l u g  t o  

h o l d  t h e  assembly toge ther .  These t i e  rods suppor t  t h e  we igh t  o f  t h e  

assembly o n l y  d u r i n g  f u e l  h a n d l i n g  when t h e  assembly hangs by t h e  handle;  

d u r i n g  o p e r a t i o n  t h e  f u e l  rods are suppor ted by t h e  lower  t i e  p l a t e .  

One r o d  i n  each f u e l  bund le  i s  used t o  p o s i t i o n  t h e  seven Zr-4 f u e l  r o d  

spacers. The r o d  i s  a  h o l l o w  Zr-2 tube  w i t h  welded tabs and a square bo t tom 

end p lug .  The r o d  i s  f i t t e d  t o  t h e  spacers by s l i d i n g  i t  th rough  t h e  spacer 

c e l l s  w i t h  t h e  welded tabs o r i e n t e d  toward t h e  corner  o f  t h e  spacer c e l l .  

The r o d  i s  then  r o t a t e d  so t h e  tabs  f i t  between t h e  elements o f  t h e  spacer 

s t r u c t u r e ,  l o c k i n g  t h e  spacer i n  t h e  r e q u i r e d  a x i a l  p o s i t i c n .  The r o d  i s  

p reven ted  f r om r o t a t i n g  and u n l o c k i n g  t h e  spacers by t h e  engagement o f  i t s  
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square lower  end p l u g  w i t h  a  square end p l a t e  ho le .  The spacers have 

Inconel -X s p r i n g s  t o  m a i n t a i n  r od - t o - rod  spacing. The f u e l  r ods  are 

p ressu r i zed  w i t h  he l ium an3 sealed by we ld ing  end p lugs  on each end. 

BABCOCK AND WILCOX 15x15 AND 17x17 PWR FUEL BUNDLES 

The Babcock and Wi lcox  assembl ies c o n s i s t  o f  an i ns t rumen t  tube, gu ide  

tubes, f u e l  rods, spacer g r i d s ,  and upper and lower  end f i t t i n g  assemblies. 

The gu ide  tubes a re  threaded and pass th rough t h e  upper and lower  end 

f i t t i n g s .  The tubes a re  secured w i t h  a  n u t  t h a t  i s  welded t o  t h e  end 

f i t t i n g s .  The end spacer g r i d s ,  which a re  w ider  than  t h e  i n t e r m e d i a t e  spacer 

g r i d s ,  are a l s o  a t tached  t o  t h e  end f i t t i n g s .  The i n t e r m e d i a t e  spacer g r i d s  

a re  h e l d  i n  p o s i t i o n  by s p r i n g  c o n t a c t  w i t h  t h e  gu ide  tubes b u t  are n o t  

locked  o r  welded. The f u e l  rods  a re  p o s i t i o n e d  by t h e  spacer g r i d s  and r e s t  

on t h e  lower  end f i t t i n g .  An i ns t rumen t  t u b e  i s  secured a t  t h e  lower  end, 

f l a r e d  around a r e t a i n e r  s leeve  i n  t h e  lower  end f i t t i n g .  

The f u e l  r o d s  a re  p r e s s u r i z e d  th rough a  h o l e  i n  t h e  f u e l  r o d  lower  end 

cap and sealed by weld ing.  F i gu res  11, 12, and 13 show t h e  f u e l  bundle 

des i  gn var  i a t  i ons . 

FUEL BUNDLE DIKEfiSIONAL DATA AND MATERIALS INFORMATION - 
Dimensional  da ta  and genera l  i n f o r m a t i o n  a re  p rov ided  here f o r  t h e  BWR 

and PWR f u e l  assembl ies f rom t h e  d i f f e r e n t  supp l i e r s .  These da ta  w i l l  be 

usefu l  i n  des ign ing  equipment t o  handle t h e  f u e l  bundles. Schematics w i t h  

l e t t e r e d  dimensions a re  used t o  show t y p i c a l  c o n f i g u r a t i o n s  f o r  PWR 

