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A 

I. INTRODUCTION 

P 

The f u e l  p i n  geometry used i n  t h e  Fast  Tes t  Reactor (FTR) and consid-  
e red  f o r  use i n  a p r o t o t y p i c  smal l  breeder  i n s t a l l a t i o n  has been eva lua ted  
through a comprehensive development program d u r i n g  r e c e n t  years  so t h a t  an 
e x t e n s i v e  da ta  base e x i s t s  f o r  e x t r a p o l a t i o n  o f  t h e  FTR f u e l  p i n  and geom- 
e t r y  t o  l a r g e r  i n s t a l l a t i o n s .  
Reference Fuel  Design Study (LHRFDS) were t o  e v a l u a t e  t h e  performance capa- 
b i l i t i e s  o f  t h e  re fe rence FTR f u e l  p i n  i n  a 1200 MWe r e a c t o r  p l a n t  i n s t a l l a -  
t i o n  and t o  i d e n t i f y  a corresponding optimum core  design. These goa ls  were 
t o  be reached by severa l  independent des ign agencies:  Atomics I n t e r n a t i o n a l  
D i v i s i o n  o f  Rockwell  I n t e r n a t i o n a l  ( A I )  , Argonne Nat iona l  Labora tory  (ANL) , 
Advanced Reactors D i v i s i o n  o f  Westinghouse (ARD) , Fast  Breeder Reactor D i v i -  
s i o n  o f  General E l e c t r i c  (GE), and HEDL. Combustion Engineer ing (CE) func-  
t i o n e d  as Task Coord ina tor  t o  ensure c o n s i s t e n t  e f f o r t s  by each o f  t h e  o t h e r  
p a r t i c i p a n t s .  HEDL's c o n t r i b u t i o n  t o  t h e  s tudy was t o  develop bo th  homoge- 
neous and heterogeneous core  designs a t  b o t h  l e v e l s  o f  c o n s t r a i n t  descr ibed 
b e l  ow. 

The o b j e c t i v e s  o f  t h e  Large Heterogeneous 

For  purposes o f  t h e  study, a r e f e r e n c e  f u e l  assembly was de f ined,  c o r -  
responding t o  t h e  FTR f u e l  p i n  w i t h  a x i a l  b l a n k e t s  p laced i n  a 217-pin assem- 
b l y .  The reference assembly was used t o  d e f i n e  a r e f e r e n c e  core,  which ap- 
prox imated FTR technology e x t r a p o l a t e d  t o  p r o t o t y p i c  smal 1 breeder  c o n d i t i o n s .  
Performance i n d i c e s  o f  t h e  re fe rence core  were p r o v i d e d  by ARD d u r i n g  t h e  
study. 

Two l e v e l s  o f  c o n s t r a i n t  a p p l i e d  t o  t h e  HEDL des ign e f f o r t s .  The Level  
I designs were t o  adhere t o  t h e  f o l l o w i n g  l i m i t a t i o n s :  

0 Fuel p i n  i d e n t i c a l  t o  t h e  r e f e r e n c e  f u e l .  
Fuel  assembly i d e n t i c a l  t o  t h e  r e f e r e n c e  f u e l .  

0 Fuel o p e r a t i n g  c o n d i t i o n s  i d e n t i c a l  t o  t h e  r e f e r e n c e  core.  
Cladding c o n d i t i o n s  a t  two years  no worse than t h e  r e f e r e n c e  
core  a t  two years.  

1 



The r e s t r a i n t s  were r e l a x e d  somewhat f o r  t h e  Level  I 1  designs, co r re -  
sponding t o  t h e  f o l l o w i n g :  

Fuel  p i n  i d e n t i c a l  t o  re fe rence  f u e l  except  f o r  a c t i v e  
core  and plenum h e i g h t .  

0 Fuel assembly design open. 

0 

0 

Opera t ing  c o n d i t i o n s  no worse than re fe rence  core.  

Cladding cumula t ive  damage f r a c t i o n  (CDF) a t  end-of-  
l i f e  l e s s  than 0.75. 

Each core  design was t o  be op t im ized  accord ing  t o  an o b j e c t i v e  f u n c t i o n  
combining pumping power cos ts ,  f u e l  c y c l e  cos ts ,  and doub l i ng  t ime. 
t i o n ,  improvement o f  s a f e t y  parameters was t o  be g i ven  due c o n s i d e r a t i o n  i n  
t h e  s e l e c t i o n  o f  a f i n a l  core design. 

I n  add i -  

The f o l l o w i n g  s e c t i o n s  o f  t h i s  r e p o r t  desc r ibe  the  HEDL c o n t r i b u t i o n  t o  
t h e  LHRFDS, i n c l u d i n g  des ign  procedures, f i n a l  designs, and conc lus ions .  

2 
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11. SUMMARY AND CONCLUSIONS 

The core  performance c h a r a c t e r i s t i c s  which c o u l d  be ob ta ined w i t h  t h e  
re fe rence f u e l  p i n  des ign were s t r o n g l y  dependent upon t h e  core  des ign op- 
t i o n s  which were exerc ised.  
des ign l a t i t u d e  and s e v e r e l y  r e s t r i c t e d  t h e  range o f  performance c h a r a c t e r -  
i s t i c s  which c o u l d  be obta ined.  
s i g n i f i c a n c e  was core c o n f i g u r a t i o n .  Consequently, t h e  o n l y  improvements i n  
t h e  Level  I homogeneous des ign r e l a t i v e  t o  t h e  re fe rence core  a r e  those asso- 
c i a t e d  w i t h  core  s i z e  e f f e c t s .  The Level  I heterogeneous des ign a l lowed t h e  
average core  f e r t i l e - t o - f i s s i l e  r a t i o  t o  be ad jus ted ,  making improvements i n  
core  breed ing  c h a r a c t e r i s t i c s  and sodium v o i d  wor th p o s s i b l e .  
improvements were made a t  t h e  expense o f  f u e l  u t i l i z a t i o n ,  f u e l  c y c l e  cos ts ,  
and p l a n t  c a p i t a l  c o s t s  (due t o  t h e  l a r g e r  c o r e ) .  

The Level  I ground r u l e s  a l lowed very  l i t t l e  

V i r t u a l l y  t h e  o n l y  des ign o p t i o n  o f  any 

However, these 

The freedom a l lowed f o r  Level  I 1  designs produced l a r g e  improvements i n  
n e a r l y  a l l  o f  t h e  performance c h a r a c t e r i s t i c s .  
s t r a i n t s ,  t h e  s i g n i f i c a n t  parameters a l lowed t o  v a r y  i n  Level  I 1  were: 

R e l a t i v e  t o  Level  I con- 

0 Reactor o u t l e t  temperature,  
0 Number o f  f u e l  p i n s  p e r  subassembly, and 

A c t i v e  core  h e i g h t .  

I n  combinat ion,  these parameters e f f e c t i v e l y  ha lved t h e  d o u b l i n g  t i m e  f o r  
b o t h  t h e  homogeneous and heterogeneous designs. 

Comparing t h e  f o u r  designs, i t  i s  c l e a r  t h a t  those o f  Level  I 1  a r e  su- 
p e r i o r  o v e r a l l  due t o  g r e a t e r  des ign  l a t i t u d e  which prov ided more o p p o r t u n i t y  
f o r  o p t i m i z a t i o n .  Level  I11 designs, w i t h  t h e  r e s t r i c t i o n  o f  f u e l  p i n  cross-  
s e c t i o n a l  geometry removed, would undoubtedly  e x h i b i t  even b e t t e r  performance. 

The pr imary  b e n e f i t  assoc ia ted  w i t h  t h e  heterogeneous cores i s  reduced 
sodium v o i d  wor th.  
t h e  t h i c k n e s s  o f  i n t e r n a l  b l a n k e t  reg ions .  It i s  noted, however, t h a t  t h e r e  
a r e  many u n c e r t a i n t i e s  assoc ia ted  w i t h  t h e  i r r a d i a t i o n  performance o f  t h e  

The degree t o  which t h i s  i s  r e a l i z e d  i s  dependent upon 

@ 
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i n t e r n a l  b l a n k e t s  s i n c e  t h e r e  i s  no i r r a d i a t i o n  exper ience. I n  t h i s  des ign 
study, i t  has been assumed t h a t  e x i s t i n g  fue l  p i n  models a c c u r a t e l y  p r e d i c t  
the performance o f  t h e  i n t e r n a l  b l a n k e t  p i n s .  Whether t h i s  assumption i s  
v a l i d  remains t o  be seen. The i r r a d i a t i o n  h i s t o r y  o f  an i n t e r n a l  b l a n k e t  
p i n  i s  r e c i p r o c a l  ( i n  terms of temperature and power) t o  t h e  h i s t o r i e s  o f  
those p i n s  which form t h e  da ta  base f o r  t h e  performance models which were 
used. 
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111. CORE DESIGN PROCEDURE 

AND ALLOWABLE AP 

A. GENERAL 

I -  

- 

h 

HEDL’s core  des ign procedure, an i t e r a t i v e  loop i n v o l v i n g  t h r e e  stages 
o f  t h e  des ign  sequence, i s  i l l u s t r a t e d  i n  F i g u r e  1.  Stage 1 c o n s i s t s  o f  
general  mechanical des ign and r e a c t o r  phys ics scoping c a l c u l a t i o n s  t o  a r r i v e  
a t  an i n i t i a l  c o r e  l a y o u t .  Stage 2 c o n s i s t s  of d e t a i l e d  r e a c t o r  phys ics  
c a l c u l a t i o n s  f o r  t h e  core  c o n f i g u r a t i o n  d e f i n e d  i n  Stage 1. 
d e t a i l e d  r e a c t o r  phys ics  r e s u l t s ,  a d e c i s i o n  i s  made e i t h e r  t o  a l t e r  t h e  
des ign (Stage 1)  o r  t o  go t o  Stage 3. 
and d e t a i l e d  component mechanical des ign c a l c u l a t i o n s .  
des ign adequacy i s  assessed. 
dure i s  repeated u n t i l  t h e  des ign i s  acceptable.  

Based upon t h e  

Stage 3 c o n s i s t s  o f  core  o r i f i c i n g  
A t  t h e  end o f  Stage 3, 

If t h e  des ign i s  inadequate,  t h e  e n t i r e  proce- 

PROPOSED 

I 1 
ADJUST NO 
CORE 

LAYOUT 

ORIFICE CORE TO OBTAIN DESIRED 
TEMPERATURE DISTRIBUTION 

TEMPERATURE 
D I S T R I B U T I O N  

CALCULATE DUCT 

PITCH 

HEDL 7802-37.21 

FIGURE 1. HEDL Core Design Procedure. 
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The i n i t i a l  core  c o n f i g u r a t i o n  i s  def ined by whatever means a r e  expe- 
d i e n t ,  u s u a l l y  t a k i n g  advantage of p a s t  exper ience. 
scoping code c a l l e d  HAREM (Hanford Advanced Reactor Eva1 u a t i o n  Model ) i s  
u t i l i z e d .  

Often a qu ick- running,  

A f l o w c h a r t  of t h i s  code i s  shown i n  F i g u r e  2. 

CALCULATE 
P I N  BUNDLE PRESSURE DROP 

( STAFT) 

CHANGE 

READ INPUT DATA - 
SPECIFIED VALUE 

( STOP ) HEDL 7802-37.5 

FIGURE 2. HAREM (Hanford Advanced Reactor E v a l u a t i o n  Model ) C a l c u l a t i o n a l  
F1 ow. 

I n p u t  c o n s i s t s  o f  des ign c h a r a c t e r i s t i c s  such as core  temperature r i s e ,  
r e a c t o r  thermal power, f u e l  res idence t ime,  average p i n  power, p i n  bundle 
pressure drop, and p i n  s i z e .  
t h e  most p a r t ,  were ob ta ined from t h e  ground r u l e s  document. 
HAREM code i n c l u d e s  number of subassemblies (S/A 's) ,  S/A spacing, d u c t  geom- 
e t r y ,  and expected phys ics  performance c h a r a c t e r i s t i c s .  A n o t a b l e  f e a t u r e  of  
HAREM i s  t h a t  d u c t  p i t c h  and w a l l  t h i c k n e s s  can be determined t o  match f u e l  
res idence t i m e  and t o  g i v e  optimum doub l ing  t ime. 
on t h e  Level  I 1  designs b u t  n o t  t h e  Level  I designs due t o  ground r u l e  con- 

s t r a i n t s .  

For  t h e  LHRFD s tudy  these i n p u t  q u a n t i t i e s ,  f o r  
Output o f  t h e  

, 

T h i s  o p t i o n  was exerc ised 
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The d e t a i l e d  r e a c t o r  phys ics c a l c u l a t i o n s  i n  Stage 2 a r e  performed u s i n g  
2DB(1), which i s  a two-dimensional m u l t i - g r o u p  d i f f u s i o n  code w i t h  an i s o t o p e  
d e p l e t i o n  module. 
t r i b u t i o n s  and breed ing  performance f o r  use as i n p u t  t o  t h e  mechanical des ign 
and economic analyses. 

T h i s  a n a l y s i s  p rov ides  t ime-dependent f l u x  and power d i s -  

The n e x t  s t e p  o f  t h e  des ign  procedure i s  t o  o r i f i c e  t h e  core  u s i n g  t h e  
o r i f i c i n g  scheme shown i n  F i g u r e  3. Th is  s t e p  uses t h e  core  o r i f i c i n g  code 
ORIFIS, which d i s t r i b u t e s  a s p e c i f i e d  c o o l a n t  f l o w  t o  o b t a i n  a d e s i r e d  sub- 
assembly o u t l e t  temperature d i s t r i b u t i o n  across t h e  core.  
i s  s u b j e c t  t o  t h e  d i s c r e t i o n  o f  t h e  core  des igner  and, f o r  t h i s  study, v a r i e d  
depending upon t h e  core  des ign  (see Sect ion  111, B, 2, page 1 8 ) .  
t h e  d e s i r e d  d i s t r i b u t i o n  i s  r e l a t e d  t o  l i f e t i m e  c o n s i d e r a t i o n s  and i s  s e l e c t e d  
u s i n g  t r i a l  and e r r o r  methods and i t e r a t i n g  between t h e  ORIFIS code and t h e  
1 i f e t i m e  codes. 

T h i s  d i s t r i b u t i o n  

Genera l l y ,  

INPUT fl,Z), Q(7.Z). TOTAL FLOW, r-1 S/A GEOMETRY, TEMPERATURE DISTRIBUTION I 
COOLANT TEMPERATURE DISTRIBUTION 

1 N O  <> ACCEPTABLE 

DETERMINE COOLANT FLOW I N  HOT I S/A OF EACH ZONE 

I COMPUTE CLADDING AND DUCT TEMPERATURES 
IN HOT S/A OF EACH Z O N E  I 

I I CALCULATE P I N  AND DUCT DESIGN 
LIFETIME FOR EACH Z O N E  c> ACCEPTABLE LIFETIMES YES c-) STOP 

ADJUST TEMPERATURE 
DISTRIBUTION 

HEDL 7802-37.22 

FIGURE 3. C a l c u l a t i o n a l  Flow f o r  E s t a b l i s h i n g  t h e  O r i f i c i n g  Scheme. 
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Fuel p i n  l i f e t i m e s  a re  c a l c u l a t e d  u s i n g  t h e  computer code SIFAIL, which 
uses the  f u e l  p i n  model common t o  SIEX(*) and i s  i l l u s t r a t e d  i n  F igu re  4. 
code c a l c u l a t e s  f u e l  and c l a d d i n g  temperature, gas r e l e a s e  r a t e ,  c l a d d i n g  
s t resses  due t o  gas pressure  l oad ing ,  and c l a d d i n g  changes due t o  wastage, 
s w e l l i n g ,  thermal creep, and i r r a d i a t i o n  creep. SIFAIL a l s o  c a l c u l a t e s  t h e  
c l a d d i n g  cumula t ive  damage f r a c t i o n  based on s t r e s s  r u p t u r e  p r o p e r t i e s .  Th is  
l a t t e r  parameter was used as the  f u e l  p i n  l i f e - l i m i t i n g  parameter i n  accord- 
ance w i t h  t h e  LHRFDS ground r u l e s .  

The 

THIN WALL 2 ZONE FUEL 
CLADDING APPRO_XIMATION DENSJTY MODEL 

INPUT. LINEAR POWER DENSITY, COOLANT FLOW RATE, NEUTRON FLUX 
CALCULATE. 0 TEMPERATURE OF SODIUM, CLAD, AND FUEL 

0 GAS RELEASE RATE 
0 CLADDING STRESS DUE TO GAS PRESSURE LOADING 
0 CLADDING IRRADIATION SWELLING, IRRADIATION CREEP, 

THERMAL CREEP, AND CUMULATIVE DAMAGE FRACTION 

HEDL 7802-37.16 

FIGURE 4. SIFAIL Fuel P i n  Model. 

The duc t  e n d - o f - l i f e  i s  cons idered t o  occur  when t h e  d u c t  o u t s i d e  diam- 
e t e r  (OD) equals  t h e  l a t t i c e  p i t c h ,  i . e . ,  a x i a l  d u c t  bowing i s  n o t  i nc luded  
i n  t h e  LHRFDS ground r u l e  d e f i n i t i o n  o f  duc t  l i f e t i m e .  
t h i s  occurs i s  c a l c u l a t e d  w i t h  t h e  code DEFLECT, which uses t h e  t h i n  p l a t e  
e l a s t i c  d e f l e c t i o n  equat ions  i n  c o n j u n c t i o n  w i t h  t h e  method o f  Wire and 
S t r a a l ~ u n d ' ~ )  f o r  c a l c u l a t i n g  i r r a d i a t i o n  creep. The model i s  schemat i ca l l y  
i l l u s t r a t e d  i n  F igu re  5. 

The t ime  a t  which 

8 



INPUT: 

CALCULATE: 

COOlANT PRESSURE, DUCT WALL TEMPERATURE, 
NEUTRON FLUX 
STRESS, I R R A D I A T I O N  SWELLING, I R R A D I A T I O N  CREEP, 
DEFLECTION 

HEDL 7802-37.2 

FIGURE 5. HEDL Duct D i l a t i o n  Model (DEFLECT). 

The computer code POROSTY i s  used t o  c a l c u l a t e  bund le /duc t  i n t e r a c t i o n  
across t h e  f l a t s .  
s t a n t  a t  t h e  wors t  case c o n d i t i o n s ,  and no c r e d i t  i s  taken f o r  duc t  d i l a t i o n  
due t o  i r r a d i a t i o n  creep. 
eva lua ted  w i t h  respec t  t o  GE data r e l a t i n g  e x p e r i m e n t a l l y  measured i n t e r a c t i o n  
t o  a c t u a l  p i n - t o - p i n  c learance. 

The f l u x  and temperature i n  the  p i n  and d u c t  a r e  h e l d  con- 

The degree o f  i n t e r a c t i o n  across t h e  f l a t s  i s  

B. LHRFDS PROCEDURE 

The preced ing  s e c t i o n  descr ibed t h e  general  des ign  procedure and t o o l s  
employed a t  HEDL f o r  core  des ign  s tud ies .  The f o l l o w i n g  sec t i ons  desc r ibe  t h e  
adap ta t i on  o f  those procedures and s p e c i f i c  judgment dec i s ions  p e r t i n e n t  t o  
t h e  r e a c t o r  phys ics  and mechanical des ign  o f  t h e  homogeneous and heterogeneous 
LHRFDS cores.  

1.  Reactor Physics Design 

The goal o f  t h e  r e a c t o r  phys i cs  c a l c u l a t i o n s  i n  t h e  i t e r a t i v e  l o o p  i s  t o  

I n  t h e  r e a c t o r  
p r o v i d e  t h e  f l u x  and l i n e a r  power as a f u n c t i o n  o f  p o s i t i o n  f o r  use i n  t h e  
thermohydrau l i cs  and f u e l  p i n  and d u c t  l i f e t i m e  c a l c u l a t i o n s .  
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phys ics  c a l c u l a t i o n s ,  t h e  core  l a y o u t  and subassembly designs (Level  I1  o n l y )  
f o r  b o t h  f u e l  and b l a n k e t  may be changed t o  meet t h e  f o l l o w i n g  non-mechanical 
des ign c r i t e r i a :  

@ 

0 The l i n e a r  p i n  power must be w i t h i n  t h e  ground r u l e  l i m i t s  
d u r i n g  t h e  e q u i l i b r i u m  cyc le ,  

0 The power d i s t r i b u t i o n  s h a l l  be reasonably  f l a t t e n e d  d u r i n g  
t h e  e q u i l i b r i u m  c y c l e ,  

0 The enr ichment w i l l  be s u f f i c i e n t  t o  m a i n t a i n  c r i t i c a l i t y  
d u r i n g  t h e  e n t i r e  e q u i l i b r i u m  c y c l e  w i t h  no excess reac-  
t i v i t y  a t  t h e  end o f  e q u i l i b r i u m  c y c l e  (ke f f  = l ) ,  and 

The above c r i t e r i a  s h a l l  be met w i t h  t h e  minimum number o f  
subassemblies i n  o r d e r  t o  min imize t h e  f u e l  c y c l e  c o s t .  

When a converged des ign has been ach ieved- - tha t  i s ,  one which s a t i s f i e s  
t h e  above c r i t e r i a  as w e l l  as t h e  thermohydraul ics ,  f u e l  p i n  l i f e t i m e ,  and 
d u c t  l i f e t i m e  c r i t e r i a - - t h e  r e a c t o r  phys ics  c a l c u l a t i o n s  a r e  a l s o  used t o  
c a l c u l a t e  t h e  breed ing  performance, s a f e t y  performance, and t h e  f i s s i l e  and 
heavy metal  f l o w  necessary t o  determine f u e l  c y c l e  cos ts .  

Cross s e c t i o n  se ts  f o r  use i n  t h e  analyses were ob ta ined f rom FTR Set 

FTR Set 300 i s  t h e  r e f e r e n c e  
3 0 0 ( ~ )  u s i n g  lDX(5) ,  a one-dimensional d i f f u s i o n  code which c o l l a p s e s  and 
s e l f - s h i e l d s  m u l t i - g r o u p  c ross  s e c t i o n  se ts .  
data base used i n  FFTF design ( 6 y 7 )  and corresponds very  c l o s e l y  t o  ENDF/B-111. 
It has been e x t e n s i v e l y  v e r i f i e d  through analyses o f  t h e  FTR Engineer ing 
Mockup C r i t i c a l  exper iments (8-1 8)  

a. Homogeneous Cores 

Using t h e  r e a c t o r  o u t l e t  temperature s p e c i f i e d  by t h e  ground r u l e s ,  
a p l a n t  thermal e f f i c i e n c y  o f  36% was c a l c u l a t e d  f o r  t h e  Level  I design u s i n g  
t h e  ground r u l e  e f f i c i e n c y  r e l a t i o n s h i p .  
1200 MWe, t h i s  e f f i c i e n c y  corresponds t o  a gross thermal power o f  3333 MW. I t  
was assumed t h a t  pumping power would c o n t r i b u t e  15 MWt, so t h e  r e a c t o r  thermal 

power was assumed t o  be 3318 MW. 

For an e l e c t r i c  power l e v e l  o f  
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Q An i t e r a t i v e  technique was employed t o  determine t h e  enr ichment c o r r e s -  
ponding t o  an end-o f -cyc le  m u l t i p l i c a t i o n  f a c t o r  o f  1.000 and t o  determine t h e  
enr ichment d i s t r i b u t i o n  corresponding t o  an acceptab le  power d i s t r i b u t i o n .  
The m u l t i p l i c a t i o n  f a c t o r  was a f f e c t e d  by v a r y i n g  t h e  t o t a l  f i s s i l e  mass. The 
power d i s t r i b u t i o n  was a f f e c t e d  by v a r y i n g  t h e  r e l a t i v e  c r o s s - s e c t i o n a l  areas 
and f i s s i l e  enrichments of  t h e  two core  enr ichment zones. 

The i t e r a t i o n  cons is ted  o f  two i n i t i a l  d e p l e t i o n  c a l c u l a t i o n s  s e l e c t e d  t o  
b racke t  t h e  d e s i r e d  enr ichment.  
end-o f -cyc le  versus beg inn ing -o f - cyc le  enr ichment was cons t ruc ted ,  and a 
l i n e a r  i n t e r p o l a t i o n  was used t o  s e l e c t  a t h i r d  enr ichment es t imate .  If the  
t h i r d  es t ima te  d i d  n o t  meet t h e  ke f f  c r i t e r i o n ,  a curve  was cons t ruc ted  u s i n g  
t h e  t h r e e  c a l c u l a t i o n s ,  and a second i n t e r p o l a t i o n ,  u s i n g  e i t h e r  g raph ic  
techniques o r  a Lagrangian i n t e r p o l a t i o n ,  was performed t o  e s t a b l i s h  t h e . c o r -  
r e c t  f i s s i l e  con ten t .  
determine i f  t h e  peak l i n e a r  powers were acceptable.  
powers d i d  n o t  c o i n c i d e  t o  w i t h i n  l o % ,  a d e c i s i o n  was made t o  vary  e i t h e r  t h e  
r a t i o  of t h e  enrichments of t h e  core  zones o r  t h e  r a t i o  o f  t h e  c r o s s - s e c t i o n a l  
area of  t h e  two zones. 
t h e  enr ichment was induced by any v a r i a t i o n ;  i f  t h e  power-balanced core  d i d  
n o t  meet t h e  e q u i l i b r i u m  ke f f  c r i t e r i o n ,  t h e  i n i t i a l  enr ichment search was 
repeated. 

A p l o t  o f  e f f e c t i v e  m u l t i p l i c a t i o n  f a c t o r  a t  

The power d i s t r i b u t i o n  was then examined by zone t o  
I f  t h e  peak l i n e a r  

I n  e i t h e r  case, some change i n  abso lu te  magnitude o f  

C a l c u l a t i o n s  were con t inued  th rough t h i s  i n n e r  i t e r a t i o n  u n t i l  a con- 
verged des ign  was developed f rom t h e  r e a c t o r  phys ics  v iewpo in t .  The charac- 
t e r i s t i c s  o f  t h i s  des ign  were then compi led f o r  use i n  t h e  mechanical des ign  
a n a l y s i s  ( r e f e r  t o  F igu re  6 f o r  c a l c u l a t i o n a l  f l o w ) .  

