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PHYS I CAL CI-IARACTERI S T I  C S 

OF G E  BWR FUEL ASSEMBLIES 

R .  S . Moore and K .  J . Notz 

ABSTRACT 

The p h y s i c a l  c h a r a c t e r i s t i c s  o f  f u e l  a s s e m b l i e s  manufactured 
by the General. E l e c t r i c  Company f o r  B o i l i n g - w a t e r  r e a c t o r s  
are c l a s s i f i e d  and d e s c r i b e d .  The c l a s s i f i c a t i o n  i n t o  
assembly t y p e s  is based  on t h e  (;E r e a c t o r  p r o d u c t  l i n e ,  t h e  
C h a r a c t e r i s t i c s  Data Base (CDR) assembly class, arid t he  G E  
f u e l  d e s i g n .  T h i r t y  p r o d u c t i o n  assembly t y p e s  a r e  
i d e n t i f i e d .  D e t ~ i l e d  p h y s i c a l  d a t a  are  p r e s e n t e d  for each 
assembly t.ype i n  an  appendix.  D e s c r i p t i o n s  o f  s p e c i a l  
(nons tandard)  f u e l s  are a l s o  r e p o r t e d .  

___......_.. . .. .- 

1. INTRODUCTION 

The C h a r a c t e r i s t i c s  Data Base ( C D B )  of- po ten t i . n l  r e p o s i t o r y  wastes 

contai .ns  t i h e  p h y s i c a l ,  chemica l ,  and rad io l .ug ica1  c h a r a c t e r i s t i c s  arid 

q u a n t i t i e s  of  s p e n t  f u e l ,  h i g h - l e v e l  w a s t e ,  arid ot:hc:r radioazti .ve wastes 

t h a t  may r e q u i r e  long- t:erm i s o l a t i o n .  ' I z  

b a s e  i s  t h e  p h y s i c a l  desc r i . p t io r i  o f  t h e  v a r i o u s  t y p e s  o f  IJJR f u e l  

asseiiiblies . 

A n  impor tan t  p a r t  o f  t h i s  d a t a  

For those  f u e l  assemblies manufactured by Advanced Nuclear  Fuels  

( f o r m e r l y  Exxon) , Babcock & Wil.cox, Combustion Engineer ing  arid 

Westinghouse,  this i n f o r m a t i o n  was otlcriined d i r e c t l y  f rom t h o s e  venlors 

via  a ser ies  o f  subcont1racts.  E f f o r t s  t o  p l a c e  a s i m i l a r  s u b c o n t r a c t  

w i t h  General. E lec t r ic  (GE) were n o t  s u c c e s s f u l .  T h e r e f o r e ,  t o  obtain 

t he  needed i n f o r m a t i o n  f o r  G E  f u e l  assembly types, a n  i .n-depth 

l i t e r a t u r e  arid docket  s e a r c h  w a s  under taken .  This  r e p o r t  documents the 

r e s u l t s  o f  that s e a r c h .  

1 
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The systematic classification and description of GF fuel assellib1 ies 

for b o i l  iiig-water reactors (BWKs) is more complcx than for pressurized- 

water rear tors  for two Iiidjor reasons’ (1) a given BWK reactor or 

assembly c la s s  can use more than one array size and (2) GE fuel designs 

that havc evolved ovrr  time can be and are used in mole than one GE 

product line. These product lines have a l s o  evolved, but on a different 

time scale. The organizational approach of this report is as f o l l o w s :  

GE PRODUCT LINES are  designated as RWR/l., EWR/2, BWK/3, BWR/lc, 

BWR/S, and B\TR/6. Each product I.ine, except BWR/1,  designates a generic 

reactor design w i ~ h  common characteristics. The BWR/1 line consists of 

three reactiors, each of which is one-of-a-kind in terms of major  

assembly characteristics. The other product lines esch include more 

than one reactor witrh similar characteristics. Differznt product: lines 

distinguish evolving react.or designs. 

CDB ASSEMBLY CLASSES are controlled by core configuration - the 

basic f u e l  assembly env-el ope and control rod/hl.ade configuration. Each 

of  the three  BW/1 reactors constitutes a separate assembly class. On 

the other hand, BWR/2 and BWK/3 product line reactors use near]-y 

identically sized assembl~i~es and constitute one assembly class, 

designated BWR/2,3. BWR/4, BWR/5, and RWR/6 product line reactors also 

u s e  ne,iirly identically sized assemblies and constitute another assembly 

class, designated BWR/4,5,6. 

GE FUEL D k : S I G N S ,  designated as GE-1 (or early fuels), GF-7 (7x7), 

GE-3 (improved 7x/), G E - 4  (8x8), GE-5 (8x8 Retrofit), Prppressurized 

(nominally GE-6), Baiiier (nominally GE-7), GE-8, and GE-9, have evolved 

separat-ely from product lines. A fuel design can be used in more t h c 3 i n  

one product line. 

The GE product line is focused on overall rc.?ctor design; the GE 

fuel design is focused on tlie detailed assembly design. A fuel design 





2 .  GENERAL DESCRIPTION OF G E  FUEL A S S E M B L T E S ~  

A G E  f u e l  assembly,  i l ~ l u s t r a t e d  i n  F i g .  1, c o n s i s t s  of  a f u e l  

bundle  and t h e  channel  t h a t  sur rounds  i t .  Although G E  h a s  made f u e l  

bundles  w i t h  6x6, 7x7, 8x8, 9x9, 11x11, and 1 . 2 ~ 1 2  f u e l  rod a r r a y s ,  7x7 

and 8x8 f u e l s  account  f o r  approximately 95% of the  b o i l i n g - w a t e r  reactor: 

(BWR) f u e l  d i s c h a r g e d  t o  d a t e .  The 6x6, 9x9, 1 . 1 ~ 1 1 ,  and 12x12 f u e l s  

w e r e  a l l  f u e l s  used i n  BWR/I r e a c t o r s  and a r e  d e s i g n a t e d  t h e  " e a r l y  

r e a c t o r s  fuel.  d e s i g n .  'I Advanced Nuclear  F u e l s ,  I n c .  (ANF)  h a s  r e c e n t l y  

i n t r o d u c e d  a 9x9 f u e l  d e s i g n  f o r  G E ' s  BWK/2-6 r e a c t o r s .  T h i s  ANF 9x9 

f u e l  i s  n o t  s i m i l a r  t o  t h e  9x9 f u e l s  used a t  t h e  BWR/1 r e a c t o r ,  Big Rock 

P o i n t .  

GE's .7x7 and 8x8 f u e l s  a r e  a l s o  des igned  f o r  BWR/2-6  r e a c t o r s  and 

a r e  d e s i g n a t e d  as GE-2 ( ] X I ) ,  GE-3 (improved 7 x 7 ) ,  GE-4 ( 8 x 8 ) ,  G E - 5  (8x8 

R e t r o f i t ) ,  P r e p r e s s u r i z e d ,  B a r r i e r ,  GE-8, and GE-9. (See S e c t .  3 f o r  

d e t a i l s  of t h e s e  f u e l  d e s i g n s .  Parameters  f o r  d i f f e r e n t  f u e l  assembly 

types  a r e  g iven  i n  Appendix A.) The G E - 2  (1x7) and GE-3 (improved 7x7) 

f u e l  buridles c o n t a i n  49 f u e l  r o d s ,  one o f  whi.ch i s  segmented. The G F l - 4  

(8x8) f u e l  bundle  c o n t a i n s  63 f u e l  rods  arid one water  r o d .  The G E - 5  

(8x8 R e t r o f i t ) ,  P r e p r e s s u r i z e d ,  and B a r r i e r  f u e l  bundles  c o n t a i n  6 2  fue l  

rods  and two water  r o d s .  The GE-8 f u e l  bundles  c0ntai .n 2 t o  6 water  

rods  and 58 t u  62 f u e l  r o d s .  No i n f o r m a t i o n  i s  c u r r e n t l y  a v a i l a b l e  on 

G E - 9  f u e l  b u n d l e s .  

The rods  of a l l  7x7 o r  8x8 bundles  a r e  spaced and suppor ted  i n  a 

square  a r r a y  by t h e  upper and lower t i e  p l a t e s ,  a s  w e l l  as by f u e l - r o d  

s p a c e r s .  The lower t i e  p l a t e  has a nose p i e c e  whose f u n c t i o n  i s  t:o 

suppor t  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  h a s  a 

handle  for t r a n s f e r r i n g  t h e  f u e l  bundle froril one locat l ion t o  a n o t h e r .  

An i - d e n t i f y i n g  assembly s e r i a l .  number i s  engraved o n  the  top  o f  t h e  

handle  w i t h  no t w o  assembl ies  b e a r i n g  t h e  s a m e  s e r i a l  number. A b o s s  

p r o j e c t s  from one s i d e  o f  t h e  handle  t o  a i d  i n  e n s u r i n g  proper  f u e l  

assembly o r i e n t a t i o n .  Both upper and lower ti..- p l a t e s  arc f a b r i c a t e d  

from Type-304 s t a i n l e s s  s t e e l - .  Z i r c a l o y - 2  f u e l - r o d  s p a c e r s ,  equipped 

w i t h  Inconel-X750 s p r i n g s ,  are employed t o  m a i n t a i n  r o d - t o - r o d  s p a c i n g .  
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Fingpr  s p r i n g s  l o c a t e d  bctT*Tee-l t h r  1o~k7er t i e  p l a t e  aitd the chailncl s r e  

u t i l i z e d  on some f u e l  assembl ie r  t o  c o n i r o l  t h e  bypas5 P l o w  tlirough t l l < i t  

f low p a t h .  

2.1 FUEL RODS 

Curren t  fuel r o d s  consisi: o f  h i g h - d e n s i t y  uranium d i o x i d e  f u e l  

p e l l e t s  s t a c k e d  w i T h i n  Z i r c a l a y - 2  c l a d d i n g  t u b e s .  During f a b r i c a t i o n ,  

tile fuel r o d s  are evacuated ,  b a c k f i  1.led w i t h  heliuiii,  t h e n  s e a l e d  k7i-rki 

Z i r c a l o y - 2  end p lugs  wel~ded i n  each end.  For t h e  " B a r r i e r " ,  GE-8, and 

G E - 9  f u e l  designs, the c l a d d i n g  c o n s i s t s  O K  t h e  s a m  b a s e  m a t e r i a l  

( Z i r c a l o y - 2 )  w i t h  an inner l i n i n g  o f  p u r r  zirconiuiii.  This  l i ~ n i n g  o r  

Ilb  ai^ . I i e r "  i s  mechanicall-y bonded t o  tiit: b a s e  m a t e r i a l  d u r i n g  

manufactilre. The hel ium b a c k f i l l  p r e s s u r e  i s  1 a'ciii f o r  t h e  G E - 2  (7x7), 

G E - 3  (improved 7x7 j ,  G E - L  ( 8 x 8 ) ,  arid G E - 5  (8x8 R e t r o f i t )  f u e l  designs, 3 

a % m  f o r  t h e  " P r e p r c s s u r i z e d "  sild " B a r r i e r "  f u e l  dCsigLi, and 5 a t i n  f o r  

t h c  Gh:-8  and G E - 9  fuel. d e s i g n s .  The f u e l  p e l l e t s  a r c  manufactured by 

compact.i.rig and s i - r i te r ing  uranium d i o x i d e  powder i n t o  r i g h t  c y l i n d r i c a l  

p e l l - e t s  wit-11 f l a t  f a c e s  and chamfered c o r n e r s .  Some p e l l e t s  i n  e a r l y  

1 . ~ 1 s :  (;E:-2 (,'x/), and p o s s i b l y  G E - 3  (improved 7x7), a r e  d i s h e d  concave 

on i h e  f a c e s .  

x- 

Ceramic-grade uriiiliun dioxi.de i s  chenical1.y inerir  t o  t h e  c l a d d i n g  

a'i o p e r a t i n g  temperatures and i s  r e s i - s t a n t  t o  a t t a c k  by w a t e r .  S e v e r a l  

U - 2 3 5  enr ichments  a r e  used i n  the f u e l  assembl ies  t o  level o u t  tile l o c a l  

p e a k - t o - a v e r a g e  fuel. rod powcr r a t i o s .  S e l e c t e d  f u e l  rods wii3in each 

r e l o a d  bundls  a l s o  incarporace  s m a l - l  amounts o f  gadol inium oxi.de a s  R 

burnable  n e u t r o n  absorber. 

it  i s  iini formly d i - s t r i b u i x d  throughout  t:he f u e l  pel ].et. 

Si~iice Gd,O, forms A s o l i d  s o l u t i o n  wich U 0 2 ,  

The f u e l - r o d  c l a d d i n g  t h i c k n e s s  i s  adequaire t o  b c  essentinl.1.y f r e e -  

s tanding  i r i  the RWR environineiit . The p e l l e t -  t o  - c l a d d i  ng gap and the 

pleniiiii r e g i o n  a t  t h e  !;op o f  t h e  f u e l  r o d  accommodate Liicrm.il and 

i r r a d i a i : i o n  expansion o f  the U 0 2  and t h e  i i i i e r n a l  p r e s s u r e  resulting 

SL-oin t h e  hel.iuiii f i l l -  g a s ,  i m p u r i t i e s ,  and gaseous f i s . s i o n  products  

l i b e r a t e d  over  t h e  dps ign  l i f e  o f  t h e  f u e l .  A plenum s p r i n g ,  o r  
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r e t a i n e r ,  i s  provided  i n  the  plenum space  t o  minimize movement o f  t h e  

fuel col.umn ixisitle t h e  fuel. rod  du r ing  s h i p p i n g  and ha-[idling. I n  t h e  

improved 7x7 d e s i g n  and l a t e r  d e s i g n s ,  a hydrogen g e t t e r  i S  a l s o  

incoupora t ed  i n  t h e  plenum space .  T h f s  p r e v e n t s  chemical  a t tack  from 

m o i s t u r e  OK- hydroppnous i r i ipuui t ies  i -nadve r t en t ly  admitt-ed iriCo a f u e l  

rod rhxi.ng manufac tur ing .  

o f  i3 zirconi.um all .uy , 1.ousely packed i n  a stainless steel t u b e ,  One 

end o f  the tube i s  c-apped, and the other.  end is covered  by w i r e  

s c r e e n i n g .  

The hydrogen g e t t e r  c o n s i s t s  oE s m a l l  c h i p s  

4 

I ?  Iwo Lypes of  fue?. rods are used  i n  mast f u e l  bund les :  t i e  rotls 

and s tandard r o d s  The t i c ?  rocls i n  each 11undl.e ha-ve lower end plug:; 

L h a t  t h r e a d  i.rito t h e  l o w e r  t i e  p l a t e  c a s t i n g  and threaded.  u p p e r  end 

p l u g s  which ex tend  through the upper t i e  p l a t e  cast i -ng.  A st:a.Lnl.c:ss 

steel hexagonal  nu . t  arid l o c k i n g  tab are inst.al.l.ed on t h e  u p p e r  etnd p l u g  

Ci> h o l d  the f u e l  l > u r i t i l e  toget:her.  These t1i.e rods  suppor t  the weight of 

t h i s  1)i.mdl.e on1.y duri.ng €riel l -~ ind l ing  o p e r a t i o n s  when the  assernbly i s  

h e l d  by the handle. During r e a c t o r  o p e r a t i o n ,  ckie f u e l  assaibly i s  

suppor t ed  by the 7.ower t i e  p l a t e .  Ea r ly  f u e l ,  G E - 2  ( 7 ~ 7 ) ~  and G E - 3  

( i inpro.ved 7x7) f i . i c : L  des igns  a l s o  c:oritain a segmented fuel. r o d .  Th i s  

segmented fuel. r o d  was used t o  position the f u e l - r o d  sp:*cers, a futic:t.i.on 

c u I r e n  t P y perk '  o r med by the s p a c e  r .- cap t u  r e  crla t:e 1: r o  d . 
:The end plugs of t h e  s k 3 1 ~ 1 d a r d  rods l - l ave  shanks t h a t  f i t  i n t o  

b o s s r s  i n  t he  L i e  p l a t e s .  A n  expansion spri.iig i s  l o c a t e d  OVEK the upper  

end p lug  shank ( > E  eni :h  r o d  j l t i  ?.he asserii1,I.y ti0 keep t h e  r o d s  

t h e  I.awer ti e p l a t e  whi le  ;il.l.owing independent  axial expansion by 

sliding w i t h i n  the  h o l e s  of  the uppe r  t i e  p l a t e .  

2 . 2  WATER ROBS 

T h e  G E - 4  (8x8) fuel. 1)iuItdl.e contai.ns one w a t e r  r o d ,  and the G E - 5  

(8x8 R e t r o f i t )  , P r e p r e s s u r i z e d ,  and Barrier fue l  bund1e.s cot1tai.n two 

w a t e r  r o d s .  The C E - 8  des ign  can ccintain from t w o  to s i x .  writer r o d s .  

These rods  are %ir-caloy-  2 tubes w i t h  several 1iole.s purichci,d around t h e  

ci.i-curnference near each end t h a t  acconxnodate c o o l a n t  f l o w .  Three h o l e s  
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are l o c a t e d  a11 t h e  bot:t:orn of  t h e  wa te r  r o d ,  and e i g h t  h o l e s  a r e  locsteci  

a t  t h e  t o p .  

One water  rod  i n  a l l  8x8 bundles  p o s i t i o n s  t h e  Z i r c a l o y - 4  f u e l - r o d  

s p a c e r s  a x i a l l y .  This s p a c e r - p o s i t i o n i n g  water  r o d  i s  equipped  w i t h  a 

squa re  bottom end p l u g  and s p a c e r  p o s i t i o n i n g  t a b s  t h a t  a r e  welded t o  

t h e  e x t e r i o r .  The rod  and s p a c e r s  a re  assembled by s l i d i n g  t h e  water  

rod  through t h e  a p p r o p r i a t e  c e l l  o f  t he  spacer  w i t h  t h e  welded iabs 

o r i e n t e d  i.n t h e  d i r e c t i o n  o f  t h e  c o r n e r  o f  t h e  c e l l .  The wa te r  rod  i s  

t h e n  r o t a t e d  s o  t h a t  t h e  tabs a r e  above and below t h e  s p a c e r  s t r u c t u r e .  

Once i n  p o s i t i . o n ,  t h e  water  rod  i s  p reven ted  from r o t a t i n g  by  t h e  

engagement o f  i t s  s q u a r e ,  lower end pl.ug wi th  t h e  lower t i e  p l a t e  h o l e .  

2 . 3  CHANNELS 

The 

1. 

2 .  

3 .  

ic .  

5. 

6 .  

7 .  

RWK Z i r c a l o y - 2  f u e l  channel  performs Che fol1o: i l r .g  f u n c t i o n s  

f o r m  t h e  f u e l  bundle  f low p a t h  o u t e r  p e r i p h e r y  f o r  bundle 

c o o l a n t  f l ow;  

p rov ides  s u r f a c e s  f o r  c o n t r o l  rod  guidance i:i t h e  re ' ac tor  

c o r e ;  

p rov ides  s t r u c t u r a l  s t i f f n e s s  t o  t h e  f u e l  bundle d u r i n g  

l a t e r a l  l oad ings  a p p l i e d  from f u e l  rods  thro>.igh t h e  f u a ?  

s p a c e r s  ; 

minimizes ,  i n  c o n j u n c t i o n  wi th  t h e  f i n g e r  s p r i i l g s  and bur-!clie 

lower t i e  p l a t e  c o o l a n t  bypass  f low a t  ths c l i ~ n n e l / l o ~ ; e r  

t i e  p l a t e  i n t e r f a c e :  

t r a n s m i t s  f u e l  asserr.hly se i smic  l o a d i n s s  t o  til;. t op  S u i d ?  

and f u e l  suppor t  of t h e  c o r e  i n t e r n 2 1  s t r u c ' r u r a s  : 

p r o v i d e s  n h e a t  s i n k  d u r i n g  1oss -o f -coo l : in t  . ; ~ c i d c . n t  tLGC:i)  ; 

2lld 

pr-ox7idt.s ,i s t n g i : . i t i o n  z n v e l o p ~  f L > r  i n - c o r s  f..i?l s i p p t r . ~ .  
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f o u r - b u n d l e  c e l l  a r e  posi.tionc?d i n  t h e  c o r n e r s  of  t h e  c e l l  a g a i n s t  the 

t o p  guide  beams by t h e  channel  f a s t e n e r  s p r i n g s .  A t  the  top  o f  t h e  

c h a n n e l ,  two d i a g o n a l l y  o p p o s i t e  c o r n e r s  have welded t a b s ,  one of  which 

s u p p o r t s  t h e  weight  of  t h e  channel  from a t h r e a d e d  r a i s e d  p o s t  on t h e  

upper  t i e  p l a t e .  One of  t h e s e  r a i s e d  p o s t s  h a s  a t h r e a d e d  h o l e .  'The 

channel  i s  a t t a c h e d  u s i n g  the t h r e a d e d  channel  f a s t e n e r  assembly,  which 

a l s o  i n c l u d e s  t h e  f u e l  assembly p o s i t i o n i n g  s p r i n g .  Channel- t o - c h a n n e l  

s p a c i n g  i s  provided  f o r  by means of  s p a c e r  b u t t o n s  l o c a t e d  on t h e  upper  

p o r t i o n  o f  t h e  channel  a d j a c e n t  t o  t h e  c o n t r o l  rod  passage  area.  

T h e  f u e l  channel  e n c l o s i n g  t h e  f u e l  bundle  h a s  a s q u a r e  c r o s s  

s e c t i o n  w i t h  rounded c o r n e r s .  For BWR/2, 3 ,  4 ,  and 5 r e a c t o r s ,  it h a s  a 

(nominal)  i n s i d e  wid th  of  5 . 2 7 8  i n .  and 5 .215  i n .  f o r  KWK/6 reac t iors .  

The nominal l e n g t h  o f  t h e  f u e l  chnnriel i s  162.156 i n .  f o r  I3WR/2 and 3 

r e a c t o r s ,  166.906 i n .  f o r  BWR/4 and 5 r e a c t o r s ,  and 1 .67 .36  i n .  f o r  KW1?/6 

r e a c t o r s .  Channels f o r  BWR/l r e a c t o r s  a r e  s i z e d  t o  p r o p e r l y  f i t  t h e  

f u e l s  f o r  t h o s e  r e a c t o r s  I Three t y p e s  of  channels  having  d i f f e r e n t :  w a l l  

t h i c k n e s s e s  (0 .080 i n . ,  0 .100  in., arid 0 .120  i n . )  a r e  c u r r e n t l y  i n  

p r o duc t i. on.  

2 . 4  OTHER FUET, ASSEMBLY COMPONENTS 

The pr imary  funct i -on o f  the f u e l  - r o d  s p a c e r s  i s  t o  p r o v i d e  l a t e r a l  

s u p p o r t  f o r  and m a i n t a i n  t h e  s p a c i n g  of t h e  f u e l  r o d s ,  w i t h  

c o n s i d e r a t i o n  o f  t h e r m a l - h y d r a u l i c  perforrnance, f r e t t i n g  wear ,  s t r e n g t h ,  

n e u t r o n  economy, and f a b r i c a t i o n  r e q u i r e m e n t s .  The spacers a r e  made o f  

Z i r c a l o y - 4 ;  t h e  s p r i n g s  i n  t h e  s p a c e r  a r e  I n c o n e l  X - 7 5 0 .  

F i n g e r  s p r i n g s  are made of  Tnconel X - 7 5 0  and are  employed t o  

c o n t r o l  t h e  bypass  f low through t h e  c h a n n e l - t o - l o w e r  t i e  p la te  f low p a t h  

f o r  some f u e l  a s s e m b l i e s .  These s p r i n g s  have been used  i n  t h e  i n i t i a l  

c o r e  and r e l o a d  f u e l  o f  one BWR/3 and a l l  P,WR/4, 5 ,  a n d  6 p l a n t s .  They 

have a l s o  been employed wi.tE1 some r e l o a d  f u e l  i n  a d d i t i o n a l  BWR/2,3 

p l a n t s .  These f i n g e r  s p r i n g  s e a l s ,  l o c a t e d  betmeen the  lower t i e  p l a t e  

arid tihe c h a n n e l ,  p r o v i d e  c o n t r o l  o v e r  t h e  flow through this p a t h  due t o  
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channel wall &Elections. The sea ls  maintain a ncnrly constant flow 

area as the channel wall deforins. 

The upper and lower ti.e plates are stai~nless steel 304 arid serve 

Lhe functions of supporting the weight o f  the f u e l  and positioning the 

rod  ends during all phases of opeiration and handling. All RWR/4, 5 and 

6 react-urs and one RWR/3 (Pilgrim) w i l . 1  have two alternate path bypass 

f l o w  holes located in the lower t:i.c plate. Other operating BWR/2,3 

plants may o r  may not have similar bypass holes dr.-Llled. These holes 

augment flow in the bypass region. 
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3 CLASS I. FICATION 

T h e  c l a s s i f i c a t i o n  o f  GE fuel. assernbl.ies i s  compl ica ted  by t h e  

development of new r e a c t o r  p r ~ d ~ c t  1 i n e s  and changing fuel- desLgns wid 

r e q u i r e m e n t s ,  T h e s e  f a c t o r s  have r e s u l t e d  i n  f u e l  assembly types  ~ 7 i t h  

bo th  major and minor d i f - f e re r i ces .  ' I % i s  s e c t i o n  o u t l i n e s  t h e  d i f fe rences  

i n  G E  p roduc t  l i n e s  I .i.derit:ifies t h e  CDE assembly c las :~es  appl. i .cable t o  

G E  r e a c t o r s ,  d e s c r i b e s  GE f u e l  d e s i g n s ,  and l i s t s  t h e  fuel assembly 

t y p e s  t h a t  have been i d e n t i f i e d .  

3 . 3  GE PKODIJCT LINES 

As G E  has  ga ined  expe r i ence  wi th  BIJRs s i n c e  1:kwi.i- i n t roduc t i . on  a t  

Dresden- l., many d e s i g n  changes have occur red  i n  n u c l e a r  power r e a c t o r s  ~ 

Reac to r s  have i n c r e a s e d  great1.y i n  s i z e ,  b o t h  p h y s i c a l l y  and i n  power 

outrput . Power d e n s i t i e s  have i n c r e a s e d ,  and economic Eac:t.ors have 

changed. Over t h e  y e a r s ,  GE has i.rit:rotluced s i x  BWR product  l i n e s ,  

designatt:d K W K / I ,  BIJR/2., RWR/3, BWK/4,  BWR/5 ~ and BWK/6.  These p roduc t  

l i n e s  r e f l e c t  rnaj o r  changes i.n the  r e a c t o r  d e s i g n .  F L E ~  changes have 

sometimes been invol-ved i n  t h e s e  new product  1 . i r i e s  b u t  have n o t  always 

been t h e  d r i v i n g  f o r c e  behind  t h e i r  i t i t . roduct inr i .  'Tab1.e 1 gives  t h e  

pr imary  c h a r a c t e r i s t i c s  o f  the BWR pt-oduct 1.j.nes and a l i s t  of  the 

r e a c t o r s  i n  each produc t  l i n e  t h a t  have beeti) are, o r  a r e  expec ted  t o  

b e ,  o p e r a t i o n a l  i n  t h e  Uni ted  Stat.es.  

These product  lines encompass f i v e  d i f f e r e n t  assembly 

coxif igurat i ions,  t h r e e  f o r  t h e  BWR/1 s e r i e s  (one f o r  c : a c h  reactor) , one 

f o r  t h e  BWR/2 and 3 s e r i e s ,  and one f o r  t h e  BWR/4,  5 ,  and 6 s e r i e s .  

Because o f  t:he I.cngthy c o n s t r u c t i o n  p e r i o d  f o r  n u c l e a r  power reactors,  

many o f  t h e  advances in t roduced  i n  l a t  produc+t  1.ii-tes have been 

i n c o r p o r a t e d  i n t o  r e a c t o r s  of earli-etr 1i.ne.s. For exam.ple, 8x8 f u e l  was 

i n t r o d u c e d  as a BWR/6 f e a t u r e ,  b u t  8x8 f u e l  h a s  been used as r e l o a d  f u e l  

f o r  all. RWK/2, BWR/3, BWR/&, and BWR/5 reactors. In f a c t ,  8x8 fue1~ was 

used f o r  t h e  i n i t i a l  core load ing  i.n a l l  BWX/5 p l a n t s  and  some BWK/4 

p l a n t s .  
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'Table 1 .  G E  RWF. product lines and characteristics 

P r o d u c t  First plant_ 

1 ine Announced On1 ine Character is tics Plants 

BWR/l 1955 1960 Initial commercial BWRs Big Rock Point 
First internal steam Dresden- 1 

s epara t ion Humboldt Bay 

BWR/2 1963 1969 First turnkey plant Nine Mile Point 1 
Elimination of dual cycle Oyster Creek 

BWR/ 3 1965 1970 First jet pump application Dresden-2,3 
Improved emergency core Millstone 1 
cooling system Mon t i c e 1 1 o 

Pi 1 grim 
Quad Cities-1,2 

BWR/L( 

BWR/5 

BWR/ 6 

1966 

1969 

1972 

1972 Increasedpower density 20% Browns Ferry- 1 , 2 , 3  
Brunswick-1,2 
Cooper 
Duane Arnold 
Fermi - 2 
Fitzpatrick 
Hatch- 1 , 2  
Hope Creek 
Limerick-1,2 
Peach Bottom-2,3 
Shoreham 
Susquehanna-1,2 
Vermont Yankee 

1982 Improved safeguards 
Valve flow control 

LaSal.le-1,2 
Nine Mile Point-2 
WNP-2 

1983 8x8 fuel bundle Clinton 
Added fuel bundles Grand Gulf-1 
Improved recirculation Perry-1 
system performance River Bend 

Improved ECCS Performance 
Reduced fuel duty 

. . . . . . . . . ___- 

Source: ref. 5. 
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3 . 2  C D B  ASSEMBLY CLASSES 

With over  100 l i g h t - w a t e r  n u c l e a r  r e a c t o r s  des igned  by four: 

p r imary  vendors  o p e r a t i n g  na t ionwide ,  and w i t h  r e l o a d  f u e l  manufactured 

by t h e s e  vendors  and a d d i t i o n a l  s u p p l i e r s ,  a wide v a r i e t y  of f u e l  

assembly t y p e s  are i n  e x i s t e n c e .  The evolu t i .onary  n a t u r e  of  t h e s e  f u e l s  

fur t iher  c o m p l i c a t e s  a t t e m p t s  t o  d e s c r i b e  and c h a r a c t e r i z e  t t i e m .  