( F i g u r e  14)  and BWR ( F i g u r e  15)  f u e l  bundles. Tables 3 and 4 g i v e  va lues  f o r  

t h e  dimensions i n d i c a t e d  i n  F i g u r e  14 and 15, r e s p e c t i v e l y .  Tables 5 and 6 

p r o v i d e  d e t a i l e d  d imensional  and m a t e r i a l s  i n f o rma t i on  f o r  PWR and BWR f u e l  

bundles, r e s p e c t i v e l y .  
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FIGURE 11. Babcock and Wilcox Fuel Bundles of 15x15 (Type 1 )  and 
17x17 Fuel Bundles - Comparison 
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17x17 Fuel 8undles - Comparison 



FIGURE 13. Babcock and Wi lcox  Fue l  Bund1.s of 15x15 (Type 2 )  and 
17x17 Fue l  Bundles - D e t a i l  Comparison 
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FIGURE 14. PWR Fuel Bundle Schematic 

Dimension Description 

Cverall length of element 

Overall length of upper t i e  plate  

Upper t i e  plate t o  upper end of fuel pin a f te r  i r radiat ion 

Upper t i e  plate  t o  spac2r 

Spacer 1 ength (typical ) 

Lower t i e  plate  to  spacer 

Lower t i e  plate to  lower end of fuel pin a f te r  i r radiat ion 

Overall length of lower t i e  p l a t e  

Upper end of fuel p f n  t o  fuel 

Lower end of fuel pin to  fuel 

Thickness of lower t i e  plate g r i l l e  area 

Wall thickness, lower end of fuel pin to  pressure boundary 

Wall thickness, upper end of fuel pin to  pressure bounaary 

Lower t i e  plate  width 



TABLE 3 .  PWR Sche~natic Diinensions 

Fue l  
PWR Fuel Bundle Sc l~cn ia t ic  Dimensions, Inches E l ement 

A B C D E Des igna t i on  A r ray  ___ - -  F G H I J 

E XXON 14x14 156.7 6.10 0.5 1.52 2.75 1.52 0.5 2.68 9.20 0.60 - - 
(Casbust i  on (max. ) 
Eng i neer i ng 

F XXON 15x15 159.7 5.05 0.5 1.63 2.75 1.80 0.5 2.72 7.40 0.60 -- 
(Westinghouse) ( m a ~ .  ) 

EXXON 15x15 148.9 3.39 1.0 1.40 2.75 1.40 0 4.86 7.06 0.59 -- 
(Combustion (max. ) 
Eng inee r ing )  

EXXON 17x17 159.7 3.67 0.5 1.60 2.75 1.80 0.5 2.74 7.40 0.50 -- 
(West i  nghouse) (max. ) 

Combustion 14x14 157.2 5.8 - -  2.3 1.4 2.6 0 3.3 -- 0.95 5/8 
Eng inee r ing  

Crnnbust i o n  15x15 149.1 3.5 -- 15.7 1.2 15.7 0 5.1 -- 0.69 5 /8 

TU Engineer ing 
rU 

Combustion 16x16 176.8 10.4 -- 3.0 1.4 2.7 0 3.8 -- 0.90 5/8 
Engineer ing 

Westinghouse 14x14 159.8 3.67 0 - - - - - - 0 - - -- - - - - 

Westinghouse 15x15 159.76 3.67 0 - - -- -- 0 - - -- . - - -- 

Westinghouse 17x17 159.765 3.67 0 1.790 2.142 1.793 0 2.738 6.950 0.688 -- 
+ 1.789 
f o r  
s p r i n g  

Dabcock & 14x14 NO LONGER MANUFACTURED - ALL REPROCESSED 
Wilcox 

Babcock & 15x15 165.6 6-7/16 0 0 1.5/4.15 0 0 4-5/8 5-9/16 4-1/8 I 
Wilcox Mark 

B 2 

Mark 
03 & 84 165.6 6-1/16 5/8 0 1.5/4.15 0 0 4-1/4 5-11/32 4-11/32 5/8 

t o  
7-11/32 

Babcock & 17x17 165.7 7-15/16 5/8 0 1.5/4.17 0 0 3-15/32 6-11/32 3-11/32 5/8 
W i  l cox Mark C - 
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FIGURE 15. BWR Fuel Bundle Schematic 

Description 

Overall length of element before i r radiat ion 

Overall length of upper t i e  plate  

Upper- t i e  plate t o  fuel p i n  pressure boundary before i r radiat ion 

Upper t i e  plate to  spacer 

Length of spacer ( typ ica l )  