Breeding performance o f  t h e  co re  was eva lua ted  by model ing a t h r e e - c y c l e  
burn  u s i n g  2DB. 
f o r  255.5 days, which corresponds t o  one yea r  u s i n g  t h e  LHRFDS ground r u l e  

A comple te ly  f resh  co re  was loaded and burned a t  f u l l  power 

t y  f a c t o r  o f  70%. 
b l a n k e t  was d ischarged and rep laced  w i t h  f r e s h  f u e l  and a x i a l  b l a n k e t  
a l .  The r a d i a l  b l a n k e t  was n o t  re fue led .  Th is  new co re  was then  burned 

A t  t h a t  t ime, one -ha l f  t h e  i n v e n t o r y  o f  t h e  core  and capac 
a x i a l  
mater 
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63 f o r  an a d d i t i o n a l  255.5 days a t  f u l l  power, a t  which t ime p o r t i o n s  o f  t h e  core  
and a x i a l  b l a n k e t  t h a t  had n o t  been p r e v i o u s l y  d ischarged were r e f u e l e d .  
Again, t h e  r a d i a l  b l a n k e t  was n o t  re fue led .  A t  t h i s  p o i n t ,  t h e  core  m a t e r i a l  
d e n s i t i e s  were q u i t e  c l o s e  t o  those expected a t  t h e  b e g i n n i n g - o f - e q u i l i b r i u m  
c y c l e  (BOEC).  T h i s  c o n f i g u r a t i o n  was burned f o r  255.5 days, thereby s i m u l a t -  
i n g  an e q u i l i b r i u m  c y c l e .  

m ANALYSIS 

ESTIMATE CORE 
GEOMETRY A N D  

CALCULATE CORE 

ADJUST 

YES 

ADJUST 
GEOMETRY 

YES 

t 

HEDL 7802-37.20 

FIGURE 6. Physics C a l c u l a t i o n a l  Flow f o r  t h e  LHRFDS Homogeneous Cores. 

The advantage o f  
l i b r i u m  c y c l e  cou 

n o t  e x p l i c i t l y  r e f u e l i n g  t h e  r a d i a l  b l a n k e t  was t h a t  an 
d be ob ta ined i n  t h r e e  burns. A comparison of exposure 

accumulated by a f i v e - b a t c h  r a d i a l  b l a n k e t  d u r i n g  annual r e f u e  i n g  and t h e  
exposure accumulated by t h e  r a d i a l  b l a n k e t  d u r i n g  t h i s  s i m u l a t  on showed t h a t  
t h e  e q u i l i b r i u m  c y c l e  burn approximated a f i v e - b a t c h  b l a n k e t  w t h  r e s p e c t  t o  
t o t a l  power and f i s s i l e  ga in.  Power and f l u x  d i s t r i b u t i o n s  i n  t h e  b l a n k e t  

were n o t  a c c u r a t e l y  modeled, however, so t h e y  had t o  be est imated.  
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The a d d i t i o n a l  c r i t e r i o n  o f  " lowest  p r a c t i c a l  sodium v o i d  wor th"  was 
adopted a t  t h e  beg inn ing  o f  t h e  Level  I1 design e f f o r t .  A number o f  pre-  
v i o u s l y  c o n s t r a i n e d  v a r i a b l e s  were a l lowed t o  f l o a t  i n  Level  11, so para- 
m e t r i c  s t u d i e s  were r e q u i r e d  t o  f o l l o w  t h e  o p t i m i z a t i o n  path.  

A major  paramet r ic  s tudy  was undertaken f o r  t h e  Level  I1 homogeneous 
des ign t o  e v a l u a t e  t h e  e f f e c t s  o f  a c t i v e  f u e l  h e i g h t  on whole-core sodium 
v o i d  wor th.  
32.5 and 48.0 inches w i t h  a l l  f r e s h  f u e l  and t h e  r e s u l t s  were t a b u l a t e d .  
E x t r a p o l a t i o n  o f  t h e  r e s u l t s  t o  +1$ sodium v o i d  w o r t h  i n d i c a t e d  t h a t  a core  
h e i g h t  o f  approx imate ly  20 inches would lower  t h e  v o i d  wor th  t o  t h a t  va lue.  
I t  was a l s o  no ted  t h a t  s h o r t e n i n g  t h e  core- -wh i le  h o l d i n g  t h e  c o o l a n t  p ressure  
drop cons tan t - - inc reased t h e  breed ing  r a t i o  and decreased t h e  d o u b l i n g  t ime.  

Sodium v o i d  wor th was c a l c u l a t e d  f o r  t h r e e  c o r e  h e i g h t s  between 

The s t a r t i n g  p o i n t  f o r  t h e  Level  I1 homogeneous des ign was chosen t o  be 
t h e  w a f f l e  core,  which was thought  t o  i n c o r p o r a t e  some o f  t h e  incoherence e f -  
fec ts  which g i v e  t h e  heterogeneous core  i t s  low sodium v o i d  wor th.  The w a f f l e  
core  i s  diagrammed i n  F i g u r e  7. A r e a c t o r  phys ics  a n a l y s i s  o f  t h i s  core  was 
performed and t h e  sodium v o i d  wor th evaluated.  I t  was found t h a t  t h e  sodium 
v o i d  wor th  was r o u g h l y  equal t o  t h a t  of  t h e  32.5- in .  u n i f o r m  core;  t h e r e f o r e ,  
t h e  w a f f l e  core  was abandoned i n  favor  o f  t h e  f i n a l  24- in.  pancake core  con- 
f i  g u r a t i  on. 

FISSION GAS PLENUM 
4 NOT TO SCALE 
4 N O T  PRESENT IN LOWER HALF CORE 

E 8 0  

DISTANCE FROM CENTERLINE (cm) 

- CORE 
MIDPLANE 

HEDL 7802-37.15 

F I G U R E  7. Schematic I l l u s t r a t i o n  o f  t h e  I1Waff le" Core Concept. 
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The 24- in .  a c t i v e  f u e l  h e i g h t  o f  t h e  pancake core  was s e l e c t e d  as a com- 
promise between t h e  20- in.  core,  which was thought  t o  have a +1$ sodium v o i d  
worth,  and t h e  32.5- in .  core,  which represented t h e  lower  l i m i t  s p e c i f i e d  i n  
t h e  ground r u l e s .  A l though EOEC sodium v o i d  wor th  c a l c u l a t i o n s  had n o t  been 
performed f o r  t h e  pancake core,  i t  was es t imated t h a t  t h e  f i n a l  f i g u r e  would 
be c l o s e  t o  t h e  +3$ va lue  assoc ia ted  w i t h  t h e  re fe rence core,  a va lue  t h a t  
r e s u l t s  i n  a r e l a t i v e l y  benign LOF a c c i d e n t  and i s  cons idered l i c e n s a b l e  ( 1  9-22) 

I n  an a t tempt  t o  a t t a i n  a th ree-year  res idence t ime,  t h e  o u t l e t  tempera- 
t u r e  was reduced t o  t h e  ground r u l e  minimum. 
mal e f f i c i e n c y  t o  32%. For  an e l e c t r i c  power l e v e l  o f  1200 MWe and 16 MWt o f  
pumping power, t h e  thermal power o f  t h e  r e a c t o r  was c a l c u l a t e d  t o  be 3734 MW. 

T h i s  change decreased p l a n t  t h e r -  

The p r e l i m i n a r y  a n a l y s i s  o f  t h e  pancake c o r e  i n d i c a t e d  t h a t  t h e  equal 
volume core  zone concept was n o t  t h e  mos t  e f f e c t i v e  way of a r r a n g i n g  t h e  

enr ichment d i s t r i b u t i o n .  Several  geometr ies and enr ichment  s p l i t s  were e v a l -  
uated; t h e  r e s u l t i n g  f i n a l  des ign had an o u t e r  enr ichment zone w i t h  t h r e e  
rows o f  subassemblies. The power d i s t r i b u t i o n  across t h e  i n n e r  zone o f  498 
f u e l  subassemblies was v i r t u a l l y  f l a t ,  r e s u l t i n g  i n  very  good f u e l  u t i l i z a -  
t i o n  i n  t h a t  zone. Power g r a d i e n t s  i n  t h e  o u t e r  zone were steep; however, 
such g r a d i e n t s  cannot be avoided a t  t h e  c o r e - b l a n k e t  i n t e r f a c e .  

A f u e l  res idence t i m e  o f  t h r e e  years  was used f o r  t h e  f i r s t  i t e r a t i o n  
i n  t h e  a n a l y s i s  o f  t h e  pancake geometry. 
however, r e q u i r e d  t h a t  t h e  res idence t i m e  be reduced t o  two years  because o f  
excess ive f u e l  p i n  d iameter  changes. Consequently, t h e  second i t e r a t i o n  
produced a s m a l l e r  subassembly gap. Th is  r e s u l t e d  i n  s l i g h t  improvements 
i n  b reed ing  r a t i o  and d o u b l i n g  t ime.  

The mechanical des ign a n a l y s i s ,  

Greater  improvements migh t  have been r e a l  i z e d  if t h e  c o o l a n t  temperature 

T h i s  would have had been increased t o  g i v e  a f u e l  p i n  l i f e t i m e  of two years.  
increased t h e  thermal e f f i c i e n c y  and, consequent ly,  decreased t h e  number o f  
subassemblies and t h e  core  power. The fue l  c y c l e  c o s t  would have been r e -  
duced a c c o r d i n g l y .  A l t e r n a t i v e l y ,  t h e  subassembly dimensions c o u l d  have been 
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adjusted t o  allow the three-year residence time; however, the schedule pre- 
vented an exploration of these a l te rna te  paths. 

b .  Heterogeneous Cores 

The approach used t o  develop a heterogeneous design was similar to--  
b u t  more complicated t h a n - - t h a t  described previously. For the Level I design, 
the procedure was t o  use a single enrichment for  a l l  fuel assemblies and  then 
to  determine a proper internal blanket loading pattern which would sa t i s fy  the 
power dis t r ibut ion c r i t e r i a .  The calculation flow i s  shown in Figure 8. 
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Y E5 CHANGE 
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FIGURE 8. Physics Calculational Flow fo r  the LHRFDS Level I Heterogeneous 
Core. 
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Star t ing with a t r i a l  core layout and enrichment, the flux and l inear  Q 
power d is t r ibu t ions  were calculated fo r  the completely fresh core and blanket. 
I f  the peak l inear  powers were n o t  within the ground ru l e  l imi t s ,  the core 
layout was modified e i t h e r  by adding assemblies o r  by moving blanket assem- 
b l ies .  Once sa t i s fac tory  BOL l inear  power d is t r ibu t ion  was obtained, a b u r n u p  
calculation was performed t o  determine the power s h i f t s  in the fuel during 
depletion and also the end-of-cycle internal blanket powers. 

I f  e i t he r  internal blanket o r  fuel l i nea r  powers exceeded the ground rule  
l imi t s  a t  any time during the cycle,  the core layout was modified t o  make them 
acceptable. I f  the t r i a l  enrichment did n o t  provide c r i t i c a l i t y  fo r  the whole 
of the cycle or provided excess reac t iv i ty  a t  the end, i t  was changed and the 
cycle b u r n u p  repeated. After the enrichment change, i f  powers did not  meet 
the ground ru le  l imi t s ,  the layout was modified agdin t o  develop a design with 
the minimum number of assemblies consistent with pin linear power limits. 

Finally,  an additional b u r n u p  calculation was made t o  bring the  radial blanket 
t o  equilibrium composition, and the design process was repeated t o  assure 
compliance with the c r i t e r i a .  

The Level I heterogeneous design used a car t r idge reload in which the 
fuel assemblies and a l l  internal blankets were f u l l y  replaced a t  the end  of 
each two-year cycle. 
during the equilibrium cycle and resulted i n  a low average discharge exposure. 
To reduce the power swings, a two-batch system was used in the Level I1 hetero- 
geneous design. 
heterogeneous design was caused by the non-uniform internal blanket loading 
pattern.  
i n  the  core; the d i f f e ren t i a l  local f i s s i l e  content changed with b u r n u p  resu l t -  
ing in f lux t i l t s  and, hence, power t i l t s .  
d i f fe ren t  internal  blanket loading pattern was used in the Level I1 design. 

This caused large power t i l t s  in the fuel regions 

Further, i t  was found t h a t  the power t i l t i n g  in the Level I 

This caused the local conversion r a t i o  t o  vary from place t o  place 

To a l l ev ia t e  t h i s  condition, a 

A ra ther  uniform blanket loading pattern was used in the Level I1 hetero- 
geneous design t o  minimize the variation in local conversion r a t i o  across the 
core. To produce the desired power d is t r ibu t ion ,  a higher enrichment was used a 
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i n  t h e  outermost f u e l - - i n  a manner s i m i l a r  t o  t h e  homogeneous designs. 
b l a n k e t  l o a d i n g  p a t t e r n  c o n s i s t e d  of  s i n g l e  rows o f  i n t e r n a l  b l a n k e t  separated 
a l t e r n a t e l y  by s i n g l e  and double rows o f ' f u e l .  
i n s o f a r  as t h e  l i n e a r  power was concerned-- the core  c o u l d  n o t  be en la rged 
r a d i a l l y  i n  smal l  increments w h i l e  p r e s e r v i n g  t h e  d e s i r e d  u n i f o r m  l o a d i n g  
p a t t e r n .  
problem was so lved by e n l a r g i n g  t h e  core  a x i a l l y  r a t h e r  than r a d i a l l y  i n  o r d e r  
t o  keep p i n  l i n e a r  powers w i t h i n  l i m i t s .  

The 

T h i s  p a t t e r n  caused one problem 

I n  t h i s  case, i t  had t o  be en la rged by f i v e  rows a t  a t ime. T h i s  

For a 15-row core,  a 4 - f t  a c t i v e  core  h e i g h t  was r e q u i r e d .  A sodium 
volume f r a c t i o n  o f  over  40% was a l s o  r e q u i r e d  t o  keep t h e  pressure  drop w i t h i n  
l i m i t s .  
h e i g h t  would have been a l i t t l e  over  2 f e e t .  
have been used, thus  reduc ing  t h e  sodium v o i d  e f fec t ;  however, t h e  l a r g e r  
number of assembl ies r e q u i r e d  i n  t h i s  case would have g r e a t l y  inc reased t h e  
f u e l  c y c l e  c o s t .  

A l t e r n a t i v e l y ,  one c o u l d  have opted f o r  a 20-row core  f o r  which core  
A t i g h t e r  p i n  p i t c h  c o u l d  then 

The c a l c u l a t i o n a l  method used i n  Level  I 1  des ign i s  shown i n  F i g u r e  9 .  I t  
i s  v e r y  s i m i l a r  t o  t h e  Level  I method, t h e  p r i n c i p a l  d i f f e r e n c e  be ing  t h a t  t h e  
enr ichment r a t i o  and core  he igh t ,  r a t h e r  than core  l a y o u t ,  were changed t o  
meet t h e  ground r u l e  c r i t e r i a .  

An a d d i t i o n a l  degree of freedom a l lowed by Level  I 1  ground r u l e s  was 
t h a t  o f  i n t e r n a l  b l a n k e t  redesign.  I f  i n t e r n a l  b l a n k e t  p i n  powers were t o o  
high, t h e  number of p i n s  i n  a b l a n k e t  assembly c o u l d  be increased. Conse- 
quent ly ,  t h e  i n t e r n a l  b l a n k e t  o f  t h e  Level  I 1  design conta ined 127 p i n s .  

17 
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FIGURE 9. Physics C a l c u l a t i o n a l  Flow f o r  t h e  LHRFDS Level  I1  Heterogeneous 
Core. 

2. Mechanical Design 

a. Homogeneous Cores 

The f o l l o w i n g  d e c i s i o n s  and o p t i m i z a t i o n  c r i t e r i a  determined t h e  
o r i f i c i n g  str;ategy and, consequent ly,  t h e  mechanical performance o f  t h e  homo- 
geneous cores.  F i r s t ,  i n  accordance w i t h  e s t a b l i s h e d  des ign procedures , 
80% of t h e  t o t a l  r e a c t o r  f l o w  was passed through t h e  core  i n  t h e  Level  I de- 
s igns.  
Second, a p r imary  o b j e c t i v e  o f  t h e  Level  I homogeneous des ign was t o  o p t i -  
mize t h e  i n h e r e n t  s a f e t y  c h a r a c t e r i s t i c s  o f  t h e  core.  Core s a f e t y  was en- 
hanced b y  o r i f i c i n g  i n  such a way t h a t  t h e  h i g h e s t  subassembly power-to-f low 
r a t i o s  occur red  i n  t h e  lowest  sodium v o i d  wor th  reg ions  o f  t h e  core--which 
would cause t h e  most n e g a t i v e  reg ions  t o  v o i d  f i r s t  d u r i n g  an LOF acc ident .  

( 2 3 )  

For  Level  11, 85% o f  t h e  t o t a l  f l o w  was passed through t h e  core.  

18 
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T h i r d ,  t h e  subassembly bundle pressure drops and t h e  f u e l  p i n  and d u c t  l i f e -  
t imes had t o  be w i t h i n  ground r u l e  s p e c i f i c a t i o n s .  A lso,  i n  t h e  case o f  t h e  
Level  I 1  designs, a c r i t e r i o n  o f  a minimum f u e l  p i n  p i t c h - t o - d i a m e t e r  r a t i o  
o f  1.17 was imposed t o  p rec lude designs f o r  which no exper imenta l  da ta  base 
e x i s t e d .  

R e l a x a t i o n  of  c o n s t r a i n t s  i n  t h e  Level  I 1  ground r u l e s  a l lowed s a f e t y  
improvement through core shor ten ing .  
p r o v i d e  equal f u e l  p i n  l i f e t i m e s  throughout .  
f o r  a th ree-year  f u e l  res idence t i m e  by l o w e r i n g  t h e  core o u t l e t  temperature 
t o  t h e  minimum a l l o w a b l e  l e v e l  accord ing  t o  t h e  ground r u l e s .  

Consequently, t h e  core  was o r i f i c e d  t o  
I n i t i a l l y ,  t h e  core  was designed 

Al though t h e  des ign met f u e l  p i n  l i f e t i m e  ground r u l e s ,  t h e  combined 
c a l c u l a t e d  c l a d d i n g  s w e l l i n g  and i r r a d i a t i o n  creep was much h i g h e r  than pru-  
dent  des ign c r i t e r i a  would a l l o w  (>40% A D I D ) .  

a t i o n ,  t h e  f u e l  res idence t ime was reduced t o  two years.  The core  o u t l e t  tem- 
p e r a t u r e  was h e l d  a t  t h e  lower  l e v e l .  

I n  t h e  f i n a l  core  des ign i t e r -  

b. Heterogeneous Cores 

Genera l l y ,  t h e  same mechanical des ign  c o n s i d e r a t i o n s  were a p p l i e d  
One n o t a b l e  d i f f e r e n c e  i n  t o  b o t h  t h e  homogeneous and heterogeneous cores.  

t h e  heterogeneous o r i f i c i n g  procedure was t h a t  t h e  f l o w  a v a i l a b l e  t o  t h e  core  
(85% o f  t o t a l  f l o w )  was s p l i t  t o  o b t a i n  ground r u l e  s p e c i f i e d  power- to- f low 
r a t i o s  i n  both f u e l  and i n t e r n a l  b l a n k e t  assembl ies.  

In t h e  Level  I design, s a f e t y  c o n s i d e r a t i o n s  were t h e  o v e r r i d i n g  f a c t o r  
i n  d e t e r m i n i n g  t h e  c o r e  o r i f i c i n g  p a t t e r n .  
b l a n k e t  assembl ies were o r i f i c e d  t o  v o i d  b e f o r e  t h e  f u e l  assembl ies.  I t  was 
l a t e r  determined t h a t  t h e  f u e l  assembl ies should have been o r i f i c e d  t o  v o i d  
f i r s t  i n  an acc ident ,  b u t  t h e  Level  I1 design was o r i f i c e d  w i t h o u t  r e g a r d  t o  

For  t h i s  reason, t h e  i n t e r n a l  

v o i d i n g  p a t t e r n  because o f  i t s  low v o i d  wor th.  
f u e l  assembl ies were o r i f i c e d  t o  p r o v i d e  f u e l  p i n  l i f e t i m e s  which were equal 
throughout  t h e  core.  I n t e r n a l  b l a n k e t  assemblies were s i m i l a r l y  o r i f i c e d  t o  
p r o v i d e  p i n  l i f e t i m e s  equal t o  t h e  i n t e r n a l  b l a n k e t  res idence t ime.  

I n  t h e  Level  I 1  design t h e  
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3. Sodium Void C a l c u l a t i o n s  

Sodium v o i d  wor ths were c a l c u l a t e d  f o r  each o f  t h e  designs u s i n g  s t a t i c s  
c a l c u l a t i o n s  and v o i d i n g  o n l y  t h e  f l o w i n g  sodium i n  t h e  a c t i v e  core  reg ion .  
The c ross  s e c t i o n  s e t  u t i l i z e d  f o r  t h i s  a n a l y s i s  c o n s i s t e d  o f  12 energy 
groups-- rather  than t h e  f o u r  used i n  t h e  des ign ana lys is - -and an a d d i t i o n a l  
c ross  s e c t i o n  s e t  was developed w i t h  sodium o u t  o f  t h e  core.  
worths were c a l c u l a t e d  f rom t h e  d i f fe rence i n  ke f f  o b t a i n e d  f rom two m u l t i -  
group c a l c u l a t i o n s .  The d i f fe rence i n  r e a c t i v i t y  between t h e  sodium-in and 
t h e  sodium-out cases--wi th  a fue l  composi t ion corresponding t o  t h e  s t a t e  o f  
t h e  core  a t  t h a t  t ime--determined t h e  whole-core sodium v o i d  wor th.  The c a l -  
c u l a t i o n a l  scheme i s  shown i n  F i g u r e  10. 

Sodium v o i d  

30 GROUP 
FTR SET 300 

CROSS SECTIONS 

SELF SHIELD, 

CALCULATE CALCULATE 
KEFF 

SODIUM VOID 
EFFECT = AK 

HEDL 7802-37. I4 

FIGURE 10. Sodium Void C a l c u l a t i o n a l  Flow. 
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The heterogeneous des ign e x h i b i t e d  a markedly lower  sodium v o i d  wor th- -  
caused by v o i d i n g  f u e l  assembl ies-- than d i d  t h e  homogeneous design. 
due t o  t h e  c o n t r i b u t i o n  o f  t h e  absorp t ion ,  s p e c t r a l ,  and leakage e f f e c t s  t o  
t h e  t o t a l  sodium v o i d  worth.  F i g u r e  11 shows t h e  smal l  sample sodium v o i d  
wor th  f o r  a homogeneous des ign w i t h  t h e  s p e c t r a l ,  absorp t ion ,  and leakage 
components s p e c i f i c a l l y  i l l u s t r a t e d .  The wor th  was dominated over  most o f  t h e  
r e a c t o r  by t h e  s p e c t r a l  component w i t h  a b s o r p t i o n  p r o v i d i n g  a smal l  a d d i t i o n a l  
e f fec t .  Only near  t h e  r a d i a l  b l a n k e t  d i d  t h e  leakage component become impor- 
t a n t .  

Th is  was 

-0.2 

-0.4 

1.0, I I I I I I I I I I 

- 
CORE EDGE 

I I I I 1 I I I I 

0.8 

FIGURE 11. Small  Sample Sodium Void Worth f o r  a Homogeneous Core. 

I n  c o n t r a s t ,  t h e  Level  I 1  heterogeneous des ign e x h i b i t e d  a s t r o n g  leakage 
component n o t  o n l y  near  t h e  r a d i a l  b l a n k e t  b u t  a l s o  near  t h e  i n t e r n a l  b lan-  
ke ts .  T h i s  e f f e c t  i s  shown i n  F i g u r e  12. 
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FIGURE 12. Small Sample Sodium Void Worth f o r  a Heterogeneous Core. 

The t h i c k e r  i n t e r n a l  b lanke ts  were s t r i k i n g l y  more e f f e c t i v e  i n  reduc ing  

I n  
t h e  sodium v o i d  wor th  than t h i n n e r  i n t e r n a l  b lankets ;  t he  sodium v o i d  wor th 
was sma l le r  near  t h e  double row of b lanke ts  by a f a c t o r  o f  more than two. 
a d d i t i o n ,  t h i s  des ign e x h i b i t e d  a g e n e r a l l y  sma l le r  s p e c t r a l  component than 
d i d  t h e  homogeneous des ign  (due t o  t h e  h ighe r  enr ichment) .  
r i chment  was b e n e f i c i a l  i n  two ways: 

The h ighe r  en- 

For  a g iven p i n  des ign and l i n e a r  power, t h e  f l u x e s  a re  
1 ower , whi 1 e 

The l a r g e r  p lu ton ium concen t ra t i on  produces an env i ron-  
ment i n  which s p e c t r a l  hardening causes a r e a c t i v i t y  
reduc t i on .  

4. Cost C a l c u l a t i o n s  

Fuel c y c l e  cos ts  were c a l c u l a t e d  f o r  a l l  f o u r  core  designs us ing  t h e  data 
i n  t h e  ground r u l e s .  The f u e l  c o s t  model HPC, which i s  t h e  c o s t  model f rom 
ALPS(24), was used. A l l  p l a n t s  were assumed t o  have t h e  same c a p i t a l  cos ts  
and o p e r a t i n g  cos ts ,  l e a v i n g  o n l y  fue l  c y c l e  phenomena t o  produce a c o s t  
d i f f e r e n t i a l .  F a b r i c a t i o n  cos ts  f o r  t h e  four  designs a r e  shown i n  Table I .  
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TABLE I 

Core Desiqn 

L E V E L  I CORES 
Homogeneous 
Heterogeneous 

L E V E L  I 1  CORES 
Homogeneous 
Heterogeneous 

F U E L  F A B R I C A T I O N  COSTS 

C o s t s  (SK/Assembly)  

D r i v e r  Assernbl i e s  B l a n k e t  Assemblies 

3 2 . 4  
3 3 . 2  

3 2 . 8  
3 9 . 1  

29.1 
2 9 . 9  

2 9 . 5  
3 5 . 2  
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A I V .  DESIGN DESCRIPTIONS 

The designs developed i n  t h i s  s tudy a r e  considered t o  be reasonably  w e l l -  
matched i n  terms o f  thermohydraul ic ,  mechanical,  and r e a c t o r  phys ics  param- 
e t e r s ,  b u t  t h e y  a r e  n o t  o p t i m a l l y  matched. Given s u f f i c i e n t  t ime, a d d i t i o n a l  
des ign i t e r a t i o n s  and paramet r ic  s t u d i e s  would be d e s i r a b l e  t o  o p t i m i z e  t h e  
designs. However, i t  i s  thought  t h a t  a d d i t i o n a l  i t e r a t i o n s  would o n l y  serve 
t o  “ f i n e  tune”  t h e  designs and would n o t  s i g n i f i c a n t l y  a l t e r  t h e  performance 
c h a r a c t e r i s t i c s  summarized below. 