To fac i ' l . i . t a te  t h e  u n d e r s t a n d i n g  of s i m i l a r i t i - e s  arid d i f f e r e n c e s  

between t h e  f u e l  assembl ies  011 a systemat:ic b a s i s ,  t h e  C D R  i n t r o d u c e d  

t h e  "assembly c l a s s "  ~ o n c e p t . ~  

t h e  c o r e  c o n f i g u r a t i o n .  Within a g iven  c l a s s ,  there may be (and u s u a l l y  

a r e )  m u l t i p l e  "assembly t y p e s .  " Twenty-two assembly c l a s s e s  for 

coininerci.al l i g h t  water r e a c t o r s  have been i d e n t i f i e d .  These assembly 

c l a s s e s  a r e  l i s t e d  i.ri Table  2 .  For a more d e t a i - l e d  d e s c r i p t i o n  of  t h i s  

assemb1.y c l a s s i f i c a t i o n  scheme, s e e  r e f .  6 .  

The CDB assembly class is determined  by 

For  p r e s s u r i z e d  w a t e r  r e a c t o r s  (PWRs), t h e  assembly c lass  i s  

determined by t h e  r e a c t o r  vendor ,  t h e  f u e l  assembly s i z e  ( l e n g t h  and 

w i d t h ) ,  and the  f u e l  assembly a r r a y  s i z e .  The a r r a y  s i z e  i s  a n  

importari t  fac , tor  i n  PWRs hecause t h e  l o c a t i o n  of  t h e  guide  t u b e s  i n  t h e  

f u e l  assembly is  determined by t h e  l o c a t i o n s  o f  t h e  c,ontrol. rods  i.ri t h e  

r e a c t o r .  

For BWRs, t i l ie assembly class i s  determined by t h e  r e a c t o r  .ventlor 

and t h e  f u e l  assembly s i z e .  Sirice BWRs u s e  c r u c i f o r m  b l a d e s  e x t e r n a l  t o  

t h e  f u e l  assembly f o r  reac-tor c o n t r o l ,  t h e  fuel. assembly a r r a y  s i z e  c a n  

change.  Most, i f  n o t  a l l ,  CE-inanufactiired EWRs have, i n  f a c t ,  changed 

a r r a y  s i z e s  one 01: more t imes s i n c e  t1iei.r s t a r t u p .  

Five C D B  Assembly C:l.asses a r e  a p p l i c a b l e  t o  G E  r e a c t o r s .  Each 

BWR/1 r e a c t o r  (Dresden-1 ,  Hurnboldt Ray, and Big Rock Point) h a s  uniquely  

s i z e d  assemb1.j .e~. Thus,  each r e a c t o r  is  p l a c e d  i n  a s e p a r a t e  assembly 

c l a s s .  The assembl ies  f o r  BWR/2 and BWR/3 p l a n t s  are a11 approximately 

1 7 1  i n .  1.ong and approximately 5 . 5  i n .  wide.  A l l  o f  t-hese assembli.es 

a r e  girouped i n t o  t h e  GE BWK/2,3 assembly cl.ass. Likewise ,  t h e  

a s s e m b l i e s  f o r  BWK/h, BWR/S, and EWR/6 p l a n t s  a r e  a1 1. approximate ly  1.76 
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Table 2 .  CI)R assembly c l a s s e s  

~ ....... ......I ............._...__ 
E nve 1 0 p e 

Length Width Array size::  used 
( i n . )  ( i n .  ) 

Boiling-water 

S i n g l e  reactor c l a s s e s  

Big Rock Poin t  

Elk  River a 2  
Hmboldt  Ray 95 
I,ac r o s s e* 

a2 - ub 
Dresden- 1* 134 

102 

Mult iple  r e a c t o r  classes 

GE BWR/2,3 Reactors 171 
GE BWR/b,5,6 Reactors 1 7 5  

r eac to r s  

6.5 
4.3 
3.5 
4.7 
5.6 

5.4 
5.4 

Pressurized-water  r eac to r s  

Single r eac to r  classes 

Fort  Calhoun 
Maddain Neck 
Indian Point  1 
Pal is ade s 
Sa in r  Lucie 2 
San Onofre 1 
South  Texas 1&2 
Yankee RQWEE 

Mult iple  r e a c t o r  classes 

B&V 15x15 
B&W 17x17 
CE 14x16 
CE 16x16 
WE 1.4~14 
WE 1.5x1.5 
WE 17x17 

147 8.1 
137 8.5 
138 6.3 
149 8.3 
158 8.1 
137 7.8 
199 8.4 
112 7.6 

llX11,9X9,12X12 
6X6,7X7 
5x5 
6X6,7X7 
10x10 

14x14 
15x1 5 
13x14 
15x15 
16x16 
14x14 
17x1 7 
15X16,17X1% 

166 8.5 15x15 
166 8.5 17x17 
157 8.1 14x14 
178 8.1 16x16 
160 7 . 8  14x14 
160 a .4 15x15 
160 8.4 11x17 

. . . . . . . . . . ---_.I . . . . . . . . . . . . . . . .. ..- 

*These BWKs were designed by All is-Chalmers .  

Source: r e f .  6 
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i n ,  Long and 5.5 i n .  wide and are groupcd into the  GE KIN/4 ,5 ,6  assembly 

c ?  a!::> . 

3 . 3  (;E FUEL DESIGNS 



Naiiie 

Early Fuels 
(GE-1) 

GE-2 

GE-3 

GE-4 

GE- 5 

1 6  

Table 3 .  G E  f u e l  designs 

. . . ... . 

Prep r e s  sur i zed 
(GE-6 & G E - 7 )  

Barr ier  
( G t - 6  & G E - 7 )  

GE-8 

G E - 9  

Year Introduced Where Used 

F i r s t  IJse: 1959 
Continuing a t  Big 
Rock Point 

F i r s t  1Jse: 1969 

L.ast Discharge : 1979 

F i r s t  Use: 1 9 7 2  

Last Discharge : 1952 

F i r s t  Use: 1974 
MOnt i c  e l l o  ; Quad C i t i e s  - 1 
L a s t  Discharge: 1986 

F i r s t  Use: 1.975 
P .  Bottom-2: V .  Yankee 

F i r s e  U s e :  1977 
Peach Bottom-2 

F i r s t  Use: 1979 
Quad C i t i e s - 1  

F i r s t  Use: 1981 
Brown Ferry-3 

F i r s t  U s e :  1987 
H a t c h -  1 

Descr ipt ion 

Dresden 1 
Hum. B a y  
Big Kock 

BWK/ 2 
BwR/ 3 
B m / 4  

BWR/ 2 
BWM/3 
BWR/4 

Rm/2 

BWR//J 
BWR/ 3 

BLTT-/ 2 

Rm/S 
RWR/ 3 

B r n /  5 

BWR/2 

BWR/O 
Rm/3 

BWR/ 5 
BwR/ 5 

BMX/ 2 
RWR/ 3 
BWR/G 
BWR/S 
RWR/6 

BWR/ 2 

Rm/4 
BWR/ 3 

BUR/ 5 
B!JR/6 

Fuels f o r  RWR/1 
r eac to r s  

Or ig ina l  7x7 Array 

Improved 7x7 Array 
Thicker c ladding,  
hydrogen g e t t e r  , 
chamfered p e l l e t s  

Or ig ina l  8x8 Array 
In t roduct ion  of 
water rod ,  

8x8 R e t r o f i t  
TWQ water rods ,  axial 
riatural  uranium 
blankets  

R e t r o f i t  f u e l  with 
f u e l  r o d s  p r e -  
pressur ized  t o  3 atm 
he 1 ium 

Prepressurized R e t r o f i t  
f u e l  with zirconium 
b a r r i e r  on c l ad  
i n t e r i o r .  

Increased number of  
water rods ;  l a r g e r  
diameter f u e l  p e l l e t s ;  
higher  s t ack  dens i ty ;  
a x i a l  gadol in ia  
d i s t r i b u t i o n ;  improved 
upper t i e  p l a t e ;  5 atrn 
helium. 

Undetermined; Suspected 
s ing le  la rge  water rod 
and f e r r u l e -  type spacers  
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d iame te r  o f  0.563 i n .  and a c l a d  t h i c k n e s s  o f  0.032 i n .  The f u e l  

p e l l e t s  f o r  these  assemblies are l ong  (0.600 i n . ) ;  some p e l l e t s  i n  some 

rods were d i s h e d .  These f u e l  a s sembl i e s  c o n t a i n  between 190 and 1 9 7  kg 

i n i t i a l  heavy mc ta l .  The a c t i v e  f u e l  l e n g t h  i s  144 i n .  [NOTE: One 

group o f  7x7 f u e l  a s s e m b l i e s ,  manufactured f o r  Oys ter  Creek,  Nine Mile 

P o i n t - 1 ,  and M i l l s t o n e - 1 ,  have been a t  t imes cons ide red  t o  be f u e l  

d e s i g n  G E - 1 .  S ince  the  pr imary d i f f e r e n c e  between t h e s e  a s sembl i e s  and 

o t h e r  GE-2 assembl i e s  f o r  BWR/2 and BWR/3 r e a c t o r s  i s  a s l i g h t l y  (0.007 

i n . )  l a r g e r  f u e l  r o d ,  t hey  a r e  cons ide red  t o  be o f  the GE-2 fue l  

& s i g n .  ] 

In 1 9 7 1 ,  GE i n t roduced  f u e l  d e s i g n  G E - 3  ( improved 7x7) w i t h  

improvements des igned  t o  reduce o r  e l i m i n a t e  f u e l  f a i l u r e s  due t o  

h y d r i d i n g .  This  f u e l  w a s  f a b r i c a t e d  u s i n g  t h i c k e r  c l a d d i n g  (0.0'37 i n .  

vs.  0.032 i n .  i n  t he  orig,incIl 7x7 f u e l ) ;  i n c r e a s e d  c l a d d i n g  h e a t  

t r e a t m e n t  t empera tu res  ; s h o r t e r ,  chamfered f u e l  p e l l e t s  ; and a 

hydrogen " ' g e t t e r "  i n  the  gas plznum reg ion .  The  g e t t e r  m a t e r i a l  is a 

z i rconium a l l o y  i n  the  forin o f  small c h i p s .  Thcsc g e t t e r  c h i p s  are 

l o o s e l y  packed in a s t a i n l e s s  s t e e l  tube  on which one end i s  capped arid 

t h e  o t h e r  end  i s  c o v e r e d  by w i r e  s c r e e r i i ~ i g . ~  The i n c r e a s e d  c l a d d i n g  

t h i c k n e s s  o f  t h i s  f u e l  causes  a dec rease  i n  t h e  f u e l  p e l l e t  d iameter  

and ,  corisc~qiic~rit l y ,  t h e  amourit of uranium p e r  assembly The a c t i v e  f u e l  

l e n g t h  i s  144 o r  I 4 6  i n .  ( t h e  l o n g e r  ac t  i ve  f u e l  l e n g t h  was used only  i n  

BWK/4 r e a c t o r s ) .  

Tri 1972, GE i n t roduced  t h e  BWR/6 produc t  l i n e  and f u e l  conf igu red  

i n  an  8x8 a r r a y .  Th i s  f u e l  i s  Fuel des ign  GE-4. Because of  t he  lengthy  

titries req i t i red  f o r  r e a c t o r  c o n s t r u c t i o n  and t h e  r a p i d l y  advancing z 

o f - t k t e - a r t  o f  f u e l  d e s i g n ,  G E - 4  f u e l  W E I S  i r r a d i a t e d  on ly  i n  BWR/2, 

BWR/3, arid BWR/4 r e a c t o r s .  I t  has  6 3  Z i r c a l o y - c l a d  f u e l  rods  a n d  <I 

single Zircaloy water  rod .  

p rov ides  n o n b o i l i n g  water  for- neu t ron  motleratioti .  Because it also 

s e r v e s  as a space r  c a p t u r e  r o d ,  t h e  water  rod  e l i m i n a t e d  t h e  need f o r  

t h e  segmented f u e l  rod used i n  the  7x7 f u e l  designs. The f u e l  r o d  

d iameter  i s  0.493 i n .  The a c t i v e  f u e l  l e n g t h  i s  164 o r  146 i n .  ( t h e  

longe r  a c t i v e  f u e l  l e n g t h  was used only i n  BWR/4 r e a c t o r s ) .  

The water  r o d  i n  t h e  c e n t e r  of  t h e  assembly 
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I n  1914,  G E  i n t r o d u c e d  f o u r  l e a d  t e s t  assembl ies  (X,TA) o f  G E - 5  

(8x8 Rctr0f i . t )  f u e l  at Peach BoLt:om-?. T h i s  f u e l  desigi l  i n t r o d u c e d  a 

second Grater rod  and na tura l .  uranium b l a n k e t s  t o  reduce ax ia l .  n e u t r o n  

l e a k a g e .  The a c t i v e  f u e l  l e n g t h s  o f  r e t r o f i t :  fuel a r e  s o w w h a t  l o n g e r  

than t h e  e a r l i e r  f u e i s .  For BWR/2 and BWR/3 r e a c t o r s ,  t h e  a c t i v e  f u e l  

length, i n c l u d i n g  the  natural .  uranium b l a n k e t s ,  i s  1 4 5 . 2 4  i n .  The 

a c t i v e  f u e l  l e n g t h  f o r  HWR/4,  BWK/5, and BWK/6 r e a c t o r s ,  a l s o  incl-uding 

t h s  b l a n k e t s ,  i s  150 i n .  

I n  t h e  s p r i n g  oP 1 9 7 7 ,  an  LTA c o n t a i n i n g  24 p r e p r e s s u r i z e d  f u e l  

rods  was i n s e r t e d  i.n Peach Bottom-3. These f u e l  r o d s  were evacuated  and 

f i l l . e d  w i t h  hel.ium t o  a p r e s s u r e  o f  3 atm. 'This p r e p r e s s u r i z a t i o n  

d e c r e a s e d  f i s s i o n  g a s e s  r e l e a s e d  from t h e  p e l l - e t s  and reduced p e l l e t -  

c l a d  i n t e r a c t i o n  ( P C I )  by improving h e a t  t r a n s f e r  w i t h i n  1:he f u e l  r o d .  

111~s 8x8 assexihly also incorporaLed t h e  f e a t u r e s  o f  GE-5 f u e l .  ,'l-L 1 

I n  1 9 7 9 ,  t h e  f i . r s t  LTAs of  b a r r i e r  fuel were i r r a d i a t e d  a t  t h e  

Quad C i t i e s - 1  r e . i c t o r .  B a r r i e r  f u e l  w a s  i n t r o d u c e d  by GE AS an  answer 

to t h e  P C I  f u e l  f a i l u r e  mechanism. I t  i s  e s s e n t i a l l y  p r e p r e s s u r i z e d  

fuel .  with a p u r e  zirconium 1.ayer on t h e  i n t e r i o r  o f  t h e  Z i r c a l o y  

c l a d d i n g .  This  l a y e r  i s  mechanical ly  bonded t o  t h e  c l a d d i n g  and 

constitutes approximately 19% o f  t h e  c l a d d i n g  t h i c k n e s s .  S i n c e  pure  

zirconium i s  s o f t e r  thari Z i r c a l o y  , t h e  b a r r i e r  mater ia l  e f f e c t i v e l y  

i n h i b i - t s  P C I  c r e c k  formatZion. 

S p e c i a l  b a r r i e r  bundles  w i t h  enrichment: t l i s t r i b u t i i o n s  des igned  t o  

i n c r e a s e  local.  power peaking of  i n d i v i d u a l  fuel .  r o d s  were i n s e r t e d  i n  

t h e  Quad C i t i e s - 2  f o r  c y c l e  6 o p e r a t i o n s  i n  December 1981. This  enabled  

t h e  ra.mpi.ng o f  a l i m i t e d  numbcr of f u e l  r o d s  t o  s i g n i f i c a n t l y  h i g h e r  

l i n e a r  h e a t  g r n e r n t i ~ o n  rates (LHGRs) t h a n  normally p o s s i b l e "  T h i s  

f e a t u r e  was d e s i - r a b l e  f o r  t h e  i n - c o r e  power ramping a t  t h e  end of  c y c l e s  

6 and 7 ,  wliich demonstrated t h e  r e s i s t a n c e  of  t h i s  f u e l  t o  P C I .  B a r r i e r  

f u e l  was o f f e r e d  commercially by GE beginning  i n  1983. By 1986,  G E  

expec ted  t h a t  100% o f  tile f u e l  produced a t  t h e i ~ r  Wilmington, North 

7 Carol i-na, would be b A r r i e r  € u ~ l .  

P r e p r e s s u r i z e d  f u e l  and b a r r i e r  f u e l  do n o t  cor respond e x a c t l y  t o  

t h e  fuel  d e s i g n s  t h d t  GE l abe l s  G E - 6  and G E - / .  P r e p r e s s u r i z a t i o n  i s  one 
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change i n h e r e n t  i n  t h e  G E - 6  fuel d e s i g n ;  oi~her:; iuay a1.so exist. 

However ~ b a r r i e r  f u e l  w a s  apparerit: l y  riot t h e  pr imary  d i f f e r e n c e  be t:ueen 

the C E - 6  and G E - 7  f u e l  tlesigns si .nce b o t h  b a r r i e r  and non-b;3rri.er 

versions o f  b o t h  f u e l  d e s i g n s  are ~ T W ~ J Y I  t o  e x i s t  ( G E - 6 3  and. GE-7B 1it-i.v~ 

h a r r i e r  c l a d ;  C E - 6  and G E - 7  do n o t ) .  F o r  t h i s  r e a s o n ,  we h a v e  riot  tised 

t h e  d e s i g n a t i o n s  G E - 6  and G E - 7  f o r  t h e s e  f u e l  desi.gns, but  have c a l l e d  

t h e s e  c les  i-gi-is " P r e p r e s s u r i z e d "  and "Xarr ier"  i n  Table  3 ,  

T.,TAs of fuel d e s i g n  CE-8 were i n s e r t e d  ti-, t h e  Urown's Fer-r:y-3 

r e a c t o r  i n  1981 .  T h i s  .fuel design r e t a i n e d  the 8x8 a r r a y  s i z e ,  but has 

s e v e r  al m e  ohnn i c a1 and nuc l e  ar  imp r o vcmcm t s . 
iticlude i.nctreased pre-pressurii-at:i.oxi ( t o  5 atm) f o r  irx.reasc?rl expo:;i.isre 

c a p a b i l i t y ,  an i n c r e a s e d  - p e l l e t  d iameter  (resul.t:i.tig i n  a smaller pe1. le t -  

c l a d  g a p ) ,  a v a r i a b l e .  ( 2  t o  6 j  n1111ibe1: of  larger d iame te r  water rods, 

s i n g l e  d iameter  upper end plug shaf t s ,  and a st:l:eaiiil.iried upper  t i e  ;iliite 

to reduce che two-phase p r e s s u r e  drop .  Some o f  the n u c l e a r  feat:ures 

i n c l u d e  h i g h e r  bund1 e ~:~ i r i ch i i i en t s  f o r  Longer operati.xig cyc1.e:; and 

i n c r e a s e d  di.scharge burnup, axially zoned gndolinium and the  variab1.r 

number o f  water  rods mentioned e a r l i e r .  Overall these features a l l o w  

f o r  improved f u e l  cycl.e costs, i n c r e a s e d  f l e x  i.bi1i t:y and iinproved 

o p e r a t i n g  margins inc1.udi.ng a n  i n c r e a s e  i n  t h e  LHGR l i m i t  f rom 2 3 . 4  t o  

14 ~ 4 kW/Et:, ' f 9  

Mechanic a1 inip rove men t: s 

T h e  l e a d  use of f u e l  cks ign  G E - 9  w a s  a t  t.h& h L c h - 1  ~ e a c t o r ,  

beg inn ing  in 1 9 8 7 .  No p a r t i c u l a r  d e s i g n  d e t a i  1.s are a v a i l a b l e .  

However, advanced v e r s i o n s  of  BWK fuel. des igned  by Toshiba ,  Hitachi  and  

G E ,  lo  have f e r r u l e  - type  spacer:; ( r n  t l i e r  t h a n  g r i d  - ~ y p e  s p a c e r s )  and a 

1-arge c e n t r a l i z e d  water rod  t h a t  replaces f o u r  fuel  p i r i s  in an 8x8 

ar ray .  The  d iameter  of  t h i s  l a r g e  wa te r  rod  appears  t o  be about  1.4 i n .  

A water rod w i t h  thi.s d iameter  would provide over  50% more l ionboi l ing  

water thon f o u r  s t a n d a r d  GE-7 water  r o d s  ( 0 . 5 9 1  in. diarnet.er). 

P r i o r  t o  1 9 8 7 ,  l.,'J'As w i t h  improved des ign  fea~ures were i n s e r t e d  i n  

Peach Botitiom-3 (1983) and bane RrnoId (1984) .  Two o f  t h e  Peach i2,ottoiii 

LT,?,s use SR iriipro-ved, l ow-pres su re -d rop  s;pacer . 'The we igh t s  of- heavy 11 
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meta l  f o r  t h e  Duane Arnold LTAs  ( 1 6 4  and 154 kg U/assembly) sugges t  t he  

use  of s e v e r a l  ( 9  and 1 2 )  water  r o d s ,  r e s p e c t i v e l y .  12 

In  1988,  LTAs were inser t -ed  i n  t h e  Cooper S t a t i o n  reac tor13;  tkrese 

may be t h e  i n i t i a l  usage o f  G E - 1 0  f u e l .  

3 . 4  CDB FUEL ASSEMBLY TYPES 

The term "assembly t y p e " ,  as used i n  t h e  C D B ,  d e s c r i b e s  a s e t  of 

i n d i v i d u a l  f u e l  assembl ies  w i th  s i m i l a r  p h y s i c a l  c h a r a c t e r i s t i c s .  The 

assembly type  i s ,  i n  g e n e r a l ,  a breakdown of the  GDB assembly c l a s s  i n t o  

v a r i o u s  f u e l  d e s i g n s .  I n  c a s e s  where o t h e r  d i f f e r e n c e s  between f u e l  

a s sembl i e s  e x i s t  wit:hin the  same assembly c l a s s  and f u e l  d e s i g n ,  

a d d i t i o n a l  f u e l  asseiiibly types  have been iden t : i f i ed .  Assemblies o f  a 

p a r t i c u l a r  assembly type t y p i c a l l y  have i d e n t i c a l  ( o r  n e a r l y  i d e n t i c a l )  

l e n g t h s ,  w i d t h s ,  c l add ing  m a t e r i a l ,  a c t i v e  f u e l  l e n g t h s ,  hardware ( p a r t s  

and n i a t e r i a l s ) ,  and weights  of heavy me ta l .  F a c t o r s  (:hat may n o t  be 

i d e n t i c a l  i n c l u d e  i n i t i a l  enr ichment ,  enr ichment  d i s t r i b u t i o n s ,  and/or  

neu t ron  abso rbe r s  u sed .  Using t h e s e  c r i t e r i a ,  t h i r t y  f u e l  assembly 

types  o f  GE producti .on f u e l s  have been i d e n t i f i e d .  Fuel  assembly types  

o f  t h e  e a r l y  f u e l  des igns  ( f o r  B19R/1 r e a c t o r s )  a r e  l i s t e d  i n  Table  4 .  

Fuel. assembly types  o f  l a t e r  f u e l  des igns  f o r  BIJK/2-6 r e a c t o r s  are 

l i s t e d  i n  Table  5 .  D e t a i l e d  f u e l  assembly dat:a s h e e t s  a r e  presented i n  

Appendix A .  Only assembl ies  manufactured i n  p r o d u c t i o n - s i z e d  runs  a r e  

d e s i g n a t e d  a s  f u e l  assembly t y p e s .  S p e c i a l  a s sembl i e s  and l e a d  t e s t  

a s sembl i e s  that: d i d  n o t  becoiiie p roduc t ion  assembly types  have been 

i d e n t i f i e d  and d e s c r i b e d  t o  the  e x t e n t  p o s s i b l e  i n  S e c t .  [ I .  

3 . 4 . 1  Fuel Assernblj Types Used .at Dresden-1 

Fi.ve assembly types  o f  GE f u e l  f o r  the Dresden-1 r e a c t o r  have been 

i d e n t i f i e d .  Four of t h e s e  assembly types  a r e  Z i r c a l o y - c l a d ,  t h e  f i f t h  

i s  s t a i n l e s s  s t e e l - c l a d  f u e l .  These assembly types  were d e s i g n a t e d  Type 

I ,  11, 111, 111-F, arid V by G E .  A l l  b u t  Type I1 were 6x6 f u e l  a r r a y s  

w i t z h  Z i r c a l o y - 2  c l a d d i n g .  Type I1 was a 7x7 a r r a y  w i t h  s t a i n l e s s  s t e e l  
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Table /4 .  CDB assembly types of "'early fuels" 

(GE product l i n e  BWR/1) 

E I A  CDB 
Assembly type code class C Ollllne nt s 

G E  6x6 
G E  7x7 
G E  6x6 
GE 6x5 
G E  6x6 

G E  7x7 
GE 7x7 
GE 6x6  

GE 12x12 
G E  1.1x11 
GE 9x9 

06Gll 

0 6 G l l  
06611 
06611 

_ _ _ " _  

Dresden- 1 
Dresden- 1 
Dresden- 1 
Dresden-1 
Dresden - 1 

iilumboldt Bay 
Hurnboldt Bay 
I-iumboldt Bay 

Big Rock 
Big Rock 
Big Rock 

Type I - Reprocessed 
Type TI - Reprocessed 
Type III (Type 1 1 % - S j  

TYPE v 
Type 111-I: 

Type 1 - Repxocessed 
Type  II 
Type 111 
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'Table 5. CDB a s s a h l y  types o f  l a t e r  GE fuel d e s i p s  

......... ............ .......... ..... ............ __ .......... 

E I A  CDB Fue 1 
Assernbl y Type Code Class Design comm?n'is 

GE 7x7 GE-2, Vla 
GE 7x7 GE-2, V l b  
GE 7x7 GE-2: V2 

GE 7x7 GE-3, V 1  
GE 7x7 GB-3, V2a 
CE 7x7 GE-3, V2b 

GE 8x8 GE-4, V1 
GE 6x8 G E - L ;  V2a 
GE 8x8 GE-4, V2b 

GE 8x8 @ E - j P  V1 
GE 8x8 GE-5, V2 

GE 8x8 Barri-cr, V1 
GE 8x8 Rarrler, V2 

GF: 8x8 GE-8, Vla 
GE 8x8 GE-8, Vlb 
GE 8x8 GE-8, V 2 a  
GE 8x8 GE-8, V2b 

07G14 

07G22 

0 7 G 3 1  
07G32 
0 / G 3  3 

08GL1 
08G42 

0 1 ~ 2 1  

O ~ G U  

08G51 
08G52 

08G61 
08G62 

08G71 
08G72 

08~81 

08~82 
- - - - -  

- - - - -  

GE-2 0.570 in bT '  Diaacter 
GF- 2 0.563 in rX" Diaretsr 
GE-2 

GE-5 
G E - 5  

Prcpressurited 
Prepressurized 

Barrier 
Barrier 

h GE-8 145.14 ill. AF Ldngih 
GE-8 I(,? 7 4  in. AFb i xng th  
GE-8 150 i n .  AFb 1,ength 
(;E-8 147 i n .  Abb Length 

...... ......... .. .- ~ .......... -. ........... 

a FR - Fuel  Rod 
A F  - Act.i.ve Fuel 
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3 0 4  c l a d d i n g .  O n l y  one Type I f u e l  assenibly remni.1-w unreprocessed; i.t 

has been d e s c r i b e d  i n  t h e  sc?ct.ion on s p e c i a l  Fue ls .  