Lower t i e  plate to  spacer 

Overall length of lower t i e  plate 

Upper t i e  plate to fuel b e f ~ r e  i r radiat ion 

Lower t i e  plate t o  fuel 

Lower t i e  plate  to pressure boundary 

Lower t i e  plate width 



TABLE 4. BWR Schematic Dimens ions 

Fuel BWR Fuel Bundle Schematic Dimensions, Inches 
Designation A - B - C D . E F G H J - - - -  I K - -  

EXXON 
(General 
E l e c t r i c )  
E XXON 
(General 
E l e c t r i c )  
EXXON 
(General 
E l e c t r i c )  
General 
E l e c t r i c  
Genera 1 
E l e c t r i c  
General 
E l e c t r i c  

Fuel 
Designation 
EXXON 
(General 
E l e c t r i c )  
EXXON 
(General 
E l e c t r i c )  
EXXON 
(General 
E l e c t r i c )  

171.2- 7.50 0.84 20.00 2.50 17.42 6.75 12.20- 0.72 0.24 -- 
178.5 (max. ) 18.2 

Area X Area Y 
Compression Spring End Cap End Cap 

Wire Dia Mater ia l  Dia Mater i a1 Dia Mater ia l  
7x7 0.10 I r~cone l  0.250 Zr-2 0.420 Zr-2 

8x8 0.10 I nconel 0.250 Zr-2 0.380 Zr-3 

RWR-2 
8 x8 0.10 Inconel 0.250 Zr-2 0.340 Zr-2 
BWR-3, 
4,5,&6 



TABLE 5. PWR Fuel Bundle General Information 

Babcock & Wi lccx Combustion Engineer ing 
TVDI c a l  TYDI c a l  T m i c a l  

Assembly Weight ( kg )  -- 689 683 58 1 621 650 

Lower T i e  P l a t e  -- 8.536 8.536 8.11 8.25 8.14 
Envelope ( in .2)  

Spacer Envelope ( i n .2 )  -- 8.536 8.536 8.13 8.19 8.13 

Fuel  Rod P i t c h  ( in . )  -- 0.568 0.502 0.580 0.55 0.506 

Overa l l  Assembly -- 165.6 165.7 146.3 149.1 176.8 
Length as b u i l t  ( i n . )  -- 157.241 

Fue l  Rods 
Number -- 208 26 4 176 216 236 
Length ( in . )  - - 137-147 140.3 max 161.3 
F u e l e d L e n g t h ( i n . ) l O O  144 143 128,137 132 150 
OD ( in . )  -- 0.430 0.379 0.440 0.4135 0.382 

.Wa l l  Thickness ( i n . )  -- 0.0265 0.024 0.026&0.028 0.024 0.025 
Ma te r i  a1 -- Zr-4 Zr-4 Zr-4 Tr-4 Zr-4 

Guide Tubes 
Number - - 16 24 5 - - 5 
Upper Diameter ( i n . )  -- 0.530 OD 0.430 I D  -- -- - - 
Wall Thickness ( i n . )  -- 0.016 0.018 -- - - -- 
M a t e r i a l  -- Zr-4 Zr-4 -- -- Zr-4 

Ins t rument  
Number - - 1 1 -- 1 -- 
Diameter ( i n . )  -- 0 . 3 9 0 i D  -- 0.4135 OD -- 
Mate r i  a1 -., Zr-4 Zr-4 . -- Zr-4 -- 

Guide Bars N A 
Number - - 8 5 

NA . -- 
Cross Sect ion ( in . )  -- -- -- 

T i e  P l a t e  M a t e r i a l  -- 304 SS 304 SS SS 

Spacers 
Number 
Mater i  a1 

-- 8 8 9 : 8 12 : -- I nconel Incone l  8 Zr-4; Zr-4 11 Zr-4; 
1 Incone l  1 Incone l  
6 25 625 

Hold-down sp r ing (s )  
Number -- 1 h e l i c a l  4 h e l i c a l  -- -- -- 
Mate r i  a? -- I nconel Incone l  -- -- - - 