A summary des ign d e s c r i p t i o n  of t h e  Level  I homogeneous core  i s  g i v e n  i n  
Table 11, and a complete d e s c r i p t i o n  appears i n  ALSDAWG format  i n  Appendix A.  
The core  l a y o u t  i s  shown i n  F i g u r e  13. 

TABLE I 1  

LHRFDS LEVEL I HOMOGENEOUS DESIGN - SUMHARY OF MAIN PARAMETERS 

GENERAL REACTOR DATA 

Reactor Power (MU,) 
Gross E l e c t r i c  Power ( W e )  
Reactor Vessel AT ( O F )  

Reactor Vessel O u t l e t  Temperature ( O F )  

Core Enr ichment (Pu/PU + U)  (%)  
I n n e r  Zone 
Outer Zone 

T o t a l  F i s s i l e  I n v e n t o r y  (kg-BOEC)“‘ 
To ta l  Heavy Metal  (kg-BOECp 
Number o f  Subassemblies 

O r i v e r s  - Zone 1 
D r i v e r s  - Zone 2 
Con t r o  1 
Radial  B lanke t  

Fuel 
Sodi um 
S tee l  
Con t ro l  

Volume F r a c t i o n s  i n  A c t i v e  Core 

Number o f  Core O r i f i c e  Zones 
D r i v e r  Residence Time (ca lendar  yr) 
Rad ia l  B lanke t  Residence Time (ca lendar  y r )  
Peak Discharge Exposure (MWdfkg) 
Average Discharge Exposure (MWd/kg) 

Peak Neutron Flux,  E > 0.1 MeV (n/cm’-s) 
Peak Fluence. E > 0.1 MeV (nfcm‘) 
Peak C ladd ing  Temperature ( O F )  

Nominal 
20 

Nominal 
30 + 15% 

Peak L i n e a r  Power ( kW/ f t )  

3333 
1200 
249 
965 

18.1 
21.8 
3548 

40278 

354 
324 

43 
420 

0.3240 

- 8  
2 

6 
ID0 
69 

4.23 x IO” 
1.87 x ID” 

1189 
1338 

10.8 
14.2 

GENERAL REACTOR DATA (con t inued)  

Sodium Void Worth ( f )  
Fresh Core 
EOEC 

Ooppler C o e f f i c i e n t  
B reed ing  R a t i o  
Compound System Doub l i ng  Time ( y r )  
Maximum CDF 

FUEL ASSEMBLY PARAMETERS 
P ins  p e r  Assembly 
Duct Wall Thickness ( i n . )  
Duct Ou ts ide  F l a t - t o - F l a t  ( i n . )  
Fuel P i n  P/D, Compressed 
Wire D i a m t e r  ( i n . )  
Assembly P i t c h  ( i n . )  
Nozzle-to-No2zle h P  ( p s i )  

Maximum Mixed Mean O u t l e t  Temperature ( O F )  

DRIVER PIN PARAMETERS 
Fuel  He igh t  ( i n . )  

Plenum Volume ( i n . ’ )  

RADIAL BLANKET ASSEMBLY PARAMETERS 

P ins  p e r  Assembly 
Duct Wall Thickness ( i n . )  
Duct Ou ts ide  F l a t - t o - F l a t  ( i n . )  
P i n  OD ( i n . )  
P i n  P/D, Compressed 
Assembly P i t c h  ( i n . )  

Assembly Fueled He igh t  ( i n . )  
Plenum Volume ( i n . ’ )  
Peak L i n e a r  P i n  Power ( k W / f t )  

+2.58 
+4.28 

N/A 
1.17 
36.7 

0.52 

21 7 
0.120 
4.575 

1.24 
0.056 
4.780 

137 

1044 

36 

1.287 

61 
0.120 
4.575 
0.506 

1.07 
4.780 

64 
7.29 

15 

1 ? 3 S U  + 2 I P P U  + 2*1pu 

‘ D r i v e r  f u e l  r e g i o n  i n c l u d i n g  a x i a l  b l a n k e t s .  
FCC = 3.18 mi l l s / kW-h r  
PP = 0.41 m i l l s / k U - h r  
OF = 3.18 
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RADIAL REFLECTOR 
245 ASSEMBLIES 

RADIAL BLANKET 
420 ASSEMBLIES 

CORE Z O N E  2 
324 FUEL ASSEMBLIES 

CORE Z O N E  1 
354 FUEL ASSEMBLIES 

43 CONTROL ASSEMBLIES 

ASSEMBLY) 

HEDL 7802-37.12 

Q 

FIGURE 13. LHRFDS Level I Homogeneous Core Map. 

The geometry i s  a scale-up o f  t h e  re fe rence core  des ign w i t h  t h e  ex- 
c e p t i o n  of d u c t  spacing. 
c o n t r o l  assembl ies,  and 420 r a d i a l  b l a n k e t  assembl ies.  A unique f e a t u r e  o f  
t h e  des ign i s  t h a t  t h e  core  was o r i f i c e d  f o r  s a f e t y .  
assembly mixed mean o u t l e t  temperatures,  p l o t t e d  i n  F i g u r e  14, and the  c o r -  
responding power- to- f low r a t i o s  were chosen t o  d i r e c t l y  r e l a t e  t o  t h e  core-  
wide sodium v o i d  wor th  ( F i g u r e  15)  i n  such a way t h a t  t h e  core  r e g i o n s  o f  
lowest  sodium v o i d  wor th would v o i d  f i r s t  n a l o s s  o f  c o o l a n t  a c c i d e n t  be- 
cause o f  t h e  h i g h e r  o p e r a t i n g  temperatures i n  those reg ions .  
p o t e n t i a l  o f  t h i s  des ign t h e r e f o r e  may be ess than t h a t  i n d i c a t e d  by t h e  
whole-core sodium v o i d  wor th  s i n c e  t h e  core  i s  designed t o  v o i d  i n c o h e r e n t l y .  
The a c t i v e  f u e l  l e n g t h  f o r  t h i s  des ign i s  36 inches,  and t h e  e n d - o f - e q u i l i b r i u m  
c y c l e  sodium v o i d  wor th  i s  4.28$. The fue l  c y c l e  c o s t  i s  3.18 mi l l s /kW-hr .  

The core  c o n s i s t s  o f  678 d r i v e r  assemblies, 43 

The core-wide sub- 

The a c c i d e n t  
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FIGURE 14. Assembly Coolant  Mixed Mean O u t l e t  Temperature a t  End-o f -L i f e  
(EOL) f o r  t h e  LHRFDS Level  I Homogeneous Core Design. 

I I I I I I 1 I I 

FIGURE 15. LHRFDS Level  I Homogeneous Core Local  Sodium Vo id  Worth. 
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The Level  I heterogeneous des ign i s  summarized i n  Table I11 and i s  de- 
s c r i b e d  comple te ly  i n  ALSDAWG format  i n  Appendix B. 
i n  F igure  16 and c o n s i s t s  o f  684 d r i v e r  assembl ies,  313 i n t e r n a l  b l a n k e t  
assemblies, 66 c o n t r o l  assemblies, and 366 r a d i a l  b l a n k e t  assemblies. The 
s i g n i f i c a n t  f e a t u r e  of t h i s  des ign i s  t h e  low sodium v o i d  wor th- - i .e . ,  +1.61$ 
a t  t h e  end-o f -equ i l ib r ium c y c l e .  The a c t i v e  fue l  l e n g t h  f o r  t h i s  des ign i s  36 . 
inches,  and t h e  f u e l  c y c l e  c o s t  i s  5.53 mi l l s /kW-hr .  Thus a very s i g n i f i c a n t  
improvement was made i n  t h e  sodium v o i d  wor th  f o r  t h e  Level  I1  heterogeneous - 
des ign a t  a very  s i g n i f i c a n t  inc rease i n  t h e  f u e l  c y c l e  c o s t .  

The core  l a y o u t  i s  shown 

GENERAL REACT0RC.l 
React", i o w e r  (MUt) 
r * , > s  E l e c t r i c  Power (Hue) 
Reactor Vessel AT ( O F )  

Reactor Vessel O u t l e t  Temperature (OF) 

Core Enr ichment (Pu/Pu + U )  (%)  
To ta l  F i s s i l e  I n v e n t o r y  (kg-BOEC) 
T o t a l  Heavy Me ta l  (kg-BOEC)' 

Number o f  Subassemblies 
D r i v e r s  
I n t e r n a l  B lanke ts  
Con t ro l  
Rad ia l  B lanke ts  

Fue l  
Volume F r a c t i o n s  i n  A c t i v e  Core 

Zone 1 
Zone 2 
Zone 3 
Zone 4 

Sodium 
S tee l  
Con t ro l  

Zone 1 
Zone 2 
Zone 3 
Zone 4 

Number o f  O r i f i c e  Zones 
D r i v e r  Fuel Region 
I B  Region 

Residence T i r e  ( ca lendar  y r )  
Driver Fuel 
I B  
Radial  B lanke t  

Peak Discharge Exposure (MWdikg) 
Average Discharge Exposure (MWdikg) 
Peak Neutron F lux ,  E > 0.1 MeV (nicm'-s)  

Peak Fluence, E 0.1 MeV (nicm')  
Peak Fuel  P i n  Cladding Temperature ( O F )  

Nominal 
20 

Nominal 
30 + 15% 

Fuel P i n  Peak L i n e a r  Power ( kW/ f t )  

TABLE I l l  

LHRFDS LEVEL I HETEROGENEOUS DESIGN - SUMMARY OF MAIN PARAMETERS 

GENERAL REACTOR DATA (con t inued)  

3333 
1200 

249 
965 

29.9 
5353 

41540 

684 
31 3 

66 
366 

0.3075 
0.2940 
0.3154 
0.3236 
0.4215 
0.2326 

0.0384 
0.0519 
0.0305 
0.0223 

8 
4 

2 
2 
6 

88 
62 

2 . 6 2  x 10" 

1.16 x 

1188 
1356 

9.41 
12.33 

I n t e r n a l  B lanke t  Peak L i n e a r  Power ( k W i f t )  
Nominal 
30 t 15% 

Sodium Void Worth a t  EOEC ( 8 )  
Doppler C o e f f i c i e n t  

Breeding R a t i o  
Compound System Doub l i ng  Time ( y r )  
Maximum CDF 

FUEL ASSEMBLY PARAMETERS 

P ins  p e r  Assembly 
Duct Wal l  Thickness ( i n . )  
Duct Ou ts ide  F l a t - t o - F l a t  ( i n . )  
P i n  P/O, Compressed 

Wire Diameter ( i n . )  
Assembly P i t c h  ( i n . )  
Nozzle-to-Nozzle AP ( p s i )  

Peak Mixed Mean O u t l e t  Temperature ( " F )  

DRIVER PIN PARAMETERS 

Fuel He igh t  ( i n . )  
Plenum Volume ( i n . ] )  

INTERNAL BLANKETiRADIAL BLANKET ASSEMBLY PARAMETERS 

Pins p e r  Assembly 

Duct Wall Thickness ( i n . )  
Duct Ou ts ide  F l a t - t o - F l a t  ( i n . )  

P in  OD ( i n . )  
P i n  P/D, Compressed 
Assembly P i t c h  ( i n . )  

Assembly Fueled He igh t  ( i n . )  
Plenum Volume ( i n . ' )  
IB Peak L i n e a r  Power 

Nominal 
3:) + 15% 

Nominal 
30 + 15% 

RE Peak L i n e a r  Power 

13.16 
17.24 

1 .61 

N/A  
1.29 
31.8 

0.65 

217 
0.120 

4.575 
1.24 

0.056 
4.770 

137 
1068 

36 
I .za7 

61 
0.120 
4.575 
0.506 

1.07 
4.770 ' 

64 
7.29 

13 .2  . 
17.3 

11.2 
14.7 

I 2 3 5 "  + n>qpu + '*IPU 

'Dr i ve r  fue l  r e g i o n  i n c l u d i n g  a x i a l  b lanke ts  
FCC = 5.53 m l I l s l k W - h r  
PP = 0.41 m i 1 I r l k U - h r  
OF = 3.87 
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TOTAL LOADING 228 REFLECTORS 

Q 

48F/6C 

BLA ~ 

ASSEMBLI E8 366 I68 78 60 7 

HEDC 7802-37.11 

FIGURE 16. LHRFDS Level  I Heterogeneous Core Map. 

The Level  I1  homogeneous des ign i s  summarized i n  Table I V .  The complete 
d e s c r i p t i o n  appears i n  ALSDAWG format  i n  Appendix C. The core  l a y o u t ,  shown 
i n  F igure  17, c o n s i s t s  o f  768 d r i v e r  assemblies, 49 c o n t r o l  assembl ies,  and 
444 r a d i a l  b l a n k e t  assemblies. The l a r g e  number o f  subassemblies i n  t h i s  
des ign i s  a d i r e c t  consequence o f  t h e  24- in .  a c t i v e  f u e l  l e n g t h  which was 

s e l e c t e d  t o  min imize sodium v o i d  wor th.  The sodium v o i d  wor th  o f  t h i s  des ign 
i s  3.16$ a t  t h e  e n d - o f - e q u i l i b r i u m  cyc le - -a  s i g n i f i c a n t  decrease f rom t h a t  o f  
t h e  Level  I homogeneous design. The f u e l  c y c l e  c o s t  f o r  t h i s  des ign i s  

4.43 m i l l s / k W - h r  which i s  a s i g n i f i c a n t  inc rease over  t h a t  o f  t h e  Level  I 
homogeneous des ign.  
r e d u c t i o n  i n  a c t i v e  f u e l  l e n g t h  f rom 36 inches t o  24 inches. 

The p r i m a r y  reason f o r  t h i s  i n c r e a s e  i s ,  o f  course, t h e  
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TARLE I V  

LHRFDS LEVEL I I  HOMOGENEOUS DESIGN - SUMMARY OF M A I N  PARAMETERS 

GENERAL REACTOR DATA 

Reactor Power (MWt) 
Gross E l e c t r i c  Power (MWe) 
Reactor Vessel AT ( O F )  

Reactor Vessel O u t l e t  Temperature i " F )  

Core Enrichment (Pu/Pu t u) ( % )  
Inner  Zone 
Outer Zone 

To ta l  F i s s i l e  Inven to ry  ( kg -BOEC) '~ '  
T o t a l  Heavy Metal  (kg-BOEC)' 
Number of Subassemblies 

D r i v e r s  
Zone 1 
Zone 2 

Con t ro l  
Radial  B lanke t  

Fuel 
Sodi um 
S tee l  
Con t ro l  

Volume F r a c t i o n s  i n  A c t i v e  Core 

Number o f  Core O r i f i c e  Zones 
D r i v e r  Residence Time (ca lendar  y r )  
Rad ia l  B lanke t  Residence Time (ca lendar  y r )  
Peak Discharge Exposure (MWd/kg) 
Average Discharge Exposure (MWd/kg) 
Peak Neutron F lux ,  E > 0.1 MeV (n/cm'-s) 
Peak Fluence, E > 0.1 MeV (nlcm') 
Peak C ladd ing  Temperature, BOL ( " F )  

Nominal 
20 

Nominal 
30 + 15% 

Peak L i n e a r  Power ( kW/ f t )  

1 2 3 5 "  + 239pu + 2 * Ipu  

' D r i v e r  f ue l  r e g i o n  i n c l u d i n g  a x i a l  b lanke ts .  

FCC = 4.4 m i l l s l k w - h r  
PP = 0.4 m i l I s / kW-h r  
OF = 2 .73  

FIGURE 7. LHRFDS Leve 

3750 
1200 

300 
895 

20 7 
26 2 
3665 

58656 

498 
270 

49 
444 

0.3895 
0.3581 
0.2281 
0.0243 

5 
2 
5 

108 
79 

4.57 x 10'5 

2.00 x IO'] 

1093 
1279 

12.11 
15.9 

GENERAL REACTOR DATA (con t inued)  

Sodium Void Worth ( b )  
Fresh Core 
EOEC 

Dopp I e r  C o e f f i c i e n t  
Breeding R a t i o  
Compound System Doubl ing Tlme ( y r )  
Maximum CDF 

FUEL ASSEMBLY PARAMETERS 

Pins p e r  Assembly 
Duct Wall Thickness ( i n . )  
Duct Outside F l a t - t o - F l a t  ( i n . )  
Fuel  Pi'n P/D, Compressed 
W  i r e  Diameter ( i n  . ) 
Assembly P i t c h  ( i n . )  
Nozzle-to-Nozzle AP ( p s i )  
Maximum Mixed Mean O u t l e t  Temperature ( O F )  

DRIVER PIN PARAMETERS 

Fuel He igh t  ( i n . )  

Plenum Volume ( i n . ' )  

RADIAL BLANKET ASSEMBLY PARAMETERS 

Pins p e r  Assembly 
Ouct Wall Thickness ( i n . )  
Duct Outside F l a t - t o - F l a t  ( i n . )  

P i n  OD ( i n . )  
P i n  P/D, Compressed 

Assembly P i t c h  ( i n . )  

Assembly Fueled He igh t  ( i n . )  
Plenum Volume ( i n . 3 )  
Peak L i n e a r  P i n  Power ( kW/ f t )  

RADIAL REFLECTOR 
258 ASSEMBLIES 

RADIAL BLANKET 
444 ASSEMBLIES 

CORE ZONE 2 
270 FUEL ASSEMBLIES 

CORE Z O N E  1 
498 FUEL ASSEMBLIES 
49 CONTROL ASSEMBLIES 

t4m1 7802-37.10 

I1 Homogeneous Core Map. 

t l . 2 7  
+3.16 

N/A 
1.29 
17.2 
0.06 

271 
0.101 
4.737 

1.17 
0.039 
4.875 

% 100 
974 

24 
0.804 

61 
0.101 

4.737 
0.526 

1.07 
4.875 

52 
4.946 

17.2 
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The Level  I1  heterogeneous des ign i s  summarized i n  Table V and comple te ly  
descr ibed i n  ALSDAWG format i n  Appendix D. 

18, t h e  c o r e  c o n s i s t s  o f  378 d r i v e r  assemblies, 36 c o n t r o l  assemblies, 217 
i n t e r n a l  b l a n k e t  assemblies, and 288 r a d i a l  b l a n k e t  assembl ies.  The a c t i v e  
f u e l  l e n g t h  i s  48 inches, and t h e  sodium v o i d  wor th  o f  t h i s  des ign i s  2.53$ a t  
t h e  e n d - o f - e q u i l i b r i u m  c y c l e .  

As shown on t h e  core  map, F igure  

The f u e l  c y c l e  c o s t  o f  t h i s  des ign i s  2.95 
1 ower 
n .  

mi l l s /kW-hr .  The Level  I 1  heterogeneous design 
than t h a t  o f  t h e  Level  I1  homogeneous des ign p r  
a c t i v e  f u e l  l e n g t h .  

GENERAL REACTOR DATA 

Reactor Power (MU,) 
Gross E l e c t r i c  Power ( W e )  
Reactor Vessel AT ( O F )  

Reac to r  Vessel O u t l e t  Temperature (OF) 

Core Enr ichment (Pu/Pu + U) ( % )  
I n n e r  Zone 
Outer Zone 

T o t a l  F i s s i l e  I n v e n t o r y  (kg-BOEC)'" 
T o t a l  Heavy Metal  (kg-BOEC)' 
Number o f  Subassemblies 

D r i v e r s  
Zone 1 
Zone 2 

Con t ro l  
Radial  B lanke t  
I n t e r n a l  B lanke t  

Fuel  
Volume F r a c t i o n s  i n  A c t i v e  Core 

Band 1 
Band 2 
Band 3 
Band 4 
Band 5 
Band 6 

Sodi um 
S t e e l  
Con t ro l  

Band 1 
Band 2 
Band 3 
Band 4 
Band 5 
Band 6 

Number o f  Core O r i f i c e  Zones 
Fuel 
I n t e r n a l  B lanke t  

D r i v e r  Residence T i m  (ca lendar  y r )  

Rad ia l  B lanke t  Residence Time (ca lendar  y r )  
Peak D ischarge  Exposure (MUd/kg) 
Average Discharge Exposure (MWd/kgl 
Peak Neu t ron  F l u x ,  E > 0.1 MeV (n/cm'-s) 
Peak Fluence. E > 0 .1  MeV (n/cm*) 
Peak C ladd ing  Temperature (BOL) ( O F )  

Nominal 
20 

Nominal 
30 + 15% 

Peak L i n e a r  Power ( k W / f t )  

Sodium Void Worth (EOEC) ( I )  

TABLE V 

LHRFDS LEVEL I 1  HETEROGENEOUS DESIGN 

3750 
1200 
300 
895 

25.2 
29.3 

4319 
60892 

162 
216 

36 
288 
21 7 

0.3786 
0.3245 
0.3786 
0.3118 
0.3786 
0.3506 
0.4025 
0.2188 

0 
0.0541 

0 
0.0668 

0 
0.0280 

7 
6 

2.5 
6.25 

122 
86 

3.5 x IO'S 

1 . 9  x 1021 

1200 
1401 

12.0 
15.7 

i 2 . 5 3  

~ 

I 2 3 5 "  + 2 1 9 p u  + 2 L l P U  

' D r i v e r  f u e l  r e g i o n  i n c l u d i n g  a x i a l  b lanke ts ,  bu t  n o t  i n t e r n a l  b l a n k e t s .  
FCC = 2.95 m i l l s / k U - h r  
PP = 0.41 m i l I s / k U - h r  
OF = 2.24 

31 

has a f u e l  c y c l e  c o s t  
m a r i l y  due t o  t h e  48- 

S U W R Y  OF MAIN PARAMETERS 

GENERAL REACTOR DATA (con t inued)  

Doppler C o e f f i c i e n t  

Breeding R a t i o  
Compound System Doub l i ng  Time ( y r )  

Maximum COF 

FUEL ASSEMBLY PARAMETERS 

Pins p e r  Assembly 
Duct Wall Thickness ( i n . )  
Duct Ou ts ide  F l a t - t o - F l a t  ( i n . )  
Fuel  P i n  P/D, Compressed 
Wire D i a m t e r  ( i n . )  
Assembly P i t c h  ( i n . )  

Nozzle-to-Nozzle AP ( p s i  
Maximum Mixed Mean O u t l e t  Temperature (EOL) ( O F )  

DRIVER PIN PARAMETERS 

Fuel  He igh t  ( i n . )  
Plenum Volume ( i n . ' )  

INTERNAL BLANKETjRAQIAL BLANKET ASSEMBLY PARAMETERS 

P ins  p e r  Assembly 

Duct Wall Thickness ( i n . )  
Duct Ou ts ide  F l a t - t o - F l a t  ( i n . )  
P i n  00 ( I " . )  

P i n  P/O, Compressed 

Assembly P i t c h  ( i n . )  
Assembly Fueled He igh t  ( i n . )  
Plenum Volume ( i n . ' )  

I B  Peak L i n e a r  P i n  Power ( kW1f t )  
Nominal 
30 + 15% 

RB Peak L i n e a r  P i n  Power ( kW/ f t )  
Nominal 
311 + 15% 

N I A  
1.31 
19.0 
0.25 

271 
0.102 
4.889 
1.207 
0.048 
5.095 

% 170 
961 

48 
1 .71 

127 
0.102 
4.889 
0.365 

1.110 

5.095 
76 

4.79 

14.6 
19.1 

11.0 
14.4 



r(\ RADIAL REFLECTOR 
108 ASSEMBLIES 

n t ~ ~  7ue-m.n 

FIGURE 18. LHRFDS Level  I1 Heterogeneous Core Map. 

Performance c h a r a c t e r , s t i c s  o f  t h e  four  designs a r e  compared i n  Table V I .  
The o n l y  advantage t o  t h e  Level  I homogeneous des ign appears t o  be minimum 
development cos ts .  The Level  I heterogeneous des ign has a low sodium v o i d  
wor th  b u t  has t h e  disadvantages o f  bo th  h i g h  f u e l  c y c l e  cos ts  and a l o n g  
doub l ing  t ime.  The Level  I1  homogeneous des ign has t h e  s h o r t e s t  doub l i ng  t ime  
of t h e  f o u r  designs. Fuel c y c l e  costs ,  a l though h igh,  m igh t  be improved by 
r a i s i n g  t h e  o p e r a t i n g  temperature and consequent ly t h e  thermal e f f i c i e n c y  o f  
t h e  r e a c t o r .  The Level  I 1  heterogeneous des ign has t h e  h ighes t  core average 
d ischarge exposure, h i g h e s t  breeding r a t i o ,  lowest  f u e l  c y c l e  cos ts ,  lowest  
va lue o f  t h e  o p t i m i z a t i o n  f u n c t i o n ,  and appears t o  be t h e  bes t  des ign under 
t h e  ground r u l e s  o f  t h i s  s tudy.  
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TABLE V I  

PERFORMANCE CHARACTERISTICS FOR LHRFDS DESIGNS 

Leve l  I Leve l  I Level  I 1  
Homoqeneous Heteroqeneous Homoqeneous 

A c t i v e  Fue l  Length ( i n . )  36 36 24 
Core Average D ischarge  

Breed ing  R a t i o  1.17 1.29 1.29 
Compound System 

Doub l i ng  Time ( y r )  36.7 31.8 17.2 
Fuel  Cyc le Costs 

Sodium Vo id  Worth, EOEC ( 8 )  4.28 1 .61  3.16 

Exposure (MWd/kg) 69 62 79 

( m i l l  s/kW-hr) 3.18 5.53 4.43* 

O p t i m i z a t i o n  F u n c t i o n  3.18 3.87 2.73 
Residence Time ( y r )  2 2 2 

Level  I 1  
Heteroqeneous 

48 

86 
1.31 

19.0 

2.95* 
2.53 
2.24 
2.5 

*The f u e l  c y c l e  c o s t  f o r  t h e  Leve l  I 1  homogeneous des ign  i s  h i g h e r  than  t h a t  o f  t h e  Level  I 1  
heterogeneous because o f  t h e  d i f f e r e n c e  i n  t h e  a c t i v e  f u e l  l e n g t h .  The a c t i v e  f u e l  l e n g t h  
o f  t h e  Leve l  I 1  homogeneous des ign  was reduced t o  24 inches i n  o r d e r  t o  m in im ize  t h e  Na voir!  
e f f e c t .  
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1.0 CORE AND REACTOR DATA 

1.1 Power I n f o r m a t i o n  
1.1.1 

1.1.2 

P l a n t  Thermal Power, MWt - 3318 

P l a n t  E l e c t r i c  Power, MWe - 1200 
1.1.2.1 Net E l e c t r i c  Power, MWe 1185 

1.1.3 P l a n t  Capac i ty  F a c t o r  versus Time - 0.70 ( c o n s t a n t )  

1.1.4 Power S p l i t ,  F r a c t i o n  o f  T o t a l  (MOEC) 
1.1.4.1 Core Fuel - 0.9280 
1.1.4.2 A x i a l  B lanket  - 0.0388 
1.1.4.3 Rad ia l  B lanket  - 0.0332 
1.1.4.4 I n t e r n a l  B lanket  
1.1.4.5 Cont ro l  
1.1.4.6 Rad ia l  S h i e l d i n g  
1.1.4.7 Other 

1.1.5 Average L i n e a r  Power (BOEC) 
1.1.5.1 Core Fuel ,  kW/f t  & (W/cm) - 7.115 (233.4) 
1.1.5.2 A x i a l  B lanket ,  kW/ft & (Wicm) - 0.250 (8.205) 
1.1.5.3 Radia l  B lanket ,  kW/ft & (W/cm) - 0.670 (21.880) 
1.1.5.4 I n t e r n a l  F e r t i l e  Assembly, kW/f t  & (W/cm) - N/A 

F i s s i o n  Energy and Depos i t ion ,  MeV/ f i ss ion  - 215, depos i ted  
l o c a l l y  

1.1.6 

1.2 Temperature In fo rmat ion  

1.2.1 Core I n l e t  Temperature, OF & ( O K )  - 716 (653) 

1.2.2 

1.2.3 Core AT, OF & ( O K )  - N/A 

Core Average O u t l e t  Temperature, O F  & ( O K )  - N/A 

1.2.4 Reactor I n l e t  Temperature, OF & ( O K )  - 716 (653) 

1.2.5 Reactor O u t l e t  Temperature, OF & ( O K )  - 965 (791) 

1.2.6 Reactor AT, OF & ( O K )  - 249 (138) 

1.2.7 Number o f  Core O r i f i c e  Zones - 8 
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1.2.8 Radia l  P r o f i ? e  o f  Assembly O u t t e t  Temperature - F igure  A-1 

1.2 .9  Core O r i f i c i n g  C r i t e r i a  - Core o r i f i c e d  t o  p rov ide  v o i d i n g  
p a t t e r n  which y i e l d s  minimum accident. 