Type 11 fnc-!1. w a s  a stainless steel c l a d  7x7 f u e l  array, The 

Nuclear Fuel Data Form R!d-85Y12 d a t a  base does  riot l i s t  any of  these 

f u e l  a s s e m b l i e s .  H o ~ e - . ~ e r ,  the I n t e g r a t e d  Data IJase.l4 i d e n t i f i e s  i n r n c t  

f u e l  a s sembl i e s  from Dresden-1. in  'ihe l i s t i . n g  of a t y p i c a l ,  h i g h l y  

r:3t l : i  oact ive  wastes stored a t  t h e  Savaxinah River P l a n t .  The number o f  

asseinbL:i.es is  n o t  l i s t e d ,  but: 2 5 h 3  kg of  heavy meta l  ( 7 3 8  Th, 2 7 %  IJj i s  

r s p < j  t:t:r?tl ,  

Type 111 f u e l  ( a l s o  c a l l e d  Type 1 1 - I - B )  uses a 6x6 Zircaloy-clad 

f u e l  r a d  a r r a y .  Each fuel.  r o d  i s  slightly d o p e d  ( 0 . 1 5 8 )  with a neu t ron  

> rk ing  material I erbium o x i d e .  Type 111-F fuel. assemlilies modify t:he 

U S E  o E  neut-roit a l jsorbers ,  r e p l a c i n g  one f u e l  rod with a hurnab le  

ab.i;orber r o d  containing aluininum oxide  (95 . 3%)  and gadol in.i.uni ox ide  

( 4 .  7 % )  Tylii? V f u e l  asseinbl.ies have 36 f u e l  x-ods wi th  gadol inium mixed 

wZt:h t h e  uranium oxLde f u e l  p e l l e t s  i n  s e l e c t e d  r o d s .  

Three assembly t y p e s  O F  GE f u e l  for  iihe Big Rock P o i r i t  reactor  

have been i t l e r i L i f i e c 1 .  Two types  are Zircnl .oy-c: lad,  the t h i r d  was 

st:airiless steel -c_l.ad f -ue l .  stainless s t e e l - c l a d  f u e l  (desi.gtiet:cd 

'%") W;.LS the ori.ginal core  l.oat2. ' h i s  f u e l  w a s  a 12x12 a r r ay  arid has 

a p p a r e n t l y  a1.l been i-eproc,essed a t  West. Val l ey .  T h e  f i r s t  Z i r ca loy -c l ad  

f u e i  i s  a[t I..l.Xbl a r r a y  a r i d  i s  d e s i g n a t e d  " H "  (sometsines "E(;'') f u e l .  

Fue l  t y p e s  " E , "  'IF," and "EG" are a l l  9x9 a r r a y s  arid havc been grouped 

t o g e t h e r  i n  tihe GE 9x9 Big R.ock Poi.rit: fuel. asseiiibly t y p e  I 

'l'hree asseml2ly types  o f  G E  fuel for  t h e  Humboltlt. Bay r e a c t o r  have 

been iden t . i f i ed .  GE manufactured two types of  product:j.on %i  r ca loy -c l - ad  

fue l . ,  they a l s o  manufactured a proc!uction model of s t a i n l e s s  s t e e l - c l a d  

filiel , Accordi.ng t o  the number of fiuel r o d s " 5 ,  both of  t h e  Zi rca loy- -c lad  
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f u e l s  a r e  a 6x6 a r r a y .  However, t h e  f u e l  rod d i a m e t e r s  d i f f e r  g r e a t l y  

( 0 . 4 8 6  and 0 . 5 6 3  i n . ) ,  and Hurnboldt Bay 's  d a t a  submittal t o  t h e  EIA12  

i n d i c a t e s  t h a t  t h e  f i r s t  model i s  a 7x7 a r r a y .  'The factr t h a t  t:he 

s t a i n l s s s  s t e e l . - c l a d   fuel^ was a 7x7 a r r a y  and had a 0 . 4 6 3  i n .  f u e l  rod  

d iameter  i n d i c a t e s  t h a t  t h e  f i r s t  r e l o a d  w a s  7x7 fuel . .  A l l  of  t h e  

s t a i n l e s s  s t e e l - c l a d  f u e l  and some o f  t h e  Z i r c a l o y - c l a d  7x7 f u e l  has  

been r e p r o c e s s e d  a t  West: V a l l e y .  T h e r e f o r e ,  two v e r s i o n s  o f  Wumboldt 

Bay f u e l ,  G E  7x7 Type I1 and GE 6x6 Type 111, s t i l l  exist. A l l  o f  t h i s  

remaining f u e l  h a s  been canned i n  b o r a t e d  aluminum c a n i s t e r s .  16 
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4 .  OTHER VAKiATIONS I N  GE FUEL A S S E M B L E S  

4 . 1  G E  COKE 1A’I”l’l C E  DESIGNATIONS 

Three d i f f e r e n t :  core  l a t t r i c e s  have been used by GE i n  t h e i r  t3WR/2- 

6 r e a c t o r s  a.nd t hey  are des igna ted  by the l e t t e r s  I) ,  C ,  anti S .  T h ~ s e  

d e s i g n a t i o n s  a r e  based on t2ie reI.ativi? :;i.ze o f  t h e  w a t e r  gap betwezri 

a t l j  acerit f u e l  a s sembl i e s  and diinerisiorial c h a r a c t e r i s t i c s  of  t h e  b a s i c  

fuel asscinbly arid channel  . 3  

s i d e s  adjncenc t o  t h e  c o n t r o l  blade is  g r e a t e r  than the gap on the  .ti ides 

away  Erorn Che c o n t r o l  b l a d e  i n  D-lat t i .ce  cores. In b o t h  C -  and S -  

l a t t i c e  c o r e s ,  the  > 7 ; 3 1 : e ~ -  gap:; 11)~:tiween ar;serrrblies are e q u a l ,  regaz-dlc:r;s 

o f  the  p o s i t i o l - i  oE t h e  c o n t r o l  b l a d e .  S - l a t t i c e   COT-^:; have s l i g h t  

d i i n e r ~ s i o s i a l  d i f f e r e n c e s -  -the f u e l  ctiaririe3:s a c e  0. 120 i n .  t h i c k  and t h e  

fuel assembly wid th  (wi thou t  the channel )  i s  reduced sl . i .ghtly.  A I 1  

re i ic tors  in the BIJR/2 arid I3WK/.3 product: Lines and about  h a l f  of t:lh~:: 

j J W K / 4  reactors hav2 D - l n t t : i c e  c o r e s .  T h e  o t h e r  h a l f  of  t h e  r e a c t o r s  f.n 

trhe B W R / 4  producr: l i n e  and a l l  BWR/S r e a c t o r s  have C-1.at : t ice cores ; 

BWR/6 r e a c t o r s  have S-lat:t:ic:i? cores , IJhi.1.e s i g n i f i c a n t  from a n  

opera!;ions s i landpoin t ,  d i f f e r e n c e s  i n  1.at:ti.ce de:;i.gnat-ions do n o t  a p p e a r  

t o  be s i g n i f i c a n t  fro111 an assembly c i n s s i f : i c a t i o n  p e r s p e c t i v e .  

The W a t e r  gap between as:;c:inblies 0x1 t he  

4 . 2  GE BUMDLE DESIGNATlONS 

G E  tins i:level-oped d e s i g n a t i o n s  f o r  i t s  fuel. buritl’le:;:I” Tab le  6 

reproduces  these  de.r;ignat:ions f o r  G E - 4 ,  G E - 5 ,  P1-eprcs..;ui-izi?cl, Barrier,  

anid G E -  8 f~1e1. . 

Because Che gaps b e t : w e e n  f u e l  a s sembl i e s  are f i l l e d  with water 

17 ( i r x r e a s  ing the thermal  neut.ron f l i lx  j.n the edges of an asseml>ly) , 

radial and a x i a l  enr ichment  v a r i a t i o n s  a r e  used t o  reduce powsr peaki.rig 

ac ro s s t he  f u e  1. a s s einb ly . 
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Table 6 .  Bundle designat ions f o r  GE f u e l s  

Bundle des igna t ions  with d i f f e r e n t  enrichments f o r  the  GE-4 (8x8) fue l  design 
a re  designated by 8DxxxA, where: 

8 -  des igna tes  the 8x8 f u e l  bundle des ign;  
D -  denoies t h a t  the  bundle is  designed f o r  0 - l a t t i c e  co res ;  

A -  i s  a l e t t e r  s u f f i x  t o  d i f f e r e n t i a t e  between bundles with the  same 
average cnrichrrient that a r e  d i f f e r e n t  i n  soiiie o the r  r e s p e c t ,  such 
a s  enrichment d i s t r i b u t i o n  o r  gadolinium content  and d i s t r i b u t i o n .  

xxx - i s  the  bundle average enrichment ( U - 2 3 5  weight p e r c e n t ) ;  and 

F o r  the  G E - 5  (8x8 R e t r o f i t )  f u e l  des ign ,  which conta ins  a x i a l l y  d i s t r i b u t e d  
enrichmencs, two types o f  enrichment desi-gnations a r e  used- -one f o r  the l a t t i c e  
o r  f u e l  bundle c ros s  s e c t i o n  a t  a p a r t i c u l a r  e l eva t ion  and one ~ O K -  the  bundle. 
An example o f  the  bundle and l a t t i c e  des igna t ions  used i s  aDRBxxxAA, where: 

8 -  des igna tes  the  f u e l  bundle des ign;  
I > -  may a c t u a l l y  h e  D,C, o r  S and denotes t h a t  the design is f o r  a 

R -  denotes the  8x8 r e t r o f i t  des ign;  
B -  i s  B o r  I, des igna t ing  bundle O K  l a t t i c e ;  

0 ,  C ,  o r  S l a t t i c e  type co re ;  

xxx - is  the bundle o r  l a t t i c e  average enxichment (weight percent  U -  
2 3 5 ) ;  and 

A A -  is a one- o r  t w o - l e t t e r  s u f f i x  which d iEfe ren t i a t e s  between 
l a t t i c e s  with the same average enrichmcnt bu t  which a re  d i f f e r e n t  
i n  some o the r  respect ,  siich as enrichment d i s t r i b u t i o n  or 
g a d o l i n i w  content  and d i s t r i b u t i o n .  

For the  p re s su r i zed  8x8 r e c r o f i t  f u e l  des ign ,  a P i s  placed i n  f r o n t  of the 
bundle and l a t t i c e  desc r ip t ion .  For  the  pressur ized  re t : rof i t  f u e l  with b a r r i e r ,  
the  l e t t e r s  BP are placed i.xi f r o n t  of the  bundle and l a t t i c e  desc r ip t ion  
(BP8DRBxxxA and BP8DKLxxxAA). 

The GE-8 f u e l  designs a re  descr ibed using the des igna t ion  BDxxxA, where: 

B -  

D -  

xxx - 

A -  

des igna tes  the b a r r i e r  op t ion  and is blank f o r  the  non-ba r r i e r  
op t ion ;  
i s  D ,  C ,  o r  S and denotes t h a t  the  design i s  f o r  a D ,  C ,  o r  S 
l a t t i c e  t y p e  co re ;  
i s  the bundle o r  l a t t i c e  average enrichiiient (weight percent U- 
235)  ; and 
i s  a one- l e t t e r  s u f f i x  which d i f f e r e n t i a t c s  between l a t t i c e s  with 
the  same average enrichment bu t  which a r e  d i f f e r e n t  i n  some other  
r e spec t  such a s  enrichment d i s t r i b u t i o n  o r  gadolinium content  and 
d i  s t r i bu t  i o n .  

Source: r e f .  3 
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GE began u t i l i  zi.rig r a d i a l  enrichment: d i . s t r i b u t i o n s  i n  t h e  early 

r e l o a d  fuc1.s a t  Di-esden-1, Big Rock Poi.nt, and Humboldt: Bay. A t  f i r s t ,  

t h e s e  d i s t r i b u t i o n s  w e r e  p r i m a r i l y  i n  the for-in o f  lower enrichments  i n  

t h e  c o r n e r  rods  of  t h e  fuel as:;embIies. Wi th  i n c r e a s e d  o p e r a t i n g  

e x p e r i e n c e ,  r a d i a l  enr ichment  v a r i a t i o n s  have become more s o p h i s t i c a t e d  

(and cornpl.icated) . F a c t o r s  Leading t o  t h e s e  more cornplica!;ed r a d i a l  

d i s t r i b u t i o n s  :i.riclutle (1) t h e  advent  o f  the u s e  of  burnable  n e u t r o n  

a b s o r b e r s ,  ( 2 )  the appearance o-f c’ne w a t e r  r o d  i n  BLJR assemblies~ and 

( 3 )  t h e  D - ,  C -  , arid S - l a t t i c e  v a r i a t i o n s .  A x i a l  enri.ch!nc:nt v a r i a t i o n s  

i n  p r o d u c t i o n  Fuels were i n t r o d u c e d  w i t h  t:he ( ;E -5  (8x8 Retrofit) f u e l  

design. R e t r o f i t  f ue l  improved Llie n e u t r o n  economy through the use o f  

n a t u r a l  uranium a x i a l  b l a n k e t s .  Fuel bundles  (speci f i - c a l l y  P8SRR176, - 
200, -21.9; P8CRt2219,  - 2 h S ;  and PtSD1!8175) o f  the p r e p r e s s u r i z e d  f u e l  

d e s i g n  have used axial .  enrichinent v a r i - a t i o n s  i n  a d d i t i o n  t:o t h e  n a t u r a l  

uranium bl.anket:s. G E ’  s a d v e r t i s i n g  i n d i c a t  : tihat t h e i r  use  of  a x i a l  

enr ichment  v a r i a t i o n s  has increased .  In a d d i t i o n ,  for t he  G E - 8  f u e l  

d e s i g n ,  t h e  iliaximum average  planar- l i n e a r  h e a t  g e n e r a t i o n  r a t e  (MAP1,HGII) 

c u r v e s  used  i n  the t e c h n i c a l  s p e c i f i c a t i o n s  f o r  c o m n i e r c  i.al power 

r e a c t o r s  have a n  a x i a l  v a r i a t i o n ,  ari i n d i c a t i o n  o f  a x i a l  2nrichment 

v a r i a t i - o r i s .  

4 . 4  RADIAL AND AXIAL GADOLINIUM IIrSTliIXlJTTUNS 

Burnable neutron ahsorrbers ( i n  t h e  form o f  e r b  i-um o x i d e )  were 

int:roduced by G E  i n  t h e  second Dresden- l  reload co re .  G E  swi tched  t o  

gadol inium oxide f o r  t h e  thi .rd reload and h a s  used i t  since t h a t  t ime.  

The e a r l i e s t  a s s e m b l i e s  w i t h  gaclo1ini.a absorlseirs used a s i n g l e ,  

nonfue led  rod with ~i~l’rosi .m~it t? l .y  5% gndo1i.nii.m oxide and 95% aluminum 

o x i d e  . Sulisequc:nt_ vers ions  have i n c o r p o r a t e d  t.he gadol i ni.a d i . r e c t l y  

i n t o  t h e  f u e l  r o d s ,  which contain a s o l i d  !;ol.ut:ion o f  gad01 i.nia and 

uranium d i o x i d e .  T h e  g a d o l i n i a  cori tent :  jn t h e  e a r l i e r  U S E S  seem:; to 

have been i n  t h e  rarige o f  2 to 4 % .  T o  s a t i s f y  the need for f u e l  

asse inbl ies  c .apnble  o f  hi.gher: ‘rmrnup, average U - 2 3 5  enr ichments  f o r  RWR 

f u e l  a s s e m b l i e s  have been raised. While enri-chments for t:he i n i t i a l  
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c o r e  l o a d i n g s  Cor t h e  f i r s t  1.arge BWRs were i n  t h e  2 . 1 9  t o  2.50% r a n g e ,  

enr ichments  i n  lai;r?r c o r e s  (b0t:l.i i n i t i a l  and r e l o a d )  g r a d u a l l y  i n c r e a s e d  

t o  t h e  2 . 6 3  t o  2.84% range .  Curren t  fuel .  assembl ies  des igned  f o r  h i g h  

burnup c o n t a i n  average enrichments  i n  t h e  3 . 0 0  t o  3 . 2 0 %  r a n g e .  To 

compensate f o r  t h i s  e x c e s s  r e a c t i v i t y  di.iring t h e  f i r s t  c y c l e s  o f  u se ,  

t h e  u s e  o f  b u r n a b l e  n e u t r o n  a b s o r b e r s  h a s  i n c r e a s e d .  Although GI? 

r e g a r d s  i n f o r m a t i o n  on g a d o l i n i a  c o n c e n t r a t i o n s  and d i s t r i b u t i o n s  as 

p r o p r i e t a r y  f o r  f u e l  d e s i g n s  G E - 5  and h i -gher ,  G E  r e l e a s e d  some 

i n f o r m a t i o n  on t h e  GE-4 (8x8) f u e l .  Those assembl ies  have 3 ,  4, o r  5 

f u e l  rods  t h a t  c o n t a i n  g a d o l i n i a .  The assernbl ies  w i t h  average  

enrichments  o f  2 . 1 9 %  typica1.1-y c o n t a i n  t h r e e  fuel. rods  w i t h  g a d o l i n i a ;  

of 2 . 5 0 8 ,  f o u r ;  and o f  2 . 7 4 % ,  f i v e .  Although no d a t a  a r e  a v a i l a b l e ,  w e  

expec t  t h a t  a s  enr ichments  have cont inued  t o  i n c r e a s e ,  t h e  number o f  

gadol in ia -doped  f u e l  rods  and t h e  c o n t e n t  of  Ehe g a d o l i n i a  i n  these rods 

h a s  a l s o  i n c r e a s e d .  Additiona1.J.y , a x i a l l y  zoned e n r i  chi-nellt v a r i a t i o n s  

have g iven  r i s e  to a x i a l l y  zoned g a d o l i n i a  c o n c e n t r a t i o n s .  
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5 .  SPECIAL FUELS 

S e v e r a l  spec:idl types  of  f u e l  assembl ies  have b i a e i t  i d e n t i f i e d .  

These i n c l u d e  t e s t  assernbl i e s  that were n o t  the f o r e r u n n e r s  o f  

p r o d u c t i o n  f u e l  d e s i g n s ,  t h e  remnants o f  c.arly f u e l s  thrrt have l a r g e l y  

been r e p r o c e s s e d ,  and mixed oxide fuels. These fuels do not seein t o  

w a r r e i k t  extensive d i s c u s s i o n ,  b u t  t h e i r  un ique  c h a r a c t e r i s t i c s  do m e r i t  

t h e i r  i d e n t i  f ic,i t i  or , .  

5 . 1  DRESDEN-1 'TYPE I FUEL 

Dresden-1 Type I f u e l  was the i n i t i a l  c o r e  l o a d i n g  f o r  the 

Dresden-1 r e a c t o r .  I t  had a GxG f u e l  rod a r r a y ,  u t i l i z e d  Z i r c a l o y - 2  f o r  

t h e  c . ladding,  was approxi.mately 135 i n .  l o n g  and 4 . 4  i.n. w.icLe. Frorn 

r e c o r d s  subinittted by Co~nrnonwealth Edison t o  t-lie E I A ,  only one of t h e s e  

a s s e m b l i e s  reiiini.ris i n t a c t ,  We conclude t h a t  t h e  other assembl ies  have 

been reprocessed. The number of assemblies used a t  Dresden- 1 a-nd t.he 

aiiiouiit o f  Dresden- 1. f u e l  reprocessed  a t  West Valley tend to s u p p o r t  t h i s  

assr i i~ipt ion,  b u t  d e t a i l e d  v e r i f i . c a c i o n  of  t h i s  has n o t  y e t  been o b t a i n e d .  

5 . 2  DKESDI%?-l PF FUEL 

I n  196.1, 1 2  p r o t o t y p e  f u e l  (PF) a s s e m b l i e s  were Eehr-i.cated arid 

i n s e r t e d  i n t o  t h e  Dresden-1 r e a c t o r .  l8 

t h e  one d e s i g n a t e d  1'12-LO remains i n t a c t .  P F - 1 0  is a Z i r c a l o y - 4  c l . n d ,  

8x8 f u e l  assembly w i t h  erhi.um o x i d e  i n  each f u e l  r o d .  This  seems t o  be 

t h e  o n l y  usage of  Z i r c n l o y - 4  f o r  claddi-rig i n  EbWRs. The assembly had an 

i n i t i a l  weight  o f  ur;ini.uin o f  9 9 .  7 kg and a t t a i n e d  a burrtup o f  2 5 , 3 0 0  

MWci/Metri.c T o n  o f  L r i i t i a l  Heavy  eta^. (MTIHM) . I 2  

O f  t h e s e  twel.ve assc?inl3l ies ,  o n l y  

5 . 3  B I G  ROCK POINT 7x7 AND 8x8 CENTERMELT FUEL 

In 1 9  7 0 ,  Big Rock Point: 1.onthd four  7x7 "advanced" r 3 r i t l  two 8x8 

" i n t e r m e d i a t e "  c e n t e r m e l t  f u e l  a s s e m b l i e s .  l 9  I,i.ke ot.her Big Rock P o i n t  
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f u e l s ,  t h e s e  assembl ies  were approximately 8 2  i n .  l o n g  and 6 . 3  i n .  wide.  

Some o f  t h e  f u e l  rods i n  t h e s e  bundles  had f u e l  rods  wi.th U-235 

enri-chments of  up t o  6 . 5 %  (extz-enely h i g h  f o r  l i g h t - w a t e r  r e a c t o r s ) .  I n  

t h e  7x7 a r r a y s ,  p e l - l e t s  of  d e p l e t e d  uranium were used a t  each end o f  the 

fuel .  rods .  Annular p e l l e t s  of e n r i c h e d  uranium f i l l e d  tl.ie c e n t r a l  

r e g i o n  o f  t h e  f u e l  r o d .  The average enrichmen; i)f bot:h t y p e s  o f  f u e l  

was 3 . 6 % .  The 7x7 assembl-i~es reached a burnup of  on ly  1500 MWd/MTIHM. 

One 8x8 assembly had a burnup o f  1900 MVd/MTIHM; t h e  o t h e r  reached  5400 

MWd/MTIHM. The 7x7 assembl ies  i n i t i a 1 l . y  c o n t a i n e d  131 kg of  uranium, 

t h e  8x8 assemb1.ies i n i t i - a l l y  conta ined  1 1 2  k g .  12 

5 . 4  M I X E D  O X I D E  FUELS 

GE-manufactured mixed oxide  f u e l s  have been used  i n  a t  least :  t w o  

commercial b o i l i n g  water  r e a c t o r s - - B i ~ g  Rock P o i n t  and Quad C i t i e s - 1 .  

'The mixed oxide  i s  uranium d i o x i d e  p l u s  plutonium d i o x i d e .  A t  Big Rock 

P o i n t ,  mixed oxide  f u e l  assembl ies  were des igned  w i t h  Lhe f e a t u r e s  of  

b o t h  t h e  G E  11x11 and G E  9x9 Big Rock P o i n t  f u e l  assembly t y p e s ,  b u t  

w i . t h  some U02-Pu02 f u e l  r o d s .  

a s s e m b l i e s ,  w i t h  t h e  f e a t u r e s  o f  t h e  GE-3 (Improved 7x7) fuel. d e s i g n  

were used s t a r t i n g  i n  1974. These assembl ies  have e i t h e r  8 (1 assembly) 

o r  10 ( 4  a s s e m b l i e s )  iuixed oxide f u e l  r o d s  wit.il between 115 and 171 of 

Pu02/rod. The mixed oxide f u e l  rods  have 0 . 0 3 2  i n .  t h i c k  c l a d d i n g ,  

sirni.l.ar t o  the G E - 2  (7x7) f u e l  d e s i g n .  These f u e l  assembl ies  use  

a n n u l a r  p e l l e t s  f o r  the  mixed oxi~de f u e l  r o d s .  

A t  Quad C i t i e s - l ~ ,  f i v e  mixed oxide  f u e l  
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'IXYS 1 CAT6 DESCRXPTTON REPORT PAGE: 1 

OVERALL ASSEMBLY CBARACTERIST ICs 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 6 G B 1  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Go6B 
CDB Asse!nbly Class.. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i)r.estl<!n-l 

Ini . t ia l  Year of Manufacture.. . . . . . . . . . . . . . . . . . . . .  196'3 

Final Year of Manufacture.. . . . . . . . . . . . . . . . . . . . . . .  1963 

Total. Mwnher Fabricated t:o D a t e .  1(92* . . . . . . . . . . . . . . . . .  

Assmib1.y  Wi clth ( i  1-16ches) . . . . . . . . . . . . . . . . . . . . . . . . . .  4 " 3 ?\ ;!: 

Assembly Lengtih ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . .  1 3C&*>'C 
with C o n t r o l  Rod Inserted.. . . . . . . . . . . . . . . . . . .  
including Wolddown Device etc. . . . . . . . . . . . . . .  

Rod Pitch ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 7 1 ~ k 2 ~  

T o t a l  Asseiiibly Weight- ( I b s )  . . . . . . . . . . . . . . . . . . . . . .  

Wei-ghtr. o €  Heavy Metal (1.b:;). . . . . . . . . . . . . . . . . . . . . .  

Mt?t~x-i.c Tons h i t i i i l  Heavy Metal (metric ~ Q X I S ) .  . . .  0.099 .. 0. 103 
Enrichment Range ( %  U235) . . . . . . . . . . . . . . . . . . . . . . . .  1.83 

Average Des i.gn Burr lup  (MWcl/bl'rLkT.M) . . . . . . . . . . . . . . . .  
M a x i m u m  Design E u r n u p  (MWd/MTIHM) . . . . . . . . . . . . . . . .  

Linear  Heat Rating (KW/Eoat> . . . . . . . . . . . . . . . . . . . . .  15-4 

C o m m e n t s  : 
Thi.s asseiiibly raanufac tured f o r  u s e  at:. I>r-c!stlen I o n l y .  

.A Thix-ty of t.hcise fue l  n s ! : e i n l ~ ~ . i e s  have beell re-processed a t  
West tTal1ey. 

.,+* Dimensions based on the dimension o f  similar Dresden 3_ 

asse id~l ies  arid roiiritled t:o two (or chree)  r;ignl.fi.gant: 
figures. 
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1sii'iS ICAI, DESCKI  P T l  ON R E  POR'l  PAGE:  ? 

G e n e r a l  EPectrPc G X 6 Dresd t? ) . i  J.? Type 1 1 1 - B  RWK 

E I A  Assembly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 6 G D 1  
CDB Assembly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 6 B  
CDR A s s e m b l y  C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dresden-1. 

FUEL ASSEMBLY HARDUARE PARTS AND MATKkIrALS 

Par t  N a m e  P a r t  s/ Weight(kg)/ Zone MatPrl a1 Mater i a 1 
A s s e m b l y  A s s e m b l y  N a m e  F r n c i  i o n  

D r a w i n g  N u m b e r s  A s s o c i  attid With A s s e m b l y :  

R e f e r c n c e n  A s s o c i a t e d  W i t  11 Asr,earl,ly. 

Bo lgc r  1 9 7 7  
B o w e r  1 9 6 6  
C o m m o n w e a l t h  Edison 1 9 5 7  
GK 1 3 6 1  
GE 197'3 

C o m T e n t s  
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PHYSICAL DESCRIPTION REPORT PAGE 3 

G e n e r a l  E l e c t r i c  6 i( 6 [)re!;dcn 1, Type 111-B HWR 

FUEL ROD DESCRIPTION TABLE 

E l  A A:;:;(?rnbI.y Code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CDB ~ s s e m b i y  code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G O G B  
CCR Asseinh1.y Class. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dresden-I 

0 6 G D 1  

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod 

Fuel. Rod P o s i t i o n s  p e r  Assembly. . . . . . . . . . . . . . . . . . .  36 

Typi.caL Number of  Fueled Rods p e r  Assembly.. . . . . . .  36 

Rod Diameter (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.555 

Rod I.4c?ngth (inc.ht:s) (114)2i 

Active L e ~ i g t h  ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.09 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Weight p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 1. a c t  Ma t:e r .i. a]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Z i r c a 10 y ~ 2 

Clad Thickness  (i.nchcs) 0 ( )35 .hk  

C l . a d  F ' t r iaL Condi. tionlng. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fi.ieh-Clad C;ap ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.075 

Fill G a s  Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ti-ii.tia1 Gas Pressure ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  

Nitrogen Content o f  F i l l  G n s  (percent )  . . . . . . . . . . . .  

Comments : 

The fuel rod l e n g t h  is e s t i m a t e d  f r o m  the f u e l  r o d  le~-igt:ll 
f o r  o t h e r  Dresden 1 assembly t y p e s  
o the r  assembj.ies i.s 1-14. 2 %  inches  I T h i s  does n o t  i nc lude  
the lengtr'n o f  the end p i n s .  

** Cl.adding t:hiclcriess of- 5 s p e c i a l  corner rods is 0 .  055" . 

' h e  f u e l  rod  1engt:h f o r  
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PHYSICAL D E S C R I P T I O N  REPOKT PAGE: 4 

Genzral  E l e c t r i c  G X 6 Dresden 1, Type I L I - R  BWR 

F U K I .  ROD DESCRIPTION 'TAtiLE cont inued  

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  06GDl 

CUB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Diesden- l  
CDB Asseinbly Code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 6 B  

Fuel  P e l l e t  M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel  P e l l e i .  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  Y n l l e t  Diameter ( i n c h e s )  . . . . . . . . . . . . . . . . . . . .  O . ' t / 8 ; k  

Fuel  P e l l e t  Length ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  P e l l e t  Weight per Rod ( l b e )  . . . . . . . . . . . . . . . . . .  

Open P o r o s i t y  ( p e r c e n i )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain  S i z e  (microns)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

File1 Dens i ty  ( %  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  

O/U Rat:i.o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Dens i ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer  l'el l e t  Length ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . .  

Plenuin S p r i n g  Material . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spriirg Weight p e r  Assembly ( l b s )  . . . . . . . . . . .  