X750 X750 

P l e n ~ m  Spr ings 
Working Length ( in . )  -- - - -- -- -- -- 
Wire Diameter ( i n . )  -- - - -- -- - - - - 
Mater i a1 - - 302 SS top )  302 SS ( t o p )  -- -- 

A286 (bot . )  A286 (bot . )  



TABLE 5. PWR Fuel Bundle General Information (cont Id) 

Assembly Weight ( k g )  

Lower Tie Plate 
Envelope (in.2) 

Spacer Envelope (in.2) 

Fuel Rod Pitch ( in . )  

Overall Assembly 
Length ( in . )  

Fuel Rods 
Number 
Length ( in . )  
Fueled Length 
OD (i'n.) 
Wall Thickness ( i n . )  
Material 

Guide Tubes 

Number 
Upper OD ( in . )  
Wall Thickness ( in.)  
Materi a1 

Instrument Tubes 
Number 
OD ( in.)  
Wall Thickness ( in . )  
Material 

Tie Plate Material 

Spacers 
Number 
Material 
Springs 

Westinghouse 
14x14 15x15 17x17 

- - 703 665 

159.76 159.8 
(+1.75 for (+1.75 for  
spr i ng spr i ng 

7 6 & 7 7849 
- - I nconel 718 Inconel 718 - - Inconel 718 Inconel 718 

Pl enum Springs 
Working Length ( in. ) - - -- 
Wire Diameter ( in . )  -- - - 
Mater i a1 - - - - 



TABLE 5. PWR Fuel Bundle General Information (cont'd) 

EXXON 
l Combu s t  i on EXXON 
Engineering) 

14x14 15x15 
(Westinghouse) 

15x15 17x17 

Assembly Weight (kg) 

Lower T i e  P la te  
Envelope (in.2) 

Spacer Envelope ( i n e 2 )  

Fuel Rod P i t c h  ( in.) 

Overal l  Assembly 
Length ( in . )  

Fuel Rods 
Number 
Length ( in . )  
Fueled Length ( in.)  
OD ( in . )  
Wall Thickness ( in . )  
Mater ia l  

Guide Tubes 
Number 
Upper OD ( in . )  
Wall Thickness ( in . )  
Mater i  a1 

Instrument Tubes 
Number 
OD ( i n . )  
Wall Thickness ( in .  ) 
Mater i  a1 

Guide Bars 
Number 
Cross Section ( in.)  

Mater i  a1 

T i e  P la te  Mater ia l  

Spacers 
Number 
Materi a1 
Springs 

10 
Zr-4 
I ncone 1 

7 
Zr-4 
I nconel 

7 
Zr-4 
I nconel 

9 
Zr-4 
Inconel 

Plenum Springs 
Working Length ( i n . )  
Wire Diameter ( in.)  
Mater i  a1 

6 -48 
<o. 10 
I nconel 

6.80 
<o .10 
Inconel 

6.70 
<0.10 
Inconel 



TABLE 6. BWR Fuel Bundle General Information 

EXXON (General E l e c t r i c )  
BWR-2 BWR-3. 4. 5 & 6 

Assembly Weight (kg)  290 312 ~ 3 2 2  

Lower T i e  P l a t e  
Envelope ( in .2)  5.44 5.44 5.44 

Spacer Envelope ( i n.2) 5.24 5.24 5.24 

Fuel Rod P i t c h  ( i n . )  0.738 0.642 0.641 

Assembly Length ( i n .  ) 171.2 171.2 171.2 t o  178.5 

Standard Fuel Rods 
Number 40 (2 Gd) 52 (4  Gd) 5 5 
Length ( i n . )  156.1 156.1 156.1-163.5 
Fueled Length ( in . )  144.0 144.0 144.0-150.0 
OD ( i n . )  0.570 0.501 0.484 
Wall Thickness ( i n . )  0.035-0.045 . 0.036 0.035 
Mater i  a1 Zr-2 - Zr-2 Zr-2 

T i e  Rods - Fueled 
Number 8 8 8 
OD ( i n . )  0.570 0.501 0.484 
wa l l  Thickness ( i n . )  0.035 0.035 0.035 
Mater i  a1 Zr-2 Zr-2 Zr-2 