1.3 Coolant In fo rmat ion  

1.3.1 

1.3.2 

Peak Power Assembly Pressure Drop, p s i  & (kPa) - 95 (655) 

Reactor PresLure Drop, p s i  & (kPa) - N / A  

1.3.3 Pr imary System Pressure Drop, p s i  & (kPa) - 137 (946) 

1.3.4 Flow S p l i t ,  F r a c t i o n  of T o t a l  
1.3.4.1 Core - 80% 
7.3.4.2 Radia l  B lanket  
1.3.4.3 I n t e r n a l  F e r t i l e  Assembly 
1.3.4.4 Cont ro l  
1.3.4.5 Radia l  S h i e l d i n g  
1.3.4.6 Ct!-.?r 

2 0% 

1.3.5 T o t a l  Coolan:- Mass Flow Rate, l b m / h r  & ( k g / h r )  - 
1.498 x l o 8  :6.809 x l o 7 )  

1.3.6 Maximur Cooimt.  V e l o c i t y ,  f t / s  & (m/s) - 25.47 (7.76) 

1.4 Geometric I n f o r m a t i o n  (see F i g u r e  A-?) 

1.4.1 Core Height ,  i n .  & (cm) - 36 (91.44) 

1.4.2 A x i a l  B lanket  t le ight ,  i n .  & (cm) - 14 (35.56) 

1.4.3 Rad ia l  Blank-:: Height ,  i n .  & (cm) - 64 (162.56) 

1.4.4 A x i a l  S h i e l d  Height ,  i n .  & (cni) - N/A 

1.4.5 Number of Core Enrichment Zones - 2 

1.4.6 Number o f  Assemblies - 354/324/420 

1.4.7 E q u i v a l e n t  Diameters',  i n .  & (cm) - 100 (254.0)/134.78 
(324.34)/169.55 (430.65) 

1.5 Fuel  Managcynent 

1.5.1 Refue l ing  I n t e r v a l ,  ca lendar  days - 365 

'Diameter of e q u i v a l e n t  volume cy1 i n d e r .  
A 
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1.5.2 

1.5.3 

Fuel Residence Time, f u l l  power days (see F igu re  A-2) - 511 

B lanket  Residence Time, f u l l  power days (see F igu re  A-2) - 
1533 

1.5.4 Fuel Inventory ,  kg (see Tables A - I  through A-111) 

1.5.5 F r a c t i o n  o f  Assemblies Replaced a t  Each Re fue l i ng  
1.5.5.1 Fuel Assemblies by Enrichment Zone - 0.5/0.5 
1.5.5.2 Rad ia l  B lanket  Assemblies - 0.167 
1.5.5.3 I n t e r i o r  F e r t i l e  Assemblies - N/A 

2.0 FUEL ASSEMBLY DATA 

2.1 P ins  p e r  Assembly - 217 

2.2 P i n  P i tch- to -D iameter  R a t i o  - 1.24 

2.3 Spacer D e s c r i p t i o n  

2.3.1 Wire Wrap Diameter ( o r  g r i d  spacer th i ckness  & he igh t ) ,  
in .  & (mm) - 0.056 (1.4) 

2.3.2 Spacer P i tch ,  in .  & (cm) - 11.9 (30.226) 

2.3.3 Edge R a t i o  - 0.27 

2.4 Overa l l  Bundle Length, i n .  & (cm) - 114 (289.56) 

2.5 

2.6 Duct I n s i d e  F l a t - t o - F l a t ,  in .  & (cm) - 4.335 (11.011) 

L a t t i c e  P i t c h ,  i n .  & (cm) - 4.78 (12.14) 

2.7 Bundle/Duct Clearance, in .  & (mm) - 0.03 (0.765) 

2.8 Duct Wall Thickness, in.  & (mm) - 0.120 (3.05) 

2.9 I n t e r d u c t  Gap, in .  & (mm) - 0.205 (5.21) 

2.10 Duct M a t e r i a l  

2.10.1 M a t e r i a l  Type - 316 SS, 20% CW 

2.10.2 S w e l l i n g  P r o p e r t i e s  - NSMH Rev. 5 

2.10.3 I r r a d i a t i o n  Creep P r o p e r t i e s  - NSMH Rev. 3 
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2.11 Duct Midwall Axial Temperature Profile' 

2.11.1 Nominal (see Table A-IV) 

2.11.2 20 (see Table A-V) 

2.12 Duct Wall Pressure Differential Axial Profile', psi & (kPa) - EOL 
2.12.1 Nominal - 

55 (0 5 x 5 114) - X - - .  
'psi 114 

where x = distance from top of fuel pin bundle (in.) 

379 ( O r  x 5 114) - X - - .  
'kPa 114 

2.12.2 20 - N/A 

2.13 Neutron Flux Axial Profile' (E > 0.1 MeV), n/cm2-s - EOL 
2.13.1 Nominal - 

where x = distance from bottom of fuel (in.) 
Q = flux 

2.13.2 20 - N/A 

3.0 FUEL PIN DATA 

3.1 Fuel Parameters 

3.1.1 

3.1.2 

Fuel Type (oxide, carbide, nitride) - Oxide 
Stoichiometry (O/M, C/M, N/M) - 1.94 

3.1.3 Plutonium Content (Pu/Pu + U) - 0.1820/0.2184 
3.1.4 Fuel Form (powder or pellet) - Pel let 

3.1.4.1 Pellet Diameter, in. & (mm) - 0.1935 (4.9) 
3.1.4.2 Pellet Dish and Chamfer Dimensions, in. & (mm) - 

0 ( 0 )  

'Reported for design limiting duct. 
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3.1.4.3 
3.1.4.4 

Pellet Inside Diameter, in. & (mm) - 0 (0) 
Pellet Density, g/cm3 - 10.03 

3.1.5 Fuel Smear Density, %TD - 85.5 
3.2 Cladding Parameters 

3.2.1 Cladding Outside Diameter, in. & (mm) - 0.23 (5.84) 

3.2.2 

3.2.3 

Cladding Wall Thickness, in. & (mm) - 0.015 (0.381) 

Diametral Gap, in. & (mm) - 0.0065 (0.16510) 
3.2.4 Cladding Material 

3.2.4.1 Material Type - 316 SS, 20% CW 
3.2.4.2 Swelling Properties - NSMH Rev. 5 
3.2.4.3 Irradiation Creep Properties - NSMH Rev. 3 
3.2.4.4 Stress-Rupture Properties - LHRFDS Ground Rules 

3.3 Stresser Sleeve Parameters - N/A 
3.3.1 Sleeve Outside Diameter, in. & (mm) 

3.3.2 Sleeve Wall Thickness, in. & (mm) 

3.3.3 Fractional Perforation of Sleeve 

3.3.4 Sleeve Material 

3.4 Equivalent Plenum Volume, in.3 & (cc) 

3.4.1 Top Plenum - 1.286 (21.082) 
3.4.2 Bottom Plenum - N/A 

3.5 Bond Type - N/A 
3.6 Fuel Pin Linear Power Axial Profile', kW/ft - EOL 

3.6.1 Nominal - 

Q = 7.37 Cos L2.O7 !: - 18)1 
where x = distance from bottom of fuel column, in. 

Q = local linear power, kW/ft 

'Design limiting fuel pin. 
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3.6.2 20 -N/A 

3.7 Cladding Temperature A x i a l  P r o f i l e ’ ,  OF (OK) 

3.7.1 

3.7.2 

Nominal OD and I D  (see Table A-VI) 

20  OD and I D  (see Table A -V I I )  

3.8 Peak-to-Average Power R a t i o  - EOL 

3.8.1 Nominal - 1.204 

3.8.2 20 - N/A 

3.9 

3.10 Neutron F lux  A x i a l  P r o f i l e ’  (E > 0.1 MeV), n/cm2-s - EOL 

U n c e r t a i n t y  Fac tors  f o r  Hot Channel Ana lys i s  - LHRFDS Ground Rules 

@ = 3.026 x 1015 Cos 

where x = d i s tance  f r o m  

Q = l o c a l  f l u x  

4.0 RADIAL BLANKET ASSEMBLY DATA 

bottom of f u e l  column, i n .  

- CRBR/LHRFDS Ground Rules 

5.0 RADIAL BLANKET P I N  DATA - CRBR/LHRFDS Ground Rules 

6.0 INTERNAL FERTILE ASSEMBLY DATA - N/A 

7.0 INTERNAL FERTILE P I N  DATA - N/A 

8.0 CONTROL ASSEMBLY DATA - N/A 

9.0 CONTROL P I N  DATA - N/A 

10.0 PERFORMANCE CHARACTERISTICS 

10.1 Discharge Exposure by Enrichment Zone, MWd/kg 

10.1.1 Peak - 100/98 

’Design l i m i t i n g  fue l  p i n .  
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10.1.2 Average - 77/61 

10.2 EOL CDF f o r  Design L i m i t i n g  Fuel P in  - 0.52 

10.3 Plenum Pressure H i s t o r y  f o r  Design L i m i t i n g  Fuel P in  - 20 

P = 1.4227T + 177 

where P = pressure ( p s i a )  
T = f u l l  power days 

10.4 Core Ma te r ia l  Volume Frac t ions  

10.4.1 Fuel - 0.3072/0.3445 

10.4.2 Sodium - 0.4239 
10.4.2.1 F r a c t i o n  o f  Na i n  I n t e r d u c t  Gap - 0.198 
10.4.2.2 F rac t i on  o f  Na i n  Assembly I n t e r i o r  - 0.802 
10.4.2.3 F r a c t i o n  o f  Na i n  Fuel /Clad Bond - 0.000 

10.4.3 S tee l  - 0.2316 
10.4.3.1 F rac t i on  of S tee l  i n  Duct - 0.404 
10.4.3.2 F r a c t i o n  o f  S tee l  i n  Wire Wrap - 0.117 
10.4.3.3 F r a c t i o n  of S tee l  i n  Cladding - 0.480 

10.4.4 Contro l  - 0.0374/0 

10.5 Breeding Ra t io  - 1.17 

10.6 Breeding Gain, kg /cyc le  - 134 

10.7 Compound System Doubl ing Time, y r s  - 36.5 

10.8 S p e c i f i c  Power, MW/kg-f issi le - 0.949 

10.9 Fuel Cycle Costs, mi l ls /kW-hr  - 3.18 

10.10 Assembly Exposure, MWd/assembly (Zone 1 /Zone 2)  

10.10.1 Peak - 2886/2792 
10.10.2 Average - 2567/2038 

10.11 Sodi um Void Worth, Fresh Core/EOEC - +2.76$/+4.28$ 

10.12 Dopp;er C o e f f i c i e n t  - N/A 

10.13 LHRFDS Opt imiza t ion  Funct ion - 3.18 
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.E I o 3 O t  

3 1020 

2 IF 

I I I 1 1  I I 1 
0 27.2 57.5 87.7 117.9" 137.3 152.0 169.7 

DISTANCE FROM CORE CENTERLINE (cm) 

HEDL 7802-37.9 

FIGURE A-1. Assembly Coolant Mixed Mean Outlet Temperature ( E O L ) .  
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I 
121.92 

I 
I 
I 

I 

TGP 

I UA R 

UABl i UAB2 
I 

HM LOADED PER CYCLE I HM LOADED PER CYCLE 
2416.6 kg I 2211.8 kg 

I 
cz 1 i CZ2 

NO. FUEL S/A 354 I NO. FUEL S/A 324 
NO. S/A LOADED PER I NO. 'S/A LOADED PER 

h 

E, - 
+ 91.44 

:f 35.56 

i 

I 

i 
I 

I 
I 

RB1 I RB2 
I 
I 
I 
I 

NO. S/A NO. S/A 
I 

- 1 4 2 0  

RADIUS (cm) 

127.01 171.17 21! - 1 2 7 . 0 l - - + - - - - ~ . 1 6 ~ - - - - - ~ - - ~ ~ .  16- 

5916.7 I 5417.3 
N-CONTROL S / A ~  I I NO. CONTROL S/AO 

FUEL R T 2  YR FUEL RT 2 YR 
I CONTROL R T l  
I CONTROL RTI 

I 
I 
I 
I 
I 

LOADED PER CYCLE* I LOADED PER CYCLE* I I 

I 
LARl I LAK2 

BG P 
I 

I 
, 

833.5 1 9 1 5 . 4  
NO, kg HEAVY METAL I NO. kg HEAVY METAL 

1 
I 
I 
I 
I 
I 

LOADED PER CYCLE* ! LOADED PER CYCLE* I I 

LAB1 I LAB2 
HM LOADED PER CYCLE I HM LOADED PER CYCLE 

I 2416.6 kg 2211.8 kg 

TGP = TOP GAS PLENUM 

UAR = UPPER AXIAL REFLECTOR 
LAR = LOWER AXIAL REFLECTOR 
UAB = UPPER AXIAL BLANKET 

B G P  = BOTTOM GAS PLENUM 

*TO BE SPECIFIED AT START OF EQUILIBRIUM CYCLE. 

14 23 

~ 2 2 . 0 8 -  

RR 

NO. S/A 
246 

RT 

LAB = LOWER AXIAL BLANKET 
RE1 = Z O N E  1 RADIAL BLANKET 
RB2 = ZONE 2 RADIAL BLANKET 
CZ1 = CORE ZONE 1 
CZ2 = CORE ZONE 2 

FIGURE A-2. R-Z  Core Diagram f o r  LHRFDS Level  I Homogeneous Design. 

.41 
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TABLE A - I  

FUEL INVENTORY AT THE B E G I N N I N G  OF EQUILIBRIUM CYCLE 
(kg )  

I so tope  

2351)  

2 3 6 1 )  

2 3 8 ~  

239Pu  
240Pu 
24'Pu 
242Pu 

F i s s i o n  Products 

Core Region 
cz1 cz2 UAB 1 UAB2 LAB 1 LAB2 RB - -  
16.8 15.5 9.1 8.6 9.1 8.6 82.2 

I so tope  Not Evaluated 
9448 8302 4783 4392 4783 4392 431 20 

1419.8 1537.8 35.7 20.2 35.7 20.2 311.2 
463.0 494.2 0.86 0.30 0.86 0.30 5.7 
191.8 217.2 0.024 0.006 0.024 0.006 0.15 

54.9 58.9 2 10-4 4 10-5 2 x 1 0 - ~  4 x 1 0 - ~  0.002 
235.8 168.9 3.8 1.8 3.8 1.8 30.2 

TABLE A - I 1  

FUEL INVENTORY AT THE MIDDLE OF EQUILIBRIUM CYCLE 
( k g )  

Core Region 
cz1 cz2 UABl UABZ LABl LAB2 RB - -  Isotope  

2351)  14.2 13.9 
2360 

2 3 8 ~  9242 81 82 
239Pu 1391.6 1491.2 
240Pu 489.2 511.0 
24'Pu 168.3 197.3 
242Pu 57.9 61.1 

F i s s i o n  Products 463.8 334.2 

8.4 8.2 8.4 8.2 80.8 
I so tope  Not Evaluated 

4744 4371 4744 4371 43040 
69.6 39.6 69.6 39.6 386.6 

2.1 0.74 2.1 0.74 8.7 
0.078 0.019 0.078 0.019 0.29 
0.001 2 x 1 0 - ~  0.001 2 x 0.004 

8.3 3.9 8.3 3.9 42.7 

TABLE A-I11 

FUEL INVENTORY AT THE END OF EQUILIBRIUM CYCLE 
(kg )  

I so tope  

2 3 5 1 )  

23611 

2 3 8 u  

2 3 9 P U  

240Pu 
241Pu 
242Pu 

F i s s i o n  Products 

" 

Core Region 
cz1 cz2 UABl UAB2 LABl LAB2 RB - -  
12.0 12.4 7.8 7.8 7.8 7.8 79.2 

I so tope  Not Evaluated 
9036 8060 4704 4348 4704 4348 42940 

1363.6 1447.2 101.7 58.7 101.7 58.7 463.4 

513.6 526.6 4.0 1.5 4.0 1.5 12.4 
149.7 180.0 0.19 0.05 0.19 0.05 0.48 

60.1 63.0 0.003 6 x l o - "  0.003 6 x 0.008 

687.4 496.8 14.9 6.7 14.9 6.7 57.5 
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TABLE A - I V  

MIOWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING DUCT 
(Nominal, EOL) 

Distance Above BOF 
( f t )  

0 
2.3077E-01 
4.6154E-01 
6.9231 E-01 
9.2308E-01 
1.1538Et00 
1 .3845E+00 
1.61 54Et00 
1.8462E+00 
2.0769Et00 
2.3077Et00 
2.5385Et00 
2.7692Et00 
3.0000Et00 

Duct Midwal l  Temperature 

7.2258Et02 
7.3053Et02 
7.3996Et02 
7.5064E+02 
7.6233Et02 
7.7475Et02 
7.8762Et02 
8.0065Et02 
8.1352E+02 
8.2594Et02 
8.3763E+02 
8.4831 E+02 
8.5773E+02 
8.6569Et02 

6.5666E+02 
6.6107Et02 
6.6631 Et02 
6.7224Et02 
6.7874Et02 
6.8564Et02 
6.9279E+02 
7.0003Et02 
7.071 8E+02 
7.1408Et02 
7.2057Et02 
7.2651 Et02 
7.31 74E+02 
7.36 1 6 Et02 

TABLE A-V 

MIOWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING DUCT 
(20, EOL) 

Duct Midwal l  Temperature Distance Above BOF 
( f t)  ( O F )  ( O K )  

0 
2.3077E-01 
4.6154E-01 
6.9231E-01 
9.2308E-01 
1 .1538E+00 
1.3845E+00 
1.6154Et00 
1.8462E+00 
2.0769E+00 
2.3077Et00 
2.5385Et00 
2.7692E+00 
3.0000Et00 

7.4043Et02 
7.5062E+02 
7.6270E+02 
7.7638Et02 
7.91 36E+02 
8.0728Et02 
8.2377E+02 
8.4046Et02 
8.5695E+02 - 

8.7287Et02 
8.8784E+02 
9.0153E+02 
9.1360E+02 
9.2380E+02 

6.6657Et02 
6.7223Et02 
6.7894E+02 
6.8655Et02 
6.9487Et02 
7.0371 Et02 
7.1287Et02 
7.2215Et02 
7.31 31 E+02 
7.401 5Et02 
7.4847E+02 
7.5607E+02 
7.6278E+02 
7.6844E+02 
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TABLE A - V I  

NOMINAL CLADDING TEMPERATURE AXIAL PROFILES FOR DESIGN LIMITING FUEL P I N  

Beginning o f  L i f e  End o f  L i f e  
Distance from Clad OD Clad I D  Clad OD Clad I D  
Bottom o f  Fuel 

( i n . )  

1.286 
3.857 
6.429 
9.000 

11.571 
14.143 
16.714 
19.286 
21 .857 
24.429 
27.000 
29.571 
32.143 
34.714 
36.000 

759 
788 
81 9 
853 
889 
926 
963 
999 

1034 
1067 
1097 
1122 
1143 
1159 
1166 

6 77 
693 
71 0 
729 
749 
770 
790 
81 0 
830 
848 
86 5 
879 
890 
899 
903 

794 
829 
86 6 
904 
943 
981 

1018 
1053 
1086 
1115 
1141 
1161 
1176 
1186 
1189 

6 96 754 
71 6 778 
7 36 806 
757 835 
779 86 7 
800 898 
82 1 931 
840 96 2 
859 992 
875 1020 
889 1045 
900 1067 
909 1085 
91 4 1099 
91 6 1105 

6 74 
687 
703 
71 9 
737 
754 
772 
790 
806 
822 
836 
848 
858 
86 6 
86 9 

784 
81 5 
846 
880 
913 
9 46 
979 

1009 
1038 
1063 
1084 
1102 
1115 
1123 
1126 

691 
708 
725 
744 
762 
781 
799 
81 6 
832 
846 
857 
86 7 
875 
a79 
881 

TABLE A - V I 1  

20 CLADDING TEMPERATURE AXIAL PROFILES FOR DESIGN LIMITING FUEL P I N  

Beginning o f  L i f e  End o f  L i f e  
Distance from Clad OD Clad I D  Clad OD Clad I D  

Bottom o f  Fuel T e g e r a g  
( i n . )  

1.286 
3.857 
6.429 
9.000 

11.571 
14.143 
16.714 
19.286 
21 .857 
24.429 
27.000 
29.571 
32.143 
34.714 
36.000 

787 
824 
864 
907 
954 

1001 
1049 
1095 
1140 
1182 
1220 
1252 
1279 
1300 
1308 

692 
71 3 
735 
759 
785 
81 1 
838 
864 
889 
91 2 
933 
951 
966 
977 
982 

832 717 
877 742 
924 769 
973 796 

1023 824 
1071 850 
1119 877 
1164 902 
1206 925 
1243 946 
1276 964 
1302 979 
1321 989 
1334 996 
1338 999 

A-1 2 

781 
81 2 
84 7 
885 
925 
965 

1007 
1047 
1086 
1122 
1154 
1182 
1205 
1223 
1230 

689 
7 06 
726 
747 
769 
791 
81 5 
837 
859 
879 
896 
91 2 
925 
935 
9 39 

81 9 
859 
899 
942 
985 

1027 
1069 
1108 
1144 
1176 
1204 
1226 
1243 
1254 
1257 

71 0 
732 
755 
7 79 
802 
826 
849 
871 
89 1 
909 
924 
936 
946 
952 
954 
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LHRFDS LEVEL 1 HOMOGENEOUS CORE DESIGN 
FUEL P I N  LINEAR POWER AS A FUNCTION OF RADIUS 
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FUEL P I N  LINEAR POWER AS A FUNCTION OF RADIUS 

Beginning o f  E q u i L i b r i u m  CycLe 

LEGEND 
0-Peak  L i n e a r  Power 
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LHRFDS LEVEL 1 HOMOGENEOUS CORE DESIGN 
FUEL P I N  LINEAR POWER AS A FUNCTION OF RADIUS 

End o f  E q u i L i b r i u m  C y c l e  

LEGEND 
0-Peak Power i n  Freah F u e l  
0 - f l v e r a  e Pover i n  Fresh FueL 
A -Peak ?over i n  Burned F u e l  
+-F)veroqe Power in  Burned FueL 

0 .-I----- ~ --- --1- I - - - - - - - T - - - 1 7 I  
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 180.0 

D I  STANCE FROM CORE CENTERLI NE, C f l  

LHRFOS LEVEL 1 HOflOGENEOUS CORE DESIGN 

End of E q u i l i b r i u m  CycLe 
FUEL P I N  LINERR POWER AS R FUNCTION OF RADIUS 

0-Peak Linear Pover I " " " - 1  0 -  Averoae Linear Power 

"-C----T- 7 - - - r - - 1 7 - -  --I1 
0.0 20.0 40.0 60.0 80.0 lW.0 120.0 140.0 1w.o 180.0 

DISTRNCE FROM CORE CENTERLINE, CM 
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1.0 CORE AND REACTOR DATA 

1.1 Power Information 
1.1.1 

1.1.2 Plant Elec t r ic  Power, MWe - 1200 

Plant Thermal Power, MWt - 3333 

1.1.2.1 Net Elec t r ic  Power, MWe - 1185 

1.1.3 Plant Capacity Factor versus Time - 0.70 (constant)  

1.1.4 Power S p l i t ,  Fraction of Total ( M O E C )  
1.1.4.1 Core Fuel - 0.838 
1.1.4.2 Axial Blanket - 0.016 
1.1.4.3 Radial Blanket - 0.054 
1.1.4.4 Internal Blanket - 0.092 
1.1.4.5 Control - 0 
1.1.4.6 Radial Shielding - 0 
1.1.4.7 Other - 0 

1.1.5 Average Linear Power (MOEC) 
1.1.5.1 Core Fuel, k W / f t  & (W/cm) - 6.243 (204.8) 
1.1.5.2 Axial Blanket, kW/f t  & (W/cm) - 0.156 (5.1) 
1.1.5.3 Radial Blanket, kW/f t  & (W/cm) - 1.496 (49.1) 
1.1.5.4 Internal Fertile Assembly, kW/ft  & (W/cm) - 

2.988 (98.0) 