Plenum Length ( iLxhes)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Volume ( c u b i c  i i iches)  . . . . . . . . . . . . . . . . . . . . . .  

Cornmerits : * Fuel p e l l e t s  f o r  c o r n e r  rods  have d iameter  o f  0 . L ~ 3 8 "  



ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Is6@E)% 
CDB Assembly c o c k ? "  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G O 6 C  
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dresden-l 

Final Year of Manufacture . . . . . . . . . . . . . . . . . . . . . . . .  1964  

Tota l  Numnber :Fabric:,ic:c:tl to Date . . . . . . . . . . . . . . . . . . .  n O&'C 

~%sseiril~l.y X i d t h  (irici~es j . . . . . . . . . . . . . . . . . . . . . . . . . .  4.3*:4- 

AssernbBy Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . .  13&** 
w i t h  C o n t r o l  R o d  1nsert:r.d. . . . . . . . . . . . . . . . . . . .  
i ~ - i ~ i u ~ ~ . i . n g  H O I . ~ M O W  rwTice I t : ~ .  . . . . . . . . . . . . . .  

l?od P i t ch .  ( i n c h e s ]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 ~ 71;."* 

'Co tal. A:; :;c.ln:.@ E y We igb t ( lbs . . . . . . . . . . . . . . . . . . . . . .  
Weight of  Heavy Pleral. (1.13s). . . . . . . . . . . . . . . . . . . . . .  

MaxLmum Design Rcnri~up (MWdp4JJB.IM) . . . . . . . . . . . . . . . .  

'Linear Heat. Kat i f ig  (KW/foof) . . . . . . . . . . . . . . . . . . . . .  15.5 
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P H Y S I C A L  D E S C R I P T I O N  KEPORT PAGE: 2 

G e n e r a l  E l c c c r i c  6 x 6 D r e s d e n  1, Type 111-F BWR 

E I A  Asscrribly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  06GD2 
CDB Assembly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 6 C  
CDR Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D r e s d e n - 1  

FUEL ASSEMBLY HARDWARE PARTS AND M A T E R I A I S  

P a r t  Name Par ts /  W e i g h t ( k g ) /  Zone Materia 1 f.z ii t e r i a 1 
N a m e  F r a c t i o r i  Assembly A s s  einbly 

D r a w i n g  N u m b e r s  Associatcl :  With Assembly: 

R e f e r e n c e s  Associ-ated WiEh A s s e r n b l y :  

Comments : 
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PCiYS LCAL DESCRIPTION REPORT PAGE: 3 

Genera l  E l c c t r i c  6 x G Dresden 1, Type 1 TI-F RWR 

FUEL ROD DESCKLPTION TABLE 

E I A  Assenil1I.y Code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  06GD2 

CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dresden-]  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 6 C  

Type o f  Rod.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel. Iiod 

Fuel Kod Posi t : i .ons  p e r  Assembly..  . . . . . . . . . . . . . . . . .  36 

Typi.ca1 Number o f  Fueled Rods p e r  Assembly . . . . . . . .  3.5 

Rod Diameter ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5625;  

R o d  Length ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 1 4 ) ; k  

Ac t ive  Length ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 8 . 2 5  

Wej.ght p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Mater i -a1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Z i r c a l o y - 2  

Clad Thickness  ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.035 

Clad F i n a l  Conditioning. . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel -Clad  Gap (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.010 

F i l l  G a s  Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Initial. G a s  P r e s s u r e  ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  

Ni t rogen  Content  of Fi.11 Gas ( p e r c e n t ) .  . . . . . . . . . . .  

Coiiiinents : 

These assemblies have a s i n g l e ,  nonfueIet l  rod  contn i r i ing  
pellets o f  al.uminum ox ide  ( 9 5 . 3 % )  and gadoliniurii oxide 
( 4 . 7 % ) .  The p e l l e t  diarnet:er i s  0 . 4 6 5 " .  
;i- The f u e l  r o d  l e n g t h  i s  est.imated from tlie f u e l  rod l e n g t h  
Eor 0t:hc.r Dresden 1 assembly t y p e s .  The actrual f u e l  rod 
I engrhs  f-or o t h e r  assembl~ i . e s  i s  114 .  2 2 .  inches  , T h i s  leaigtli 
does  n o t  inc.'li.ide the Lengt:l-i CJ f the erid p i n s .  
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PHYSICAL DESCRIPTlON REPORT PAGE: 

General  E l r c C ~ i c  6 x 5 Dresden 1, Type 111-F BWR 

h'UEI, ROD DESCKIPTION TAB1.E cont ini led 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  06GD2 
CDR Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G06C 
CDB Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dresden-1 

F u e l  P e l l e t  M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fue l  Pel~l le t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  P e l l e t  Diameter ( inc i ies )  . . . . . . . . . . . . . . . . . . . . .  0 .&52 

Fuel  P e l  1 e t  Length (i.iiches). . . . . . . . . . . . . . . . . . . . . . .  

F u e l  P e l l e t  Weight per  Rod ( I b s )  . . . . . . . . . . . . . . . . . .  

Open P o r o s i t y  ( p e r c e n t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain  S i z e  (microns)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  Densi.ty ( 8  t i l e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  

O/U b r i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Densi ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer  P e l l e t  Ma ie i i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer  P e l l e t  J,cngth ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . .  

P l e n u m  S p r i n g  M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Sprjnfi  Weight per Assembly ( l b s )  . . . . . . . . . . .  

Pienuln Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Volume ( c u b i c  i n c h e s )  . . . . . . . . . . . . . . . . . . . . . .  

Cominents : 
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General E l e c t r i c  6 x 6 Dresden l 9  'Type V bW1? 

E l f 1  Asserrlbly Code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  066D3 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 6 D  

' ~ n i t i a ~  Uear o f  Manufacture . . . . . . . . . . . . . . . . . . . . . .  1.966 

CI)K A:sscml) ly  Cl-as:;. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dresden--l  

Final.  Y e a r  o€ Manufacture. . . . . . . . . . . . . . . . . . . . . . . .  1966 

T o t a l  Number F a l ~ r i c a t e d  t o  Da te . .  . . . . . . . . . . . . . . . .  106 

Asselllbly IJ:Cdt:h (i.rK!he:;) . . . . . . . . . . . . . . . . . . . . . . . . . .  4 .  3* 

Assembly Length ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 4 . 3 4  
w.i.t:h Corntrol  R o d  Inserted. . . . . . . . . . . . . . . . . . . .  
iaicludi-ng HoLddown Device, e t c  . . . . . . . . . . . . . . .  

Rod P i t c h  (iaches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.71* 

Total Assernb3.y Weight: (111s). . . . . . . . . . . . . . . . . . . . . .  

Weight of Heavy P1et:al. ( I b s )  . . . . . . . . . . . . . . . . . . . . . .  

Metr i c  Tons I n i t i a l  Heavy Metal (ne:cr ic  towis). , I .  0 " 106;'::k 

Enrichment R.ar1ge ( S  .[1235). . . . . . . . . . . . . . . . . . . . . . . .  2.26 

Averagc. Design Rui-nup (MWd/MTIHM) . . . . . . . . . . . . . . . .  

M a x i m u m  Design Burnup (MWd/MTTHM) . . . . . . . . . . . . . . . .  
Linear lieat X a t i r a g  (KW/foot) . . . . . . . . . . . . . . . . . . . . .  1.5. 5 

+< These d imens io ix  are based on t:he tZirnensLons o f  s i m i l a r  
Dresden I assembl i e s  and rounde:d t o  t w o  ( o r  t h r e e )  
si gni.f-igarlt f igur.es ~ 

** Average wei g h t  . 
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PAGE: 2 PHYSICAL DESCR.XPTION REPORT 

General E l e c t r i c  6 x 6 Dresden 1, 'Type V BWK 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  06GD3 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G06D 
CDB Assemb1.y Class  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dresden-] 

FUEL ASSEMBLY HARDWARE PARTS ANU MATERIALS 

Par ( -  Name P a r t s /  Weight (kg) j  Zone Mater i a1 Mater i a1 
Assembly Assembly Name Pr a c t i 011 

Drawing Numbers Assoc ia ted  With Assembly 

References Assoc ia ted  With Assembly: 

Comments : 
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PHYSICAL DESCRIPTION REPOK‘I’ PAGE: 3 

General E l e c t r i c  6 x 5 Eir-esden I., Type V BWK 

FIJEL ROD DESCRIPTION TABLE 

K I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  06GD3 
CD B As s e nil) 1. y C ode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3 0 6 I) 
CUB As.~;einll)ly C 1 . m ~ .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D r e s t l e n - l  

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F u e l  R o d  

Fuel. Rod Positions per  Assembly . . . . . . . . . . . . . . . . . . .  36 

Typic,al  Number of  Fuehecl Rods p e r  Assembly. . , . , . . 36 

R o d  Dia.met:er (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e ) .  5625 

R.od Lzngr-h (i.nches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.14.22--” 

Active Length ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  108.25 

Weight per Rod ( l . l x ~ . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zircaloy-2 

0.035*;\. Clad Thickness (iriches). . . . . . . . . . . . . . . . . . . . . . . . . . .  
C1a.d F i n a l  C o n d i t i o n i n g . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel--Clad Gap (i-nches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.010 

Fi.1.P Gas Used. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I : n i t l . a I  Gas Prsssure ( p s i g ) .  . . . . . . . . . . . . . . . . . . . . . .  
N i t r o g e n  Corif:t?9-1~t: caE Fill Cas (percent )  . . . . . . . . . . . .  

,** Four assembl ies  have R c‘laddixig, 1:hicknr:ss reduced to 
0. rj26’r. 



PHYS I GAL Dh.SCRI P I ' I O N  REPOR I' PACE '  /1 

General  E j p c t r i c  6 x 6 Dresden 1, l'ype V BUR 

kUEL ROD D E s C R I P r l O N  TABLF rorirlnued 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  06GD3 
CDB AsseInbly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G06D 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dresden-] 

FllrI  P e l l e t  M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

k'ue!_ P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  P e l l e ;  Diametpr ( i n c h e s )  . . . . . . . . . . . . . . . . . . .  0.482* 

Fuel Fe?~l  e t  Length ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . .  

kue? P e l l e t  Weight p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

Open P o r o s i i y  ( p e r c c n i )  . . . . . . . . . . . . . . . . . . . . . . . . . .  

G r a i n  Si.ze (mici-oris) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

k'ue2 Densi ty  ( %  'Lheorei i c a l )  . . . . . . . . . . . . . . . . . . . . . .  

o/u k a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear DensiEy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pc!.Jet M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Ler,g;t-i ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . .  

Plerlun Spr ing  Material . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plemim Spr i  q, Weight pe l -  Assembly (lbs) . . . . . . . . . . .  

P l e x m  Leng'ih ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 2 7  

Plenum Volume ( c u b i c  i-ciches). . . . . . . . . . . . . . . . . . . . . .  

CorfiI11nliLs : 
Pel l r t I s  i n  s p e c i a l  " t h i n  c l a d "  assembl ips  h a v e  a p e l l e t  
d iameter  o f  0 . 4 9 8 " .  



P i W 3  1 G A L  DESCKI PTBOM REPORT PAGE: 1 

General Electric 7 X 7 IYruatb . Bay, Type  11 BLdR 

EIt :  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07GP3 
CDB Asseml1’B.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 0 7 R  
cD& s?tssem”rsly Class. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Mumboldti Bay 

:[anitid ‘dear o f  ~anuEacture.. . . . . . . . . . . . . . . . . . . . .  7.965 

Final ’Year of Manufacture. . . . . . . . . . . . . . . . . . . . . . .  

Tota l  Nuintxr Fabricated to D a t e .  . . . . . . . . . . . . . .  

Assembly  Widsh ( i n e : h a s ) ,  . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 6 6 2  

~ssernbiy r.,engtil (inchesq ......................... 95 
w i t h  Control Rod Iraserte . . . . . . . . . . . . . . . . . . . . .  
including Holddown Device, etc.. . . . . . . . . . . . . . .  

Rod Pf1;:ch (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.631 

T o t a l .  Assembly Weight. (Ebs) .  . . . . . . . . . . . . . . . . . . . . .  276 

Weight of lileavy Mefal ( i b s ) .  . . . . . . . . . . . . . . . . . . . . .  168 

Metric Tons InFt ia I  Ilc?avy Metal (metric t o n s )  . . . .  0 . 0 7 6 3  

Enrichment Range ( %  U235). . . . . . . . . . . . . . . . . . . . . . . .  2 . 0 8 - 2 . 3 0  

Linea;- Heal: Eating ( K W / E I ? O t ) .  . . . . . . . . . . . . . . . . . . . .  12.1 

The initial core at. Humboldt Bay w a s  a 7 x 7, stai-xiIess 
s t ee l  clad f u e l  a r r a y .  These a a s e i i h l i e s  have a1.1 been 
reproce:;sed at Vest Val I.ey . 
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P H Y S I C A L  D E S C R I P T I O N  REPOK'T PAGE: 2 

General E l e c t r i c  I X 7 Humb. Ray, Type I1 BlJR 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G13 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07A 
CDR Assembly C las s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Humholdt Bay 

FUEL ASSEMBLY XARDWARE Pmrs AND MATERIALS 

P a r t  Name P a r t s /  I.Jeight(kg)/ Zone M a t e r i a l  Material 
A s s  ernb 1 y A s  s emb 1 y Name F r a c t i o n  

TOP 0.00000 COMP. SPRINGS 49 0.0000 

0.00000 T .  TIE P L A T E  1 0.0000 TOP 

SPACERS 3 0 .0000  1N CORE 0 ,00000  

B .  T I E  PLATE 1 0.0000 BOTTOM 0.00000 

Drawing Numbers Assoc ia ted  Wit11 Asserrib1.y 

731E272 

References Assoc ia ted  With Assembly: 

Crane 1976b 
G E  1973 
PG&E 1 9 6 8  
Pe te r son  1 9 6 9  

Drawing number t aken  from E I A  RW-859 d a t a  b a s e .  



51 

PHYSICAL DESCRIPTION REPORT 

General Electric 7 X 7 Huntb. Bay, Type I1 BWR 

mmr, ROD DESCRIPTION TABLE 

PAGE: 3 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07Gl.3 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07A 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Humboldt Kay 

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod 

F u e l  Rod Positions per Assembly.. . . . . . . . . . . . . . . . . .  4 9  

Typical Number Q E  Fueled Rods per Assembly . . . . . . . .  4 9  

Rod Diaiiieter (inches). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0. /k86 

Rod Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 3 . 2  

A c t i . v e  Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  79.0 

Weight per Rod ( l h s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zircaloy-2 

Clad Thickness ( i - r i c h e s )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0.73 

Clad Final Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.005 

Fill Cas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

Ini.tial Gas Pressure ( p s i g ) .  . . . . . . . . . . . . . . . . . . . . . .  0 

Nitrogen Content of  Fill Gas (percent) . . . . . . . . . . . .  

Comments : 

The fuel rod length does not include the length of the end 
pins. The central fuel rod is segmented. 
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PHY S I GAL DES C R I  YT LON R E  POIU PAGE: 4 

General  Electx-Fc 7 X 7 Hurnb. Bay, Type I1 BUR 

FUEL ROD DESCKLP'TXON TABLE cont inued 

E I A  Assembly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 7 G l 3  
CDB Assembly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07A 
CDB Asseinbly Class  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I-Iumholdt Bay 

Fue1 P e l l e t  Macer ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium. Oxide 

Fuel P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  P e l l e t  Diameter ( inches )  . . . . . . . . . . . . . . . . . . . . .  0.411 

Fuel Pel le t :  Leingth ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel. P e l l e t  Weighi: p s r  Rod ( l h s )  . . . . . . . . . . . . . . . . . .  

Open P o r o s i t y  (per t lent)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S i z e  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Densi ty  ( %  t h e o r e t i - c a l )  . . . . . . . . . . . . . . . . . . . . . .  

O/U R a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 4 . 3  

Smear Dens i ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pel le t :  Length ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . .  

Plenum S p r i n g  M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight p e r  Assembly (lbs) . . . . . . . . . . .  

Plenum Length ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 5  

Plenum Volume ( c u b i c  inches )  . . . . . . . . . . . . . . . . . . . . . .  

C o i n u i e n t s  : 
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E l h  Assembly Code . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O(X1.2 
CDB A s s e ~ b Z ~  Code.,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G06A 
CDS Asseml-,l.y C l a s s .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hu1nboldt Bay 

hr : i t i a -1  Year of Mancafacture.. . . . . . . . . . . . . . . . . . . . .  1.971 

T o t a l  N u m b e r  Fabricated ~ C D  Date . .  . . . . . . . . . . . . .  

1Xs.sembly Width (i l l&eS).  . . . . . . . . . . . . . . . . . . . . . . . . .  b . 6 6 2  

Assembly Length ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . .  95 
w i t - h  C o n ~ r o l  Rod 1nseu t i :d . .  . . . . . . . . . . . . . . . . . .  
LncEudFng Ha'LddcPwn Dirvi.c.e, e t c . .  . . . . . . . . . . . . . .  

Rcrd P i t c h  ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.740 

Toc-al Assemhly Weight (It..). . . . . . . . . . . . . . . . . . . . . .  2 7 0  

ws:egk-1e of ?Ic:a.vy Metal. (Zi:,rs) . . . . . . . . . . . . . . . . . . . . . .  468 

En?rie:imen~: Karage ( %  U2.35). . . . . . . . . . . . . . . . . . . . . . . .  2 . 36-2. '50 

Metric Tons I n f t i a l  Heavy Metal. (metric t o n s ) .  , . 0.0764 
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PAGE:  2 PlIYS i C A L  D E S C K I  P T I O N  REPORT 

G e n e r a l  E l e c t r i c  6 X 6 H u m b .  Bay, Type 111 BWR 

E T A  A s s e m b l y  C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 6 G 1 - 2  
CDR A s s e m b l y  C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 6 A  
CDB A s s e m b l y  Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hurnboldt Bay 

P a r t  N a m e  P a r i s /  Weight (kg) /  Z o n e  Ma t e r i a 1 Mat e 1- i 3 1 
A s s e m b l y  Assezbly N a m e  k ' r  ac i ion 

COMP. S P R I N G S  36 0.0000 TOP 0 .00000  

0.0000 T O P  0 . 0 0 0 0 0  T .  T I E  P L A T E  1 

0 .0000 I N  CORE 0 . 0 0 0 0 0  S P A C E R S  3 

B .  T I E  SLATE 1 0 .0000  BOTTOM 0.00000 

Drawing N u m b e r s  A s s o c i a t e d  With Assenhly: 

7 3 1E2 28 

R e f e r e n c e s  A s s o c i a t e d  With A s s e m b l y :  

C r a n e  1 9 7 6 a  
C r a n e  1916b 
GE 1 9 7 3  
P G M ,  1 9 6 1  
P e t e r s o n  1 9 6 9  
Pece r son  1 9  / O  

Comments : 

Drawing n u m b e r  h k e n  from E I A  R W - 8 5 9  D a t a  B a s e  
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PHYS I CAT, DESCRIPTION REPORT PACE: 3 

General Electr ic  6 X G Humb. Hay, Type IIT BWR 

FUEL ROD DESCRIPTION TABLE 

ETA Asse~1h1.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  06Gl2 
CDR Assemb1.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 6 A  
CDB Assembly Glass.. ~. . . . . . . . . . . . . . . . . ~. . . . . . . . . Humboldt Bny 

Type of  Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod 

F u e l  Rod  P o s i t i o n s  per  Assembly.. . . . . . . . = .  . . . . . . . . 36 

Typical Number of Fueled Kods per Assembly . . . . . . . .  36 

Rod Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 6 3  

Rod L2xig~11. ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 8 3 ) *  

Active Lengtli ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . , . . . . 7 7 . 5  

Ide:ight p e r  R o d  ( I h s ) .  ~ ~. . . . . . . . . . . . . . . . . . . . . . . . . . . 

Clad Mater ia l  , . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zirca loy-2  

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .032  

C l a d  F i n a l  Conditioning,. . . . . . . . . . . . . . . . . . . . . . . . . . . 
F u e l - G l n d  Gap ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .0055  

Fi.1-1. Gas Used..  . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . H e  

Sni t i . a l  Gas Pressure ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  0 

Nit rogen  Content o f  Fill Gas (pe rcen t )  . . . . . . . . . . I 

Segmented central f u e l  r o d ;  corner rods have reduced 
 enrichment:^ t o  reduce l o c a l  power peaking;  up t o  2 
gadol in ia - .po isoned  f u e l  rod!;. 
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PHYSICAL D E S C R l P  I 1  ON REPOKL 

Gelieral Elec;r i c  G X 6 Huifib. Bay,  Type I I I 8L7P. 

F'UbL ROD DESCKLPTION TART.5 cont inupd 

EIA Asse. ihly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  05612 

CDH Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Humbold; Bay 
CUE Assrrnhly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C O b A  

hue1 P c l l p t  k i t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranturn o x i d c  

Fuel P e i l e t  S i ~ a p e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Dished 

Fue l  Pe l l e t :  Diameter ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . .  0 . 4 8 8  

b'uel~ P e l l z t  Lzngth (iric'ries) . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  Pel .1- t  Weighi: p"i: "nod (lbs). . . . . . . . . . . . . . . . . .  

Oper i  Poz-osit.y ( p s r c e n L j .  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain  Si.,:. (riiicroiis) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

k ' i 1 ~ 1  Dens i ty  ( %  t h e 5 r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 4 . 3  

O/U Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SI.. I l L ! u  "r  r;ansi ty  ._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p t i c  e ;r Pe 11 E i:: Est;. r L a 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p a c e r  1'elI.et Lerlgth ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . .  

Plenuiu Spri.ng Maiari .?I. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P ~ . ~ I I : ~ I  S p r i n g  Tdn!.gh; per  A s s  i l y  (lbs) . . . . . . . . . . .  

Pleni*in Length (incl ) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.2 

P1erv.m 'Jolilns (c.i.~bLc i n c h e s )  . . . . . . . . . . . . . . . . . . . . . .  

COirilTl~i:,tS : 



PAGE: L 

re, . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  

c n n t f ? .  . . . . . . . . . . . . . . . . .  

Assembl.y (d-:.dTih (i.ncl-?es) . . . . . . . . . . . . . . . . . . . . . . . . .  

1 -  ( -i rich:?:;) . . . . . . . . . . . . . . . . . . . . . . . . .  
"i Rod ~nssrted . . . . . . . . . . . . . . . . . . . .  

Bi-ulr:-. ; e? Erc . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 7 7  
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PHYSICAT, D E S C R l P T I O N  REPORT PAGE:  2 

General  E l e c t r i c  11 X 11 Big Rock P o i n t  BWR 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l l G 1 6  

CDB Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Big Rock P o i n t  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G l l A  

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS 

P a r r  Name P a r t s /  Weight-(kg)/ Zone Mater i a 1  Mater i a1 
A s  s e rnb 1 y .4s s ernb l y Name F r a c t i o n  

COMP. SPRINGS 1 2 1  0 .0000 TOP 0.00000 

T .  T I E  PLATE J. 0 . 0000  TOP 0.00000 

S PACERS 3 0 .0000 IN CORE 0.00000 

B .  'l'1:E PLATE 1 0.0000 BOTTOM 0.00000 

Drawing Numbers Assoc ia ted  With Assembly: 

References  A s s o c i a t e d  With Assembly: 

GE 1 9 7 3  

Comments : 
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PHYSICAL DESCRIPTION REPORT PAGE: 3 

General E l e c t r i c  11 X 1 1  Big Rock Po i .n t  BWR 

FUEL ROD DESCRIPTION 'TABLE 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 l G l 6  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G l l A  
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B i g  Rock Poi-nt 

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel  Rod 

Fiuel Kod Pos i t i ons  per  Assembly . . . . . . . . . . . . . . . . . . .  1 2 1  

Typical  Number of Fueled Rods per  Asse.mbly . . . . . . . .  1 2 1  

Rod Diameter ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.449 

R o d  Length ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ac-tive Length ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

Weight. p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zircaloy-2 

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 3 4  

Clad F ina l  Condi t i -oning . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel-Clad Gap ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i l l  G a s  Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H e  

I n i t i a l  G a s  Pressure ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  

Nit rogen  Content o f  Fi  11 Cas ( p e r c e n t ) .  . . . . . . . . . . .  
Comments 
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PHYSICAT D E S C R I P T I O N  R E P O R 1  PAGF: 4 

General F J c c t r i c  11 X 11 Rig Rock P o i n L  BIJK 

FULL ROD DESCRIPfION TABLE con t i i iwd  

E i A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l l G i 6  
CDB Asseinbly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gl.lA 
CDB Assem3Py C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Big Kock Point 

Fuel P e l l e t  Macerial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel P e l l e t  Diameter ( inches )  . . . . . . . . . . . . . . . . . . . . .  

Fuel Pellet Length ( inchzs )  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Fel leL Weight p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

0;~e.n Poros i ty  (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain Si.zc (:iijcrons) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fue l  Density ( 8  i:Ilc:oreti.cal). . . . . . . . . . . . . . . . . . . . . .  9 4  

O j U  R a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Densi . iy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l r t -  Length ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . .  

Plenum Spcing Material . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum S p r i n g  Weight per  A s s n d , l y  ( J b s ) .  . . . . . . . . . .  

PI  e i i ~ n  Length ( inch??)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Volume (cu3ic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

C O I I l l n e n t s  . 



T o t a l  Nu.rnber Fabricated. to ni3t.e. . . . . . . . . . . . . . . . . .  
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PHYSICAL DESCRIPTION REPOR'I' PAGE: 2 

General E l e c t r i c  9 X 9 B i g  R o c k  P o i n t  BWR 

E I A  A s s e m b l y  C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  09G15 
CDB A s s e m b l y  C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G09A 
CDB A s s e m b l y  C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B i g  R o c k  P o i n t  

FUEL ASSEPlBLY HARDWARE PARTS AND MATERIALS 

P a r t  Name Pa r t s /  Weight(kg)/ Z o n e  Material Material  
A s  s emb 1 y A s  s ernb 1 y Name Fraction 

COMP. SPRINGS 8 1  0.0000 TOP 0.00000 

T .  T I E  PLATE 1. 0 .0000  TOP 0 .00000 

SPACERS 3 0 .0000 I N  CORE 0 .00000  

B .  T I E  PLATE 1. 0 .0000 BOTTOM 0.00000 

D r a w i n g  N u m b  e TS Ass o c i a t e d W i th A s  s e n h  ly 

731E245 

R e f e r e n c e s  Associated With Assembly: 

GE 1 9 7 3  
Walke 1 9 7 0  

C o m m e n t s  : 
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PHYS LCAL DFSCRIPTPON REPOF,T PAGE: 3 

Crncra l  E l e c t r i c  9 X 9 BTg Rock Point BWR 

W E E  ROD DESCKLP'TIION TABLE 

E I A  Asserribly C o c k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  09615 
!:DB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO9A 
CDB Asseml,1y Class, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Big Rock P o i n t  

Type O f  R o d . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  FIE1 Rod 

Fuel  Rod Pcssii:-ioxis 'per hsserrit>I.y. . . . . . . . . . . . . . . . . . .  81 
Typi .ca1 N u m b e r  of Fueled Rods per  As!;embly. . . . . . . .  81 

R o d  I)i .ameti?x- (iriches). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 6 2 5  

Rod Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Actrive Leng1:h (i:nches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

Weight p e r  Rod (Ibs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Z i r c a l o y - 2  

C l a d  'rhickrictss (:i.ncbes) . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.040 

Clad Final C o ~ i d i t i ~ ~ i n g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
FtleP--CLad Gap (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fill Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

I r l i c i a l  Gas PL'e.c;su11(? ( p s i g ) .  . . . . . . . . . . . . . . . . . . . . . .  
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P l K S l L A L  D E S C R I P T I O N  KP.PORT PAGL: 4 

General E i e c t r i c  3 I"; 9 Big Rock t ' oL~ iF  BWR 

FUEL RDD U k , , S O K l P T I O N  ThBLP, cont inued  

E I A  hsseii,bly Code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  09G15 
CDB A s s P : ; ; ~ ~ ~  Code. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G09A 
CDB A s s ~ m h l y  Class  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rig Rock. 'oink 

Fuel  P e l l e t  k i t - r i a l . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uianiurn OALIIP  

Fuel  P e l l e ~  Sf lape  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pu-1 Yel le r  Diamei ~ ) i  ( i r l c h e s ) .  . . . . . . . . . . . . . . . . . . .  0 . h 7 1  

Fuel P e l l e t  Lcligth ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  P e l l e t  Weight per Rod ( J b s ) .  . . . . . . . . . . . . . . . . .  

Open P o r o s i t y  ( p e r c e n t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Graiii S i z e  (rilicroiis:) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel. D C X L ;  ixy ( %  thporeeical ) . . . . . . . . . . . . . . . . . . . . . .  91. 

O/U Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Siilear Densi ty  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pcl le i i  ~ ~ i e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p a c e r  Pel l -e t  Leingth ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . .  

Plenuin Spr ing  M a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PI  CT',UI~~ 5pi*.;ilg Weight p e r  Arsembly (lbs) . . . . . . . . . . .  

P1eiii.m Length ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plonuiii ' J o l l ~ i ~ e  ( c u b i c  i l iches)  . . . . . . . . . . . . . . . . . . . . . .  