I n e r t  Rods 
Number 0 t o  1 1 t o  4 1 t o  4 
OD ( i n . )  - - 0.501 -- 
Wall Thickness ( i n . )  - - 0.036 -- 
Mater i  a1 - - Zr-2 - - 

Spacer Capture Rods 
Number 1 1 1 
OD ( i n . )  0.570 0.501 0.484 
Wall Thickness ( in . )  0.035 0.036 0.035 
Mater i  a1 Zr-2 Zr-2 Zr-2 

Spacers 
Number 7 7 7 
Mater i  a1 Zr-4 Zr-4 Zr-4 
Springs Inconel  Inconel Inconel 

T i e  P l a t e  Ma te r i a l  3045s 304SS 304% 

Plenum Springs 
Working Length ( in . )  10.6 10.6 10.6 t o  16.0 
Wire Diameter ( i n . )  <O. 10 <O .10 <O. 10 
Mater i a1 Inconel Inconel Inconel 

Compression Springs 
Working Length ( i n . )  0.84 0.88 0.84 
Wire Diameter ( i n . )  <O .20 <0.10 <0.10 
Mate r i  a1 Inconel  Inconel Inconel  



TABLE 6. BWR Fuel Bundle General Information (cont'd) 

General General 
Electric Electric 

7 x7 8 x8 

Assembly Weight (kg) "J308 "~278 

Lower Tie Plate 
Envelope ( in . )  5.263 5.47 

Spacer Envelope ( in . )  

Fuel Rod Pitch ( in . )  

Assembly Length ( in . )  

Standard Fuel Rods 
Number 
Length ( in . )  
Fueled Length ( in . )  
OD ( in . )  
Wall Thickness ( in . )  
Material 

Tie Rods - Fueled 
Number 
CD (In.) 
Wall Thickness ( in . )  
Materi a1 

I nert Rods 
Number 
OD ( in . )  
Wall Thickness ( in . )  
Materi a1 

Spacer Capture Rods 
Number 
OD ( in . )  
Wall Thickness ( in .  ) 
:~lateri a1 

Spacers 
tiumber 
Material 
Springs 

7 
Z r 
Inconel X 

7 
Zr-4 
Inconel X 

Tie Plate Material 

P 1 enum Springs 
Working Length ( in . )  
Xire Diameter ( in.)  
Materi a1 

Compression Springs 
Wcrki ng Length ( in. ) - - 
Wire Diameter ( i n . )  -- 
Materi a1 - - 

- - 
- - 

Inconel X 



EXPERIENCE WITH HANDLING IRRADIATED SPENT FUEL BUNDLES 

Current experience suggests t ha t  de te r io ra t ion  of stored fuel  i s  mi nor. 

The mechanical s t a t e  of cladding upon discharge from the  reactor  i s  

well-known as  a function of reactor  exposure. Neutron i r r ad i a t i on  increases 
the  strength and lowers the  d u c t i l i t y  of a l l  fuel  bundle mater ia ls .  Hydrogen 

absorption i n  metals also tends t o  lower t h e i r  d u c t i l i t i e s .  There i s  no 

evidence t h a t  these  exposures have caused operational problems during fue l  

handling. The mechanical s t a t e  of the cladding was f u l l y  s a t i s f a c t o r y  f o r  

enduring a l l  phases of handling re1 ated t o  pool storage. 

Fuel bundles have been pa r t i  a1 l y  disassembled and/or reconst i tu ted i n  

some pools, This generally appears to  occur without problems, and 
reconst i tu ted bundles are  returned t o  the  reactor  core. However, some fuel  

rod breakage occurred a t  ~ u c l e a r  Fuel Services during attempts t o  remove rods 

from fuel  bundles by pull ing.  Pushing was a more s a t c s f a c t o ~ y  procedure t o  

avoid fuel  rod breakage. 