1.1.6 Fission Energy and Deposition, MeV/fission - 215, deposited 
locally 

1 .2  Temperature Information 

1.2.1 Core I n l e t  Temperature, O F  & (OK) - 716 (653) 

1.2.2 

1.2.3 

1.2.4 

Core Average Outlet Temperature, O F  & (OK) - N/A 

Core AT, O F  & (OK) - N/A 

Reactor I n l e t  Temperature, O F  & ( O K )  - 716 (653) 

1.2.5 Reactor Outlet  Temperature, O F  & ( O K )  - 965 (791) 

1.2.6 Reactor AT, O F  & (OK) - 249 (138) 

1.2.7 Number of Core Orifice Zones - 8 Fuel, 4 Internal Blanket 
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1.2.8 

1.2.9 

1.3 Coolant 

1.3.1 

1.3.2 

1.3.3 

1.3.4 

1.3.5 

1.3.6 

Q 
Radial Profile of Assembly Outlet Temperature - Figure B-1 
Core Orificing Criteria - Core orificed to provide 2-year 
1 ifetime for a1 1 components 

Information 

Peak Power Assembly Pressure Drop, psi & (kPa) - 95 (655) 
Reactor Pressure Drop, psi & (kPa) - N/A 
Primary System Pressure Drop, psi & (kPa) - 137 (946) 
Flow Split, Fraction of Total 
1.3.4.1 Core - 68% 
1.3.4.2 Internal Fertile Assembly - 12% 
1.3.4.3 Radial Blanket 

1.3.4.5 Radial Shielding 
1.3.4.6 Other 

Total Coolant Mass Flow Rate, lbm/hr & (kg/hr) - 
1.408 x lo8  (6.400 x l o 7 )  

Maximum Coolant Velocity, ft/s & (m/s) - 18.73 (5.71) 

1.3.4.4 Control 1 20% 
1.4 Geometric Information (see Figure B-2) 

1.4.1 Core Height, in. & (cm) - 36 (91.44) 

1.4.2 Axial Blanket Height, in. & (cm) - 14 (35.56) 
1.4.3 

1.4.4 

1.4.5 Number of Core Enrichment Zones - 1 

1.4.6 Number of Assembl ies , Fuel /IB/RB/Control - 684/313/366/66 

Radial Blanket Height, in. & (cm) - 64 (162.56) 
Axial Shield Height, in. & (cm) - M/A 

1.4.7 Equivalent Diameters', in. & (cm) - Figure 8-2 
1.5 Fuel Management 

1.5.1 Refueling Interval, calendar days - 730 
n 

'Diameter of equivalent volume cy1 inder. 
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1.5.2 Fuel Residence Time, f u l l  power days (see F i g u r e  B-2) - 511 

1.5.3 B lanket  Residence Time, f u l l  power days (see F i g u r e  B-2) 

1.5.4 Fuel Inventory ,  kg (see Tables B - I  through B-VI)  

1.5.5 F r a c t i o n  o f  Assemblies Replaced a t  Each R e f u e l i n g  
1.5.5.1 Fuel Assemblies by Enrichment Zone - 1.0 
1.5.5.2 Radia l  B lanket  Assemblies - 0.333 
1.5.5.3 I n t e r i o r  F e r t i l e  Assemblies - 1.0 

2.0 FUEL ASSEMBLY DATA 

2.1 Pins p e r  Assembly - 217 

2.2 P i n  P i tch- to -D iameter  R a t i o  - 1.24 

2.3 Spacer D e s c r i p t i o n  

2.3.1 Wire Wrap Diameter ( o r  g r i d  spacer t h i c k n e s s  & h e i g h t ) ,  
i n .  & (mm) - 0.056 (1 .4 )  

2.3.2 Spacer P i t c h ,  i n .  & (cm) - 11.9 (30.226) 

2.3.3 Edge R a t i o  - 0.983 

2.4 O v e r a l l  Bundle Length, i n .  & (cm) - 114 (289.56) 

2.5 L a t t i c e  P i t c h ,  i n .  & (cm) - 4.77 (12.12) 

2.6 Duct I n s i d e  F l a t - t o - F l a t ,  i n .  & (cm) - 4.335 (11.011) 

2.7 Bundle/Duct Clearance, i n .  & (mm) - 0.03 (0.765) 

2.8 Duct Wall  Thickness, i n .  & (mm) - 0.120 (3.05) 

2.9 I n t e r d u c t  Gap, i n .  & (mm) - 0.195 (4.95) 

2 - 1 0  Duct M a t e r i a l  

2.10.1 M a t e r i a l  Type - 316 SS, 20% CW 

2.10.2 S w e l l i n g  P r o p e r t i e s  - NSMH Rev. 5 

2.10.3 I r r a d i a t i o n  C r e e p . P r o p e r t i e s  - NSMH Rev. 3 
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2.11 Duct Midwall Axial Temperature Profile' 

2.11.1 Nominal (see Table B-VII) 

2.11.2 2a (see Table B-VIII) 

2.12 Duct Wall Pressure Differential Profile', psi & (kPa) - EOL 

2.12.1 Nominal - 

32.5 (0 5 x I 114) - X - - .  
'psi 114 

where x = distance from top of fuel pin bundle (in.) 

- - .  - 224 (0 5 x ,114) 
'kPa 114 

2.12.2 20 - N/A 
2.13 Neutron Flux Axial Profile' ( E  > 0.1 MeV), n/cm2-s - EOL 

2.13.1 Nominal - 

= 2.62 x 1015 COS [2.10 w] (0 5 x 536) 

where x = distance from bottom of fuel column (in.) 

2.13.2 20 - N/A 

3.0 FUEL PIN DATA 

3.1 Fuel Parameters 

3.1.1 

3.1.2 

Fuel Type (oxide, carbide, nitride) - Oxide 

Stoichiometry (O/M, C/M, N/M) - 1.96 
3.1.3 Plutonium Content (Pu/Pu + U)  - 0.299 
3.1.4 Fuel Form (powder or pellet) - Pellet 

3.1.4.1 Pellet Diameter, in. & (mm) - 0.1935 (4.9) 
3.1.4.2 Pellet Dish and Chamfer Dimensions, in. & (mm) - 

0 (0) 

'Reported for design limiting duct. 
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3.1.4.3 Pellet Inside Diameter, in. & (mm) - 0 (0) 
3.1.4.4 Pellet Density, g/cm3 - 10.03 

3.1.5 Fuel Smear Density, %TD - 85.5 

3.2 Cladding Parameters 

3.2.1 Cladding Outside Diameter, in. & (mm) - 0.23 (5.84) 
3.2.2 Cladding Wall Thickness, in. & (mm) - 0.015 (0.381) 
3.2.3 Diametral Gap, in. & (mm) - 0.0065 (0.1651) 
3.2.4 Cladding Material 

3.2.4.1 Material Type - 316 SS, 20% CW 
3.2.4.2 Swelling Properties - NSMH Rev. 5 
3.2.4.3 Irradiation Creep Properties - NSMH Rev. 3 
3.2.4.4 Stress-Rupture Properties - LHRFDS Ground Rules 

3.3 Stresser Sleeve Parameters - N/A 

3.3.1 Sleeve Outside Diameter, in. & (mm) 

3.3.2 Sleeve Wall Thickness, in. & (mm) 

3.3.3 Fractional Perforation o f  Sleeve 

3.3.4 Sleeve Material 

Equivalent Plenum Volume, in.3 & (cc) 3.4 

3.4.1 Top Plenum - 1.286 (21.082) 

3 . 4 . 2  Bottom Plenum - N/A 
3.5 Bond Type - N/A 
3.6 Fuel Pin Linear Power Axial Profile', kW/ft - EOL 

3.6.1 Nominal - 

where x = distance from bottom of fuel column, in. 
Q = local 1 inear power, k W / f t  

'Reported for design limiting fuel pin. 
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3.6.2 20 - N/A 

3.7 Cladding Temperature A x i a l  P r o f i l e ,  OF (OK) 

3.7.1 Nominal OD and I D  (see Table B-IX) 

3.7.2 20 OD and I D  (see Table B-X) 

Peak-to-Average Pin L inea r  Power Ra t io  - EOL 

3.8.1 Nominal A x i a l l y  - 1.21 

3.8.2 20 A x i a l l y  - N/A 

3.9 Uncer ta in t y  Factors  f o r  Hot Channel Ana lys is  - LHRFDS Ground Rules 

3.10 Neutron F lux  A x i a l  P r o f i l e '  (E > 0.1 MeV), n/cm2-s - EOL 

3.8 

@ = 2.62 x 1015 Cos [2.10 -3 ( 0  5 x 5 36) 

where x = d is tance from bottom of f u e l  column, i n .  

= l o c a l  f l u x  

Q 

4.0 RADIAL BLANKET ASSEMBLY DATA - CRBR/LHRFDS Ground Rules 

5.0 RADIAL BLANKET P I N  DATA - CRBR/LHRFDS Ground Rules 

6.0 INTERNAL FERTILE ASSEMBLY DATA 

6.1 Pins pe r  Assembly - 61 

6.2 P in  Pi tch- to-Diameter  Ra t io  - 1.07 

6.3 Spacer Desc r ip t i on  

6.3.1 Wire Wrap Diameter ( o r  g r i d  spacer th ickness and he igh t ) ,  
i n .  & (mm) - 0.036 (0.914) 

6.3.2 Spacer P i t ch ,  i n .  & (cm) - N/A 

6.3.3 Edge Ra t io  - N/A 

6.4 Overa l l  Assembly Length, i n .  & (cm) - 114 (289.56) 

6.5 L a t t i c e  P i t ch ,  i n .  & (cm) - 4.77 (12.14) 

'Reported f o r  design l i m i t i n g  f u e l  p i n .  
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6.6 Duct Inside Flat-to-Flat, in. 8 (cm) - 4.335 (11.011) 
6.7 Bundle/Duct Clearance, in. & (mm) - N/A 

6.8 Duct Wall Thickness, in. & (mm) - 0.120 (3.05) 

6.9 Interduct Gap, in. & (mm) - 0.195 (0.495) 
6.10 Duct Material 

6.10.1 Material Type - 316 SS, 20% CW 

6.10.2 Swelling Properties - NSMH Rev. 5 

6.10.3 Irradiation Creep Properties - NSMH Rev. 3 

6.11 Duct Midwall Axial Temperature Profile', O F  ( O K )  

6.11.1 Nominal (see Table B-XI) 

6.11.2 20 (see Table B-XII) 

6.12 Duct Wall Pressure Differential Profile', psi & (kPa) - EOL 

6.12.1 Nominal - 
X 12.5 (0 5 x 5 114) - - - .  

'psi 114 

where x = distance from top of fuel pin bundle (in.) 

86 (0 c x 5 114) - X - - .  
'kPa 114 

6.12.2 20 - N/A 

6.13 Neutron Flux Axial Profile' (E > 0.1 MeV), n/cm2-s - EOL 

6.13.1 Nominal - 
@ = 2.08 x 1015 Cos [2.82 w] (0 c x 5 36) 

where x = distance from bottom of fuel column (in.) 

6.13.2 20 - N/A 

'Reported for design limiting duct. 
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7.0 INTERNAL FERTILE P I N  DATA 

7.1 ,Fuel Parameters 

7.1.1 Fuel Type (ox ide,  carb ide ,  n i t r i d e )  - Oxide 

7.1.2 S t o i c h i o m e t r y  (O/M, C/M, N/M) - 1.96 

7.1.3 Pluton ium Content (Pu/Pu + U)  - 0 

7.1.4 Fuel Form (powder o r  p e l l e t )  - P e l l e t  
7.1.4.1 P e l l e t  Diameter, i n .  & (mm) - 0.472 (12.0) 
7.1.4.2 P e l l e t  Dish and Chamfer Dimensions, i n .  & (mm) - 

7.1.4.3 P e l l e t  I n s i d e  Diameter, i n .  & (mm) - 0 ( 0 )  
7.1.4.4 

0 ( 0 )  

P e l l e t  Densi ty ,  g/cm3 - 10.3 

7.1.5 Fuel Smear Densi ty ,  %TD - 93.7 

7.2 Cladding Parameters 

7.2.1 Cladding Outs ide Diameter, i n .  & (mm) - 0.506 (12.9) 

7.2.2 Cladding Wall  Thickness, i n .  & (mm) - 0.015 (0.381) 

7.2.3 Diametra l  Gap, i n .  & (mm) - 0.004 (0.101) 

7.2.4 Cladding M a t e r i a l  
7.2.4.1 M a t e r i a l  Type - 316 SS, 20% CW 
7.2.4.2 S w e l l i n g  P r o p e r t i e s  - NSMH Rev. 5 
7.2.4.3 I r r a d i a t i o n  Creep P r o p e r t i e s  - NSMH Rev. 3 
7.2.4.4 Stress-Rupture P r o p e r t i e s  - LHRFDS Ground Rules 

7.3 S t r e s s e r  Sleeve Parameters - N/A 

7.3.1 Sleeve Outs ide Diameter, i n .  & (mm) 

7.3.2 Sleeve Wall  Thickness, i n .  & (mm) 

7.3.3 F r a c t i o n a l  P e r f o r a t i o n  o f  Sleeve 

7.3.4 Sleeve M a t e r i a l  

7.4 E q u i v a l e n t  Plenum Volume, i n . 3  & ( c c )  

7.4.1 

7.4.2 Bottom Plenum - N/A 

Top Plenum - 7.29 (119.4) 
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A 

7.5 

7.6 Fuel P i n  L i n e a r  Power A x i a l  P r o f i l e ’ ,  kW/f t  - EOL 

Bond Type (sodium o r  he l ium)  - N/A 

7.6.1 Nominal - 

Q = 13.96 Cos [2.82 ( x  - 36 1 8 1 1  

where x = d i s t a n c e  f rom bottom o f  f u e l  column, i n .  
Q = l o c a l  l i n e a r  power, kW/f t  

7.6.2 20 - N/A 

7.7 Cladding Temperature A x i a l  P r o f i l e ,  O F  & ( O K )  

7.7.1 Nominal OD and I D  (see Table B - X I I I )  

7.7.2 20 OD and I D  (see Table B-XIV) 

7.8 Peak-to-Average P i n  L i n e a r  Power R a t i o  - EOL 

7.8.1 Nominal A x i a l l y  - 1.39 

7.8.2 20 A x i a l l y  - N/A 

7.9 U n c e r t a i n t y  Fac tors  f o r  Hot  Channel A n a l y s i s  - LHRFDS Ground Rules 

7.10 Neutron F l u x  A x i a l  P r o f i l e ’  ( E  > 0.1 MeV), n/cm2-s - EOL 

@ = 2.08 x 1015 Cos [2.82 (’ i 6 1 8 ) ]  ( 0  5 x 5 36) 

where x = d i s t a n c e  f rom bottom o f  f u e l  column, i n .  
@ = local f l u x  

8.0 CONTROL ASSEMBLY DATA - N/A 

9.0 CONTROL P I N  DATA - N/A 

10.0 PERFORMANCE CHARACTERISTICS 

10.1 Discharge Exposure, MWd/kg 

10.1.1 Peak - 88 

10.1 .L Average - 62 

’Reported f o r  des ign 1 i m i  t i n g  p i n .  
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10.2 EOL CDF f o r  Design L i m i t i n g  Fuel P i n  - 0.65 

10 .3  Plenum Pressure His tory  f o r  Design Limit ing Fuel P i n  - 20- 

P = 1.5235T + 177 

where P = pressure ( p s i a )  
T = fu l l  power days 

10.4 Core Mater ia l  Volume Frac t ions  

10.4.1 Fuel - 0.5509/0.3075/0.5509/0.2940/0.5509/0.3154/0.5590/0.3236 

10.4.2 Sodium (Blanke t s /Fue l )  - 0.2835/0.4215 
10.4.2.1 F rac t ion  of Na i n  I n t e r d u c t  Gap - 0.2825/0.190 
10.4.2.2 F rac t ion  of Na i n  Assembly I n t e r i o r  - 0.7175/0.8100 
10 .4 .2 .3  F rac t ion  o f  Na i n  Fuel/Clad Bond - 0.000 

10.4.3 Steel - 0.1656/0.2326 
10.4.3.1 F rac t ion  of Steel 
10 .4 .3 .2  F rac t ion  o f  Steel 
10 .4 .3 .3  F rac t ion  o f  Steel 

10 .5  Breeding Rat io  - 1.29 

10.6 Breeding Gain, kg/cycle  - 452 

n Duct - 0.5569/0.404 
n Wire Wrap - 0.0187/0.117 
n Cladding - 0.4244/0.480 

10.7 Compound System Doubling Time, y r s  - 31.8 

10.8 S p e c i f i c  Power, MW/kg-fissile - 0.63 

10.9 Fuel Cycle Cos t s ,  mills/kW-hr - 5.53  

10.10 Assembly Exposure, MWd/assembly 

10.10.1 Peak - 2418 
10.10.2 Average - 2112 v 

10.11 Sodium Void Worth* (BOEC/MOEC/Estimated E O E C ) ,  $ - -0.11/+0.75/+1.6 

10.12 Doppler C o e f f i c i e n t  - N/A 

10.13 LHRFDS Optimizat ion Function - 3.87 

*Worth of  voiding f lowing sodium, a c t i v e  co re  l eng th  only .  No voiding of  
c o n t r o l ,  a x i a l  or r a d i a l  b l a n k e t s ,  nor interduct gaps.  
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UAB2 183 

EQUIVALENT CYLINDER RADIUS (cm) 

c-l6.83* 49.68- c- 98.75 --+-ll3.62- 

I 
c240.47- -258.94+ 

R 

N O .  S/A 
228 

RT 

W67.22-,  -207.40- 

TGP 

- 145.48- -69.97- 

I 121.92 
TGP 

I"" UAR 

I 
I B I  UABl UAB3 I04 UAB4 RB 82 

N O .  S/A 
60 

RT 2 

FZ2 

N O .  FUEL S/A 102 N O .  S/A 
N O ,  S/A LOADED PER 1 ,,'," CYCLE' 102 

FZ3 

NO. FUEL S)'A 106 
N O .  StA LOADED PER 

CYCLE' 348 
N O .  kg FISSILE 

MAT'L LOADED PER 
CYCLE' 1436 

N O .  kg HEAVY METAL 
LOADED PER CYCLE' 
6216 

NO. CONTROL 5.A 18 
RT 2 

LAB3 

N O ,  S.'A 
168 

RT 2 

FZ4 

N O .  FUEL S/A 348 
N O .  S/A LOADED PER 

CYCLE. 348 
NO. ks FISSILE MAT'L 

LOADED PER CYCLE* 
2688 

N O ,  kg HEAVY METAL 
LOADED PER CYCLE' 
I1630 

N O .  CONTROL S/A 24 
RT 2 

LAB4 

N O .  S/A 
366 

RT 6 

NO, s,,A 

RT 27 I N O .  FUEL S/A 48 
N O .  S/A LOADED PER 
CYCLE' 48 
N O ,  k g  FISSILE MAT'L 

LOADED PER CYCLE" 
N O .  k g  FISSILE 

MAT'L LOADED PER 
CYCLE' 788 

N O ,  k g  HEAVY METAL 
LOADED PER CYCLE* 

N O ,  kg HEAVY METAL 
LOADED /CYCLE' 

N O .  CONTROL S/A 6 N O .  CONTROL S/A 18 I' 
LAR4 

BGP 

TGP = TOP GAS PLENUM UAB = UPPER AXIAL BLANKET FZI = FUEL ZONE I 181 : INTERIOR BLANKET I 
BGP = BOTTOM GAS PLENUM LAB = LOWER AXIAL BLANKET FZ2 = FUEL ZONE 2 182 = INTERIOR BLANKET 2 
UAR = UPPER AXIAL REFLECTOR RE = RADIAL BLANKET FZ3 = FUEL ZONE 3 183 = INTERIOR BLANKET 3 
LAR = LOWER AXIAL REFLECTOR Y 4  = FUEL ZONE 4 IM = INTERIOR BLANKET 4 

*SPECIFIED FOR START OF EQUILIBRIUM CYCLE 

FIGURE B-2. R-Z Core Diagram f o r  LHRFDS Level I Heterogeneous Design. 
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TABLE B - I  

FUEL INVENTORY AT THE BEGINNING OF EQUILIBRIUM CYCLE 
( k g )  

I s o t o p e  

2 3 5 1 )  

2 3 6 "  

2 3 8 u  

2 3 9 P u  

2 4 0 P u  

24'PU 

2 4 2 P u  

F i s s i o n  P r o d u c t s  

FZ 1 

2 . 2 8  

- 

1123 
322 

96.7 
48.5 
11.5 

0 

Core Region 
FZ2 - FZ3 - FZ4 __ AB1* AB2 

4.86 8.86 16.6 2.66 5.65 

- 

I s o t o p e  Not E v a l u a t e d  
2388 4354 8146 1307 2778 

685 1248 2336 0 0 
206 375 70 2 0 0 
103 188 352 0 0 

24.4 44 .5  83.2 0 0 
0 0 0 0 0 

AB3 - AB4 

1 0 . 3  19 .3  

- 

5068 9480 

0 0 
0 0 

0 0 
0 0 
0 0 

*Note - Number shown i s  f o r  combined upper  and l o w e r  a x i a l  b l a n k e t s  (model had m i d p l a n e  
symmetry) .  

TABLE B - I 1  

FUEL INVENTORY AT THE BEGINNING OF EQUILIBRIUM CYCLE 
( k g )  

Core Reg ion  
I B 4  RB - I B 3  - I B 2  - I B 1  I s o t o p e  - 

2 3 5 1 )  

2 3 6 ~  

2 3 8 ~  

239Pu 
240Pu 
241Pu 
242Pu 

F i s s i o n  P r o d u c t s  

1.47 12.6 16.4 35.4 69.8 
I s o t o p e  Not E v a l u a t e d  

724 6208 8076 1 7390 37480.0 
0 0 0 0 362.6 
0 0 0 0 7.25 
0 0 0 0 0.192 
0 0 0 0 2 x 10-3 
0 0 0 0 40.4 
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TABLE B-111 

FUEL INVENTORY AT THE MIDDLE OF EQUILIBRIUM CYCLE 
(kg )  

Isotope 

2 3 5 u  

2361) 

2 3 8 "  

239Pu 
240Pu 
24lPu 
2 4 2 P U  

F i s s i o n  
Products 

Core Region 
FZ1 FZ2 FZ3 FZ4 AB1 * AB2 AB 3 AB4 

2.05 4.31 7.57 13.7 2.54 5.37 9.67 17.8 

- - - -  

Isotope  Not Evaluated 
1107 2350 4264 7936 1301 2764 5034 9404 

305 645 1153 2112 5.74 14.0 31.9 70.1 
100 214 394 739 3.88 x l o - '  0.109 0.311 0.795 

43.1 90.8 161 292 3.11 x lo-' '  1.01 x 3.60 x 1.06 x 
12.0 25.6 47.2 89.0 8.14 x l G - '  3.06 x l o - '  1.38 x l o - '  4.82 x l o - '  

33.0 77.5 187 441 0.411 0.990 2.51 6.27 

*Note - Number shown i s  for  combined upper and lower  a x i a l  b lanke ts  (model had midplane 
symmetry). 

TABLE B - I V  

FUEL INVENTORY AT THE MIDDLE OF EQUILIBRIUM C Y C L E  
( k g )  

Isotope 

2 3 5 ~  

2 3 6 1 )  

2 3 8 ~  

239Pu 
240Pu 
241Pu 
242Pu 

F i s s i o n  Products 

IB1 

1.34 

71 7 
6.55 

0.104 
2.00 1 ~ - 3  
1.40 x i o - '  

0.773 

Core Region 
182 IB3 I 6 4  

11.6 14.6 30.8 
I so tope  Not Evaluated 

61 52 7972 17122 
52.1 92.3 2 32 

0.778 1.87 5.73 
1.42 x l o - '  4.53 x l o - '  0.172 
9.21 10-5 4.06 1 0 - ~  1.87 i o - ?  

5.50 12.4 30.5 

RB 

65.9 

37220 
56 2 

17.7 
0.716 

1.20 x 10 
82.9 
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TABLE B-V 

FUEL INVENTORY AT THE END OF EQUILIBRIUM CYCLE 
( k g )  

I so tope  FZ1 FZ2 FZ3 FZ4 AB1 * AB2 AB 3 AB4 

2 3 5 ~  

2 3 6 1 )  

2380 

239Pu 
240Pu 

24'Pu 
2 4 * P U  

F i s s i o n  
Products 

1.81 3.73 6.36 11.4 2.41 5.05 9.00 16.6 
I so tope  Not Evaluated 

1089 2304 4164 7746 1294 2 746 4994 9332 

287 602 1060 1937 12.4 29.9 65.5 132 

104 223 411 767 0.183 0.509 1.35 2.89 

38.1 79.5 138 250 3.16 x 1.01 x l o - '  3.21 x l o - '  7.30 x l o - '  
12.5 26.8 49.5 92.9 1.82 x 6.66 x lo- ' '  2.60 x 6.40 x 

69.8 164 379 807 1.13 2.81 6.99 15.5 

*Note - Number shown i s  f o r  combined upper and lower a x i a l  b lanke ts  (model had midplane 
symnetry) .  