Comltlel?ts : 
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PHYSICAL DESCRIP 'TION REPORT PAGE: 2 

General E lec t r i c  7 X 7 G E - 2 ;  VERS. l a  3 W K  

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G14 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07B 
CDK Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

FUEL ASSEMBLY HARDWARE PARTS AND MfiTEKIALS 

P a r t  Name Parts/  Weight (kg  ) / 
A s s  erdj Ly Assembly 

COMP. SPRINGS 49 0.0000 

T .  T I E  PTATE 1 2.0480 

SPACERS 7 2.0270 

B .  T I E  PLATE 1 4 .3610  

Zone Mater j  al. Mater ia  1 
Fr a c t i o 11 Name 

TOP 0.00000 

TOP 0.00000 

I N  CORE Undti. Inconel 0.00000 

U n d t . S t . S t e e 1  0,00000 

BOTTOM 0.00000 

Drawing Numbers Assoc ia ted  WiCh Assembly: 

729E183 
731E377 

References A s s o c i a t e d  With Assembly 

Brosnan 1 9 7 1  
G E  1973 
Rayinond 19 7 3 

Cor1unents : 

Drawing numbers t a k e n  from t h e  E I A  RW-859 Data Base 

The weights  o f  t h e  SFD hardware f o r  this assembly type  a r e  
e s t i m a t e s  based on t h e  weights  of the SFD hardware f o r  
s i m i l a r  asseiably t y p e s .  
The weight  of  t h e  compression s p r i n g s  may be i n c l u d e d  i n  t h e  
\wight  of  the toy  t i e  p l a t e .  
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PHYSICAL DESCRIPTION REPORT PAGE: 3 

General E l e c t r i c  7 X 7 G E - 2 :  V E R S .  l a  BWR 

!FUEL K.OD DESCRIPTION TABLE 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G1.4 
CDB Asseiiibly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07B 
C D K  Assemb1.y C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWK/2,3 

Type of  Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel R o d  

Fuel Rod Pos i t i ons  per  Assembly . . . . . . . . . . . . . . . . . . .  49 

Typical. Number of  Fuel.ed R o d s  p e r  Assembly. . . ”  . . .  . 4 9  

Rod Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.570 

Rod Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (161))* 

Active Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  144.0  

Weight pe r  R o d  ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zirca’loy-2 

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0355 

Clad F i n a l  Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F u e l . - C l a d  G a p  ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0055 

F i l l  Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

I n i t i a l  Gas Pressure ( p s i g ) .  . . .  . . .  . . .  . . .  . . .  . . . .  . .  . 0 

Nitrogen Content of F i l l  Gas (percent )  . . . . . . . . . . . .  

Comments: 

* The t i p - t o - t i p  length  of t he  f u e l  rod i s  es t imated  Crorn 
t he  Lengths of the f u e l  rods f o r  o the r  CLASS 2 3  assembly 
types .  The a c t u a l  f u e l  rod length  f o r  o t h e r  assemblies  i s  
258 .95  inches f o r  fue l  r o d s ,  and 1 5 9 . 3 3  inches f o r  t i e  r o d s  



YHYS ICAL Dh:, CKZPTION RPkWRT PACE : ’L 

Genrrnl E l e c t r i c  7 X 7 G E - 7  : V b R S .  l a  BUk! 

FUEI. ROD IjESCIZIPTI O N  TABLE coni i  :iun,C! 

KIA Assrmbl,y C o d e . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G14 
CBB A s s e r h l y  C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 7 B  
CDB Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GI.: HWR/2,3 

Fuel P e l l e t  Ma:zrlal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ui-aniurn Oxide 

Fuel P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Pellet:  I)i.ameter ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . .  0 . 4 8 8  

FueJ. Pe1. l .e~ Lengiii ( i r ~ c h u s )  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  Pn1~l.e‘; TJeight Rod ( l b s ) .  . . . . . . . . . . . . . . . . .  

Open lorosi’ iy  (pe rcen t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S i z e  ( rn i~erons)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PIE?. Density ( %  t ’ r ieoret ical)  . . . . . . . . . . . . . . . . . . . . . .  94 - 9 5  

o/u Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S m e a r  [ k r i s i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p ~ c e r  P e l l e i :  Xatei- ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . .  

Plenum Spriirg Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pleniijn Spring Weight, p e r  Assembly ( l h s )  . . . . . . . . . . .  

Plenum Leiigth ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 . 2 5  

P1snt:m V o l u m e  ( c u h i - c  i-nches) . . . . . . . . . . . . . . . . . . . . . .  

COlnmentS : 
Seine f a e l  p e l l c t s  are dished. 



-,,ls-..- 
J . l!X I: 

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . .  ""4.36 

. . . . . . . . . . . . . . . . . . . .  7 . 7 1 . 2  

. . . . . . . . . . . . . . . . . . . .  
. I_  ., 

I :..L.c.. . . . . . . . . . . . .  
, -  RC?d P.:r;C%L t,,1..nct?e,c;i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  P , -1 3 6 
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PIiYS l C A L  DESCK I P ' T I U N  REPOK'T PAGE: 2 

General Elect i - ic  I X 7 GE-2; VhKS. 1b BWR 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G21 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07C 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BFiR/2,3 

P a r t  Name P a r t s /  Wcizht (kg) /  
Assembly Asscmbly 

COMP. SPRINGS 49 0.0000 

r .  TiE P L A ~ K  1 ? .0480 

SPACERS 7 2 . 0 2 9 0  

R .  T I E  P W T E  1 4 . 3 6 1 0  

Zone Mat 2 r i a l  
N a m e  

Ma t t~ 'c i a 1 
Pr a c L i o n 

roP 0 .00000 

TOP S t . S t e e l  304 1 . 0 0 0 0 0  

I N  COKE Zircaloy-4 0.811000 

Inconel  X- 130 0 .16000  

RO'C'r'OM S t  S t s e l  3016 1 .00000  

Drawing Numbers Associated With Assembly: 

7 3 1. E 6 1 4  
7 3 2 E 1 6 9 6 5 0 0 0  
8 14 E 7 5 7 

References Associated Wich Assembly: 

Brosiian I971 

Lee 1974 
Mayer 1973a  
Mayer 1973b 
Raymond 1973 

GE 1973  

Drawing numbers taken from the  EZA RFJ-859 Data Base. 

T h e  weight o f  i:.lrt? conpressiori sp r ings  may be included i n  the 
weight of the  t o p  t i e  plate. 
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PAGE: 3 

E I A  Asseinbly Code.. " . "  ~. . " . .  . . . , " .  , , . . . . . . . . . " .  . Q7G21 
CDB iissembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G(371: 
CDB Assem'bXy Class. ,  I . . . . .  " ._( . . * . . . .  " . ~ * .  * . . . . . .  G E  BFrn/2,3 

E ' I J ~ I .  IZ0i:L 

4 9  

T j p e  of R r ~ d . . " .  . . . . . " .  . . . . . . . . . . . . . . , . . " .  . " . .  . . , " .  
Fuel  Rod. P05iCiOns pt?T AsserRbj.y.. . . , , . . . . . . . . . . . . . 
'i'ypi-cal Number of Fueled Rods per  A s s e . m b E y .  I . ~ ~. 

Rod Diameter (LncSpes) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r j . 5 6 3  

I 4 9  

Rad Lengt-11 (I.IlcZbes) " . . . . . . . . . . . . . . . . * . . . I .  I . .  . . . . , (1.59)a 

Active Length (i.nches). . . l . .  . . . . . . . . . I " .  . . . . ~. a I , .  14b.o 

Wei.ghrr pe r  R o d  ( lbs) .  . * ,  . . . ~. . . . . . . . . . . . , . . . . . I . .  . 

C l a d  Mate.t:i.nI. " . .  ~, . , I . .  . . . . . . , I . .  . ~ ~. . . . . , . . . . . " .  . Zi.rc:a:loy-% 

C l a d  Thickness (ie1che:;) " . . . " . " . . . . . , . . . . * . , I . , . . . I (3 .032 

Clad FLna 1 Condi t; lvn Lrig . . . . . . . . . . . . . . ~ . . . . . . . . . . 
F u e l - C l a d  Gap (i.ncFies) * .  . . . . . . , . . . . . . . . . . . . . . . . . . . 
F-I.2.1. G a s  U S C : ~ ,  . . . . . I ,, . . . . . . . . . " .  . " .  . . . . . I . ,  . . . . . , . Hc? 

X n i t i d  G a s  F'rPssure (ps ig)  . . . . . . . . . . . . . . .. . . 1 . I I * 0 

Nitrogen Content o f  P i 1 3  Gas [ y e r c c r i ~ ) .  . . . . . . . . . * .  
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PHYSICAL DESCRIPTION REPOR'T 

General E lec t~y ic  7 X 7 G E - 2 ;  VEKS. l b  BWK 

FUEL ROD D E S C R I P T I O N  TABLE continued 

PAGE: 4 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07C21 
CDB Asseinb1.y Code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GWC 
CDB Assembly Cl~ass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE B W R / 2 , 3  

Fuel P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel P e l l e t  S h a p e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel Yellet Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . .  0 . 4 8 7  

Fuel P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  
Fuel P e l l e t  Weight per  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

0 . 8  

Open Poros i ty  (percent )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain 5i.ze (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( e  theoreti .cal-)  . . . . . . . . . . . . . . . . . . . . . .  9 3 - 9 5  

O/U K a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Srne-3~ Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pe l l . e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Ple~ium Spring Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spri.ng Weight per  Assembly ( l b s )  . . . . . . . . . . .  

Plenum Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.2b 

Plenum Volurnc? (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

Comments : 
The h i g h e s t  power, h ighes t  exposure rods have dished f u e l  
pellets. 
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PHYSICAL DESCRIPTION REPORT PAGE: l 

General E l e c t r i c  7 X 7 G E - 2 ;  VERS.  2 BWR 

OVERALL ASSEMBLY CHARACTEKISTICS 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G22 
CDB Assembly Code.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07E 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

I n i t i a l  Year of  Manufacture. . . . . . . . . . . . . . . . . . . . . .  
Final  Y e a r  of  Manufacture . . . . . . . . . . . . . . . . . . . . .  
Tota l  Number Fabricated t o  Date . . . . . . . . . . . . . . . . . .  

Assembly Width ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 3 8  

Assembly Length ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . .  1 7 5 . 8 7  
with Coricrol Rod I n s e r t e d . .  . . . . . . . . . . . . . . . . . .  
including Holddown Device, e t c  . . . . . . . . . . . . . . .  

Rod P i t c h  (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 7 3 8  

Tota l  Assembly Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  6 8 2 . 5  

Weight o f  Heavy Metal ( I b s )  . . . . . . . . . . . . . . . . . . . . . .  4 2 6 - 4 3 2  

Metric ‘rocis I n i t i a l  Heavy Metal (metr ic  tons )  . . . .  0.193-0.196 

Enrichment Range ( %  U235) . . . . . . . . . . . . . . . . . . . . . . . .  1.1- 

Average De:; ign Burnup (MWd/MfTII-1M) . . . . . . . . . . . . . . . .  

Maximum Design Burnup (MWd/MTIHM) . . . . . . . . . . . . . . . .  

Linear Heat Rating (KCJ/foot> . . . . . . . . . . . . . . . . . . . . .  

Comments 1 
The weight o f  the f u e l  assembly includes the weight o f  the 
f u e l  channel.  This assembly type used a t  BWR/[t c lass  
r eac to r s  only.  The width i s  the outs ide  dimentsion of  the 
0.080” f u e l  chanriel . 
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PHYSICAT, DESCRIPTlON REPORT PAGF,: 2 

General Electr ic .  7 X 7 G E - 2 ;  VERS. 2 BIJK 

EPA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 7 G 2 2  
CDR Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 7 E  
CDB Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

FUEL ASSEMBLY ttZRDlJAKE PARTS AND MATERIALS 

P a r t  Name Parts/ Wcight(kg)/ Zone Ma t- ( 3  r i a1 Materi a1 
As serribly As s eiii1Jly Name Frac L i on 

COMP. SPKINGS 4 9  0.0000 TOP Inconel X-750 1.00000 

T . ' ICE  PLATE 1 1.9150 TOP St.Stee1 304 1.00000 

SPACERS 7 2.0290 1N CORE Zircaloy-(c 0.84000 

Incon~l X-750 0.16000 

B. T I E  PLATE 1 4 . 4080 BOTTOM St.Strel 304 1.00000 

FINGER SPKlNGS 4 0.0480 BOT'i'OM Inconel X- 750 1.00000 

Drawing Nunhers Associated With Assrmhly. 

731 6910 {-SHARED 
8 1 4 ~ i  T A P ?  
814E756 *SHhRI.:D 
8 7 4 E 8 8 2  +SHARED 
8 2 9 E 8 4 5 +SHARED 

Re L e  rences A s  S O C  ia Led !Ji th Assembly 

Baiirr 1 9 7 3  
CP&L 1972 
PSEhG 1 9 / U  
P h i l .  Elec. 19/0 
Reder 1911 

C oiiuirent s 

Tile ~ ~ i e h t  o f  the  compression spring.; inay be included i n  the 
weight  of t h t a  top t i e  p l a t e .  



PMYS I C A L  D E S C K T L T I O N  REPORT PAGE:  3 

General E l e c t r i c  7 X 7 C E - 2 ;  VERS. 2 BWK 

FUEI .  ROD DESCRIPTION TABLE 

E I A  As~e[~ l , I . y  Code. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  071;22 

CDB Assenthly Class ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GI3 EWR/G, 5 6 
m B  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 8 7 E  

T y p ?  of  Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod. 

Fuel Rod. Position!;  p e r  Assembly. . . . . . . . . . . . . . . . . . .  4 9  

Typical.  N u m b e r  o f  Fueled Rods per Assembly. . . . . . . .  49 

Rod Diarnetrer (-inches). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 6 3  

Rad Length ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A c t  i.ve Length ( inches . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.44.0 

(1 59 j I’( 

Weight: pe1: Rad ( l b s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zircalcly-2 

Clad ‘I’hiclctiess ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.032 

Clad F i n a l  Condi t ion ing . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
F u e l  - Clad  Gap ( inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 0 6  

F.i.11. Gas Used. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H e  

I n i t i a l  cas Pressure (psig) . . . . . . . . . . . . . . . . . . . . . . .  0 

Nitrogen Content of F i l l  Gas (percent )  . . . . . . . . . . . .  

Cent ra l  f u e l  rod  i s  segmented. Gadolinia p o i s o n s  arc  used 
in some f u e l  r o d s .  

* T h e  t i p - t o - t i p  f u e l  rod  1eng.t.h is  es t imated  from the  fuel. 
r o d  l eng th  f o r  o the r  CLASS 23 asse~ii1il.y types .  The a c t u a l  
f u e l  rod  length for- ot:her assemblies  i s  158 I 95 .i.nches f o r  
f u e l  rods ,  and 1 5 9 . 3 3  inches f o r  t h e  t i e  rods ,  and 1.59 .81 
inches f o r  the gado l in i a -  doped rods.  
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PHY S I CAL DES C R I  P T  1 ON REPORT PAGE: 4 

General E l e c t r i c  7 X 7 GE-2; VERS. 2 BWE? 

FUEL ROD DESCR-IPTiON TABLE continued 

E i A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G22 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07E 
CDR Assembly Class  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BTriR/4,5,6 

Fuel P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel P e l l e t  Diameter ( inches )  . . . . . . . . . . . . . . . . . . . . .  0 .487  

Fuel P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  0.75 

Fuel P e l l e t  Weight per  Rod (112s) . . . . . . . . . . . . . . . . . .  

Open Poros i ty  (percent )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S ize  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( %  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 3 - 9 5  

O/U R a t i u  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Material  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight p e r  Assembly ( lb s )  . . . . . . . . . . .  

Plenurrl Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Plenum Volume (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

Coinments : 
T h e  Iii-ghest power, h ighes t  exposure rods have dished f u e l  
p e l l e t s .  
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PHYSICAL DESCRIPTION REPORT PAGE: 1 

General E l e c t r i c  7 X 7 G E - 3 ;  VERS. 1 BMK 

OVEKALI, ASSEMBLY CHARACTER1 STICS 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G31 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07D 

I n i t i a l  Year of  Manufacture . . . . . . . . . . . . . . . . . . . . . .  1 9 7 2  

CDl3 Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/2,3 

F i n a l .  Year of Manufacture. . . . . . . . . . . . . . . . . . . . . .  

Total  Number Fabricated t o  Date . . . . . . . . . . . . . . . . . .  

Assembly Width ( inches ) .  . . . . . . . . . . . . . . . . . . . . . . . . .  5.438 

Assembly Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . .  171.125 

Rod P i t ch  (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 , 7 3 8  

with Control Rod I n s e r t e d . .  . . . . . . . . . . . . . . . . . .  
including Holddown Device, e t c  . . . . . . . . . . . . . . .  

Tota l  Assembly Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  

Weight of Heavy Metal ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  
Metric Tons I n i t i a l  Heavy Metal (metr ic  t a n s ) .  . . .  

Enrichment Range ('b U235) . . . . . . . . . . . . . . . . . . . . . . . .  2 . 3 - 2 . 5  

Average Design Bui-nup (MWd/MTIIIM) . . . . . . . . . . . . . . . .  

Maximum Design Burnup (MWd/MTTHM) . . . . . . . . . . . . . . . .  

Linear Heat Rating (KW/foot) . . . . . . . . . . . . . . . . . . . . .  

C o n i m e n t s  I 
'l'his assembly used a t  BWR/2 and BWK/3 c lass  r eac to r s  o n l y .  
The width i s  the  outs ide  dimension o f  the  0.080'' f u e l  
channel.  
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PHYSICAL DESCKlPT I.ON KEPORT PAGE: 2 

General E l e c t r i c  7 X 7 G E - 3 ;  VERS. 1 BWR 

E I A  Asselitbly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G31 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO711 
CDB Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BbJK/2,3 

F U K I ,  ASSEMBLY HAKDWARE PARTS AND MATERlAIS  

P a r t  N a m e  Parts/ Weight(kg)/ Zone Material M a i e r i a l  
Assembly Assembly Name F r a c t i o n  

COMP. SPRINGS 49 0.0000 TOP 0.00000 

T .  'T lE PT,Ai'E 1 1 . 9 1 5 0  TOP S t  S t - c e l  304 1.00000 

SPACERS 7 2.0290 I N  COKE Zircaloy-& 0.84000 

Inconel X -  750 0.16000 

B .  'T IE  PTATE 1 4.3610 BOTTOM SI: ~ S t e e l  304 1 ,00000 

Drawiiig Numbers Assoc ia ted  LJith Asseiihly: 

7 3 1 ~ 1 2  
814E710 
8 1. G E8 3 3 

References  Assoc ia ted  With Assembly 

GE 1976c 
Lee 1974 
Mayer 1973a 
Mayex- 1 9  73b 
Raymond 1 9  7 3  

Comments: 

Drawing numbers taken  from t h e  E I A  RW-859 D a L d  Base 

The weieht  of t h e  compression s p r i n g s  may b e  inc luded  i n  t h e  
weight of t l i ~  Lop t j e  p l a t e .  
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ELA Assembly Code. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CI7G31 

CI>B Asselllbly- Cl.ass. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2 ~ 3 
CDB ksernh1.y Gode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07D 

Type of  Rod.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E'1nci:'I. Rod 

'Q11c:L Rod Pr>si.t.itatns pc?r Asserlhly. . . . . . . . . . . . . . . . . . .  49 

T y p i c a l  Number C S ~  F w l r d  Rods p e r  Assembly . . . . . . . .  4.9 

Rod I?%ametxr (i.nches). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 , 5 6 3  

Kod Length (in~ches).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (.l.64)* 

A c t i v e  Ler1gth (ilncbes). . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.44 . o  

LJt:igli-it: pe r  Rod ( I b s j . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Nater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zircal.oy-2 

C l a t l  "P-Elickness ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . . . .  0 , 0 3 7  

Cl.ad Final. C a n d i s i o n i n g . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
FueL-Clad Ga.p (inches). . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 0 6  

FiLE Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Me 

k : t l i t : i . d  G a s  Pre:;!~Urc! (ps:ig) . . . . . . . . . . . . . . . . . . . . . . .  0 

N i t r o g e n  Gon"kel1t of Fi.4.1. G a s  (percsnt) " , _1 " , . , ~ . . " . 
!knnrnents : 

* ' L h e  t i p - t : n - t i p  f u r l  rnck Length is es'cl.mac:cd from the f u e l  
rod Iengt'h. for o t h e r  C U S S  4-56 a s s e z b l y  types. The actual  
f u e l  rod l eng th  for  ot:hc:r assemblies is 1.63. 71. inches. 
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PHYSICAL DESCRIPTION REPORT PAGE: 4 

General E l e c t r i c  7 X 7 G E - 3 ;  VERS.  1 BWR 

FUEL ROD DFSCRIPTION TABLE cont inued 

ETA Asst?rnbly Code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07(;31 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO711 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/2,3 

Fuel Pel-let  14aterial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fue1~ P e l l e t  S h a p e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel PeI.l.et Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . .  0 .477  

Fuel. P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  0.5  

Fuel Pel.leC Weight per Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

Open P o r o s i t y  (percent)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain Size (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( %  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  94-95 

O/U R a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Material  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer l ’e l le t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Plenum S p r i n g  Material  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight per Assembly ( l b s )  . . . . . . . . . . .  

Plenum Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 . 0  

Plenum Volume (cubic  inches) . . . . . . . . . . . . . . . . . . . . . .  

Comments : 
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PEWS ICAL DESCRIPTION REPORT PAGE: 1 

General. Electric 7 X 7 G E - 3 ;  VERS. 2a BWR 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07C32 

CDR Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE SlJR/4,5,6 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO?F 

Initial Year of  Manufacture.. . . . . . . . . . . . . . . . . . . . .  
Final Y e a r  of Manufacture . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  Number Fabricated t o  Date . . . . . . . . . . . . . . . . . .  

Assembly Width (inches). . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 3 8  

Assembly Length (iocbe:;) . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 5 . 8 7  
with Control  P-od I n s e r t e d  . . . . . . . . . . . . . . . . . . . .  
i n c l u d i n g  Holddown Device . et<: . . . . . . . . . . . . . . .  

Rod Pitch (i.nches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T o t a l  Assembly Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  674 .4  

Weight of Heavy Metal ( lb s )  . . . . . . . . . . . . . . . . . . . . . .  &I3 

Metric  Tons Initial Heavy Metal (metric ton:;). . . .  0.1875 
Enrichment Range ( %  U235) . . . . . . . . . . . . . . . . . . . . . . . .  

Average Design Burnup (IWd/f/[TIPLvS) . . . . . . . . . . . . . . . .  

Maximum Design Burnup (FIIJd/FITIWI) . . . . . . . . . . . . . . . .  

Linear I-kat Rating (KW/foot) . . . . . . . . . . . . . . . . . . . . .  

C omIll(- n t s : 
The weight of  the f u e l  assembly inc ludes  t h e  weight of  the 
fue l  channel .  ThT: ;  assembly type  used at BWR/4 c lass  
reactors only .  
0 .  080f' f u e l  channel 

The width  i s  the ou t s ide  dimension of  tlie 



82 

PAGE. ? PHY S I LATA DES C R I  PT LON REPOK i 

G e n e i a l  E i e c t r i c  I X 7 G E - 3 ;  UERS. ?a BWK 

PIA Assembly Codr  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 7 G 3 2  
CDR Assembly Cod$: . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  G07F 
CDB Ac;seniibIy Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G E  BWM/4,5 ,6  

e .  
FUEL ASSEMBLY lV&L! :ARE P,WTS AND HA’l EK I ALS 

Par?  N a m e  I!.3rts/ Weight{kg) / %one 
Asseab:y P*ssed; l y  

COMP. SPKlNGS 49 0.0000 TOP 

T . ‘L’lE PIATE 1 1.. 9150 T O  f-’ 

SPACERS 7 2 . 0 2 9 0  IN CORE 

B .  T I E  PTATE 1 4.4080 EOTTOM 

FINGER SYKTNGS 4 0.0480 BO‘I‘TOM 

Drawing Numbers Assoc ia ted  With Assembly: 

73 1 E 9  10 +SHARED 
8 J. 4 E 7 5 4 P 1 
814B7 5 4 P 3  
814E83 5 
8 14 E 8 7 6 
81lrE882 +SHARED 
814E891 
829El91 
829E845 +SHARED 

References Assoc ia ted  With Assembly: 

Rauer 1973 

Comieni.s 

Ma t e r i a 1 
Name 

Inconel X-750 

S 1. S t s e l  304 

Z i r c a l o y - 4  

Inconel  X -  750 

S t . S i _ e e l  304 

Inconel  X- 7 5 0  

Mater i a1 
Yra c t i o n  

I. 00000 

I. 00000 

0.84000 

0.16000 

I. 00000 

1.00000 

The weight  of t h e  compression s p r i n g s  may b e  inc luded  i n  the 
weight  o f  t h e  t o p  t i e  p l a t e .  
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PHYSICAL DESCRIP'l  ION REPOKT PAGE: /a 

Gene ra l  E 1 e ~ t 1 - i ~  1 X 7 G E - 3 ;  VERS.  2a BWZZ 

YUKL ROD DLSCRIPTION TABLE conii  riued 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O7G33  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07F 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  HCJR/G,5,6 

Fuel Pellet Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel Pellet: Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel P c l . l e t  Diamclier ( i nches ) .  . . . . . . . . . . . . . . . . . . . .  0 . 4 7 7  

Fuel P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  0 . 5  

Fuel. P e l l e t  Weight p e r  Rod ( l .bs ) .  . . . . . . . . . . . . . . . . .  

Open P o r o s i t y  (percent )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain Si.ze (microns).  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( %  theoret:ical) . . . . . . . . . . . . . . . . . . . . . .  94 

O/U Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sinear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Material  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Plenrmm Spring Mat<?i:tal. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Pienurn Spring Weight per Assembly ( lb s )  . . . . . . . . . . .  

Pleiiwn Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 . 8  

Tl-enum V o l u m e  (cubic  inches) . . . . . . . . . . . . . . . . . . . . . .  
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PHYSICAL DESCRIPTION REPORT PAGE: 1 

General E lec t r i c  7 X 7 G E - 3 ;  VERS. 2b HWK 

OVERALL AS S EM B LY CHAILFIC T E R I  S T I C S 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 7 G 3 3  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07G 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/4,5,6 

I n i t i a l .  Year of Manufacture . . . . . . . . . . . . . . . . . . . . . .  

Fina l  Year o f  knufac tu rc? .  . . . . . . . . . . . . . . . . . . . . . . .  
Tota l  Nurriber Fabricated t o  Date . . . . . . . . . . . . . . . . . .  

Assembly Width ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 3 8  

Assembly Length ( inches ) .  . . . . . . . . . . . . . . . . . . . . . . . .  1.75.87 
with Control  Rod Inser ted  . . . . . . . . . . . . . . . . . . . .  
inc luding  Holddown Device, e t c  . . . . . . . . . . . . . . .  

Rod P i t ch  ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tota l  Assembly Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  681 

Wei-ght o f  Heavy Metal (11)s) . . . . . . . . . . . . . . . . . . . . . .  418 

Metric Tons In i . t i a1  Heavy Metal (metr ic  tons)  . . . .  0 .1896  

Enrichment Range ( %  U235) . . . . . . . . . . . . . . . . . . . . . . . .  

Average Design Burnup (MWd/MTII€M) . . . . . . . . . . . . . . . .  

Maximum Design Burnup (MWd/MTIHM) . . . . . . . . . . . . . . . .  
Linear Heat Rating (KW/foot) . . . . . . . . . . . . . . . . . . . . .  

Cornments : 
Weight of  the fue l  assembly includes the  weight of  the  Euel 
channel.  This asscmbly t y p e  used at BWR/4 c lass  r eac to r s  
only.  
channel.. 

The width i s  thc! ou t s ide  dimension of  t-he 0.080''  fue l  
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PHPSICAI. DESCRIP'1'lON REPOa'l' PAGE.  2 

General E lec t r ic  7 X 7 GE-3; UEKS 2b  ;I;L?R 

E I A  Assemb1.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G33 

CDR Assenbly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  RWEi/4,5,6 
cns Assemb1.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO7G 

FUEL ASS EHRLY HARDbJAPE PARTS AND MATERIALS 

Pari N a m e  Parts/ Vpight(kg)/  Zone Md te PT i a  1 Mat-cri a1 
Assb&ly Asserhly Name Frac t i u l l  

COMP. SPRINGS 4 9  0.0000 TOP Inconel X-  750 1.00000 

T .  T I E  PJATE 1 1 .9150  TO IJ S L .  S ice1 30't 1 .00000 

s PAC b,KS 7 2 .0?90  iN CORE Zircaloy-4 0.00000 

Inconcl  X-750 0.00000 

3.  T I E  PLATE 1 L .  4080 BOTTOK S t .  S t e e l  104 1 .00000  

Bauer 1913 

Coinmevts : 

Thr weights  of Che SFD hardbJare f o r  t h i s  assembly i y p e  ,'ire 
e s t i m a t e s  h;rsed on the  weights  o f  tire SFD hardware f o r  
similar assrrrtl>ly t y p e s .  

The weight o f  the compression s p t  i-ngs nay be included i n  the 
weight  o f  the top L i e  p lace .  
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PHYSICAL DE3CRTPTION REPORT 

General Elect t - ic  7 X 7 G E - 3 ;  VERS.  2b BWR 

FUEL ROD DESCRTPTION TABLE 

PAGE: 3 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G33 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07G 
CDE Assernb1.y Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  T,WR/4,5,6 

I -  l - y p ~  of R.od.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  File1 Rod 

Fue l  Rod Positi.ons p e r  Assembly . . . . . . . . . . . . . . . . . . .  49 

T;jpical Number o f  Fueled Mods p e r  Assembly . . . . . . . .  49 

Rod Diameter (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 6 3  

Rod Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 6 4 ) *  

Active Length ( inches ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.46.0 

Weight per  Rod (11)s). ............................. 