FUEL BUNDLE DESIGN VARIATIONS 

The L!4R fuel bundles have had no stzndard designs because designs were 

continually being modified. Discussions with the vendors of LWR fuel bundles 

indicated tha t  varicus design revisions had changed many of the fuel bundle 

dimensions, including the dimensions of external surfaces that  might have 

been used as references fo r  locating the fuel rods within the bundle. The 

fuel bundle manufacturers supply the u t i l i t i e s  with as-buil t drawings marked 

with the fuel bundle ser ia l  number. The dimensions needed t o  locate the fuel 

rod pressure boundary in relat ion to  an external reference surface a t  each 

end of a spent fuel bundle could thus be supplied by the u t i l i t y .  Combustion 

Engineering personnel suggested designing f l e x i b i l i t y  into handling equipment 

t o  allow f o r  past and future design revisions of fuel bundles. Even w - i t h  the 

most sophisticated and f l ex ib le  hand1 ing equipment, some si tuat ions will 

require use of the manufacturers' as-buil t descriptions of individual fuel 

bundles. 

Combustion Engineering personnel expected tha t  t he i r  fuel rods could 

creep enough during i r radiat ion that  the rods could touch e i ther  the upper or 

the lower t i e  plate. These fuel bundles have upper and lcwer spacer grids 

attached to the t i e  plates ,  which prevents visual inspection cf fuel rod 

posi t i  on. 

Babcock and Wilcox personnel stated t h a t  strong rod-to-grid contact 

would prevent the i r  fuel rods from creeping during i r radiat ion b u t  t ha t  the 

fuel bundle growth was about 1-1/2 inches ( 2  inches for  the fuel rods 
themsel ves) . 





GRAPPLE DESIGNS FOR MANIPULATION OF FUEL BUNDLES 

The vendors o f  t h e  var ious  LWR f u e l  bgndles have designed p r o v i s i o n s  f c r  

t h e i r  f u e l  bundles t o  accept man i p u l  a t i  ng grzpp l  es. These p rov i s ions  and the  

concept of g rapp l i ng  methods are discussed here, bu t  no ac tua l  drawings are  

inc luded because the  s p e c i f i c  designs are p r o p r i e t a r y  in fo rmat ion .  

COMBUSTION ENGINEERING 

The Combustion Engineer ing f u e l  bundles are l i f t e d  by the  upper s p r i n g  

p la te ,  which forms a cross. A g rapp le  resembling a notched p ipe  i s  lowered 

t o  the  center  of t he  element and then r o t a t e d  t o  hook t h e  connect ing webs o f  

t he  p la te .  A l l  of t h e  Combustion Engineer ing bundles use t h i s  method f o r  

l i f t i n g ,  b u t  some design v a r i a t i o n s  i n  t he  f u e l  bundles would r e q u i r e  

v a r i  a t i ons  i n  g rapp le  design. 

WESTINGHOUSE 

The upper end f i t t i n g s  of t he  Westinghouse f u e l  bundles have an outer  

per imeter  ledge. The bundles are l i f t e d  by four  hooks t h a t  are guided f n t o  

p lace  under t h e  ledge by tapered p i n s  and then f o r c e d  outward and l ~ c k e d  i n t c  

p l  ace. 

GENERAL ELECTRIC 

General E l e c t r i c  elements are  l i f t e d  by a b a i l  t h a t  i s  an extension o f  

t h e  upper f i t t i n g  and diagonal t o  t h e  f u e l  bundle. One grapple hook i s  

a l i gned  w i t h  the  b a i l  by a box-type guide. The hook i s  then p i v o t e d  i n t o  

p l  ace. 

BABCOCK AND WILCOX 

Babcock and Wilcox f u e l  bundles are l i f t e d  f rom the  ou ts ide  by i n s e r t i n g  

L-shaped hooks i n t o  windows i n  t h e  upper end f i t t i n g s .  The Mark C (17x17) 

g rapp le  has f o u r  hooks t h a t  are guided i n t o  p lace  by four  corner  pos ts  of the  

end f i t t i n g s .  The windows f o r  these f o u r  hooks are l oca ted  i n  these four  



corner posts a t  45' t o  the sides of the fuel bundle. The Mark 6 (15x15) 

grapple has four hooks that  are guided into place by the four sides of the 

end f i t t i n g  and enter off -center windows tha t  are located on each side.  

Grapples have been designed and provided by 

Stearn s Roger Co. Programed and Remote Systems Corp. 
P .O. Box 5888 3400 Lexington Ave. North 
700 South Ash St. Paul, MN 55112 
Denver, CO 50217 612 484-7261 
202 758-1122 
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