TABLE B - V I  

FUEL INVENTORY AT THE END OF EQUILIBRIUY CYCLE 
( k g )  

Isotope 

2 3 5 "  

2 3 6 1 )  

2380 

239Pu 
240Pu 
24'Pu 
* 42Pu 

F i s s i o n  Products 

Core Region 

I B 1  IB2 163 IB4 RB 

1.21 10.5 12.8 26.9 62.4 
I so tope  Not Evaluated 

709 6084 7854 16856 37000 

13.3 107.0 182.0 427.0 734.0 
0.449 3.43 7.64 20.5 30.5 

1.76 x l o - '  0.129 0.368 1 .13 1.58 

2.66 x lo- ' '  1.83 x l o - '  7.05 x l o - '  2.48 x l o - '  3.56 x l o - '  
2.322 16.9 37.4 89.2 133.0 
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TABLE B - V I 1  

MIDWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING FUEL DUCT 
(Nominal, EOL) 

Duct Midwal l  Temperature Distance Above BOF 
( f t )  (OF) (OK) 

0 
2.3077E-01 
4.61 54E-01 
6.9231E-01 
9.2308E-01 
1 .1538E+00 

654 
659 
66 5 
6 71 
679 
6 86 
695 
703 
71 1 
71 9 
726 
733 
7 38 

3.0000E+00 8.781 5Et02 743 

TABLE E-VI11 

MIDWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING FUEL DUCT 
( 2 0 ,  EOL) 

Distance Above BOF 
( f t )  

0 
2.3077E-01 
4.6154E-01 
6.9231 E-01 
9.2308E-01 
1.1538E+00 
1.3845E+00 
1.61 54Et00 
1 .8462E+00 
2.0769E+00 
2.30 77E+00 
2.5385E+00 
2.7692Et00 
3.0000Et00 

Duct Midwal l  Temperature 

(OF) m 
7.3528E+02 
7.4604E+02 
7.591 9E+02 
7.7437E+02 
7.91 27E+02 
8.0924E+02 
8.2801 Et02 
8.4704E+02 
8.6581 Et02 
8.8383E+02 
9.0067EtD2 
9.1585Et02 
9.29DDE+02 
9.39 76 E+02 

664 
670 
677 
685 
695 
705 
71 5 
726 
7 36 
746 
756 
764 
771 
777 
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TABLE B - I X  

NOMINAL CLADDING TEMPERATURE AXIAL PROFILES FOR DESIGN LIMITING FUEL P I N  

Beginning o f  L i f e  End o f  L i f e  
Distance f rom Clad OD Clad I D  Clad OD Clad I D  

Bottom o f  Fuel  
( i n . )  

1.286 
3.857 
6.429 
9.000 

11.571 ' 

14.143 
16.714 
19.286 
21.857 
24.429 
27.000 
29.571 
32.143 
34.714 
36.000 

3 r a g  

742 
767 
796 
828 
863 
899 
936 
973 

1009 
1044 
1076 
1105 
1130 
1151 
1160 

667 
681 
697 
71 5 
735 
755 
775 
796 
81 6 
835 
853 
869' 
883 
895 
900 

E r a g  

779 
81 2 
846 
883 
922 
959 
997 

1033 
1067 
1099 
1127 
1150 
1169 
1183 
1188 

688 7 39 
706 760 
725 784 
746 81 0 
767 839 
788 86 9 
809 900 
829 931 
848 962 
866 991 
881 1018 
894 1042 
905 1063 
91 2 1080 
91 5 1088 

666 
677 
691 
705 
721 
783 
755 
772 
790 
BO6 
821 
834 
846 
855 
860 

7 70 
797 
826 
a57 
889 
921 
952 
983 

1011 
1038 
1061 
1080 
1096 
1108 
1112 

683 
698 
71 4 
731 
749 
767 
784 
80 1 
81 7 
832 
845 
855 
a64 
871 
873 

TABLE B-X 

2a CLADDING TEMPERATURE AXIAL PROFILES FOR DESIGN LIMITING FUEL P I N  

Beqinninq o f  L i f e  End o f  L i f e  
Dis tance f rom Clad OD Clad I D  Clad OD Clad I D  
Bottom o f  Fuel 

( i n . )  

1.286 

3.857 
6.429 
9 .ooo 

11.571 
14.143 
16.714 
19.286 
21.857 
24.429 
27.000 I 

29.571 
32.143 
34.714 
36.000 

789 

82 7 
86 9 
91 4 
96 1 

1009 
1058 
1105 
1151 
1193 
1232 
1265 
1292 
1314 
1322 

694 

71 5 
738 
763 
789 
81 6 
843 
869 
895 
91 8 
940 
958 
973 
985 
990 

839 721 
886 747 
935 775 
985 802 

1036 831 
1086 859 
1134 885 
1180 911 
1222 934 
1260 955 
1293 974 
1319 988 
1339 999 
1352 1006 
1356 1009 

B - 1 7  

781 
81 2 
847 
885 
924 
965 

1005 
1045 
1083 
1118 
1150 
1178 
1201 
1219 
1226 

689 

706 
726 
747 
769 
791 
81 4 
836 
857 
876 
894 
91 0 
922 
932 
936 

T e g e r a z  

822 
862 
903 
945 
989 

1030 
1071 
1109 
1145 
11 76 
1204 
1225 
1242 
1252 
1256 

71 2 
734 
757 
780 
805 
827 
850 
871 
891 
909 
924 
9 36 
945 
951 
953 

. 



TABLE B - X I  

MIDWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING INTERNAL FERTILE DUCT 
(Nominal, EOL) J .  

Distance Above BOF 
( f t )  

0 
2.3077E-01 
4.61 54E-01 
6.9231 E-01 
9.2308E-01 
1.1538Et00 
1.3845Et00 
1 .6 1 54E+00 
1.8462Et00 
2.0769Et00 
2.3077Et00 
2.5385Et00 
2.7692Et00 
3.0000Et00 

Duct Midwal l  Temperature 
(OF) ( O K )  

7.2547E+02 
7.3060Et02 
7.3976Et02 
7.5250Et02 
7.6823Et02 
7.8620Et02 
8.0555Et02 
8.2538Et02 
8.4473Et02 
8.6270E+02 
8.7842E+02 
8.91 17Et02 
9.0032Et02 
9.0546Et02 

6.5826Et02 
6.61 1 1 Et02 
6.6620Et02 
6.7328E+02 
6.8202E+02 
6.9200Et02 
7.0275Et02 
7.1377Et02 
7.2452Et02 
7.3450Et02 
7.4323Et02 
7.5032Et02 
7.5540E+02 
7.5826Et02 

TABLE B-XI1 

MIDWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING INTERNAL FERTILE DUCT 
(20, EOL) 

Duct M i  dwal 1 Temperature Distance Above BOF 
( f t )  0 ( O K )  

0 

2.3077E-01 
4.61 54E-01 
6.9231 E-01 
9.2308E-01 
1 ..1538E+00 
1 .3845E+00 
1.6154Et00 
1.8462Et00 
2.0769E+00 
2.3077E+00 
2.5385Et00 
2.7692E+00 
3.0000Et00 

7.441 3Et02 
7.5071 Et02 
7.6244Et02 
7.7877Et02 
7.9892Et02 
8.2195EtO2 
8.4674E+02 
8.7215Et02 
8.9694E+02 
9.1997Et02 
9.401 1 Et02 
9.5645E+02 
9.681 7E+02 
9.7476Et02 

6.6863E+02 
6.7228Et02 
6.7880Et02 
6.8787Et02 
6.9907Et02 
7.1 186Et02 
7.2563Et02 
7.3975Et02 
7.5352E+02 
7.6632Et02 
7.7751E+02 
7.8658Et02 
7.9309Et02 
7.9676Et02 

..' . 

A 
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TABLE B-XI11 

NOMINAL CLADDING TEMPERATURE AXIAL PROFILES FOR D E S I G N  LIMITING INTERNAL FERTILE P I N  

Dis tance from 
Bottom o f  Fuel 

( i n . )  

1.286 
3.857 
6.429 
9.000 

11.571 
14.143 
16.714 
19.286 
21.857 
24.429 
27.000 
29.571 
32.143 
34.714 
36.000 

Beginning o f  L i f e  
Clad 00 Clad I D  

741 
7 46 
753 
76 1 
771 
782 
794 
806 
81 7 
827 
837 
844 
850 
854 
854 

667 
6 70 
674 
678 
684 
690 
696 
703 
709 
71 5 
720 
724 
727 
7 30 
730 

End o f  L i f e  
Clad 00 Clad I O  

744 
751 
76 0 
770 
781 
793 
805 
81 7 
828 
837 
845 
85 1 
855 
856 
856 

669 746 
672 762 
677 785 
683 81 5 
689 849 
696 886 
702 926 
709 966 
71 5 1005 
720 1041 
725 1072 
728 1098 
730 1118 
731 1 130 
731 1133 

6 70 
679 
691 
708 
727 
747 
770 
792 
81 4 
834 
851 
86 5 
876 
883 
885 

756 
780 
809 
843 
882 
922 
962 

1002 
1039 
1071 
1099 
1119 
1133 
1138 
11 38 

675 
689 
705 
724 
745 
767 
790 
81 2 
832 
850 
866 
877 
885 
887 
887 

TABLE B - X I V  

25 CLADDING TEMPERATURE AXIAL PROFILES FOR D E S I G N  LIMITING INTERNAL FERTILE P I N  

- 
Distance f rom 

Beginning o f  L i f e  - 
Clad 00 Clad IO 

Bottom o f  Fuel B r a E  
( i n . )  

1.286 
3.857 
6.429 
9.000 

11.571 
14.143 
16.714 
19.286 
21.857 
24.429 
27.000 
29.571 
32.143 
34.714 
36.000 

760 

768 
7 78 
790 
804 
81 8 
834 
849 
86 3 
8 76 
887 
895 
901 
904 
905 

677 
682 
687 
694 
702 
71 0 
71 9 
727 
735 
742 
748 
752 
756 
757 
758 

764 680 

775 686 
787 692 
801 700 
817 709 
833 718 
848 726 
863 735 
877 742 
889 749 
898 754 
904 757 
908 760 
908 760 
907 759 

B-19 

End o f  L i f e  
Clad I O  Clad 00 

T e g e r a z  

771 

798 
832 
873 
921 
971 

1023 
1074 
1122 
1166 
1204 
1233 
1253 
1263 
1265 

684 

699 
71 7 

740 
76 7 
795 
824 
852 
879 
903 
924 
940 
951 
957 
958 

785 

821 
86 3 
91 1 
963 

1015 
1068 
1118 
1164 
1204 
1236 
1258 
1271 
1274 
1271 

691 

71 1 
735 

761 
790 
81 9 
849 
876 
902 
924 
942 
954 
96 1 
96 3 
961 
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LHRFDS LEVEL 1 HETEROGENEOUS CORE DESIGN 
FUEL P I N  LINEAR POWER AS A FUNCTION OF RADIUS 

B e g i n n i n g  o f  E q u i L i b r i u m  CycLe 

o-Peak Linear Pover 
0 -  Averaae Linear Pover 

7- - T - - T - - - I - - - T - T - - I  6+ .T- 

0.0 20.0 40.0 60.0 80.0 100.0 120.0 1to.o 160.0 180.0 2w.o 220.0 210.0 
DISTANCE FROM CORE CENTERLINE, CM 

LHRFDS LEVEL 1 HETEROGENEOUS CORE DESIGN 
FUEL P I N  LINEAR POWER AS A FUNCTION OF RADIUS 

End o f  E q u i l i b r i u m  C y c l e  

0-Peak Linear Pover 
0- Avsraae Linear Pover 

01 \ 
“1 0 

0.0 20.0 40.0 60.0 80.0 100.0 120.0 110.0 160.0 180.0 200.0 220.0 210.0 
DISTANCE FROM CORE CENTERLINE, CM 

8 
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1 .0  CORE AND REACTOR DATA 

. 

i 

1.1 Power Information 
1.1.1 

1.1.2 P lan t  E l e c t r i c  Power, MWe - 1200 

Plan t  Thermal Power, MWt - 3734 

1.1.2.1 Net Electric Power, MWe 1185 

1.1.3 

1.1.4 Power S p l i t ,  Fract ion of Total  (BOEC) 
1.1.4.1 Core Fuel - 0.9329 
1.1.4.2 Axial Blanket - 0.0428 
1.1.4.3 Radial Blanket - 0.0243 
1.1.4.4 In t e rna l  Blanket - 0 
1 .1 .4 .5  Control - 0 
1.1.4.6 Radial Shielding - 0 
1.1.4.7 Other - 0 

P lan t  Capacity Factor  versus Time - 0.70 ( cons t an t )  

1 .1 .5  Average Linear  Power ( B O E C )  
1.1.5.1 
1.1.5.2 Axial Blanket,  k W / f t  & (W/cm) - 0.216 (7.098) 
1 .1 .5 .3 Radial Blanket,  k W / f t  & (W/cm) - 0.0007 (0.025) 
1.1.5.4 In te rna l  Ferti le Assembly, k W / f t  & (W/cm) - N/A 

Core Fuel,  kW/ft & (W/cm) - 8.75 (287 .1 )  

1 .1 .6  Fission Energy and Deposit ion,  MeV/fission - 215, deposited 
1 oca1 l y  

1.2 Temperature Information 

1.2.1 Core I n l e t  Temperature, O F  & ( O K )  - 595 (589) 

1.2.2 

1 .2 .3  Core AT,  O F  & ( O K )  - N/A 

Core Average Outlet Temperature, O F  & (OK) - N/A 

1.2.4 Reactor I n l e t  Temperature, O F  & ( O K )  - 595 (589) 

1.2.5 Reactor Outlet Temperature, O F  & ( O K )  - 895 (752) 

1 .2 .6  Reactor A T ,  O F  & ( O K )  - 300 (167) 

1.2.7 Number of Core O r i f i c e  Zones - 5 

c- 1 



1.2.8 Radia l  P r o f i l e  o f  Assembly O u t l e t  Temperature - F i g u r e  C-1 

1.2.9 Core O r i f i c i n g  C r i t e r i a  - Core o r i f i c e d  t o  p r o v i d e  acceptable 
f u e l  p i n  and d u c t  l i f e t i m e s .  

1.3 Coolant In fo rmat ion  

1.3.1 

1.3.2 

1.3.3 

Peak Power Assembly Pressure Drop, p s i  & (kPa) - 43 (296) 

Reactor Pressure Drop, p s i  & (kPa) - N/A 

Pr imary System Pressure Drop, p s i  & (kPa) - 'L 100 (690) 

. 

1.3.4 Flow S p l i t ,  F r a c t i o n  of T o t a l  
1.3.4.1 Core - 85% 
1.3.4.2 Radia l  B lanket  
1.3.4.3 I n t e r n a l  F e r t i l e  Assembly 
1.3.4.4 Cont ro l  
1.3.4.5 Radia l  S h i e l d i n g  
1.3.4.6 Other 

15% 

1.3.5 T o t a l  Coolant Mass Flow Rate, l b m / h r  & ( k g / h r )  - 
1.427 x l o *  (6.486 x l o 7 )  

Maximum Coolant V e l o c i t y ,  f t / s  & (m/s) - 22.30 (6.80) 1.3.6 

Geometric I n f o r m a t i o n  (see F i g u r e  C-2) 

1.4.1 Core He igh t ,  i n .  & (cm) - 24 (60.96) 

1.4 

1.4.2 A x i a l  B lanket  Height ,  i n .  & (cm) - 14 (35.56) 

1.4.3 Radia l  B lanket  Height ,  i n .  & (cm) - 52 (132.08) 

1.4.4 A x i a l  S h i e l d  Height ,  i n .  & (cm) - N/A 

1.4.5 Number o f  Core Enrichment Zones - 2 

1.4.6 Number o f  Assemblies, CZ1, CZ2, RB - 547/270/444 

1.4.7 E q u i v a l e n t  Diameters',  i n .  & (cm) - 119.7 (304.1)/146.3 
(371.6)/181.8 (461.7) 

1.5 Fuel Management 

1.5.1 R e f u e l i n g  I n t e r v a l ,  ca lendar  days - 365 

'Diameter of  e q u i v a l e n t  volume c y l i n d e r .  
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1.5.2 Fuel Residence Time, full power days (see Figure C-2) - 511 
1.5.3 Blanket Residence Time, full power days (see Figure C-2) - 

1278 

1.5.4 Fuel Inventory, kg (see Tables C-I through C-111) 

1.5.5 Fraction of Assemblies Replaced at Each Refueling 
1.5.5.1 Fuel Assemblies by Enrichment Zone - 0.5/0.5 
1.5.5.2 Radial Blanket Assemblies - 0.2 
1.5.5.3 Interior Fertile Assemblies - N/A 

2.0 FUEL ASSEMBLY DATA 

2.1 

2.2 Pin Pitch-to-Diameter Ratio - 1.17 

Pins per Assembly - 271 

2.3 Spacer Description 

2.3.1 Wire Wrap Diameter (or grid spacer thickness & height), 
in.  & (mm) - 0.039 (0.99) 
Spacer Pitch, in. & (cm) - 11.9 (30.226) 2.3.2 

2.3.3 Edge Ratio - 0.98 
2.4 Overall Bundle Length, in. & (cm) - 84 (213.36) 
2.5 Lattice Pitch, in. & (cm) - 4.875 (12.38) 
2.6 Duct Inside Flat-to-Flat, in. & (crn) - 4.535 (11.52) 

2.7 Bundle/Duct Clearance, in. & (mm) - 0.03 (0.765) 

2.8 Duct Wall Thickness, in. & (mm) - 0.101 (2.57) 
2.9 Interduct Gap, in. & (mm) - 0.138 (3.51) 
2.10 Duct Material 

2.10.1 Material Type - 316 SS, 20% CW 
2.10.2 Swelling Properties - NSMH Rev. 5 
2.10.3 Irradiation Creep Properties - NSMH Rev. 3 
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2.11 Duct Midwall Axial Temperature Profile' 

2.11.1 Nominal (see Table C-IV'/ 

8 

2.11.2 20 (see Table C-V! 

2.12 Duct Wall Pressure Different.izl T: i . f " e ' ,  psi & (kPs: - ' 4  

2.12.1 Nominal - 
L 43 (0 5 x 584) - X 

'psi 84 
- - .  

where x = distance from top of fuel pin bundle (in.) 

- - .  - 296 (Os x 5 84) 'kPa 84 

2.12.2 20 - N/A 

2.13 Neutron Flux Axial P r o f i l e '  ( E  > 0.1 MeV), n/cm2-s - EOL 

2.13.1 Nominal - 

where x = distance from bottom of fuel (in.) 
@ = flux 

2.13.2 20 - N/A 

3.0 FUEL PIN DATA 

3.1 Fuel Parameters 

3.1.1 Fuel Type (oxide, carbide, nitride) - Oxide 
3.1.2 

3.1.3 

3.1.4 Fuel Form (powder or pellet) - Pellet 

Stoichiometry (O/M, C/M, N/M) - 1.94 

Plutonium Content (Pu/Pu + U) - 0.1929/0.2339 

3.1.4.1 Pellet Diameter, in. & (mm) - 0.1935 (4.9) 
3.1.4.2 Pellet Dish and Chamfer Dimensions, in. & (mm) - 

0 ( 0 )  

'Reported for design limiting duct. 
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3.1.4.3 Pellet Inside Diameter, in. & (mm) - 0 (0) 
3.1.4.4 Pellet Density, g/cm3 - 10.03 

3.1.5 Fuel Smear Density, %TD - 85.5 
3.2 Cladding Parameters 

3.2.1 Cladding Outside Diameter, in. & (mm) - 0.23 (5.84) 

3.2.2 Cladding Wall Thickness, in. & (mm) - 0.015 (0.381) 
3.2.3 Diametral Gap, in. & (mm) - 0.0065 (0.16510) 

3.2.4 Cladding Material 
3.2.4.1 Material Type - 316 SS, 20% CW 
3.2.4.2 Swelling Properties - NSMH Rev. 5 
3.2.4.3 Irradiation Creep Properties - NSMH Rev. 3 
3.2.4.4 Stress-Rupture Properties - LHRFDS Ground Rules 

3.3 Stresser Sleeve Parameters - N/A 

3.3.1 Sleeve Outside Diameter, in. & (mm) 

3.3.2 Sleeve Wall Thickness, in. & (mm) 

3.3.3 Fractional Perforation of Sleeve 

3.3.4 Sleeve Material 

3.4 Equivalent Plenum Volume, in.3 & (cc) 

3.4.1 Top Plenum - 0.804 (13.179) 
3.4.2 Bottom Plenum - N/A 

3.5 Bond Type - N/A 
3.6 Fuel Pin Linear Power Axial Profile', kW/ft - EOL 

3.6.1 Nominal - 

1 1.82 x - 12) Q = 9.8 Cos [ k4 
where x = distance from bottom of fuel column, in. 

Q = local linear power, kW/ft 

'Design limiting fuel pin. 
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3.6.2 20 - N/A 

3.7 Cladding Temperature A x i a l  P r o f i l e ' ,  OF ( O K )  

3.7.1 

3.7.2 

3.8 Peak-to-Average Power Ra t io  - EOL 

Nominal OD and I D  (see Table C-VI) 

20 OD and I D  (see Table C-VI I )  

3.8.1 Nominal - 1.14 

3.8.2 20 - N/A 

3.9 Uncer ta in t y  Factors  f o r  Hot Channel Ana lys is  - LHRFDS Ground Rules 

3.10 Neutron F lux  A x i a l  P r o f i l e 2  (E > 0.1 MeV), n/cm2-s - EOL 

1 1.82 x - 12) Q = 3.57 x 1015 cos [ i4 
where x = d is tance from bottom of f u e l  column, i n .  

Q = l o c a l  f l u x  

4.0 RADIAL BLANKET ASSEMBLY DATA 

4.1 

4.2 P in  Pi tch- to-Diameter  Ra t io  - 1.07 

4.3 Spacer Desc r ip t i on  

Pins per  Assembly - 61 

4.3.1 Wire Wrap Diameter ( o r  g r i d  
i n .  & (mm) - 0.037 (0.94) 

4.3.2 Spacer P i t ch ,  i n .  & (cm) - 11.9 

4.3.3 Edge Ra t io  - 0.98 

r t h i c k n  

(30.226) 

4.4 Overa l l  Bundle Length, i n .  & (cm) - 84 (213.36) 

4.5 L a t t i c e  P i t ch ,  i n .  & (cm) - 4.875 (12.38) 

4.6 Duct I n s i d e  F l a t - t o - F l a t ,  i n .  & (cm) - 4.535 (11.52) 

4.7 Bundle/Duct Clearance, in .  & (mm) - 0.03 (0.765) 

s & h e i g h t ) ,  

'Design l i m i t i n g  f u e l  p in .  
2Reported f o r  des ign l i m i t i n g  duct .  

? 

n 
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4.8 Duct Wall Thickness, in. & (mm) - 0.101 (2.57) 

4.9 Interduct Gap, in. & (mm) - 0.138 (3.51) 

4.10 Duct Material 

4.10.1 Material Type - 316 SS, 20% CW 

4.10.2 Swelling Properties - NSMH Rev. 5 
4.10.3 Irradiation Creep Properties - NSMH Rev. 3 

4.11 Duct Midwall Axial Temperature Profile' - N/A 
4.11.1 Nominal 

4.11.2 20 

4.12 Duct Wall Pressure Differential Axial Profile2, psi & (kPa) - EOL 

4.12.1 Nominal - N/A 

4.12.2 20 - N/A 
4.13 Neutron Flux Axial Profile2 (E > 0.1 MeV), n/crn2-s - EOL 

4.13.1 Nominal - N/A 
4.13.2 20 - N/A 

5.0 RADIAL BLANKET PIN DATA 

5.1 Fuel Parameters 

5.1.1 Fuel Type (oxide, carbide, nitride) - Oxide 
5.1.2 Stoichiometry (O/M, C/M, N/M) - 1.94 

5.1.3 

5.1.4 Fuel Form (powder or pellet) - pellet 
Plutonium Content.(Pu/Pu + U )  - 0 

5.1.4.1 Pellet Diameter, in. & (mm) - 0.4830 (12.2) 
5.1.4.2 Pellet Dish and Chamfer Dimensions, in. & (mm) - 

0 (0) 
5.1.4.3 Pellet Inside Diameter, in. & (mm) - 0 
5.1.4.4 Pellet Density, g/cm3 - 10.39 

'Reported for design limiting duct. 
2Design limiting fuel pin. 
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5.1.5 Fuel Smear Density, %TD - 90 

5.2 Cladding Parameters 

5.2.1 

5.2.2 

5.2.3 

Cladding Outside Diameter, in. & (mm) - 0.526 (13.36) 
Cladding Wall Thickness, in. & (mm) - 0.015 (0.381) 
Diametral Gap, in. & (mm) - 0.0065 (0.16510) 

5.2.4 Cladding Material 
5.2.4.1 
5.2.4.2 Swelling Properties - NSMH Rev. 5 
5.2.4.3 Irradiation Creep Properties - NSMH Rev. 3 
5.2.4.4 

Material Type - 316 SS, 20% CW 

Stress-Rupture Properties - LHRFDS Ground Rules 

5.3 Stresser Sleeve Parameters - N/A 

5.3.1 Sleeve Outside Diameter, in. & (mm) 

5.3.2 Sleeve Wall Thickness, in. & (mm) 

5.3.3 Fractional Perforation of Sleeve 

5.3.4 S1 eeve Materi a1 

Equivalent Plenum Volume, in.3 & (cc) 

5.4.1 

5.4 

Top Plenum - 4.94 (81.033) 

5.4.2 Bottom Plenum - N/A 
5.5 Bond Type - N/A 
5.6 Fuel Pin Linear Power Axial Profile’, kW/ft - EOL 

5.6.1 Nominal - N/A 
5.6.2 2~ - N/A 

5.7 Cladding Temperature Axial Profile’, OF & ( O K )  

5.7.1 Nominal OD and ID - N/A 
5.7.2 2a OD and ID - N/A 

’Design limiting fuel pin. Q 
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Q 
5.8 Peak-to-Average Power Ratio - EOL 

5.8.1 Nominal - 1.20 
5.8.2 20 - N/A 

5.9 

5.10 Neutron Flux Axial Profile' (E > 0.1 MeV), n/cm2-s - EOL - N/A 
Uncertainty Factors for Hot Channel Analysis - LHRFDS Ground Rules 

6.0 INTERNAL FERTILE ASSEMBLY DATA - N/A 

7.0 INTERNAL FERTILE PIN DATA - N/A 

8.0 CONTROL ASSEMBLY DATA - N/A 

9.0 CONTROL PIN DATA - N/A 

10.0 PERFORMANCE CHARACTERISTICS 

10.1 Discharge Exposure by Enrichment Zone, MWd/kg 

10.1.1 Peak - 107/108 

10.1.2 Average - 85/69 
10.2 EOL CDF for Design Limiting Fuel Pin - 0.06 
10.3 Plenum Pressure History f o r  Design Limiting Fuel Pin - 20 

P = 1.965T + 173 

where P = pressure (psia) 
T = full power days 

10.4 Core Material Volume Fractions 

10.4.1 Fuel - 0.3763/0.4138 
10.4.2 Sodium - 0.3581 

10.4.2.1 Fraction of Na in Interduct Gap - 0.141 

'Design limiting fuel pin. 
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10.4.2.2 Fraction of Na in Assembly Interior - 0.859 
10.4.2.3 Fraction of Na in Fuel/Clad Bond - 0.000 

Q 
10.4.3 Steel - 0.2281 

10.';,3.1 Fraction of Steel in Duct - 0.345 
10.4.3.2 Fraction of Steel in Wire Wrap - 0.069 
10.4.3.3 Fraction of Steel in Cladding - 0.585 

10.4.4 Control - 0.0375 
10.5 Breeding Ratio - 1.29 
10.6 Breeding Gain, kg/cycle - 261 

10.7 Compound System Doubling Time, yrs - 17.2 

10.8 Specific Power, MW/kg-fissile - 1.06 
10.9 Fuel Cycle Costs, mills/kW-hr - 4.43 
10.10 Assembly Exposure, MWd/assembly (Zone 1 /Zone 2) 