Clad Material  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zi rca loy -2  

C l a d  Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .037  

Clad Final. Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel-Clad Gap (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i l l  G a s  1Jsed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H e  

I n i t i a l  Gas Pressure  (ps ig )  . . . . . . . . . . . . . . . . . . . . . . .  0 

Nitrogen Content of F i l l  G a s  ( pe rcen t )  . . . . . . . . . . . .  
Corntents : 

A proprietary hydrogen g e t t e r  i s  used in t h e  plenum r c g i o n  
o f  f u e l  r o d s .  G a d o l i n i a  po isons  are used i n  some fuel rods. 

.:< T h e  t i p - t o - t i p  rod l eng th  i s  c 5 t i m a t e c l  lroni the  f u e l  rod 
l eng th  f o r  o the r  CLASS 4 5 6  dsseinbly t y p e s .  The actual fue l  
rod length f o r  o ther  assemblies is  1 5 3 . 7 1  inches 
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PHYSICAL. DE:SCRI PT ION REPORT PAGE: 4 

General E1ectri.c 7 X 7 G E - 3 ;  VERS. 2b RWR 

FUEL ROD DESCRIPTTON TAR1.E cont inued 

ETA Asseriilily Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  07G33 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G07G 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/4,5,6 

Fuel  P e l l e t  Material..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

F u e l  Pel.1.e~ Diarnct;er ( inches)  . . . . . . . . . . . . . . . . . . . . .  0.477 

Fuel P e l l e t  X.ength ( inches )  . . . . . . . . . . . . . . . . . . . . . . .  0 . 5  

Fuel P e l l e t  rrbeight per  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

Open Porosj-ty (percent )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain Si.ze (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel Density ( 8  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  94 

O/U R a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Dens i i;y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p a c e r  P e l l e t  Length ( inches )  . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum S p r i n g  Weight p e r  Assembly ( l b s )  . . . . . . . . . . .  
Plenum Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

Plenum Voliinie (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

C o inm e n t s 



8 9  

PAGE: 1 PHYSICAL DESCRIPTION REPORT 

General E l e c t r i c  8 X 8 G E - 4 ;  VERS. 1 BWR 

OVERALL ASSEMBLY CHARACTERISTICS 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08641 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08A 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWK/2,3 

In i t i a l .  Year of Manufacture ...................... 
Final Year of Manufacture . . . . . . . . . . . . . . . . . . . . . . . .  
Tota l  Number Fabricated t o  Date . . . . . . . . . . . . . . . . . .  

Assembly Width (inches) . . . . . . . . . . . . . . . . . . . . . . . . . .  5.438 

Assembly Length (i.nches) . . . . . . . . . . . . . . . . . . . . . . . . .  171.125 
with C o n t r o l  Rod I n s e r t e d . .  . . . . . . . . . . . . . . . . . .  
including Elolddown Device, e t c  . . . . . . . . . . . . . . .  

Rod Pi tch  (inches). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.640 

Total Assembly Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  
Weight o f  Heavy Metal (lbs) ...................... 403 

Metric Tons I n i t i a l  Heavy Metal (metric t o n s )  . . . .  0.183 

Enrichment Rclrige ( %  U 2 3 5 ) .  . . . . . . . . . . . . . . . . . . . . . . .  2 . 1 9 - 2 . 6 2  

Average Design Eurnup (MUd/MTII-LM). . . . . . . . . . . . . . . .  
Maximum Design Burnup (F/IWd/MTIW) . . . . . . . . . . . . . . . .  30000 

Linear Neat Rating (KW/foot) . . . . . . . . . . . . . . . . . . . . .  1 3 . 4  

Comments : 
T h i s  assembly used i n  BWP,/2 and RWR/3 c l a s s  r eac to r s  sn1.y. 
The width i.s the  o u t s i d e  dimension o f  the  0.080’ ’  f u e l  
c h a r m e  I . 
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PHYSICAL DESCR-LP'TION REPORT PAGE: 2 

General  E l - e c t r i c  8 X 8 GE-h; VEKS.  1 BWR 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G41 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08A 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/3.,3 

FUEL ASSEMBLY HARDWARE PAR'TS ANI) MATERIALS 

P a r t  Name P a r t s  / L7e i gh t ( kg ) / 
.kssernbly A s s  em3 Py 

COMP. SPRINGS 53 0.0000 

'T. ' T I E  PLATE 1 2.0000 

S PAC EKS 7 2 , 2 7 5 0  

WATER ROD* 1 0.8400 

B .  T I E  PIArE 1 4 .  / / o o  

FlNGER SPRINGS 4 0.0480 

z 0 ne 

TOP 

TUP 

IN COKE 

I N  COKE 

BOTTOM 

BOTTOM 

Mater i a 1  
N a m e  

Iplconel X-750 

S t .  I Steel 304 

Z i r c a l o y - 4  

Inconel  X-750 

Z i r c a l o y - 2  

St.Stee1 304 

Inconel  X-750 

Drawing Numbers Assoc ia ted  With Assembly: 

8 14 E 4 8 8 
8 2 9 E249 
829E3343 
829E390 

Referenccs  A s s o c i a t e d  With Assembly: 

GE 1974 
GE 1 9 7 6 a  
Lee 1974 
Mdyer 1973b 
Musolf 1983 

Finger s p r i n g s  a r e  n o t  p a r t  of  a l l  f u e l  assembl ies  

* The weighL o f  t h e  watdr r o d ( s )  i s  an e s t i m a t e  based  on the 
dimins ions  o f  Lhe water  rod and t h e  d g n s i t y  of Z i r c a l o y - 2 .  

Mater i a1 
Fraction 

1.00000 

1.00000 

0.85700 

0 . 1 4 3 0 0  

1.00000 

1"00000 

1.00000 

The weight  of t h e  compression s p r i n g s  may be i n c l u d e d  in the 
rrrei.ght: o f  t h e  top  t i e  p l a t e .  
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PHYSJCAL DESCRIPTION REPORT PACE: 3 

General. E l e c t r i c  8 X 8 GE-4; VERS. 1 BWR 

FUEL ROD D E S C R I P T I O N  TABLE 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G41 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08A 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/2 ,3  

Type of  Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel Rod Pos i t i ons  pe r  Assembly . . . . . . . . . . . . . . . . . . .  

Typi-cal. Number o f  Fueled Rods pe r  Assembly . . . . . . . .  
6 4  

63 

Rod Diameter ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 9 3  

Rod Length ( inches ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (159)-X- 

Active Length (Inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1&4.0  

Weight pe r  Rod ( lb s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Mate r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zirca loy-2  

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.034 

Clad Fi.rial Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fil.1. Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

I n i t i a l  Gas Pressure  ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  0 

Nitrogen Content of  Fill Gas (percent )  . . . . . . . . . . . .  
Comments : 

A p r o p r i e t a r y  hydrogen g e t t e r  i s  used i n  the  plenum region  
of  f u e l  rods .  Up t o  4 gadol in ia -poisoned  f u e l  rods a r e  used 
p e r  a s sembly .  

* The t i p - t o - t i p  f u e l  rod 1engt:h i s  es t imated  f rom the  f u e l  
rod I.ength f o r  o the r  CLASS 2 3  assembly types .  The actual  
fuel. rod l eng th  f o r  o the r  assemblies  i s  1.58.95 inches f o r  
f u e l  r o d s ,  1 5 9 . 3 3  f o r  t i e  rod:;, arid 155 .81  inches f o r  the 
gadol inia-doped rods. 



PHYSICAL DESCRIPTION REPORT PAGE: 4 

General E l e c t r i c  8 X 8 GE-4; VERS.  1 BGTR 

FUEL ROD DESCRIPTION TABLE cont inued 

E I A  Asscmh1.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G41 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08A 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

Fuel  P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chaiiifered 

Fuel P e l l e t  Diameter ( inches )  . . . . . . . . . . . . . . . . . . . . .  0 .416  

Fuel P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel P e l l e t  Weight per Rod (lbs) . . . . . . . . . . . . . . . . . .  

Open Poros i ty  (percent )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S i z e  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( %  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  

O/U Ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear  Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Materi.al . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Plenum Spr ing  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight pe r  Assembly ( l b s )  . . . . . . . . . . .  

Plenum Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11.24  

Plenum Volume (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

Comments: 



9 3  

PI-IY S 1 CAL DESCRIPTION REPORT PAGE: 1 

General E1ectri.c 8 X 8 G E - 4 ;  VERS. 2a BWR 

OVERALL ASSEMBLY CHARACTERISTICS 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 G 4 2  

CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 
CDB Assc:mbly Code ............................... G 0 8 B  

I n i t i a l .  Year o f  Manufacture . . . . . . . . . . . . . . . . . . . . . .  
Fina l  Year of  Manufaclure . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  Numbe-t: Fabricated t o  Date. . . . . . . . . . . . . . . .  

Assembly Width ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 7 8  

Assembly Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 5 . 8 7  
with Control Rod Inse r t ed  . . . . . . . . . . . . . . . . . . . .  
including Holddown Device, e t c  . . . . . . . . . . . . . . .  

Rod P i t ch  ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .640  

To‘ial Assembly Weight (1’0s) . . . . . . . . . . . . . . . . . . . . . .  
Weight of  Heavy Metal ( l b s ) .  . . . . . . . . . . . . . . . . . . . . .  4014.5 

Enrichment Range ( %  U 2 3 5 )  . . . . . . . . . . . . . . . . . . . . . . . .  2 . 5 - 2 . 7 4  

Metric ‘Cons Initial Heavy Metal (metric t o n s ) ,  . . .  0.1835 

Average Design Burnup (MWd/MTIHM) . . . . . . . . . . . . . . . .  
Maximi.im Design Burnup (MWd/MTTHM) . . . . . . . . . . . . . . . .  30000 

Linear Heat; Rating ( K I J / f o o t ) .  . . . . . . . . . . . . . . . . . . . .  1 3 . 4  

Comments : 
T h i s  assembly used a t  BWR/4 class r eac to r s s  only.  
is  the outs ide  d i m e t i s  ion of the 0.100’’ fuel channel .  

The widrh 
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PIIY S TCAL DESCRIPTION REPORT PAGE: 2 

General Electric 8 X 8 G E - 4 ;  VERS. 2a BWR 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G42 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08R 
CD% Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE %WR/lt,5,6 

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS 

Part Name Parts/ Weight(kg)/ Zone 
Assembly Assembly 

COMP. SPRINGS 63 0.0000 TOP 

T. T I E  PIATE 1 2.0000 TOP 

SPACERS 7 2.2750 IN CORE 

WATER ROD* 1 0.8700 IN CORE 

K. TIE PIATE 1 4.8310 BOTTOM 

FINGER SPRINGS 4 0.0480 BOTTOM 

Material 
Name 

Inconel X -  750 

St.Stee1 304 

Z i  rcaloy-4 

Inconel X-750 

Zircaloy-2 

St.Steel 304 

Inconel X- 7 50 

Material 
Fr a c t i o n  

1.00000 

1.00000 

0.85700 

0.14300 

I. 00000 

1.00000 

1.00000 

Drawing Numbers Associated With Assembly: 

814E3993 
829E321 
8 2 9 E h  3 4  

References Associated With Assembly: 

GE 1974 

Comments : 

Finger springs are not part o f  all fuel assemblies 

* The weight of the water rod(s) is an est imate  based on the 
dimensions oT the water rod  and the density of Zircaloy-2. 

The weight of the compressjon s p r i n g s  may be included in the 
weight of the t o p  tie plate. 
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PHYSICAL DESCRIPTION REPORT PACE: 3 

r?ctnera'l E1ectsi.c 8 x a GE-4;  VERS. 2a BWR 

FUEL ROD D E S C K I P T I ~ N  TABLE 

E I A  As:;4:~hly C U C ~ Q . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G42 
CDB ~ s s e m ~ ~ y  code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   GO^ 
CDX Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

Type o f  Rod. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rot3 

Fue l  Rod Positions per hssern?>ly . . . . . . . . . . . . . . . . . . .  6 4  

Typical Number of  Fueled Rods per  Assembly . . . . . . . .  63 

Rod ITiameter (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I) . 4 ? 3  

Rod Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 6 4 ) * k  

A c t i v e  I,ea~gth ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14h.  0 

Weight per  Rod ( Ibs)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zircal .oy-2 

C lad  Thic.kness (inches). . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 3 h  

Cl-ad Fi.na1 Condit i .oning. .  . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel-Clad Gap ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fill Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

1nft : ia l  (::as Pressurnre ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  0 

Mitrogen content  of F i l l  Gas (percent) . . . . . . . . . . . .  

A p r o p r i e t a r y  Iriy-tlrogen getter used in the plenum reg ion  of  
f u e l  rods .  Up to four gadol in i -a -poisoned  fuel.  rods used p e r  
as:;emnhl.y. 

* The tip-to-tip f u e l  rod lengt:h is  esti.matetl from the fuel. 
rod l.erigth f o r  o the r  CLASS 4 5 6  assembly types .  The a c t u a l  
fuel. rod  l eng th  f o r  o the r  assemblies i s  1 6 3 . 7 1  inches. 
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PHYSICAL DESCRIPTLON REPOK? PAGE. 4 

Gpneral E l e c t r i c  8 X 8 GE-4; VERS.  2a BWR 

FUk’L ROD DLSCRIPTION TABLE continued 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 G 4 2  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO83 
CDB Asseritbbly Class.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE KL111/4,5,6 

FlieI~ P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel Pel- le t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel P e l l e t  Diameter ( inches )  . . . . . . . . . . . . . . . . . . . . .  0.416 

Fuel P e l l e t  Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 2 0  

Fuel P e l l e t  Weight per  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

Open Poros i ty  (pe rcen t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S i z e  (mi.crons) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

F u e l  Density ( %  ti . h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  

O/U R a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer PePl.et Length ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . .  

P1.enuin Spring Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ylenum Spring Weight p e r  Assembly ( l b s ) .  . . . . . . . . . .  

Plerluin Length ( i n c h e s ) . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

Plenum Volume (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

C0mment:s: 
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PXYS I CAL D E S C K I  PT I O N  REPORT PAGE: 7 

General  Elec t r ic -  8 X 8 GE-4; V E K S ,  2b BWR 

Lj lA Asscmbly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G43 
CDR Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08C 
CEB Assembly Cl-ass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

FURL ASSEMBLY HAKUVARE PARTS AND MATERIALS 

P a r t  N a m e  I’ai-ts/ Weight(kg)/  Zone 
Assembly Assembly 

COMP. SPRINGS 63 0 .0000 TOP 

T .  T I E  PLATE 1 2.0000 TOP 

SPACERS 7 2.2 /50  I N  CORE 

l?ATER ROD* 1 0 ,8700 IN CORE 

B .  ‘TIE PLATE 1 4.8310 BOTTOM 

Ma t e r  i a 1 
Name 

Inconel  X-750 

S t .  Steel 304 

Zircaloy-G 

Inconel  X-750  

Z i r c a l o y - 2  

S t .  S t e e l  304 

Mat e r j. R 1 
Fraction 

1.00000 

1.00000 

0.00000 

0.00000 

1.00000 

1.00000 

Drawing Numbers Assoc ia ted  Wj.th Assembly 

814E964 
8 2 9 Ei. 3 1 
829E293 

Keferences A s s o c i a t e d  with Assenibly: 

Elkiins 1978 
GE 1974 
Jones  1975 
LILCO 1 9 7 6  

Comments : 

T h e  w r i E h t s  of 1 1 i ~  SFD hardware f o r  th is  assembly t y p e  a r c  
eqt i rnates  based on the weights  o f  t h e  SY1) hardware f o r  
s i m i  lar a s  s ernb 1 y type  5 

* ’lhe weight o f  i h e  water  r o d ( s )  i s  an e s t i m a t e  based  on the 
dirneirsions o f  the  water sod and t h e  d e n s i t y  o f  Z i r c a l o y - 2  

?he weighr. o f  the compression s p r i n g s  may b e  i n c l u d e d  i n  iiie 
weight of  t h e  ~ o p  t i c  p l a t e .  



PHYS XCAJ.> DESCRT PTION REPORT PAGE : 3 

General E l e c t r i c  8 X 8 G E - 4 ;  VERS.  2b BWR 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 6 4 3  
CI)B Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  608C 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  KWF./4,5,6 

Type o f  Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F u e l  R o d  

Fue l  Rod Pos i t i ons  per  Assembly . . . . . . . . . . . . . . . . . . .  6 4  

Typical  Number of Fueled Rods pe r  Assembly . . . . . . . .  63  

Rod Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 9 3  

Rod Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (164)* 

Active Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  146.0  

Wei.ght pe r  Rod (11)s). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Materi.al . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zircnloy-2 

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .834  

Clad F i n a l  Condi.tioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F u e l - C l a d  Gap ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 8 0 9  

F i l l  Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

I n i t i a l  Gas Pressure  ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  0 

Nitrogen Content of F i l l  Gas ( p e r c e n t ) .  . . . . . . . . . . .  
Corrlrllen t:s 

A p r o p r i e t a r y  hydrogen g e t t e r  i s  used i n  the  plenum region  
o f  f u e l  rods .  Up t o  f o u r  fue l  rods canti3i.n gndo1.inj.n iis a 
neutron absorber  I 

+k The t i p - t o - t i p  f u e l  r o d  length  i s  es t imated  f rom the  f u e l  
r o d  length  fo r   the^ CLASS 456 assenib!y t y p e s .  The act.\inl 
f u r l  rod lcngt 11 for o t h e r  a.;serril,lies i s  1 6 3 .  7'2 inches 
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PhIYSICAI. DESCRTPZ ION REPORl PAGE: 4 

General E l e c t r i c  8 X 8 G E - 4 ;  V L K S .  2b BbR 

EIJKL ROD DESCR J P CION TABLE corrt inwd 

E I A  Asseid~ly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G43 
CDB A!lssemhJ.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08C 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/CC,5,6 

Fuel P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

E'iieJ. P e l l e t  Shape. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel P e l l e t  Diameter ( inches) . . . . . . . . . . . . . . . . . . . . .  0.416 

E'iiel P e l l e t  I,erigth (inches). . . . . . . . . . . . . . . . . . . . . . .  0.4-2 

Fuel Pc?l.et  Weight p e r  Kod (lbs) . . . . . . . . . . . . . . . . . .  

Open Porosi ty  (percent )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Grain Size (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( 8  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  95 

O/U R a i i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smexr Tlerlsity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p a c e r  P e l l e t  :<a t e r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length (inches) . . . . . . . . . . . . . . . . . . . . .  

Plenum S p r i n g  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Wei-zht per Assembly ( l b s )  . . . . . . . . . . .  
Plenum Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

Plenum Volume (cuhi.c inches) .  . . . . . . . . . . . . . . . . . . . . .  

Comments : 



PHYS I C A L  DESCRIPTION REPORT P A G E :  1 

General E l e c t r i c  8 X 8 G E - 5 ;  VERS. I BWR 

OVERALL A S  S EfiIBLH CHARACTER I S T I C S 

EXA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08651 
CDH Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 8 D  
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

In i . t . i a l  Year of Manufacture . . . . . . . . . . . . . . . . . . . . . .  
Fina l  Year of Manufacture. ..................... 
T o t a l  Number Fabricated t o  Date. . . . . . . . . . . . . . . .  

Assembly Width (inches) . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 3 8  

Assembly Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 1 . 1 2 5  
with Cont ro l  Rod Inser ted  . . . . . . . . . . . . . . . . . . . .  
including Holddown Device, etc . . . . . . . . . . . . . . .  

Rod Pit.ch (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 6 4 0  

T o t a l  Assembly Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  
Weight of  Heavy Metal ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  390 

Metric T o n s  In i t r ia l  Heavy Metal (metr ic  tons)  . . . .  0.1768 

Enrichment Range ( %  U235)  . . . . . . . . . . . . . . . . . . . . . . . .  2 . 6 5 - 2 . 8 4  

Average Design Burnup (MWd/MTIKY) . . . . . . . . . . . . . . . .  
Maximum Design Burnup (MWd/MTI HMI> . . . . . . . . . . . . . . . .  30000 

Linear Heat Rating (KW/foot) . . . . . . . . . . . . . . . . . . . . .  13 .4  

Comments : 
This assembly used a t  BWR/2 and BW/3 c lass  r eac to r s  oii ly.  
The width i s  the  outs ide  diammeter of  the 0.080" fuel. 
channel. The in s ide  diameter is given as S .  2 7 8 " ,  with 
0.080'' or  0.108'' channels.  
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PHYSICAL DESCRIPTION REPORT PAGE: 2 

General  E l e c t r i c  8 X 8 GE-5; VERS.  1 BTJR 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 G 5 1 .  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 8 D  
CDB Assemh1.y C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWK/2,3 

FUEL ASS EMSLY HAF.DW.Al?E PAR'TS AND PL4TEKIALS 

P a r t  Name Parts/ Weighc(kg)/ Zone Mat e r ial Matt.rj 21 
As s e mb l y A s  s ernb 1 y N a l n e  Frace ion  

COMP. S P K I N G S  6 2  0 .0000 T O P  Inconel X-/50 1.00000 

T .  T I E  PLATE 1 2 .0980  'YO P S t .  Stecl .  304 I . .  00000 

S FACERS 7 2 .3050 IN CORE Z i r c s l o y - 4  0.00000 

I n c o n e l  X-150 0,00000 

WATER ROD* 2 1.. 8200 I N  CORE Zib-caloy-2 1 .00000 

R .  T I E  PLATE 1 4 .6700  RO'I'TOM S t .  S t e e l  304 I . 00000 

Drawing N i s m b e r s  Associated With Asseiiibly : 

1 9 2 B 4  5 7 ISMG 1 ? 
823E517 ? 
829F.518 ? 
8 2 9 E 4 7  5 ? 

References  Assoc i a t c d  \ ? i t  1 I A s  sernbly : 

GE 1978b 
Musolf 1963 

The weights of  the  SFD hardware F o r  t h i s  assembly type are 
e s t i m a t e s  based  on t h e  wei.ghts o f  t h e  SE'D hardware f o r  
s i m i l a r  asseinbly t y - p e s .  

* The weight  o f  the water r o d ( s )  is  an esti-mnte based on the  
di.ri1ension.s o f  t h e  water rod  and t h e  d e n s i t y  o f  E i r c a l o y - 2 .  

The weight of  t h e  compression spr i -ngs may be i n c l u d e d  i n  the 
weight (.if t h e  t o p  t i e  p l a t e .  
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PHYS ICRL DESCRIPTION REPORT PAGE: 3 

General Electric 8 X 8 GE-5; VERS. 1 BWR 

FUEL ROD DESCRIPTION TABLE 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G51  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08D 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

Fuel Rod 

64 

62 

Type o f  Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel  Rod Positions per Assembly . . . . . . . . . . . . . . . . . . .  
Typical Number of Fueled Rods per Assembly . . . . . . . .  
R o d  Diameter (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.483 

Rod Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (159)* 

Active Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145.24 

Weight per Roc1 ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zi - rca loy -2  

C l a d  Thickness (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.032 

Clad Final Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fill Gas U s e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

Initial. Gas Pressure (psig) . . . . . . . . . . . . . . . . . . . . . . .  0 

Nitrogen Content of Fill Gas (percent) . . . . . . . . . . . .  
Comments 

A proprietary hydrogen getter is used in the plenum region 
of  fuel rods. Some fuel rods contain gadolinia as a 
burnable neutron absorber. 

* The tip-to-tip f u e l  rod length is estimated from the fuel. 
rod length for other CLASS 456 assembly types. 
fuel rod length for other assemblies is 163.71 inches. 

The actual 



PHYSICAL DESCRIP'1'TON REPORT PAGE: 4 

General E l e c t r i c  8 X 8 G E - 5 ;  VEKS.  1 BWR 

FUEL ROD DESCX CPTiON TABLE continued 

ELA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G51 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08D 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

Fuel Pellet Matxrial-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uraniurri Oxide 

Fuel  Pellet Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel, P e l l e t  Diameter ( inches )  . . . . . . . . . . . . . . . . . . . .  0 .410  

Fire1 P e l l e t  Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . .  0 .  /t10 

Fuel P e l l e t  Velght per  Rod ( I b s ) ,  . . . . . . . . . . . . . . . . .  

Open Poros i ty  (pe rcen t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain Size (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Densi ty  ( %  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  

O/U Rat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear  Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p a c e r  P e l l e t  Material . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer YePlet Length ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Plenum S p r i n g  Material . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight p e i  Asseinbly ( l b s )  . . . . . . . . . . .  

Plenum Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 4 8  

Plenum Volime (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

Coimnents : 
The t o p  and bottom s i x  inches o f  the  a c t i v e  E i r e 1  l ength  are 
fue l ed  wi th  n a t u r a l  uranium. 
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PHYSICAL DESCRIPTION REPORT 

General E l e c t r i c  8 X 8 GE-5; VERS. 2 BWR 

PAGE: 1 

OVERALL ASSEMBLY CliAFUC’J’ERI STICS 

ELA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08C52 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08G 
CDB Assembly Glass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

Initial Year o f  Manufacture . . . . . . . . . . . . . . . . . . . . . .  
Fina l  Year of Manufacture. . . . . . . . . . . . . . . . . . . . . . . .  
Total Number Fabricated t o  Date . . . . . . . . . . . . . . . . . .  

Assc?ml:,I.y Widt.h (inches) . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 7 8  

Assembly Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . .  175.87 
with Control Rod Inserted . . . . . . . . . . . . . . . . . . . .  
including Holddown Device, et@ . . . . . . . . . . . . . . .  

Rod Pitch ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.640 

T o t a l  Assembly Weight (1.11:;). . . . . . . . . . . . . . . . . . . . . .  
Weight of Heavy Metal ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  403 

Metric Tons In i t ia l .  Heavy Metal (metr ic  t o n s ) .  . . .  0.1826 
Enrichment Range ( B  U2.35) . . . . . . . . . . . . . . . . . . . . . . . .  2 . 6 0 - 2 . 7 4  

A-verage Design Burnup (MWd/MTIHH> . . . . . . . . . . . . . . . .  
Maximurn Design Burnup (MWd/MTIHMj . . . . . . . . . . . . . . . .  30000 

Linear Heat Rating (KW/foot) . . . . . . . . . . . . . . . . . . . . .  13.4 

Comments : 
This assembly used a t  BWR/G, BWR/5, and BWR/6 class  reactors 
only .  The. width i s  the  ou t s ide  dirnensi-on of the  0.100’’ fue l  
channe 1 . 
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PHYSICAL DESCRIPTION REPORT PAGE: 2 

General E l e c t r i c  8 X 8 GE-5; VERS.  2 BWR 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G52 
CDB Assemb1.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08G 
CDR Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/4,5,6 

F'IJEJ.. ASSEMBLY HARDW-ARE PARTS AND MATERIALS 

P a r t  N a m e  Pa r t s /  
Assembly 

COMP. SPRINGS 62 

T .  T I E  PLATE 1 

SPACERS 7 

WATER ROD* 2 

B ,  T I E  PLATE 1 

FINGER SPRINGS 4 

Weight(kg)/ Zone 
A s  semb 1 y 

0.0000 TOP 

2,0980 TOP 

2 .3050 IN CORE 

1.8800 I N  CORE 

4 .6700  BOTTOM 

0.0480 BOTTOM 

Mat e r i al. 
Name 

Inconel  X-750 

S t . S t e e 1  304 

Zirca loy-4  

Inconel X-750 

Zircaloy-2 

S t .  S t e e l  304 

Inconel. X - 7 5 0  

Mater i a1  
Fraction 

1 ~ 00000 

1.00000 

0.85700 

0.16300 

1.00000 

1.00000 

I. 00000 

Drawing Numbers Associated With Assembly: 

829E375 
8 2 9 E4 3 3 
829 E434 
8 2 9 E44 1. 
829E443 
8 2 9 E 4  7 3 
8 2 9 E 4  9 0 
829 E4905 
829E520 
829E.1'14 
829E776 
829E7770 
829E998 

? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 

References Associated With Assembly 

Elkins  1978 
G E  1976a 
GE 1 9 7 7  
G E  1986b 
Rogers 1.975 
Whitmer 1978 

Comments : 

-k The weight o f  the water r o d ( s )  i s  an e s t ima te  based on the 
dimensions of  the water r o d  and t he  dens i ty  o f  Z i r ca loy -2 .  

The weight of t:he cornpressi-on sp r ings  inay be included i n  the  
weight o f  the t o p  t i e  p l a t e .  
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- 

General Electric 8 X 8 GE-5; VERS. '2 KWR 

FUEL ROD DESCRIPTION TABLE 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G52 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08G 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod 

Fuel Rod Positions per Assembly . . . . . . . . . . . . . . . . . . .  64 
Typical Number of Fueled Rods per Assembly . . . . . . . .  62 
Rod Diameter (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 8 3  

Kod Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163.71* 

Active Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150.0 

Weight per Rod (lbs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zircaloy-2 

Clad Thickness (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.032 

Clad Final Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fill Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  We 

Initial Gas Pressure (ps ig )  . . . . . . . . . . . . . . . . . . . . . . .  0 

Nitrogen Content of Fill Gas (percent) . . . . . . . . . . . .  
Comments : 

A proprietary hydrogen getter is used in the plenum region 
of the fuel rods .  Gadolinia is used is some fuel rods as a 
burnable neutron absorber. 