10.10.1 Peak - 2761/2700 
10.10.2 Average - 1923/1068 

10.11 Sodium Void Worth, Fresh Core/EOEC ( $ )  - 1.27/3.16 

10.12 Doppler Coefficient - N/A 
10.13 LHRFDS Optimization Function - 2.73 
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H M  LOADED PER CYCLE 
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NO. FUEL S / A B  
NO. S/A LOADED PER 

CY C L E * a 9  
NO. kg FISSILE MAT'L 

LOADED PER CYCLE* 
1039.9 
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LOADED PER CYCLE* 

NEONTROL S/A 49 
6964.9 

FUEL R T X Y R  
CONTROL R T z  

1 c z 2  I 
I NO. FUEL S L A E  
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FIGURE C-2. R-Z Core Diagram for LHRFDS Level I1 Homogeneous Design. 
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Isotope 

2 3 5 ~  

2 3 6 1 1  

2 3 8 "  

239Pu 
240Pu 
24'Pu 
242Pu 

F i s s i o n  Products 

I so tope  

2 3 5 ~  

23611 

2 3 8 ~  

239Pu 
240Pu 
241Pu 
242Pu 

F i s s i o n  Products 

I so tope  

2350 
2361) 

2 3 8 u  

23 9Pu 
240Pu 
241Pu 
242Pu 

F i s s i o n  Products 

TABLE C - I  

FUEL INVENTORY AT THE B E G I N N I N G  OF EQUILIBRIUM CYCLE 
(kg )  

Core Region 
cz1 cz2 UAB 1 UA82 LABl 

19.46 11.07 23.1 12.9 23.1 

- -  

Isotope  Not Eval  uated 
10966 5906 1201 0 6536 12010 

1750.6 1197.0 77.75 25.86 77.75 
574.2 386.6 1.68 0.35 1.68 
237.8 169.7 0.05 0.007 0.05 

68.4 46.2 5 5 1 0 - ~  5 x 1 0 - ~  
309.2 142.0 8.4 2.4 8.4 

TABLE C-I1 

FUEL INVENTORY AT THE MIDDLE OF EQUILIBRIUM CYCLE 
(kg )  

LAB2 

12.9 

6536 
25.86 

0.35 
0.007 

5 x 1 0 - ~  
2.4 

R8 

93.88 

48800 
306.2 

5.35 
0.151 
0.002 

30.7 

Core Region 
cz1 cz2 UAB 1 UAB 2 LABl LA82 RB 

16.4 9.89 21.6 12.35 21.6 12.35 92.4 
I so tope  Not Eval uated 

10720 5876 11920 6508 11920 6508 48700 
1696.2 1150.2 150.6 50.54 150.6 50.54 379.8 

603 398 3.97 0.84 3.97 0.84 8.2 
207.4 153.2 0.14 0.02 0.14 0.02 0.28 

71.9 47.9 0.002 2 x l o - '  0.002 2 x 0.004 
606.8 280.4 18.0 5.06 18.0 5.06 43.0 

TABLE C-111 

FUEL INVENTORY AT THE END OF EQUILIBRIUM CYCLE 
(kg)  

Core Region 
cz1 cz2 UAB 1 UABE LABl LAB2 RB 

13.8 8.8 20.2 11.9 20.2 11.9 90.9 

Isotope Not Eval uated 
10476 5786 11840 6480 11840 6480 48620 

1645.2 1106.2 220.6 75.1 220.6 75.1 455.2 
629.2 408.4 7.7 1.7 7.7 1.7 11.7 
183.2 139.0 0.35 0.05 0.35 0.05 0.47 

74.5 49.2 0.007 7 x 0.007 7 x 0.015 
895.6 415.8 31.5 8.6 31.5 8.6 57.6 
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TABLE C - I V  

MIDWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING DUCT 
(Nominal , EOL) 

D is tance Above BOF 
( f t )  

0 
0.1 5385 
0.30769 
0.46 1 54 
0.61538 
0.76923 
0.92308 
1 .0769 
1 .2308 
1 .3846 
1.5385 
1 .6923 
1 .8462 
2.0000 

Duct Midwal l  Temperature 

0 0 
602 
61 2 
622 
634 
646 
659 
673 
687 
700 
71 3 
726 
738 
748 
757 

590 
595 
601 
607 
614 
621 
629 
637 
644 
651 
6 59 
66 5 
671 
6 76 

TABLE C-V 

MIDWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING DUCT 
(Za, EOL) 

D is tance Above BOF 
( f t )  

0 
0.15385 
0.30769 
0.46154 
0.61538 
0.76923 
0.92308 
1 .0769 
1.2308 
1 .3846 
1.5385 
1.6923 
1.8462 
2.0000 

Duct Midwal l  Temperature 

0 0 
620 
632 
646 
660 
6 76 
693 
71 1 
728 
746 

600 
6 06 
61 4 
622 
631 
640 
6 50 
660 
6 70 

76 3 6 79 
779 688 
794 6 96 
80 7 704 
81 9 71 0 
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TABLE C - V I  

NOMINAL CLADDING TEMPERATURE AXIAL PROFILES FOR D E S I G N  LIMITING FUEL P I N  

D is tance f rom 
Bottom o f  Fuel 

(in.) 

0.857 
2.571 
4.286 
6.000 
7.714 
9.429 

11.143 
12.857 
14.571 
16.286 
18.000 
19.714 
21 .429 
23.143 
24.000 

Beginn ing  o f  L i f e  
Clad OD C lad  I D  

6 38 
664 
693 
724 
757 
79 1 
826 
86 0 
894 
9 26 
957 
985 

1011 
1033 
1043 

610 
6 24 
6 40 
657 
6 76 
695 
71 4 
733 
752 
7 70 
787 
802 
81 7 
829 
835 

End o f  L i f e  
Clad OD C lad  I D  

695 
729 
763 
799 
835 
871 
905 
939 
970 
999 

1026 
1048 
1067 
1083 
1089 

641 6 34 
660 6 56 
679 6 80 
699 706 
71 9 734 
7 39 762 
758 79 1 
777 820 
794 848 
81 0 875 
825 901 
837 925 
848 946 
857 96 5 
86 0 973 

607 
620 
633 
647 
663 
6 79 
695 
71 1 
726 
741 
756 
769 
781 
791 
796 

TABLE C - V I 1  

20 CLADDING TEYPERATURE AXIAL P R O F I L E S  FOR DESIGN LIMITING FUEL P I Y  

Bottom o f  Fuel  
( i n . )  

0.857 
2.571 

4.286 
6.000 
7.714 
9.429 

11.143 
12.857 
14.571 
16.286 
18.000 
19.714 
21 .429 
23.143 
24.000 

Beginn ing  o f  L i f e  - 
Clad OD Clad I D  

699 
739 

780 
a24 
86 9 
91 4 
960 

1004 
1046 
1086 
1122 
1155 
1183 
1206 
1216 

644 
666 

689 
71 3 
7 38 
76 3 
789 
81 3 
836 
859 
879 
89  7 
912 
925 
931 

776 
a 2 4  

872 
921 
969 

1015 
1060 
1102 
1140 
1175 
1206 
1231 
1251 
1265 
1271 

686 
71 3 

740 
76 7 
794 
81 9 
844 
86 7 
889 
908 
925 
9 39 
950 
9 58 
96 1 

682 
710 
7 39 
769 
800 
829 
859 
887 
91 3 
938 
960 
9 78 
994 

1007 
1012 

6 34 
6 50 
666 
682 
700 
71 6 
732 
748 
762 
776 
789 
799 
80 7 
81 5 
81 7 

End o f  L i f e  
Clad 00 Clad I O  

6 88 
721 

755 
792 
830 
868 
906 
942 
9 78 

1011 
1042 
1069 
1092 
1112 
1120 

637 
6 56 

675 
695 
716 
737 
759 
779 
799 
81 7 
834 
849 
862 
873 
877 

752 
793 

834 
875 
91 6 
954 
992 

1027 
1060 
1089 
1115 
1136 
1152 
1164 
1169 

673 
6 96 

71 9 
741 
764 
785 
806 
826 
844 
86 0 
875 
886 
895 
902 
905 

A 
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n 

TABLE C-VI11 

Year 

1 
2 
3 
4 
5 
6 

- 

16 
17 
18 

19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

HEAVY METAL AND F I S S I L E  Pu CHARGE AND DISCHARGE INFORMATION 
FOR THE HEDL LEVEL I 1  HOMOGENEOUS DESIGN 

Capac i ty  Fac to r  

0.700 

Heavy Meta l  
F i s s i l e  Pu 

D i  sc harqe 
Core B lanke t  Core Feed Core B lanke t  

21855 86536 351 2 

- -  

10927 28 ) 1756 
1600 

14 

3074 

231 
481 

1 

1045 
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LHRFDS L.EVFL 2 HOMOGENEOUS CORE DESIGN (PANCRKE CORE1 
FUEL r':Y LINEAR POWER AS A FUNCTION OF RADIUS 

B e g i n n i n g  o f  E q u i l i b r i u m  C y c l e  
0 

0-Peak Power i n  Fresh  FueL 
0 - f l v e r a  e Power in F r e s h  FueL 
A -Peak ?over i n  Burned F u e l  
+-Flveraae Power in Burned F u e l  

a '1 
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1.0 CORE AND REACTOR DATA 

1.1 Power I n f o r m a t i o n  
1.1.1 

1.1.2 P l a n t  E l e c t r i c  Power, MWe - 1200 

P l a n t  Thermal Power, MWt - 3750 

1.1.2.1 Net E l e c t r i c  Power, MWe - 1185 

1.1.3 P l a n t  Capaci ty  Fac tor  versus Time - 0.70 ( c o n s t a n t )  

1.1.4 Power S p l i t ,  F r a c t i o n  o f  T o t a l  (MOEC) 
1.1.4.1 Core Fuel - 0.758 
1.1.4.2 A x i a l  B lanket  - 0.012 
1.1.4.3 Radia l  B lanket  - 0.061 
1.1.4.4 I n t e r n a l  B lanket  - 0.169 
1.1.4.5 Cont ro l  - 0 
1.1.4.6 Radia l  S h i e l d i n g  - 0 
1.1.4.7 Other  - 0 

1.1.5 Average L i n e a r  Power (MOEC) 
1.1.5.1 Core Fuel ,  kW/f t  & (W/cm) - 6.911 (226.7) 
1.1.5.2 A x i a l  B lanket ,  kW/ft & (W/cm) - 0.188 (6.2) 
1.1.5.3 Radia l  B lanket ,  kW/ft & (W/cm) - 0.984 (32.3) 
1.1.5.4 I n t e r n a l  F e r t i l e  Assembly, kW/f t  & (W/cm) - 

3.617 (118.7) 

1.1.6 F i s s i o n  Energy and Deposi t ion,  MeV/ f i ss ion  - 215, depos i ted  
locally 

1.2 Temperature I n f o r m a t i o n  

1.2.1 Core I n l e t  Temperature, O F  & ( O K )  - 595 (589) 

1.2.2 Core Average O u t l e t  Temperature, O F  & ( O K )  - N/A  

1.2.3 Core AT, OF & ( O K )  - N/A 

1.2.4 Reactor I n l e t  Temperature, OF & ( O K )  - 595 (589) 

1.2.5 Reactor O u t l e t  Temperature, OF & ( O K )  - 895 (752) 

1.2.6 

1.2.7 Number of  Core O r i f i c e  Zones - 7 Fuel ,  6 I n t e r n a l  B lanket  

Reactor AT, OF & (OK) - 300 (167)  

. . .. 
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1.2.8 Radia l  P r o f i l e  o f  Assembly O u t l e t  Temperature - F igure  D-1 

1.2.9 Core O r i f i c i n g  C r i t e r i a  - Core o r i f i c e d  t o  p r o v i d e  2-1/2 
y e a r  l i f e t i m e  f o r  a l l  components 

1.3 Coolant I n f o r m a t i o n  

1.3.1 Peak Power Assembly Pressure Drop, p s i  & (kPa) - T, 120 (828) . 
1.3.2 

1.3.3 

Reactor Pressure Drop, p s i  & (kPa) - N / A  

Pr imary System Pressure Drop, p s i  & (kPa) - T, 170 (1173) 

1.3.4 Flow S p l i t ,  F r a c t i o n  o f  T o t a l  
1.3.4.1 Core - 59% 
1.3.4.2 I n t e r n a l  F e r t i l e  Assembly - 26% 
1.3.4.3 Radia l  B lanket  
1.3.4.4 Cont ro l  
1.3.4.5 Radia l  S h i e l d i n g  

1.3.4.6 Other 

15% 

1.3.5 T o t a l  Coolant  Mass Flow Rate, l b m / h r  & ( k g / h r )  - 
1.399 x 10' (6.358 x l o 7 )  

1.3.6 Maximum Coolant  V e l o c i t y ,  f t / s  & (m/s) - 30.60 (9.33) 

1.4 Geometric I n f o r m a t i o n  (see F i g u r e  D-2) 

1.4.1 Core Height ,  i n .  & (cm) - 48 (121.9) 

1.4.2 A x i a l  B lanket  Height ,  i n .  & (cm) - 14 (35.56) 

1.4.3 Radia l  B l a n k e t  Height ,  i n .  & (cm) - 76 (193.0) 

1.4.4 A x i a l  S h i e l d  Height ,  i n .  & (cm) - N/A 

1.4.5 Number o f  Core Enrichment Zones - 2 
1.4.6 Number of Assemblies, Fuel / IB/RB/Control  - 378/217/288/36 

1.4.7 E q u i v a l e n t  Diameters',  i n .  & (cm) - F i g u r e  D-2 

1.5 Fuel  Management 

1.5.1 R e f u e l i n g  I n t e r v a l ,  ca lendar  days - 456 

'Diameter o f  e q u i v a l e n t  volume cy1 i n d e r .  
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Q 1.5.2 Fuel Residence Time, f u l l  power days (see F igure  D-2) - 639 

1.5.3 B lanket  Residence Time, f u l l  power days 
1.5.3.1 Radia l  B lankets  - 1597 
1.5.3.2 I n t e r n a l  B lankets  - 639 

1.5.4 Fuel Inventory ,  kg (see Tables D - I  through D-VI) 

1.5.5 F r a c t i o n  o f  Assemblies Replaced a t  Each R e f u e l i n g  
1.5.5.1 Fuel Assemblies by Enrichment Zone - 0.5 
1.5.5.2 Radia l  B lanket  Assemblies - 0.2 
1.5.5.3 I n t e r i o r  F e r t i l e  Assemblies - 0.5 

2.0 FUEL ASSEMBLY DATA 

2.1 Pins p e r  Assembly - 271 

2.2 P i n  Pi tch- to-Diameter  R a t i o  - 1.207 

2.3 Spacer D e s c r i p t i o n  

2.3.1 

2.3.2 Spacer P i t c h ,  i n .  & (cm) - 11.9 (30.226) 

Wire Wrap Diameter ( o r  g r i d  spacer th ickness  & h e i g h t ) ,  
i n .  & (mm) - 0.048 (1.2)  

2.3.3 Edge R a t i o  - 0.985 

2.4 O v e r a l l  Bundle Length, i n .  & (cm) - 140 (355.6) 

2.5 L a t t i c e  P i t c h ,  i n .  & (cm) - 5.095 (12.94) 

2 . 0  Duct I n s i d e  F l a t - t o - F l a t ,  i n .  & (cm) - 4.685 (11.90) 

2.7 Bundle/Duct Clearance, in.  &. (mm) - 0.03 (0.765) 

2.8 Duct Wall  Thickness, i n .  & (mm) - 0.102 (2.59) 

2.9 I n t e r d u c t  Gap, i n .  & (mm) - 0.206 (5.23) 

2.10 Duct M a t e r i a l  

2.10.1 M a t e r i a l  Type - 316 SS, 20% CW 

2.10.2 S w e l l i n g  P r o p e r t i e s  - NSMH Rev. 5 

h 
2.10.3 I r r a d i a t i o n  Creep P r o p e r t i e s  - NSMH Rev. 3 
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2.11 Duct Midwall Axial Temperature Profile' 

2.11.1 Nominal (see Table D-VII) 

2.11.2 20 (see Table D-VIII) 

2.12 Duct Wall Pressure Differential Profile', psi & (kPa) - EOL 

2.12.1 Nominal - 

90 (0 5 x I 140) - X - - .  
'psi 140 

where x = distance from top of fuel pin bundle (in.) 

620 (0 I x 5 140) - X - - .  
'kPa 140 

2.12.2 20 - N/A 
2.13 Neutron Flux  Axial Profile' (E > 0.1 MeV), n/cm2-s - EOL 

2.13.1 Nominal - 

@ = 3.44 x 1015 Cos [2.36 (' 4824)] (0 i x 5 48) 
where x = distance from bottom of fuel column (in.) 

2.13.2 20 - N/A 

3.0 FUEL PIN DATA 

3.1 Fuel Parameters 

3.1.1 

3.1.2 

Fuel Type (oxide, carbide, nitride) - Oxide 
Stoichiometry (O/M, C/M, N/M) - 1.96 

3.1.3 

3.1.4 Fuel Form (powder or pellet) - Pellet 
Plutonium Content (Pu/Pu + U) - 0.252/0,293 

3.1.4.1 
3.1.4.2 Pellet Dish and Chamfer Dimensions, in. & (mm) - 

Pellet Diameter, in. & (mm) - 0.1935 (4.9) 

0 (0) 

'Reported for design limiting duct. 
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3.1.4.3 P e l l e t  I n s i d e  D 
3.1.4.4 P e l l e t  Densi ty ,  

3.1.5 Fuel Smear Dens i ty ,  %TD - 
3.2 Cladding Parameters 

ameter , 
g/cm3 - 
85.5 

n. & (mm) - 0 (0) 
0.03 

3.2.1 Cladding Outs ide Diameter,  i n .  & (mm) - 0.23 (5.84) 

3.2.2 Cladding Wall  Thickness, i n .  & (mm) - 0.015 (0.381) 

3.2.3 Diametra l  Gap, i n .  & (mm) - 0.0065 (0.1651) 

3.2.4 Cladding M a t e r i a l  
3.2.4.1 M a t e r i a l  Type - 316 SS, 20% CW 
3.2.4.2 S w e l l i n g  P r o p e r t i e s  - NSMH Rev. 5 
3.2.4.3 I r r a d i a t i o n  Creep P r o p e r t i e s  - NSMH Rev. 3 
3.2.4.4 St ress-Rupture P r o p e r t i e s  - LHRFDS Ground Rules 

3.3 S t r e s s e r  Sleeve Parameters - N/A 

3.3.1 Sleeve Outs ide Diameter, i n .  & (mm) 

3.3.2 Sleeve W a l l  Thickness, i n .  & (mm) 

3.3.3 F r a c t i o n a l  P e r f o r a t i o n  o f  Sleeve 

3.3.4 Sleeve M a t e r i a l  

3.4 E q u i v a l e n t  Plenum Volume, i n . 3  & ( c c )  

3.4.1 Top Plenum - 1.71 (28.01) 

3.4.2 Bottom Plenum - N/A 

3.5 Bond Type - N/A 

3.6 Fuel P i n  L i n e a r  Power A x i a l  P r o f i l e ' ,  kW/f t  - EOL 

3.6. l  Nominal - 

Q = 6.40 Cos [2.18 ( x  48 - 2 4 ) l  

where x = d i s t a n c e  from bottom o f  f u e l  column, i n .  
Q = l o c a l  l i n e a r  power, kW/f t  

'Reported f o r  des ign l i m i t i n g  f u e l  p i n .  
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3.6.2 ' 20 - N/A 

3.7 Cladding Temperature A x i a l  P r o f i l e ,  O F  (OK) 

3.7.1 Nominal OD and I D  (see Table D-IX) 

3.7.2 20 OD and I D  (see Table D-X) 

Peak-to-Average P in  L inea r  Power Ra t io  - EOL 

3.8.1 Nominal A x i a l l y  -1.23 

3.8.2 20 A x i a l l y  - N/A 

3.8 

3.9 Uncer ta in t y  Factors  f o r  Hot Channel Ana lys is  - LHRFDS Ground Rules 

3.10 Neutron F lux  A x i a l  P r o f i l e '  (E > 0.1 MeV), n/cm2-s - EOL 

8 

= 2.19 1015 COS [2.18 ( x  i 8 2 4 ) ]  ( 0  x ' 5 4 8 )  

where x = d is tance from bottom o f  f u e l  column, i n .  
CP = l o c a l  f l u x  

4.0 RADIAL BLANKET ASSEMBLY DATA - Same as I n t e r n a l  F e r t i l e  Assembly (see 
Sect ion 6.0) 

5.0 RADIAL BLANKET P I N  DATA - Same as I n t e r n a l  F e r t i l e  P in  (see Sect ion 7.0) 

6.0 INTERNAL FERTILE ASSEMBLY DATA 

6.1 Pins per  Assembly - 127 

6.2 P in  Pi tch- to-Diameter  Ra t io  - 1.11 

6.3 Spacer Desc r ip t i on  

6.3.1 

6.3.2 Spacer P i tch ,  in.  & (cm) - 12 (30.5) 

6.3.3 Edge Ra t io  - 0.967 

Wire Wrap Diameter ( o r  g r i d  spacer th ickness and he igh t ) ,  
i n .  & (mm) - 0.040 (1.02) 

6.4 Overa l l  Assembly Length, i n .  & (cm) - 140 (355.6) 

6.5 L a t t i c e  P i t ch ,  i n .  & (cm) - 5.095 (12.94) 

'Reported f o r  design l i m i t i n g  f u e l  p in .  
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6.6  Duct I n s i d e  F l a t - t o - F l a t ,  i n .  & (cm) - 4.685 (11 .90)  

6 .7  Bundle/Duct Clearance ,  i n .  & ( m m )  - 0.03  (0.765)  

6.8 Duct Wall Thickness, i n .  & ( m m )  - 0.102 (2 .59)  

6 .9  I n t e r d u c t  Gap, i n .  & (mm) - 0.206 ( 5 . 2 3 )  

6.10 Duct Mater ia l  

6.10.1 Mater ia l  Type - 316 SS, 20% CW 

6.10.2 Swel l ing  P r o p e r t i e s  - NSMH Rev. 5 

6 .10.3 I r r a d i a t i o n  Creep P r o p e r t i e s  - NSMH Rev. 3 

6.11 Duct Midwall Axial Temperature P r o f i l e ' ,  O F  (OK) 

6.11.1 Nominal (see Table  D-XI) 

6 .11 .2  20 (see Table  D-XII) 

6 .12 Duct Wall Pressure D i f f e r e n t i a l  P r o f i l e ' ,  psi & (kPa)  
6.12.1 Nominal - 

EOL 

92.0 ( 0  5 x 5 140)  - X - - .  
'psi 140 

where x = d i s t a n c e  from t o p  of f u e l  p i n  bundle ( i n . )  

633 ( 0  5 x i 140)  - X - - .  
'kPa 140 

6.12.2 20 - N / A  

6 .13 .Neut ron  F l u x  Axial P r o f i l e '  ( E  > 0.1 MeV), n/cm2-s - EOL 

6.13.1 Nominal - 

@ = 3.26 x 1015 Cos c3.06 (' 4824)] ( 0  5 x 5 48)  

where x = d i s t a n c e  from bottom of f u e l  column ( i n . )  

6.13.2 20 - N/A 

'Reported f o r  d e s i g n  1 i m i t i n g  d u c t .  
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7.0 INTERNAL FERTILE P I N  DATA 

7.1 Fuel Parameters 

7.1.1 Fuel Type (oxide, carb ide,  n i t r i d e )  - Oxide 

7.1.2 

7.1.3 

S to ich iomet ry  (O/M, C/M, N/M) - 1.96 

Plutonium Content (Pu/Pu + U)  - 0 

7.1.4 Fuel Form (powder o r  pe l  l e t )  - Pel l e t  
7.1.4.1 P e l l e t  Diameter, i n .  & (mm) - 0.330 (8.4) 
7.1.4.2 P e l l e t  Dish and Chamfer Dimensions, i n .  & (mm) - 

7.1.4.3 P e l l e t  I n s i d e  Diameter, i n .  & (mm) - 0 (0 )  
7.1.4.4 

0 ( 0 )  

P e l l e t  Densi ty,  g/cm3 - 10.56 

7.1.5 Fuel Smear Densi ty,  %TD - 93.7 

7.2 Cladding Parameters 

7.2.1 Cladding Outside Diameter, i n .  & (mm) - 0.365 (9.27) 

7.2.2 Cladding Wall Thickness, i n .  & (mm) - 0.015 (0.381) 

7.2.3 Diametral  Gap, i n .  & (mm) - 0.005 (0.127) 

7.2.4 Cladding Ma te r ia l  
7.2.4.1 Ma te r ia l  Type - 316 SS, 20% CW 
7.2.4.2 Swel l ing  Proper t ies  - NSMH Rev. 5 
7.2.4.3 I r r a d i a t i o n  Creep Proper t i es  - NSMH Rev. 3 
7.2.4.4 Stress-Rupture P roper t i es  - LHRFDS Ground Rules 

7.3 S t resser  Sleeve Parameters - N/A 

7.3.1 Sleeve Outside Diameter, i n .  & (mm) 

7.3.2 Sleeve Wall Thickness, i n .  & (mm) 

7.3.3 F r a c t i o n a l  Pe r fo ra t i on  o f  Sleeve 

7.3.4 Sleeve Ma te r ia l  

7.4 Equ iva len t  Plenum Volume, & ( cc )  

7.4.1 Top Plenum - 4.79 (78.6) 

7.4.2 Bottom Plenum - N/A 
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. 

7.5 

7.6 Fuel P i n  L i n e a r  Power A x i a l  P r o f i l e ’ ,  kW/f t  - EOL 

Bond Type (sodium o r  he l ium) - N / A  

7.6.1 Nominal - 

Q = 14.77 Cos b . 0 6  ( X  48 - 2411 

where x = d i s t a n c e  f rom bottom o f  f u e l  column ( i n . )  
Q = l o c a l  1 i n e a r  power ( k W / f t )  

7.6.2 20- - N/A 

7.7 Cladding Temperature A x i a l  P r o f i l e ,  O F  & ( O K )  

7.7.1 Nominal OD and I D  (see Table D - X I I I )  

7.7.2 20 OD and I D  (see Table D-XIV) 

7.8 Peak-to-Average P i n  L i n e a r  Power R a t i o  - EOL 

7.8.1 Nominal A x i a l l y  - 1.45 

7.8.2 20 A x i a l l y  - N/A 

7.9 U n c e r t a i n t y  Fac tors  f o r  Hot Channel A n a l y s i s  - LHRFDS Ground Rules 

7.10 Neutron F l u x  A x i a l  P r o f i l e ’  (E > 0.1 MeV), n/cm2-s - EOL 

= 3.17 x 1015 Cos [3.06 48 
where x = d i s t a n c e  from bottom o f  f u e l  column ( i n . )  

@ = l o c a l  f l u x  

8.0 CONTROL ASSEMBLY DATA - N/A 

9.0 CONTROL P I N  DATA - N/A  

. 10.0 PERFORMANCE CHARACTERISTICS 

10.1 Discharge Exposure, MWd/kg 

10.1.1 Peak - 122 
10.1.2 Average - 86 

~~ 

’Reported f o r  des ign l i m i t i n g  p i n .  
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10.2 EOL CDF f o r  Design L i m i t i n g  Fuel P in  - 0.25 

10.3 Plenum Prcrsure  H i s t o r y  f o r  Design L i m i t i n g  Fuel P in - 20 

P = 167 + 1.038T 

where P = pressure ( p s i a )  
T = f u l l  power days 

10.4 Core M a t e r i a l  Volume Frac t ions  . 
10.4.1 Fuel - 0.4979/0.3786/0.4979/0.3245/0.4979/0.3786/0.4979/ 

0.3118/0.4979/0.3786/0.4979/0.3506 

10.4.2 Sodium (Blankets /Fuel )  - 0.3266/0.4025 
10.4.2.1 F r a c t i o n  of Na i n  I n t e r d u c t  Gap - 0.2425/0.1968 
10.4.2.2 F rac t i on  of Na i n  Assembly I n t e r i o r  - 0.7575/0.8032 
10.4.2.3 F rac t i on  of Na i n  Fuel /Clad Bond - 0.000 

10.4.3 S tee l  - 0.1755/0.2188 
10.4.3.1 F rac t i on  o f  Steel  i n  Duct - 0.4287/0.3438 
10.4.3.2 F rac t i on  of Steel  i n  Wire Wrap - 0.0404/0.0980 
10.4.3.3 F rac t i on  o f  S tee l  i n  Cladding - 0.5309/0.5581 

10.5 Breeding Ra t io  - 1.31 

10.6 Breeding Gain, kg/cyc le  - 362 

10.7 Compound System Doubl ing Time, y r s  - 19.0 

10.8 S p e c i f i c  Power, MW/kg-f issi le - 0.83 

10.9 Fuel Cycle Costs, mi l ls /kW-hr  - 2.95 

10.10 Assembly Exposure, MWd/assembly 

10.10.1 Peak - 5375 
10.10.2 Average - 4870 

10.11 Sodium Void Worth* (BOEC/EOEC), $ - +1.81/+2.53 

10.12 Doppler C o e f f i c i e n t  - N/A 

10.13 LHRFDS Opt imiza t ion  Funct ion - 2.24 

*Worth o f  v o i d i n g  f low ing  sodium, a c t i v e  core he igh t  on ly .  No vo id ing  o f  
c o n t r o l ,  a x i a l  o r  r a d i a l  b lankets ,  no r  i n t e r d u c t  gaps. 
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HEDL 7802-37.7 

FIGURE D-1. Assembly Coolant Mixed Mean Outlet Temperature ( E O L ) .  
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EQUIVALENT CYLINDER RADIUS (cm) 

-17.98 +.62+4-53.07+ 64.82+--76.57- 

TGP 1' + +. 
- 5 T I  
% 121.92 I- 35.56 + + 
0. 