*The tip-to-tip 1.ength of a standard fuel rod is taken from 
EPKI-NP-4602. 
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General E l e c t r i c  8 X 8 GE-5; VERS.  2 BWR 

FUEL ROD DESCRIPTION TABLE cont inued 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G52 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08G 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

Fuel P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium. Oxide 

Fuel. P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel P e l l e t  Diameter ( inches )  . . . . . . . . . . . . . . . . . . . . .  0.410 

Fuel P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  0.410 

Fuel P e l l e t  Weight pe r  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

Open Poros i ty  (pe rcen t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S ize  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( 8  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  

O/U Rat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p a c e r  P e l l e t  Leng1.h ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Pl.enum Spring Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight per  Assembly ( l b s )  . . . . . . . . . . .  

Plenum Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 4 8  

Plenum Volume (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

Comments : 
The t o p  and bottom s i x  inches of  the ac t ive  f u e l  l eng th  a r e  
fue l ed  with n a t u r a l  uranium. 
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General E l e c t r i c  8 X 8 P r e s . ;  VERS. 1 BWK. 

OVERALL ASSEMBLY CHARACTERISTICS 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 G h l  
CDB Assemb1.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 8 E  
CUB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

I .ni t iaE Year of Manufacture . . . . . . . . . . . . . . . . . . . . . .  
F i n a l  Year o f  Manufacture. . . . . . . . . . . . . . . . . . . . . . . .  
Tota l  Number Fabr ica ted  t o  Date . . . . . . . . . . . . . . . . . .  

Assembly Width (inches) . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 3 8  

Assembly Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 1 . 1 2 5  

Rod P i t c h  ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 6 h 0  

with  Cont ro l  Rod Inserted . . . . . . . . . . . . . . . . . . . .  
Inc luding  E1ol.ddown Devic.e, e t c  . . . . . . . . . . . . . . .  

Total A s s e m b l y  Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  

Weight of Heavy Metal (113s). . . . . . . . . . . . . . . . . . . . . .  388-390 

Metric Tons I n i t i a l  H e a v y  Metal (met r ic  tons).  . . .  0.176-0.177 

Enrichment Range ( a  U235) . . . . . . . . . . . . . . . . . . . . . . . .  2.65-2.84 

Average Design Burnup (MWd/MTIWM) . . . . . . . . . . . . . . . .  
Maximum Design Burnup (MWd/MTIHM). . . . . . . . . . . . . . . .  
Linear  Heat Rat ing (KW/foot) . . . . . . . . . . . . . . . . . . . . .  1 3  . 4 

Comments: 
'This a s s e m b l y  used a t  BWK/? and BT.JR/3 c l a s s  r e a c t o r s  only. 
T h e  width is the ou t s ide  dimension o f  the 0.080" f u e l  
charme I . 



110 

PHYSICAL DESCRIPTION REPORT PAGE: 2 

General  E l e c t r i c  8 X 8 P r e s . ;  VEKS.  1 BWR 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08C61 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08E 
CDB Assemb1.y Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BIJR/2,3 

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS 

Part  N a m e  P a r t s /  Weight(kg)/  Zone 
Assembly Assembly 

COMP. SPRINGS 

T .  T I E  PLATE 

SPACERS 

WATER ROD* 

P I .  T I E  PLATE 

62 0.0000 TOP 

1 2.0980 TOP 

7 2.3050 I N  CORE 

2 1.8200 IN CORE 

1 4.6700 BOTTOM 

M a t e r i a l  
N a m e  

I n c o n e l  X-750 

S t . S t e e 1  304 

Zircal-oy-  4 

Inconel  X -  750 

Z i r c a l o y -  2 

S t . S t e e 1  304 

Drawing Numbers Assoc ia ted  With Assembly: 

19 2 PI4 5 7BMG1 ? 
829E517 ? 
8 2 9 ~ 5 1 8  ? 
829E775 ? 

References  Assoc ia ted  With Assembly: 

GE 1978b 
GE 1978b 
Musolf 1983 

Comments : 

The weights  o f  t h e  SPD hardware f o r  t h i s  assembly type  a r e  
e s t i m a t e s  based  on t h e  weights  of t h e  SFD hardware f o r  
s i m i l a r  assembly t y p e s "  

* The wei.ght o f  t h e  w a t e r  r o d ( s )  i s  an  e s t i m a t e d  based  on 
t h e  dimensions o f  t h e  water  rod  and t:be d e n s i t y  of 
Z i r c a l o y - 2 .  

Material  
F r a c t i o n  

1.00000 

1.. 00000 

0.00000 

0.00000 

1.00000 

1 .00000 

T h e  weight  o f  t h e  compression s p r i n g s  may be i n c l u d e d  i n  the  
weight  o f  t h e  t o p  t i e  p l a t e .  
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General E l e c t r i c  8 X 8 P r e s . ;  VERS. 1 BWR 

E'UEL ROD DESCRIPTION TABLE 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G61 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08E 
CDB Assembly Class .............................. GE BWR/2,3 

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod 

Fuel Rod P o s i t i o n s  per Assembly . . . . . . . . . . . . . . . . . . .  6 4  

Typica l  Number of  Fueled R o d s  per Assembly . . . . . . . .  62 

Rod Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.483 

Rod Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (159)* 

Active Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145.24 

Weight p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C l a d  Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zi rca loy -2  

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.032 

C l a d  F ina l  Condi t ioning . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i l l  Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

I n i t i a l  Gas Pressure  ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  30 

Nicrogen Cont-ent of  F i l l  Gas ( p e r c e n t ) . .  . . . . . . . .  
Cominents: 

A p r o p r i e t a r y  hydrogen g e t t e r  i s  used i n  the  plenum region  
o f  fuel rods .  Some fuel. rods con ta in  gado l in i a  as a 
burnable  neut ron  absorber .  

-k The t i p - t o - t i p  fue l  rod lenght  i s  es t imated  from the  f u e l  
r o d  l eng th  f o r  o t h e r  CLASS 2 3  assembly types .  The a c t u a l  
f u e l  rod length  f o r  o t h e r  assemblies  i s  158.95 inches f o r  
f u e l  r o d s ,  159.33 inches f o r  t he  t i e  rods ,  and 159 .81  inches 
f o r  t he  gndol inia-doped rods .  
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P H Y S I C A L  D E S C R I P T I O N  REPOKT P A G E .  4 

General E l e c t r i c  8 X 8 P r e s . ;  VERS.  1 BUR 

F U E I .  ROD D E S C R I P T I O N  TABLE continued 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 G 6 1 .  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08E 
CDB Assembly Class  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

Furl P e l l e t  Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel  P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel  P e l l e t  Diarnetei ( inches)  . . . . . . . . . . . . . . . . . . . . .  0.410 

FueJ P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 1 0  

File1 P e l l e t  Weight p e r  Rod ( l b s ) .  . . . . . . . . . . . . . . . . .  

Open Poros i ty  (percent )  . . . . . . . . . . . . . . . . . . . . . . . . .  
Grai.n S i z e  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( %  rheoret ical . )  . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  

O/U R a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer PeI.1.et Ma te r i a l .  . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length ( inches )  . . . . . . . . . . . . . . . . .  

Pl-enurn S p r i n g  b1at:erial. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Y1en:im Sprine Weight per  Assembly ( I b s )  . . . . . . . . . . .  

Plenum Lengtiii ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 4 8  

P1.enun-1 Volume (cubic  i n c h e s ) .  . . . . . . . . . . . . . . . . . . . . .  

C o m m e n t s  : 
The t o p  and bottom s i x  inches o f  the a c t i v e  f u e l  l eng th  are 
fue led  w i t h  na tu ra l  uranium. 
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CenPra.7 Elec t r ic  8 x 8 Pres. ; VERS. 2 BUR 

O V E M L I  ASSEMBLY ClW?ACTERISTLCS 

EXA Assembl.y Code ............................... 08642 
CDB ,\ssemblgi Code ............................... GORH 
CDB Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  B!fi./rc,5,6 

I n i t i a l  "dear of  Hanufacture. ..................... 
Final Year sf Manufacture ........................ 
Total Number Fabmrie:ated t t s  13aa;e . . . . . . . . . . . . . . . . . .  

Assembly Width (inches) .......................... 5 . 4 3 8  

Assembly Lengt:%i ( irnches ) . . . . . . . . . . . . . . . . . . . . . . . . .  1.7 5 . 8 7  
With COIItrQl Rod TnSerCed .................... 
incl.uding Wol.dd05sn Device, etc. . . . . . . . . . . . . . .  

Rod Pitch (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 .640  

T o t a l  Assembly Weight (.lhs> ...................... 
Weight of Heavy Metal. (1bs)  ...................... 403 

Metric: *run!; j .ni~ia1.  Heavy Ket:aZ (aet:.ria: t ! m s )  , . . (3. 1826 

Enrichment Range (ii U235). . . . . . . . . . . . . . . . . . . . . . . .  2 . 6 0  

Average Design Burnrip (P%Jd/KTIHM) . . . . . . . . . . . . . . . .  

MaxPm.cn.m Design Bur1rw.y (mJd/,Nr:Lll!,lj . . . . . . . . . . . . . . . .  

L i  t10a1: Eieat R a t i n g  (KW/foo-t:) . . . . . . . . . . . . . . . . . . . . .  1.3.4 
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PHYSICAL DESCRIPTION REPORT PAGE: 2 

General  El.ectric 8 X 8 P r e s . ;  VERS.  2 BWR 

E I A  Asseinbly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G62 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08H 
CDEi Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,.5,6 

FUEL ASSEMBLY K4RDWARE PARTS AND MATERIALS 

P a r t  Name Parts/  Weight(kg)/  Zone 
A s  s emb l y  A s  s emb ly 

COMP. SYRINGS 62 0.0000 TOP 

T .  T I E  PLATE 1 2,0980 TOP 

SPACERS 7 2.3050 I N  CORE 

WliTER ROD* 2 1 .8800 I N  CORE 

E .  T I E  PIATE 1 4.6700 BOTTOM 

M a t e r i a l  
Name 

I n c o n e l  X-750 

S t .  S t e e l  304 

Z i r c a l o y - 4  

Inconel  X-750 

Z i r c a l o y - 2  

S t .  S t e e l  304 

Mat e r i a 1 
F r a c t i o n  

1 .00000  

1.00000 

0 .00000 

0 .00000 

I.. 00000 

1.00000 

Drawi-ng Numbers Assoc ia ted  With Assembly: 

829E375 ? 
8 2 9E43 3 ? 
829E434 ? 
829E441 ? 
829E443 ? 
8 2 9 E4 7 3 ? 
829E490 ? 
8 2 9E4905 ? 
829E520 ? 
829E774 ? 
829E776 ? 
829E7770 ? 
829E998 ? 

References A s s o c i a t e d  With Assembly: 

E l k i n s  1978 

The weights  o f  t h e  SFD hardware f o r  t h i s  assembly type  are 
e s t i m a t e s  based on t h e  weights  o f  t h e  SFD hardware f o r  
s i m i l a r  asssembly t y p e s .  

* The weight  of  t h e  w a t e r  r o d ( s )  i s  a n  e s t i m a t e  based  on the 
dimensions o f  t h e  w a t e r  r o d  and txhe d e n s i t y  of  Z i r c a l o y - 2 .  

T h e  weight  o f  t h e  compression s p r i n g s  may be i n c l u d e d  i n  the 
weight  o f  the t o p  t i e  p l a t e .  
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General E l e c t r i c  8 X 8 P r e s . ;  VERS. 2 BWR 

FUEL ROD DESCRIPTION TABLE 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G62 

CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWK/4,5,6 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08H 

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel Rod Pos i t i ons  pe r  Assembly . . . . . . . . . . . . . . . . . . .  

Fuel Rod 

64 

Typical  Number of Fueled Rods pe r  Assembly . . . . . . . .  62 

Rod Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 8 3  

Rod Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (164)* 

Act ive Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150.0 

Weight p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Mate r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zirca loy-2  

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.032 

Clad F i n a l  Condi t ioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i l l  Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

I n i t i a l  Gas Pressure  (psig) . . . . . . . . . . . . . . . . . . . . . . .  30 

Nitrogen Content of  F i l l  G a s  (percent )  . . . . . . . . . . . .  
Comments : 

A p r o p r i e t a r y  hydrogen g e t t e r  i s  used i n  t h e  plenum region  
of the  f u e l  rods .  Gadol inia  is  used i n  some f u e l  rods as a 
burnable  neut ron  absorber .  

* The t i p - t o - t i p  f u e l  rod l eng th  i s  es t imated  from the  f u e l  
rod l eng th  f o r  o t h e r  CLASS 456 assembly types .  
f u e l  rod l eng th  f o r  o t h e r  assemblies  i s  163 .71  inches .  

The a c t u a l  
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PHYSICPiL DF,SCR.X1ZTi:3N REPORT PAGE: 4 

Gei-Leral E lec t r ic  8 X 8 P r e s .  ; VEKS I 2 BWT. 

E'UEI, .- ::.OD DESCRIPTION TABLE conCLnued 

E M  Assembly C o ( k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G62 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 8 H  
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BUR/4,5,6 

Fuel P e l l e t  Mates!.nl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel. Pel !.st Shape. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chanfezed 

Fuel P e l l e t  Diamt:i:c?r ( inches)  . . . . . . . . . . . . . . . . . . . . .  0.410 

E'iie! Pel.?et 1,ength ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  0 ./>IO 

Fuel P e l l e t  Weight per- Rod ( Ibs )  . . . . . . . . . . . . . . . . . .  

Open Poros i ty  (pe rcen t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain Sizfi ( u r i  i::coi1s). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 hue1 D e r ~ s i t y  ( 4  t h c o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  

O j U  Rat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear DensiLy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  : laterial . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pellet: Length ( inches )  . . . . . . . . . . . . . . . . . . . . .  

Plenum Sprinp) Materi.al. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plsnuiiz S p r i n g  Weight p e r  Assembly ( l b s )  . . . . . . . . . . .  

Pienum Length (inche.5) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . h 8  

Pleiieiin Vol.ume (cubic  i n c h e s ) ,  . . . . . . . . . . . . . . . . . . . . .  

Cormnients ; 
rhe top  and bottom s i x  inches o f  thp a c t i v r  Tuc1 1eng:tl-I are  
fue led  wjLth n a t u r a l  uranium. 
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PHYSICAL DESCRIPTION REPORT PAGE: 1 

General. E1ectri.c 8 X 8 B a r r i e r ;  VERS.  1 BWR 

OVERALL AS S EMB LY CHARACTER 1 S TI C S 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  086’71 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08F 
CDB Ass(?mbly C l a s s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

I n i t i a l  Year o f  Manufacture. .  . . . . . . . . . . . . . . . . . .  
F i n a l  Year of Manufacture . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  Number Fabr ica ted  t o  Date . . . . . . . . . . . . . . . . . .  

Assembly Width ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 3 8  

Assembly Length ( inches)  ......................... 171.125 
w i t . h  C o n t r o l  Rod rnserted . . . . . . . . . . . . . . . . . . . .  
inc luding  Holddovm~ I>evi.ce etc. . . . . . . . . . . . . . .  

Rod P i t c h  ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.640 

Total Assembly Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  

Weight oE Heavy Metal ( lbs )  . . . . . . . . . . . . . . . . . . . . . .  388-390 

Metric Tons I n i t i a l  Heavy Metal (met r ic  tons) . . . .  0.176-0.177 

Enrichment Range ( %  U235) ........................ 2.65-2.84 

Average Design Burnup (pIwd/MTIHM) . . . . . . . . . . . . . . . .  
Maximum Design Burnup (MWd/MTIHM) . . . . . . . . . . . . . . . .  
Linear  Heat R a t i n g  (KW/foot) . . . . . . . . . . . . . . . . . . . . .  

ComnPnts : 
This  assembly used a t  BWP,/2 arid BWR/3 cl.ass r e a c t o r s  only 
The width i s  t h e  ou t s ide  dimension of  the  0.080’ ’  f u e l  
charirw J. . 

Pure zirconium b a r r i e r  on the  interior of  f u e l  rob eladcliny, 
to reduce pe Llet  - c l a d  i TI !:c:rar ti on ~ 
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PHYSICAL DESCRIPTION REPORT PACE: 2 

General E l e c t r i c  8 X 8 Barrier; VERS. 1 BWK 

ETA A ~ S ~ ~ I I P ~  Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 ~ 7 1  

CDR Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08F 

FUEL ASSEMBLY WARDWAKE PARTS AND MATEKIALS 

P a r t  Name Parts/ Weight(kg)/ 
A s s  emh 1-47 A s  s einbly 

COMP. SPRINGS 62 0.0000 

T .  T I E  PLATE 1 2.0980 

s PACERS 7 2.3050 

WATER ROD* 2 1.8200 

B .  ‘LYE PLATE 1 4.6700 

Zone 

TOP 

TOP 

I N  CORE 

I N  COKE 

BOTTOM 

Materi-a1 
Name 

Inconel  X-750 

St.Stee1 304 

Z i r c a l o y  - G 

Inconel  X -  750 

Zi rca loy-2  

S t . S t e e 1  304 

Ma L e  r ial 
F r  ac t -% o n 

1.00000 

1.00000 

0.00000 

0.00000 

I. 00000 

1 .00000  

Drawing Numbers Associated W i t h  Assembly: 

19 2B4 5 7 B M G l  ? 
8 2 9 E 5  1.7 ? 
829E518 ? 
829E775 ? 

References Associated With Assembly: 

Comments 

The weights of  the SFD hardware f o r  t h i s  assembly type are 
es t ima tes  based on the weight-s O F  t he  SYD hardware f o r  
s i r n i  l a r  assembly t y p e s ”  

* The weight o f  the water rod(s )  i s  an estimate based on the 
dimensions o f  t he  water rod  and the  dens i ty  of  Zi rca loy-2 .  

The weight of  the compression sp r ings  inay be included i n  t h e  
weight: o f  the t o p  t i e  p l a t e .  
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PHYSICAL DESCRIPTION REPORT PAGE: 3 

General E l e c t r i c  8 X 8 B a r r i e r ;  VERS. 1 BWR 

FUEL ROD DESCRIPTION TABLE 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G71 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08F 
CDB Assembly Class  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

Fuel Rod 

Fuel Rod Pos i t i ons  per  Assembly . . . . . . . . . . . . . . . . . . .  6 4  

Typical  Number o f  Fueled Rods per  Assembly.. . . . . . .  6 2  

Type of  Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Rod Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 8 3  

Rod Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  158.95* 

Active Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145.24 

Weight per  Rod ( lb s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zirca loy-2  

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 3 2  

Clad F ina l  Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i l l  Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

I n i t i a l  Gas Pressure (ps ig )  . . . . . . . . . . . . . . . . . . . . . . .  30 

Nitrogen Content of F i l l  Gas (perceric) . . . . . . . . . . . .  
Coiimients : 

A p r o p r i e t a r y  hydrogen g e t t e r  i s  used i n  the  plenum region  
o f  t he  f u e l  rods .  Gadolinia is  used i n  some f u e l  rods as a 
burnable  neutron absorber .  

* The t i p - t o - t i p  1-ength of a s tandard fuel rod.  Tie rods 
are approximately 159.33 inches l o n g ,  and gadoljnia-doped 
f u e l  rods a r e  approximately 1 5 9 . 8 1  inches long.  



PHYSICAL DESCRIPTION KEPORT PAGE: 4 

Genei-a1 E l e c t r i c  8 X 8 Baarsier; VERS. 1 BWR 

FUEL ROD DESCRIPTION TABLE cont inued 

E1A Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G71 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08F 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE RWK/2,3 

Fuel. P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel P e l b e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel  P e l l e t  Diarnetc?r ( inches)  . . . . . . . . . . . . . . . . . . . . .  0.410 

F u ~ l  Pellet Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  0.410 

Fuel. P e l l e t  Weight per  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

Open Poros i ty  (percent:) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S i z e  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( %  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  

O/U Rat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pellet Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spacer e e l l e t  Length ( inches )  . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum S p r i n g  Weight p2r Assembly ( l b s )  . . . . . . . . . . .  

Plenum Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 4 8  

Plenum Volume (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

Comments : 
The top and bottom s i x  inches of tho a c t i v e  fue l  length  a re  
fue l ed  wi th  n a t u r a l  uranium. 



PHVS I C A L  DESCRIPTION REPORT PAGE: 1 

General E l e c t r i c  8 X 8 Ba r r i e r ;  VEKS. 2 BWR 

OVERALL ASS EMRLY CHARACTER1 ST IC S 

ETA Assembly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G72 

CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 
CDB Assembly Code. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G O 8 1  

I n i t i a l  Year of  Manufacture. . . . . . . . . . . . . . . . . . . . . .  
Fina l  Year of  Manufacture . . . . . . . . . . . . . . . . . . . . . . . .  
Total Number Fabricated t o  Date . . . . . . . . . . . . . . . . . .  

Assem.bly Width ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 4 3 8  

Asseiibly Lerigt21 (inches) . . . . . . . . . . . . . . . . . . . . . . . . .  1 7 5 . 8 7  
with Cont ro l  Rod Inse r t ed  .................... 
i nc l . ud ing  Hal-ddown Device, e t c .  . . . . . . . . . . . . . .  

Rod P i t ch  ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .640  

‘I:cat:al Assembly Weight ( lb s )  . . . . . . . . . . . . . . . . . . . . . .  

Weight of  Heavy Metal ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  403 

Metric Tons 1nit:i.aJ. Heavy Metal (metric tons)  . . . .  0.1826 

Enrichment Range ( %  U235) . . . . . . . . . . . . . . . . . . . . . . . .  2 . 6 0  

Average Design Burnup (MWd/MTIHM) . . . . . . . . . . . . . . . .  
Maxiniurn Design Burnup (MWd/MTSIIM) . . . . . . . . . . . . . . . .  

1 i n e a r  Heat Rating (KW/foot) . . . . . . . . . . . . . . . . . . . . .  

Coniments : 
This assembly use a t  EwR/4, BW;R/5, and BWR/4 c lass  r eac to r s  
only .  The wldth i s  the outs ide  dimension of the Q.080 ’ t  f u e l  
channel , 

Pure zirconium bar r ie r  on  the i n t e r i o r  o f  f u e l  rod  cladding 
t o  reduce p e l l e t - c l a d  i n t e r a c t i o n .  



122 

PHYSICAL DESCRIPTION REPORL' PAGE: 2 

General  E l e c t r i c  8 X 8 B a r r i e r ;  VERS. 2 BWK 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G72 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO81 
CDR Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWK/4,5,6 

E'UEL ASSEMBLY HARDMARE PARTS AND PVITERIAT..S 

P a r t  Name P a r t s /  Weight(kg)/ Zone M a t e r i a l  
A s s  emb ly A s  s emb ly Name 

COME'. SPRINGS 6 2  0.0000 TOP Inconel  X - 7 5 0  

T .  T I E  PLATE 1 2.0980 TOP S t . S t e e 1  304 

S PAC EKS 7 2.3050 I N  CORE Z i r c a l o y - 4  

Inconel  X - 7 5 0  

WATER ROD:? 2 1 I 8800 I N  COKE Z i r c a l o y - 2  

B. T I E  PLATE 1 4.6700 BOTTOM St.Stee1 304 

Ma t e  r ial 
F r a c t i o n  

1 I 00000 

1.00000 

0.00000 

0.00000 

1.00000 

1.00000 

Drawing Numbers A s s o c i a t e d  Wi. t l .1  Assembly: 

829E375 
8 2 9E43 3 
829E434 
8 29 E441. 
8 2 9 E 4 4 3  
829E473 
8 2 9 E4 9 0 
8 2 9E4905 
829E520 
829E774 
829E776 
829E77 70 
829E998 

? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 
? 

References  A s s o c i a t e d  With Assembly: 

Comments : 

The weights  o f  t h e  SFD hardware f o r  t h i s  assembly type  a r e  
e s t i m a t e s  based  on t h e  weights  o f  t h e  SFD hardware f o r  
s imilar  assembly t y p e s .  

* 'The weight  of  t h e  water r o d ( s )  i s  a n  e s t i m a t e  based on t h e  
dimensions o f  t h e  water  rod  and t h e  d e n s i t y  o f  Z i r c a l o y - 2 .  

The weight  o f  tlie compressiotl s p r i n g s  may be i n c l u d e d  i n  the 
weight  o f  t h e  top  t i e  p l a t e .  
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PHYSICAL DESCRIPTION REPORT PAGE: 3 

General E l e c t r i c  8 X 8 B a r r i e r ;  VERS. 2 BWR 

FUEL ROD DESCRIPTION TABLE 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G72 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G O 8 1  
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel Rod Pos i t i ons  pe r  Assembly . . . . . . . . . . . . . . . . . . .  

Fuel  Rod 

64 

Typical  Number of  Fueled Rods per  Assembly . . . . . . . .  
Rod Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .483  

6 2  

Rod Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (16h)* 

Active Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150.0 

Weight pe r  Rod ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Zi rca loy -2  

Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.032 

Clad F ina l  Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i l l  Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  He 

I n i t i a l  Gas Pressure  (ps ig )  . . . . . . . . . . . . . . . . . . . . . . .  30 

Nitrogen Content o f  F i l l  Gas (percent )  . . . . . . . . . . . .  
Comments : 

A p r o p r i e t a r y  hydrogen g e t t e r  i s  used i n  the  plenum region  
of f u e l  rods .  Gadol inia  i s  used i n  some f u e l  rods a s  a 
burnable  neutron absorber .  

* The t i p - t o - t i p  f u e l  rod length  is  es t imated  from the  f u e l  
rod l eng th  f o r  o t h e r  CLASS 4 5 6  assembly types .  
f u e l  rod  l eng th  f o r  o the r  assemblies  i s  1 6 3 . 7 1  inches .  

The a c t u a l  
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PHYSICAL DESCRIPTION REPORT PAGE: 4 

General E l e c t r i c  8 X 8 B a r r i e r ;  VERS. 2 BWR 

FUEL ROD D E S C R I P T I O N  TABLE continued 

KIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G72 
CBB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G O 8 1  
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BIJR/4,5,6 

Fuel Pel le t :  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Uranium Oxide 

Fuel P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chamfered 

Fuel P e l l e t  Diameter (i-nches) . . . . . . . . . . . . . . . . . . . . .  0 .410  

Fuel P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  0.410 

File1 P e l l e t  Weight per  Rod ( I b s ) .  . . . . . . . . . . . . . . . . .  

Open Poros i ty  (pe rcen t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S ize  (mi-crons) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( 8  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  9 5 . 0  

O/U Rat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pel le t .  Length ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Pl-enum Spring Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight per  Assembly (lbs) . . . . . . . . . . .  

Plenum Length ( inches )  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 4 8  

Plenum Volume (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

Comments : 
The t o p  and bottom s i x  inches of the a c t i v e  f u e l  length  a r e  
fue l ed  with n a t u r a l  uranium. 
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PHYSICAL DESCRI  YT I O N  REPORT PAGE: 1 

General E l e c t r i c  8 X 8 G E - 8 ;  VERS. P a  BWR 

OVERALL AS S EMBLY CHARACTER1 S T I C S 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G81 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08.J 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWK/2,3 

I n i t i a l  Year of Manufacture . . . . . . . . . . . . . . . . . . . . . .  
Fina l  Year of Manufacture . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l  Number Fabricated t o  Date . . . . . . . . . . . . . . . . . .  

Assenibly Wi.dth ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Assembly Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . .  

with Control Rod Inse r t ed  . . . . . . . . . . . . . . . . . . . .  
inc.luding Holddown De.vice, etc.. . . . . . . . . . . . . . .  

Rod P i t ch  ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tota l  Asseml:,I.y Weight ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  
Wei.ght of Heavy Metal ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  
Metric Tons In i t i - a1  Heavy Metal (metric t o n s ) .  . . .  

Enri.chment Range ( %  U235). . . . . . . . . . . . . . . . . . . . . . . .  

Average Design Burnup (MlJd/MTIIIM) . . . . . . . . . . . . . . . .  

Maximum Design Burnup (MWd/MTIHM) . . . . . . . . . . . . . . . .  
Linear Heat Kating (KW/foot) . . . . . . . . . . . . . . . . . .  

Comments : 
This assembly used in BWR/2 and BWK/3 class r eac to r s  only.  

No quantat ive da ta  f o r  t h i s  assembly I s  avai ].able. 
Qualnti t i v e l y ,  t h i s  assembly type uses new several. 
mechanical and nuclear f e a t u r e s .  These include:  

1) increased prepressurizat ior i  ( t o  5 ATM) , 
2 )  increased p e l l e t  diameter,  
3) va r i ab le  number o f  water rods (up t o  / t ) ,  
4 )  s i n g l e  diameter u p p e r  end plug s h a f t s ,  
5) a s t reamlined upper t i e  p1at:e t o  reduce the  two-phase 

6 )  higher  bundle enri.chmerits Cor longer operat ing cycles  

7 )  a x i a l l y  zoned gatlolinia.  

p ressure  drop, 

and increased discharge burnup, and 
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PHYSICAL DESCRIPTION REPORT PACE: ?. 