1 6 6 . 7 9 4  

l B l  

NO. S/P 

RT 2.5 

UABl I82 UAB2 183 UAB3 

E! 1 FZ2 

NO. FUEL S/A 6 
NO. S/A LOADED PER 

CYCLE* 3 
NO. kg FISSILE MAT'L 

LOADED PER CYCLE* 
33 

NO. kg HEAVY METAL 
LOADED PER CYCLE' 
I67 

NO. CONTROL S/A 0 
RT 2.5 

FZ3 

NO, S/A 
12 

RT 2.5 

LAB2 

NO. FUEL S/A 36 
NO. S/A LOADED PER 

CYCLE* 18 
NO. kg FISSILE MAT'L 

LOADED PER CYCLE' 
195 

NO. kg HEAVY METAL 
LOADED PER CYCLE* 
1002 

NO. CONTROL S/A 6 
RT 2.5 

LAB3 

NO. S/A 
30 

RT 2.5 

LARl 

NO. FUEL S/A 36 
NO. S/A LOADED PER 

CYCLE* 18 
NO. kg FISSILE MAT'L 

LOADED PER CYCLE' 
195 

NO. kg HEAVY METAL 
LOADED PER CYCLE' 
1002 

NO. CONTROL S/A 0 
RT 2.5 

LAR2 LAR3 

-88.33- 

TGP 

UAR 

184 

NO. S/A 
42 

RT 2.5 

UAB = UPPER AXIAL BLANKET I B I  = INTERIOR BLANKET 1 F Z I  = FUEL Z O N E  1 TGP = TOP GAS PLENUM 
LAB = LOWER AXIAL BLANKET 182 = INTERIOR BLANKET 2 FZ2 = FUEL Z O N E  2 BGP = BOTTOM GAS PLENUM 

UAR = UPPER AXIAL REFLECTOR RB = RADIAL BLANKET 183 = INTERIOR BLANKET 3 FZ3 = FUEL Z O N E  3 
LAR = LOWER AXIAL REFLECTOR 184 = INTERIOR BLANKET 4 FZ4 = FUEL Z O N E  4 

IB5 = INTERIOR BLANKET 5 FZ5 = FUEL Z O N E  5 
IBb = INTERIOR BLANKET 6 FZ6 = FUEL Z O N E  6 

'SPECIFIED FOR START OF EQUILIBRIUM CYCLE. 

FIGURE D-2. R-Z Core Diagram for LHRFDS Leve l  I1 Heterogeneous Design. 

.4- 
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EQUIVALENT CYLINDER RADIUS (cm) 

UA 04 

FZ4 

NO. FUEL S/A 84 
NO. S/A LOADED PER 

CYCLE' 42 

LOADED PER CYCLE' 
456 

NO. kg HEAVY METAL 
LOADED PER CYCLE' 
2337 

NO. CONTROL S/A 18 
RT 2.5 

NO. kg FISSILE MAT'L 

L A M  

LAR4 

BGP 

i G P  RR 

UAR 

I85 UAB5 I86 U A M  R0 

FZ5 FZ6 

NO. S/A NO. FUEL S/A 66 NO. S/A NO, FUEL S/A 150 NO. S/A NO. S/A 

RT 2.5 CYCLE' 33 RT 2 .5  CYCLE* 75 RT 6.25 RT 
60 NO. S/A LOADED PER 72 NO. S/A LOADED PER 288 1 a8 

NO. kg FISSILE MAT'L N O ,  kg FISSILE MAT'L 
LOADED PER CYCLE' LOADED PER CYCLE' 

417 948 
NO. kg HEAVY METAL NO. kg HEAVY METAL 

LOADED PER CYCLE' LOADED PER CYCLE' 
1836 4173 

NO. CONTROL S/A 0 NO. CONTROL S/A 12 
RT 2 .5  RT 2.5 

LA05 L A M  

L A 6  LA R6 

8G P 

F igure  D-2. (Continued.) 
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- I s o t o p e  

- I  u 
" u 

.u 
., i 3 

""pU 

' " P U  

- , . ' pu  

F i s s i o n  P roduc ts  

TABLE D - I  

FUEL I N V E N T O R Y  AT THE B E G I N N I N G  OF EQUILIBRIUM CYCLE 
( k g )  

- Core Region ~_ 
FZ1 FL2 FZ3 FZ4 FL5 FZ6 AB1* AB2 

0 .44  2.64 2.67 6 . 1 8  4 .61  1 9 . 7  0.39 2.37 

__ __ __ ~ __ ~ __ ~ 

I s o t o p e  Not Eva lua ted  

244.4 1466 1467 3421 2540 5796 203.1 1218 
53 .7  321.6 323.1 750.9 679 .0  1558 1 . O  6 .2  

17.Y 107 .3  107.2 250.3 227.9 512.0 0 . 0 2  0.10 

7 . 5  45.2 45 .5  105.7 96.9 223.7 - -  0 .002  
2 . 1  1 2 . 8  12.8 29.8 27.2 61.2 - -  _ _  
7 .8  47 .2  43.2 108.5 93 .3  181.1 0.009 0.6 

AB3 

2.38 

1218 
5.5 

0.09 
0.002 

_ _  
0 . 5  

*Elote - Number shown i s  f o r  combined upper  and l o w e r  a x i a l  b l a n k e t s  (model had m idp lane  symmetry) .  

TABLE D-I1 

FUEL INVENTORY AT THE BEGINNING OF EQUILIBRIUM CYCLE 
(kg) 

Isotope 

2 3 5 ~  

236" 

2 3 8 ~  

239Pu 

240Pu 

24'Pu 

24*PU 

Fission Products 

~~ 

_ _ -  AB4 AB5 

5.53 4.36 

2842 2233 
14.3 10 .1  
0 . 2 4  0.15 

0.005 0.003 
._ _. 

1.4  0.9 

- 
AB6 

10.0 

- 

5083 6 

18.4 
0.22 

0.003 
_ _  
1 .7  

Core Region 
IB1 - IB2 IB3 IB4 IB5 I B6 RB 

0.22 2.70 6.81 9.57 13.7 16.7 64.0 
Isotope Not Eva1 uated 

124.4 1495 3744 5243 7496 9008 35900 
1.63 19.8 46.2 63.3 88.1 95.5 512.8 
0.08 0.98 2.11 2.81 3.77 3.64 16.7 
0.004 0.05 0.11 0.14 0.18 0.15 0.7 

- -  0.001 0.002 0.003 0.003 0.003 0.01 

0.44 5.1 11.2 15.0 21 .o  22.0 0.79 

.= 

- 

D-14 



TABLE U - 1 1 1  

FUEL INVEPITORY A T  THE ilIUULE rJF EQUILIBRIUM C Y C L E  
( k g )  

0 

i 

I s o t o p e  

i35u 
? 3 "u 
?"u 

Pu 
Pu 

Pu  
Pu 

7 1 9  

7 1 0  

7 I, I 

? b ?  

F i s s i o n  P roduc ts  

FZI  

0 . 3 7  

239.2 
50 .7  
1 8 . 8  

6 . 6  
2.2 

15 .7  

1434 1438 

303.1 306 .1  
112 .3  1 1 2  4 

39 .6  4 0 . 2  
13 4 1 3 . 4  

9 6 . 8  3 8 . 7  

Core R e q i o n  

FZQ FZ5 FZ6 ABl' _ _ ~ ~ ~  
5.30 4.00 9.58 0 .37  

3350 2492 5707 202 o 
709 .7  636.0 1474 2 . 0  

Isotope Hot Eva lua ted  

261.8 237 .2  527.4 0.043 

92 .5  85.8 201.2 0.001 
31.3 28.5 6 3 . 4  .. 

218.3 1 8 3 . 2  355.1 0.2 

AB2 

2.24 

__ 

1211 
12.5 
0.286 

0.009 

1 . 4  

AB3 

2.26 

1211 

11 .5  
0 . 2 4 2  
0 .007  

1 . 2  

*Note - Number shown i s  f o r  cnii ihinrd u p p e r  a n d  l o w e r  a x i a l  h lanke rc  (nindel h a d  mid plan^ symmetry) 

TABLE D-IV 

FUEL INVENTORY AT THE MIDDLE OF EQUILIBRIUM CYCLE 
( k g )  

Isotope 
23511 
23 6" 

238" 

23 9 P u  

2 4 0 P u  

2 4 ' P u  

2 4 2 P u  

F i s s i o n  Products 

~ AB4 

5 . 2 4  

2826 
28.4 

0.616 

0.018 

3 .1  

AB5 AB6 

4 .18  9.67 

~- 

2223 5064 

1 9 . 4  35.8 
0.360 0 . 5 2 6  

0.009 0.011 

1.9 3 .5  

Core Region 
IB1 IB2 IB3 IB4 IB5 I B6 RB 

0.20 2.39 6.07 8.50 12.1 14.8 0.62 

I s o t o p e  Not E v a l u a t e d  

122.7 1474 3693 51 71 7390 8886 35730 

2.88 35.1 83.5 116.8 166.8 187.2 636.5 
0.16 2.00 4.43 6.10 8.64 8.82 26.1 
0.01 0.14 0.29 0.40 0.55 0.51 1.34 

-- 0.004 0.008 0.011 0.016 0.013 0.03 
0.86 10.0 22.2 30.7 44.8 49.1 115.3 
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T A B L E  n-v 

( k q )  
FUEL INVENTORY AT THE END OF EQUILIBRIUP CYCLE 

Core Region __ -~ ~. 

I s o t o p e  - a B. L<3- FL4 FZ6 A B l *  JB1_ AB3 AB4 AB5 AB6 
* 

2 3 ru 0 .32  1 .93  1 . 9 8  4.56 3.46 8 . 5 9  0 . 3 6  2.12 2.15 4 .98  4.00 9.33 
2 3 G U  I s o t o p e  Not  E v a l u a t e d  

2 3 8 ~  234.2 1404 1409 3283 2446 5623 200 .9  1204 1205 2810 2212 5045 

2 , 9 P U  48.1 287.1 291.3 673.9 598.1 1400 3 . 0  1 8 5  16 .9  4 1 . 8  28.6 52.5 2 

2 r ' P u  5 . 9  35.2 36 .0  8 2 . 9  76.9 182.7 0.003 o.ni.i 0.017 0.044 0.023 0.026 
z s o p u  19.6 116.5 116 .6  271.3 244.7 540.2 0.08 0.55 0 . 4 7  1.19 0.70 1.03 

_. _ _  ._ --  _ _  2 r 2 P U  2 . 3  13.9 13.9 32 .4  29 .4  65.2 - -  

F i s s i o n  P r o d u c t s  2 3 . 2  141 .9  130 .4  318.9 266.3 513.9 0 . 4  2 . 4  2.0 5 . 3  3.3 5.8 

*Note - Number shown i s  f a r  combined upper  and l o w e r  a x i a l  b l a n k e t s  (model had m i d p l a n e  c,ymmetry). 

TABLE 0-VI  

FUEL INVENTORY AT THE EN0 OF EQUILIBRIUM CYCLE 
( k g )  

I s o t o p e  

2 3 5 1 )  

2 3 8" 

2 3  9Pu 

2 4 0 P u  

2"Pu 

24zPu  

F i s s i o n  Produc ts  

2 3 6 "  

IB1  I 6 2  

0.18 2.11 

120.8 1452 
4 .04  49.2 
0 .29  3.61 
0.02 0.31 
- -  0.01 

1.47 17.2 

Core Region 
183 IB4 I 6 5  

5.38 7.54 10 .8  
I s o t o p e  Not  E v a l u a t e d  

3640 5097 7286 
117.7 164.2 232.6 
8.11 11.19 15.73 
0.65 0.88 1 .23  
0.02 0.03 0.04 
38.5 53.1 76.6 
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I B6 RB 

13.3 59.4 

8772 35580 
260.9 743.4 
16.13 36.0 

1.15 2.14 
0.04 0.056 
83.3 153.6 J 



TABLE 0 - V I 1  

MIDWALL AXIAL TEMPERATURE PROFILE FOR DESIGN LIMITING FUEL 3 U C T  
(Nomina 1 , EOL ) 

D i s t a n c e  Above BOF 
( f t )  

0 
3 . 0  76 9E-01 

- Duct M i d w a l l  Temperature 

(OF) 0 
597.93 
605.92 

587 
592 

6.1538E-01 616.59 598 
9.2308E-01 
1.2308E+00 
1.5385Et00 
1.8462Et00 
2.1538E+00 
2.461 5E+00 
2.7692E+00 
3.0769Et00 
3.3846Et00 
3.6923Et00 
4.0000E+00 

629.59 
644.49 
660.78 
677.94 
695.38 
712.53 

728.83 
743.72 
756.72 
767.40 
775.39 

605 
61 3 
622 
6 32 
641 
651 
660 
669 
6 76 
681 
686 

TABLE 0-VI11  

MIDWALL AXIAL TEMPERATURE PROFILE FOR D E S I G N  LIMITING FUEL DUCT 
( 2 0 ,  EOL) 

D i s t a n c e  Above BOF 
( f t )  

0 
3.0769E-01 
6.1538E-01 
9.2308E-01 
1.2308E+00 
1.5385Et00 
1.8462E+00 
2.1538E+00 
2.461 5E+00 
2.7692E+00 
3.0769Et00 
3.3846E+O0 
3.6923E+00 

Duct M i d w a l l  Temperature 

( O F )  ("K) 

614.75 
624.99 
638.66 
655.32 
674.41 
695.28 
717.27 
739.62 
761.59 
782.48 
801.55 
818.21 
831.90 

597 
602 
610 
619 
630 
641 
6 54 
666 
6 78 
690 
701 
71 0 
71 7 

4.0000E+00 842.13 723 
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TABLE 0-IX 

NOMINAL CLADDING TEMPERATURE AXIAL PROFILES FOR DESIGN LIMITING FUEL P I N  

Beginning o f  L i f e  End o f  L i f e  
Distance f r o m  Clad OD Clad IO Clad OD Clad I D  
Bottom o f  Fuel  

T+;yeraz Z r a E  s r a g  T e g e r a z  (in.) - 
1.714 
5.143 
8.571 

12.000 
15.429 
18.857 
22.286 
25.714 
29.143 
32.571 
36.000 
39.429 
42.857 
46.286 
48.000 

618 599 653 618 
648 615 694 641 
685 636 739 666 
728 660 789 694 
775 686 842 723 
826 714 895 752 
878 743 948 782 
930 772 999 810 
981 800 1047 837 

1030 827 1090 861 
1074 852 1128 882 
1112 873 1159 899 
1144 891 1181 911 
1168 904 1196 920 
1177 909 1200 922 

611 595 
630 605 
653 618 
680 633 
710 650 
741 667 
774 685 
807 704 
839 721 
869 738 
897 754 
921 767 
941 778 
956 786 
962 790 

633 607 
659 621 
688 637 
719 655 
753 674 
786 692 
820 711 
852 729 
883 746 
910 761 
934 774 
952 784 
966 792 
975 797 
977 798 

TABLE D-X 

20 CLADDING TEMPERATURE AXIAL PROFILES FOR D E S I G N  LIMITING FUEL P I N  

Beginning o f  L i f e  End o f  L i f e  
Distance from Clad OD Clad I D  Clad OD Clad I D  

Bottom o f  Fuel  x r a z  B r a s  m r a g  
( i n . )  

1.714 
5.143 
8.571 

12.000 
15.429 
18.857 
22.286 
25.714 
29.143 
32.571 
36.000 
39.429 
42.857 
46.286 
48.000 

663 624 709 649 
709 649 770 683 
763 679 834 719 
823 712 903 757 
888 749 974 796 
955 786 1043 835 

1024 824 1111 872 
1091 861 1175 908 
1155 897 1234 941 
1214 930 1287 970 
1266 959 1331 995 
1310 983 1364 1013 
1343 1001 1387 1026 
1367 1015 1399 1032 
1374 1019 1401 1034 

645 614 675 630 
674 630 713 651 
708 649 754 674 
745 669 798 699 
787 692 844 724 
829 716 888 749 
872 740 931 772 
914 763 972 795 

c+ 

954 785 1010 816 e.' 

991 806 1043 835 
1024 824 1070 850 
1051 839 1090 861 
1073 851 1104 869 
1087 859 1111 872 
1092 862 1112 873 

0-1 8 



TABLE 0-XI 

c 

MIOWALL AXIAL TEMPERATURE PROFILE FOR OESIGN LIMITING INTERNAL FERTILC D U C l  
(Nominal, EOL) 

Dis tance Above BOF 
( f t )  

0 

3.0769E-01 
6.1538E-01 
9.2308E-01 
1.2308E+00 
1.5385Et00 
1.8462E+00 
2.1538Et00 
2.461 5E+00 
2.7692E+00 
3.0769E+00 
3.3846E+00 
3.6923E+00 
4.0000E+00 

Duct Midwal l  Temperature 

0 0 
597.64 
605.77 
616.52 
629.56 
644.44 
660.69 
677.78 
695.15 
712.24 
728.48 
743.37 
756.40 
767.15 
775.29 

587.24 
591.76 
597.73 
604.98 
61 3.24 
622.27 
631 .77  
641 .42 
650.91 
659.93 
668.21 
675.44 
681 .42 
685.94 

TABLE 0-XI1 

MIOWALL AXIAL TEMPERATURE PROFILE FOR OESIGN LIMITING INTERNAL FERTILE DUCT 
(20, EOL) 

Distance Above BOF 
( f t )  

0 
3.0769E-01 
6.1538E-01 
9.2308E-01 

, 

1 .2308€+00 
1.5385E+00 
1.8462E+00 
2.1538E+00 
2.4615E+00 
2.7692E+00 
3.0769E+00 
3.3846E+00 
3.6923E+00 
4.0000E+00 

Duct  Midwal l  Temperature 

0 0 
614.38 
624.80 
638.57 
655.28 
674.35 
695.17 
71 7.07 
739.32 
761.22 
782.03 
801.11 
817.80 
831.58 
842.01 

596.54 
602.33 
609,98 
619.27 
629.86 
641.43 
653.59 
665.96 
678.12 
689.68 
700.28 
709.56 
717.21 
723.01 
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TABLE D-XI11 

NOMINAL CLADDING TEMPERATURE AXIAL PROFILES FOR D E S I G N  LIMITING INTERNAL FERTILE P I N  

D i s t a n c e  f r o m  
Bot tom o f  Fue l  

( i n . )  

1.714 
5.143 
8.571 

12.000 
15.429 
.18.857 
22.286 
25.714 
29.143 
32.571 
36.000 
39.429 
42. a57 
46.286 
48.000 

B e g i n n i n g  o f  L i f e  
C lad  OD C l a d  ID 

End o f  L i f e  
C lad  OD Clad I D  

608 
61 2 
61 6 
620 
625 
631 
636 
642 
647 
652 
657 
661 
664 
666 

667 

593 
595 
597 
6 00 
602 
606 
609 
61 2 
61 5 
61 7 
620 
622 
624 
625 
626 

61 3 
618 
623 
629 
635 
641 
647 
652 
657 
662 
665 
668 
6 70 
671 
671 

596 61 8 
599 6 36 
601 657 
605 681 
608 707 
61 1 736 
61 5 76 5 
61 7 794 
620 822 
623 849 
625 873 
626 894 
627 91 1 
628 924 
628 929 

599 
609 
6 20 
6 34 
648 
664 
680 
696 
71 2 
727 
740 
752 
761 
769 
771 

643 
668 
696 
726 
757 
787 
81 7 
846 
a72 
895 
91 5 
9 30 
940 
9 46 

947 

61 2 
626 - 
642 
659 
6 76 
692 
709 
725 
740 
752 
764 
772 
777 

= 

781 
781 

.- 

TABLE D - X I V  

20 CLADDING TEMPERATURE AXIAL PROFILES FOR D E S I G N  LIMITING INTERNAL FERTILE PIN 

Beq' inninq o f  L i f e  End o f  L i f e  
D i s t a n c e  f r o m  Clad  OD Clad I D  C lad  00 C l a d  IO 
Bot tom o f  Fue l  z r a s  

( i n . )  

1.714 
5.143 
8.571 

12.000 
15.429 
18.857 
22.286 
25.714 
29.143 
32.571 
36. DO0 
39.429 
42.857 
46.286 
48.000 

6 28 
634 
640 
646 
653 
661 
668 
675 
682 
688 
693 
697 
70 1 
703 
70 3 

604 
607 
61 1 
61 4 
618 
622 
6 26 
630 
634 
637 
640 
642 
645 
6 46 
6 46 

635 
642 
6 50 
658 
667 
675 
682 
689 
696 
701 
705 
708 
709 
709 
709 

608 655 
61 2 682 
616 71 4 
621 749 
626 787 
630 825 
634 86 3 
6 38 901 
642 936 
645 968 
647 996 
649 1019 
649 1036 
649 1046 
649 1050 

619 
634 
652 
671 
692 
71 4 
735 
756 
775 
793 
809 
82 1 
831 
836 
8 39 

688 
727 
766 
808 
851 
891 
931 
96 7 
999 

1026 
1048 
1063 
1072 
1073 
1072 

637 
659 
681 
704 
728 
750 
772 
792 

- 

.. .i 81 0 
825 
837 
846 
851 
85 1 
851 
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L* L?..'J,F- 2 t1CTERUGENEOUS CORE DESIGN 
V t F L  F'lrd !L!NtP? POWER AS fl FUIJCTION OF RADIIJS 

Beginnt.nc of E q u i L i b r i u m  CycLe 

GGLtQ I 

n - P e a k  Power i n  Fresh FueL 
O - S v e r o  e Power L n  F r e s h  FueL 1 A - Peak $,we- i? Burrled FueL 

, + - flveraae Power in Burned FueL 

A +  -7 1 1----7 I-T-17 
160.0 180. 0.0 20.0 40.0 60.0 80.0 1W.O 120.0 110.0 

DISTANCE FROM CORE CENTERLINE, CM 
~ 

LHRFDS LEVEL 2 HETEROGENEOUS CORE DESIGN 
FUEL P I N  LINEAR POWER AS A FUNCTION OF RADIUS 

B e g i n n i n g  of E q u i l i b r i u m  Cycle 

0-Peak Linear Power 

0 ,  
61 , 1 

! , 1 I I 
0.0 20.0 40.0 60.0 80.0 100.0 1M.O lto.0 160.0 180.0 

DISTANCE FROM CORE CENTERLINE, cm 
__ 
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M 

LHRFDS LEVEL 2 HETEROGENEOUS CORE DESIGN 
FUEL PIN LINEeR POWER AS A FUNCTION OF RADIUS 

End of E q u i L i b r i u r n  C’ycLe 

LEGEND 
0-Peok Pover in Fresh Fuel 
0 -  Avera e Power in Fresh FueL 
A - Peok ?over  in Burned  Fuel 
+-Flveraae Power in Burned Fuel 

LHRFOS LEVEL 2 HETEROGENEOUS CORE DESIGN 
FUEL PIN LINEAR POWER AS A FUNCTION OF‘RADIUS 

End o f  Equilibrium Cycle 

0-Peak Linear Power 

;-I-.. . I ----I-- - T - - - - r 7  

0.0 20.0 ’10.0 60.0 80.0 100.0 120.0 1+0.0 160.0 180.0 
DISTANCE FROM CORE CENTERLINE, CM 

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