General Electric 8 X 8 GE-8: VERS. la BWR 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G81 
CDR Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08J 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWK/2,3 

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS 

Part Name Parts/ Weight(kg)/ Zone 
Assembly Assembly 

COMP. SPKINGS 62 0.0000 TOP 

T. TIE PTATF 1 2 0980 TOP 

SPACERS 7 2.3050 I N  CORE 

WATER ROD 4 0.0000 IN CORE 

B. TIE PLATE 1 4.6700 BOTTOM 

Drawing Numbers Associ-ated With Assembly: 

Material 
Name 

Inconel X- 750 

St.Steel 304 

Zircaloy-4 

Inconel  X- 750 

Zircaloy-2 

St.Stee1 304 

Material 
Fraction 

I ”  00000 

1.00000 

0.00000 

0.00000 

1 ~ 00000 

1.00000 

References Associated with Assembly 

Comments : 
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PHYSICAL DESCRIPTION REPORT PAGE: 3 

General E l e c t r i c  8 X 8 G E - 8 ;  VERS. l a  BWR 

FUEL, ROD DESCRIPTION TABLE 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08681 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08J 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE 0WR/2,3 

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod 

6 4  

Typical. Number of Fueled Rods per  Assembly.. . . . . . .  60 

Rod Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Rod P o s i t i o n s  pe r  Assembly . . . . . . . . . . . . . . . . . . .  

Rod Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( l59)*  

Act ive Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145.24 

Weight p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Mate r i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clad Thickness ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clad F i n a l  Condi t ioning . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i l l  Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I n i t i a l  Gas Pressure  ( p s i g )  . . . . . . . . . . . . . . . . . . . . . . .  
Nitrogen Content of  F’il.1. Gas (percent )  . . . . . . . . . . . .  
C o lime n t s 

3: The t i p - t o - t i p  f u e l  rod l eng th  i s  es t imated  from the  fue l  
rod l eng th  f o r  o t h e r  CLASS 23 assembly types .  The a c t u a l  
f u e l  rod l eng th  f o r  other assemblies  is 1 5 8 . 9 5  inches f o r  
f u e l  rods ,  159.33 inches f o r  t i e  rods ,  and 1 5 9 . 8 1  inches f o r  
the  gado l in i a  doped rods .  
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PHYSICAL DESCRIPTION REPORT PAGE: 

General E l e c t r i c  8 X 8 G E - 8 ;  VERS. la BWR 

FUEL ROD DESCRIPTION TABLE continued 

E I A  Asserrtbly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G81 
CDR Assenibly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08J 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/2,3 

Fuel  Pell~eti Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Pellet Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel P a l l e t  Diameter ( i n c h e s ) .  . . . . . . . . . . . . . . . . . . .  

Fuel P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel P e l l e t  Weight p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  

Open P o r o s i t y  (percent )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S i z e  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel. Density ( 8  theoret.i.cal) . . . . . . . . . . . . . . . . . . . . . .  

O/U R a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Materi-a1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length ( inches )  . . . . . . . . . . . . . . . . . . . . .  

Plenuin Spring Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spi-ing Weight p e r  Assenrhly ( l b s )  . . . . . . . . . . .  

Plenum Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Volume (cubic  inches)  . . . . . . . . . . . . . . . . . . . . .  

Comients  : 
The t o p  and bottom s i x  inches o f  the  accive fue l  length  a r e  
fue led  with n a t u r a l  uranium. 
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General Electric 8 X 8 G E - 8 ;  TIERS. Ib BWR 

EXA Assembly Code ............................... 08C8l  
CDR Assembly Code ............................... 608N 
GDB Assembly C l a s s  .............................. (:E BWR/2,3 

In i - t ia l  Year of anufacture ...................... 
Fina l  Year o f  Manufacture.. ...................... 
T o t a l  Number Fabricated t u  Date, . . . . . . . . . . . . . . . . .  

Assem'bliy n idrh  (inches) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Assennbly Length (i.nches). . . . . . . . . . . . . . . . . . . . . . . . .  

with Cunt.rol R o d  Inserted. . . . . . . . . . . . . . . . . . . .  
includtng Wolddowi 83ev i-ce I etc . . . . . . . . . . . . . . .  

Rod P i t c h  (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

' ro txl  Assembly Weight ( Ibs )  . . . . . . . . . . . . . . . . . . . . . .  

Weight of Heavy Metal (11,s) .  . . . . . . . . . . . . . . . . . . . . .  
Metric Tons I n i t i a l  H e a v y  Metal (metric tons)  . . . .  

Enrichment Range ( %  U2.35) . . . . . . . . . . . . . . . . . . . . . . . .  

Lj.xiear Heat Rating (KW/font) . . . . . . . . . . . . . . . . . . . . .  

Comments : 
T h i s  nssesxhly used in 8WK/2 and BWEC/3 c lass  reactors o n l y .  

No quantative data for  hi.!: assembly is available. 
Qualatitively , this assettbly type uses new several 
rnechanicaZ a a i d  nucl.t:ar features . T h e s e  inclitde : 

1) increased pr"i)"'""uri.zation ( t o  5 ATM) , 
2 j  inc.reased p e l l e t  diameter, 
3 )  varj.able number of- water rods ( u p  to 4 ) ,  

5) a :;t:i:eamPi.ried u p p e r  t i e  plate to reduce. the two-phase 

6 )  higher  bundle enri.chments f o r  longer operat:i.ng cycles 

7 )  a x i a l l y  zoned gadoliri ia.  

4 )  single d i a m e t . i . - t *  U ~ I P P " ~  end p l u g  shaf t s  

pressure d r o p s  

a n d  i.ncreased discharge burnup,  and 
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PAGE: 2 PHYSICAL DESCRIPTION REPORT 

General Electric 8 X 8 GE-8: VERS. lb B W R  

EIA Assemb7.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G81 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08N 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE RWR/2,3 

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS 

Past Name Parts/ Weight(kg)/ Zone Mater i a1 Material 
Assembly Assembly Name F r a c t i o n  

Drawing Nuiih E? I: s As s o c i at e d IJ i th As s emb 1 y : 

References Associated W i t h  Assembly: 

Comments: 
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PHYSICAL DESCRIPTION REPORT PAGE: 3 

General Electric 8 X 8 G E - 8 ;  VERS. lb BWR 

FUEL ROD DESCRIPTION TABLE 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08681 

CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE RWR/2,3 

Fuel Rod 

64  

60 

CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 8 N  

Type of Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel Rod Positions per Assembly . . . . . . . . . . . . . . . . . . .  
Typical Number of Fueled Rods per Assembly . . . . . . . .  
Rod Diameter (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rod Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( l S 9 ) *  

Active Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  142 .24  

Weight per Rod (lbs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clad Thickness (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clad F i n a l  Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad G a p  (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F i l l  Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Initial Gas Pressure (psig) . . . . . . . . . . . . . . . . . . . . . . .  
Nitrogen Content of F i l l  Gas (percent) . . . . . . . . . . . .  
Cominents : 

* The tip-to-tip fuel rod length is estimated from rhe f u e l  
rod length for other CLASS 23 assembly types. The actual 
fuel rod length f o r  other assemblies i s  158.95 inches for 
fuel rods, 159.33 inches for tie rods, and 159.81 inches f o r  
the gadolinia doped rods. 
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PHYS [CAI, DESCRIPTION REPORT PAGE : 4 

General E l e c t r i c  8 X 8 G E - 8 ;  VERS. l b  HWK 

FUEL ROD DESCRIPTION TABLE continued 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G81 
C D B  Assembly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 8 N  
CDR Assembly C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/2,3 

Fuel P e l l e t  Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel. P e l l e t  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
F u e l  P e l l e t  Diameter (inches) . . . . . . . . . . . . . . . . . . . . .  

Fuel. P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel P e l l e t  Weight p e r  Rod ( l b s )  . . . . . . . . . . . . . . . . . .  
Opeti Porosi ty  (percent ) .  . . . . . . . . . . . . . . . . . . . . . . . . .  
Grain S i z e  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel  Densi.t:y ( %  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  

O/U Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer  P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S p a c e r  Pellet Length ( i n c h e s )  . . . . . . . . . . . . . . . . . . . . .  

Ylenm Spring Marerial . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight p e r  Assembly ( l b s )  . . . . . . . . . . .  

Plenum Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Volume (cubic  inches)  . . . . . . . . . . . . . . . . . . .  

Cornr i lo l - l t s  : 
The t o p  and b o t t o m  s i x  inches o f  the active f u e l  l e n g t h  a r e  
fueled with natura l  uranium. 
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PHYSICAL DESCRIPTION REPORT PAGE : 4. 

General Electric 8 X 8 GE-8; VERS. 2a BWR 

OVERALL ASSEMBLY CWNKACTERISTI CS 

EIA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G82 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  608K 
CDR Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  B k l K / 4 , S , h  

Initial Year of  Manufacture . . . . . . . . . . . . . . . . . . . . . .  

Final Year of Manufacture . . . . . . . . . . . . . . . . . . . . . . . .  
Total Number Fabricated to Date . . . . . . . . . . . . . . . . . .  

Assembly  Width (inches) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Assembly Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . .  

with Control Rod Inserted. . . . . . . . . . . . . . . . . . . .  
including Holddown Device, etc . . . . . . . . . . . . . . .  

Rod Pitch (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total Assembly Weight (lbs) . . . . . . . . . . . . . . . . . . . . . .  

Weight of Heavy Metal (lbs) ...................... 
Metric Tons Initial Heavy Metal (metric tons) . . . .  
Enrichment Range ( e  U235) . . . . . . . . . . . . . . . . . . . . . . . .  

Average Design Rurnup (MWd/MTIWMj . . . . . . . . . . . . . . . .  
Maximum Design Eurniip (MWd/MTIHM) . . . . . . . . . . . . . . . .  
Linear Heat Rating (KW/foot) . . . . . . . . . . . . . . . . . . . . .  

Coinments : 
This assembly used in BWR//+, BWK/5, and BWR/6 class reac tors  
on ly .  

No quantative data f o r  this assemb1.y is available. 
Qualatitively, this assembly type uses new several 
mechanical and nuclear features. These include: 

I) increased grepressurizatinn (to 5 ATM), 
2) increased pelle-t: diameter, 
3 )  variable number of  water rods (up to 4 ) ,  
4 )  single diameter upper end plug shafts, 
5) a streamlined upper tie plate to reduce the two-phase 

pressure drop, 
6) higher bundle enrichments for longer operating cycles 

and increased discharge burnup, and 
7) axially zoned gadolinia. 
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PHYSICAL, D E S C R I P T I O N  REPORT PAGE:  2 

General E l e c t r i c  8 X 8 G E - 8 ;  VERS.  2a BNB 

E I A  A s s e m b 1 . y  Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G82 
CDB Assembly C o d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 8 K  
CDB A s s e m b l y  C l a s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/Lb,5,6 

FUEL ASSEMBT..Y HARDWARE PARTS AND MATERIALS 

P a r t  N a m e  Par e: s / We i gh t ( kg ) / 
A s s  ernb 1 y Assembly 

COMP. S P R I N G S  62  0.0000 

T .  T I E  P L 4 T E  1 2 . 0 9 8 0  

SPACEKS 7 2 .3050  

UATER ROD 4 0.0000 

B .  T I E  PLATE 1 4 .6700  

Zone 

TOP 

TOP 

I N  CORE 

I N  CORE 

ROTTOM 

Mate r i al. 
N a m e  

Inconel X- 750 

S t . S t e e 1  304 

Z i r c a l o y - 4  

Inconel X -  750 

Zircaloy-2 

St.Steel 304 

Mat-<:rial 
Frac L i o n  

1 . 0 0 0 0 0  

1 . 0 0 0 0 0  

0.00000 

0.00000 

1 ~ 00000 

1.00000 

Drawing N u m b e r s  A s s o c i a t e d  With A s s e m b l y  

R e f e r e n c e s  A s s o c i a t e d  With A s s e m b l y :  

C o r m e n t s  : 
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PHYSICAL DESCRIPTION REPORT PAGE: 3 

General Electric 8 X 8 GE-8; V E R S .  2a BWR 

FUEL ROD DESCRIPTION TABLE 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G82 
CUB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G 0 8 K  
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

Type af Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod 

per Assembly . . . . . . . . . . . . . . . . . . .  
Typical Number o f  Fueled Rods per Assembly . . . . . . . .  

Rod Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (164)* 

Active Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  150.0 

Weight per R o d  ( l b s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Rod Positions 64 

60 

Rod Diameter (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clad Thickness (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clad Final Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Glad Gap (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fill Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Initial Gas Pressure (psig) .................... 
Nitrogen Content of Fill Cas (percent) . . . . . . . . . . . .  
Comments : 

* The tip-to-tip fuel rod length is estimated from the fuel 
rod length for other CLASS 23 assembly types. The actual  
f u e l  rod length for other assemblies is 158.95 inches for 
fue l  rod5, 159.33 inches f o r  t i e  rods ,  and 159.81 inches f o r  
the gndolinia doped rods. 
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PHYS I CAI, D E S C R I P T I O N  REPORT PAGE: 4 

General Electric 8 X 8 GE-8; VERS. 2a BWR 

E'UEL ROD DESCRIPTION TABLE continued 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G82 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G08K 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE SWR/4,5,6 

Fuel Pellet Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Bellet Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel P e l l e t .  Diameter (inches) . . . . . . . . . . . . . . . . . . . . .  

Fuel Pellet Length (inches) . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Pellet Weight per Rod ( l b s )  . . . . . . . . . . . . . . . . . .  
Open Porosity (percent) . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grain S ize  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( %  theoretical) . . . . . . . . . . . . . . . . . . . . . .  

O/U Ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pellet Material . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pellet Length (inches) . . . . . . . . . . . . . . . . . . . . .  

Plenum Spr ing  Material . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight per Assembly (lbs) . . . . . . . . . . .  

Pl.eriurn Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Volume (cubic inches) . . . . . . . . . . . . . . . . . . . . . .  

Comments : 
The top and botioin six inches of the active fue l  length are 
fue led  with natural uranium. 



PAGE: 1 PHYSICAL DESCKTPT%ON REPORT 

General E l e c t r i c  8 X 8 G E - 8 ;  VERS. 2b BWR 

OVERALL ASSEMBLY CWARACTERI ST I C  S 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 G 8 2  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO80 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWR/4,5,6 

I n i t i a l  Year of Manufacture ...................... 
Fina l  Year of  Manufacture . . . . . . . . . . . . . . . . . . . . . . . .  
Tota l .  Number Fabricated t o  Date. . . . . . . . . . . . . . . . . .  

Assembly Width ( inches) .  . . . . . . . . . . . . . . . . . . . . . . . .  
Assembly Lengtrh (inches) . . . . . . . . . . . . . . . . . . . . . . . . .  

i.ncl.uding Holddown Device, e t c  . . . . . . . . . . . . . . .  
R o d  Pitch (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

with Control R o d  In se r t ed  .................... 

T o t a l  Assemb1.y Weight ( l h s )  . . . . . . . . . . . . . . . . . . . . . .  

Weight of  Heavy Metal ( l b s )  . . . . . . . . . . . . . . . . . . . . . .  
lvetric Tons I n i t i a l  Heavy Metal (metr ic  t o n s )  . . . .  

Enrichment Range ( %  U235)  . . . . . . . . . . . . . . . . . . . . . . . .  

Average Design Burnup (MUd/MTIHM) . . . . . . . . . . . . . . . .  
Maximum Design Rurriup (MWd/MTIHM) . . . . . . . . . . . . . . . .  
Lainear Heat Rating (KW/foot). . . . . . . . . . . . . . . . . . . . .  

Cearoments : 
This assembly used i n  BWR/4, BWR/S, and HWR/6 class r eac to r s  
only.  

No quantat ive da t a  f o r  t h i s  asseiiibly i.s ava i l ab le .  
QuaLat i t ively , t%is assembly type uses new several  
mechanical and nucI.ear f e a t u r e s .  These include : 

1) increased prepressur iza t ion  (to 5 ATM) 
2 )  i-ncreased p e l l e t  diameter,  
3 )  v a r i a b l e  number of water rods (up t x  4 ) ,  
4 )  s i n g l e  diameter upper end plug shafts,  
5) ti st reamlined upper t i e  p l a t e  t o  reduce the  two-phase 

pressure d r o p ,  
6 )  higher  bundle enrichments f o r  longer operat ing cycles  

and increased discharge hurnup, and 
7 )  a x i a l l y  zoned gadol in ia .  
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PHYSICAL DESCRIPTION REPORT BAGE: 2 

General. Electric 8 X 8 GE-8; VERS. 2b BWR 

ETA Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 8 G 8 2  
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G O 8 0  
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE B W R / 4 , 5 , 6  

FUEL ASSEMBLY HARDWARE PARTS AND MATERIALS 

Part Name Parts/ Weight(kg)/ Zone Material Material 
Assembly Assembly Name Fraction 

Drawing Numbers Associated With Assembly: 

References Associated With Assembly: 

Comments : 
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PHYSICAL DESCRIPTION REPORT PAGE: 3 

General Electric 8 X 8 GE-8; VERS. 2b KWR 

FUEL ROD DESCRIPTION TABLE 

EIA Assetnbly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G82 
CDB Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GO80 
CDB Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GE BWK/4,5,6 

Type of  Rod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fuel Rod 

Fuel  Rod Positions per Assembly . . . . . . . . . . . . . . . . . . .  
Typical Number of Fueled Rods per Assembly.. . . . . . .  
R o d  Diameter (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 4  

60  

Rod Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( 1 6 4 ) 9  

Active Length (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  147.0 

Weight per Rod ( lb s )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clad Material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clad Thickness (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Clad Final Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuel-Clad Gap (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fill Gas Used . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Initial Gas Pressure (psig) . . . . . . . . . . . . . . . . . . . . . . .  
Nitrogen Content of Fill Gas (percent) . . . . . . . . . . . .  
Comments: 

* The tip-to-tip f u e l  rod l eng th  is  estimated from the f u e l  
rod length €or other CLASS 23 assembly types. The actual 
f u e l  rod length f o r  other assemblies is 158.95 inches for 
f u e l  rods, 159.33 inches for tie rods, arid 159.81 inches f o r  
the gadolinia doped rods. 
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PHYSICAL D E S C R I P T I O N  REPORT PAGE: 4 

General. E l e c t r i c  8 X 8 GE-8; VEKS. 2b BWR 

FUEL ROD D E S C R I P T I O N  TABLE continued 

E I A  Assembly Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  08G82 
CDB Assemb1.y Code . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2080 
CDR Assembly Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G E  BWR/4,5,6 

Fuel  P e l l e t  Mater ia l  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Pel le t .  Shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel P e l l e t  Diameter ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Fuel Pel le t :  Lengtili ( inches)  . . . . . . . . . . . . . . . . . . . . . . .  

Fuel P e l l e t  Weight p e r  Rod (lbs) . . . . . . . . . . . . . . . . . .  

Open Poros i ty  (percent )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grai.n S ize  (microns) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuel Density ( 8  t h e o r e t i c a l )  . . . . . . . . . . . . . . . . . . . . . .  

O/U Rat io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Smear Density . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer Pel. let  Material  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Spacer P e l l e t  Length ( inches)  . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Materia3 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Spring Weight per Assembly ( I b s )  . . . . . . . . . . .  

Plenuiu Length ( inches)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Plenum Vo1.ume (cubic  inches)  . . . . . . . . . . . . . . . . . . . . . .  

Comments : 
The top and bottom s i x  inches o f  the  a c t i v e  f u e l  length  are 
fue l ed  wi th  n a t u r a l  uranium. 
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APPENDIX B 

FUEL, ASSEPIBLY DR4WIMGS 
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APPENDTX C 

FUEL ASSEMBLY DATA SHEETS REFERENCES 
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REFERENCES 

Bauer 1573 

E l i s s  1970 

Rolger 1977 

Bower 1966 

Rrosnsn 1 9 7 1  

CP&L 1972 

Commonweal t h  
Edison 1957 

Crane 1976a 

Crane 1976b 

E1.kins 1977 

E1ki.ns 1978 

G E  1961 

Rauer , E .  G .  P t i i l a d e l p h i a  E l - e c t r i c  Company, l e t t e r  t.o 
.J .  E’. O ’ L e n r y ,  U . S .  Nuclear  I?egul.atory Coiiiiiiission, 
DOCKET 50-277-128, O c t .  I ,  1‘373. 

R l . L s s ,  H .  E .  , Coininonwealth Ecli.son Compniiy, l e t t e r  t o  
P .  A .  Morri .s ,  1J.S.  Atomic Energy Cotiiinj.ss:ion, DOCKET 50-  
010-064,  Feb. 2 ,  1.970. 

B o l g e r ,  R .  I,. , Commonwealth Edison Company, l e t t e r  t o  
B. C .  Rusche., W. S . Nuclear  Regula tory  Commtssion, DOCKET 
50-010-721, A p r .  11, 1 9 7 7 .  

B o w e r ,  D .  R . ,  Commonwealth Etkison Company, l e t t e r  t o  
P .  A .  M o r r i s ,  1J.S.  Atomic Energy Cornmissj.on, DOCK.ET 50-  
010-038,  O c t : .  6 ,  1.966. 

Brosnan, T .  J . ,  Niagara Mohawk P o w e r  C o r p o r a t i o n ,  l e t t e r  
t o  P .  A .  M o r r i s ,  U . S .  Atomic Energy Corrirni:;:;jon, DOCKET 
50-220-066 ,  J U L Y  2 7 ,  1 9 7 1 .  

C a r o l i n a  Power  & L i g h t  Company, .Final S a f e t v  Ann1ysi.s  
R .epor t ,  Brunswick Steam El .ec t r ic  Plant U n i t s  1 &--?_, 
DOCKET 50-324-046,  A p r i l  1 9 7 2 .  

Coilunonwealth Edison Company arid General  E l e c t r i c  
Company, P r e l i m i n a r y  Hazards Summarv R e x ~ t  f o r  1-he 
Dresden Nuclear  Power S t a t i o n ,  GEAP- 10(+4, General 
Elec t r ic  Company, San J o s e ,  C a l i E . ,  S e l J t  cAmber 1957. 

Crane ,  P.  A , .  Jr., P a c i f i c  G a s  arid Electr ic :  Compnny, 
l e t t e r  to R .  W .  Keid,  U . S .  Muclear Regula tory  
Commission, DOCKET 50-133-362, A p r .  1 5 ,  1976. 

Crane, P .  A . ,  J r . ,  Pacif ic  G a s  and E l e c t r i c  Coiilpsny, 
l e t t e r  t o  R. W. Keid, 1J .S .  Nuclear  Regula tory  
Commission, DOCKET 50-133-414,  Aug. 11, 1976. 

E lk i r i s ,  R .  R . ,  Experience w i t h  BWR Fit(-1 Throiigh DPccrnber 
1976 NEDO-21G60, General E l e c t r i c  Company, Sari J o s e ,  
C a l i f . ,  J u l y  1977. 

E l k i n s ,  R .  E. , Eg-gL-R-qd P r e p r e s s u r i z n t i . ~ ,  NEDO-23786, 
General E:l.ectric Company, San J o s e ,  Ca1i.f. , March 1.978. 

General  Electric Company, Technical Informat ion  f o r  
Amendment t o  Licerise for Dresden ( F i r g t R - e l o p n  - F u ~ 1 )  , 
GEAP-3586 ,  General  Electric Company, San  J o s e ,  C a l i f .  , 
J a n u a r y  1, 1961 ( D O C K E T  50-010-088). 
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GE 1.973 General  E l e c t r i c  Company, General  D.e.s..ig.n..._I.nforinat i o n  f o r  
Gene r a  1 E1e.c.t.ri.c Bo i 1 inn Wa t e  r Reac t o  r...R.glo a d Fuel  
.... Commenciri~ i ~ n  S p r i n g ,  l9.7!?, NEDO-20103, General  E l e c t r i c  
Company, San J o s e ,  C a l i f . ,  September 1973. 

G E  1974 General  E l e c t r i c  Company, General. E l e c t r i c  &i-_l.ing.Ja.ts 
_l_l____l_ Reactor  Generic  _. Reload A p p l i c a t i o n  f o .~ - .&X8  Fuel, N E D O -  
20360, General  E l e c t r i c  Company, Sa i l  J o s e ,  C a l i f . ,  
December 1974. 

GE 1976a General  El.ec t r i c  Company, Legd.---'&t A:;seriibl.y 

S uh 111 i t t a 1 f o.r.ze ac h Bo  t tom h t c) tu i c Pow e r S t aLLo-tUni.t...?_ , 
NEDO-21172, General  E l e c t r i c  Company, San J o s e ,  C a l i f . ,  
February 1976. (DOCKET 50-277-617) .  

S u p g l e m e n . i a l - . . f r . n ~ l n a t i O r r  for Rel_oa.d....l...li.c.~?ps.~ 

G E  1 9 1 6 b  General. E l e c t r i c  Company, B!tJR/4 and HWR/5 Fuql-...D?es..ign, 
NEDO-20944, Gerieral E l e c t r i c  Company, San J o s e ,  C a l i f . ,  
October 1976.  

G E  1 9 7 6 c  General  E l e c t r i c  Company, Core Des~.gn . . .~n .d . . . .O.~ .~~~~ing  Data 
_. f o r  C-ycles I and Z . . f . . . ~ u a . d . . . C i _ c : i F s ,  EPRI-NP-240, 
E l e c t r i c  Power Research i n s t i t u t e ,  Palo A l t o ,  C a l i f . ,  
November 1 .976 .  

G E  1 9 7 7  G e ne r a 1 E 1 e c t r i c C omp any , G-g ne r a 1 E 1 e c t r i c R oil.ing.. J7at.g~ 
ReLc.tor Reload- 2 Licens.ing...A.~.~.l . . ~ c ~ ~ i o n  f o r  Edwin I . 
Hatch Nuclear  P l a n t  Uni.t 1, NEDO-240h0, General E l  ec t i r ic  
Company, San J o s c ,  C a l j . f . ,  J u l y  1 9 7 7 .  

GE 1978a Goneral. E1ec t r i c  Company, C.go.Des i-En and  0pera.ti.ng .... D-atg 
€or~yclc3~-_l, .and 2 o f  Peach Bott.om..,2, EPKi-NP- -563,  
E l e c t r i c  Power Research I n s t i - t u t e ,  Pal~o A l t o ,  C a l i f .  , 
June 1978. 

G E  1978h General  E l e c t r i c  Cornpany , Quad Cities...N.u.c.lear P o w  
S.&ation Unit 1 Reload I+....S.upplemental I.i .censing 
Tnformation f o r  B a r r i e r  Lead T e s t  Assemblies ,  N E D O -  
2 1 ~ 1 4 7 ,  General E l e c t r i c  Company, San J o s c ,  C a l i f . ,  
September 1978 .  

GE 1979 

G E  1 9 8 1  

General  Elec t:t-ic Company, Core D e s i ~ n . . . ~ n d . ~ ~ . ~ r ~ ~ i . ~ ~ ,  Data 
f o r  Cycle....l...o.f...H.atch 1, E P R l  -NP- -562 ,  E l e c t r i c  Power 
Research I n s t i t o t e ,  Pa lo  A l t o ,  C a l i f . ,  January  1979. 

General  E l e c t r i c  Company, Ocmonstratiun of  Fuel 
&!e:?& a II  t t o  Pe 1 1 e t - C l.a.d~ing-..In~I~~c i i on Iha  s e 2 .... :.:. 
____I_ Four th  Semiannual .. . . . ....-..... Report  J u l y  ---D.e-c.e.mb.g.r. 1980, GEAP-  
253.63-4, General  E l e c t r i c  Company, San J o s e ,  C a l i f .  , 
March 1981 .  
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GE 1983a 

(:E 1583L 

GE 1984 

CE 1986a 

Lee 1 9 7 4  

LLI,CO 1976 

General E l e c t r i c  Company, Core Des im and-Gxx-ating );lht7,2 
f a r  Quad CiLies 1 Cvc.&e--3 of Pe2.C.h P,ottoln-z, E P R I  --NP- 
9 7 1 ,  E lec t r i c  Power Research Insti.t:ut.e, P a l o  A l . t o ,  
Calif I , M a r c h  1983 I 

G e n e t - a 1  E lec t r ic  Company, C o r e  D e s i y , n  a5-a O p e r a t i j ~ g ~  Data  
for Quad Cit ies  1 Cvc1.e 3 ,  EPRL-NP-552, Elec , t r ic  Power 
Research . I n s t i t u t e ,  P a l o  A l t o ,  C a l i f . ,  March 1.983. 

General. E 1 e c t r i c C oiup any, Core Des i gn and Ope r a t i [ig...!>ci 
f o r  Cyc le s  2 and 3 of  Itat:cjjJ, EPRI-NP-2106, E l e c t r i c  
Power Research Ins  t:iliute, Pa1.o A l t o ,  CaliE. ~ February 
1954.  

General E l e c t r i c  Company, General E l e c t :  t-i-s-2.taridn i d  
ml-i_c_a_t i o n fo  r-&g.ac t o r  F'ugl, N E D 0  - 2 40 1 L -A- 8 , Gene r a l  
Electric Company, S m  . J o s e ,  C a l i . f . ,  May 1986. 

J o n e s ,  J .  A . ,  CaroJ.inn Power E Light: Company, l e t t e r  t o  
R .  C .  Rusche, 1J. S .  Nuclear Regulatory Cominiss i.o[i, DOCKET 
5 0 - 3 2 4 - 4 6 1 ,  N O V .  '26, 3.975. 

Lee , B I J r  I , Coinmoi-iweal th E d i s o i i  Company, le t:t.er t.o 
J .  F .  O'Lenry, U . S .  Atroinic  Eni-I-gy Cominiss ior i ,  D O C K E T  5 0 -  
2 . 5 4 - 3 1 8 ,  Feb .  28 ,  1974. 
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