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USER'S GUIDE FOR GAPCON-THERMAL-2: 

A COMPUTER PROGRAM FOR CALCULATING THE 

THERMAL BEHAVIOR OF AN OXIDE FUEL ROD 

C. E. Beyer, C. R. Hann, D. D. Lanning, 

F. E. Panisko and L. J. Parchen 

INTRODUCTION 

Th i s  r e p o r t  i s  be ing  pub l i shed  as a u s e r ' s  manual f o r  GAPCON-THERMAL-2 

and p rov ides  a genera l  d e s c r i p t i o n  o f  t h e  code and i n s t r u c t i o n s  f o r  i t s  

use. The code i s  descr ibed  i n  more d e t a i l  and compared w i t h  exper imenta l  

da ta  i n  a companion r e p o r t .  ( 1  1 

The GAPCON-THERMAL-2 code was developed f o r  t he  Regulatory  S t a f f ,  NRC, 

t o  use as a t o o l  i n  e s t i m a t i n g  f u e l - c l a d d i n g  gap conductances and f u e l  

s t o red  energy and represen ts  a modi f i c a t i o n  o f  t he  GAPCON-THERMAL-1 code. 

The goal  of  the  m o d i f i c a t i o n s  was t o  reduce t h e  u n c e r t a i n t i e s  assoc ia ted  

w i t h  c a l c u l a t i n g  power h i s t o r y  and burnup e f f e c t s  and y e t  r e t a i n  a r e l a -  

t i v e l y  f l e x i b l e  and f a s t  runn ing  code f o r  paramet r i c  s t ud ies .  



SUMMARY AND CONCLUSIONS 

GAPCON-THERMAL-2, a  mod i f i ca t i on  of GAPCON-THERMAL-1 , can be used 

t o  c a l c u l a t e  t h e  gap conductance, temperatures, pressure and s tored energy 

i n  ox ide f u e l  rods. The code i s  capable o f  c a l c u l a t i n g  f u e l  temperatures 

f o r  several coolant ,  c ladding, and fue l  ma te r i a l  combinations. The code 

i s  a l so  capable of fo l low ing an ac tua l  i r r a d i a t i o n  h i s t o r y  i n  f i n i t e  t ime- 

power steps ( i  . e. , power h i  s t o r y ) .  The mechanisms used t o  model changes i n  

t h e  fue l - t o -c ladd ing  gap inc lude d i f f e r e n t i a l  thermal expansion o f  f u e l  and 

c ladding,  e l a s t i c  and creep deformation o f  the cladding, f u e l  expansion 

created by e a r l y - i n - l i f e  fue l  swe l l i ng  and c rack ing  as w e l l  as l a t e - i n - l i f e  

swe l l i ng  induced by the  b u i l d  up of f i s s i o n  products, and f u e l  con t rac t i on  

caused by d e n s i f i c a t i o n .  I n  a d d i t i o n  t o  the  gap changes, t he  code simulates 

t h e e f f e c t s  o f  a  v a r i e t y  of fill gas composit ions and changes t o  the  gas com- 

p o s i t i o n  (and thus gap c o n d u c t i v i t y )  caused by the  re lease o f  f i s s i o n  gas 

and v o l a t i l e  i m p u r i t i e s .  The r e a c t i o n  of t h e  v o l a t i l e  i m p u r i t i e s  w i t h  the  

c lad  i s  a l so  taken i n t o  account. 



GENERAL CODE DESCRIPTION 

GAPCON-THERMAL-2 c a l c u l a t e s  t he  gap conductance, temperatures, pressures 

and s to red  thermal energy i n  a  nuc lear  fue l  rod. The code c a l c u l a t e s  these 

va lues f o r  a  f u e l  r o d  d u r i n g  i t s  opera t ion ,  f o l l o w i n g  i t s  power h i s t o r y .  

The c u r r e n t  ve rs i on  uses 50 f u e l  r a d i a l  nodes and between 1  and 20 a x i a l  

f u e l  nodes f o r  as many as 15 time-power s teps.  A  s i m p l i f i e d  f l o w  c h a r t  o f  

t h e  c a l c u l a t i o n  sequence i n  t h e  code i s  g i ven  i n  F igu re  1. A  l i s t i n g  i s  

con ta ined  i n  Appendix A, and Appendix B con ta ins  a  sample problem w i t h  

i n p u t  da ta  and ou tpu t  r e s u l t s .  

The GAPCON-THERMAL-2 code i s  a  r e v i s e d  ve rs i on  of t h e  GAPCON-THERMAL-1 

code. The f o l l o w i n g  areas of t he  code were m o d i f i e d  o r  added t o  improve 

t he  thermal performance model ing c a p a b i l i t y :  

power h i s t o r y  

r e l o c a t i o n  

d e n s i f i c a t i o n  

gas genera t ion  

gas re lease  

recyc led  U02-Pu02 fue l  

v o l a t i l e  i m p u r i t i e s  

gap conductance 

con tac t  conductance 

a x i a l  thermal expansion 

d i s h  volumes 

f u e l  m e l t i n g  

S I  u n i t s  

modular code 

The code was mod i f i ed  t o  f o l l o w  changes i n  power w i t h  t ime  enab l ing  

t h e  user  t o  more r e a l i s t i c a l l y  f o l l o w  t h e  h i s t o r y  o f  a  f u e l  rod. The user  

can use up t o  15 time-power s teps t o  model a  p a r t i c u l a r  r o d  power h i s t o r y .  

The i r r e v e r s i b l e  phenomena o f  gas re l ease  and f u e l  r e l o c a t i o n  induced by 
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c rack ing  and f i s s i o n  p roduc t  s w e l l i n g  r e q u i r e d  t h e  use o f  pa th  dependent 

a l go r i t hms .  We mod i f ied  a  pa th  dependent a l g o r i t h m  f o r  f i s s i o n  gas re l ease  

devel  oped by ~ o t l  ey (3 )  and developed an a1 g o r i  thm f o r  f u e l  r e l o c a t i o n .  

The f u e l  r e l o c a t i o n  model was added t o  t h e  code t o  account f o r  t h e  

e a r l y - i n - 1  i f e  r e d u c t i o n  gap s i z e  caused by athermal c r a c k i  ng and outward 

movement o f  t h e  f u e l .  The model i s  based on i n i t i a l  c o l d  gaps and gaps 

determined f rom p o s t i r r a d i a t i o n  micrographs. The model i nc l udes  b e s t  e s t i -  

mate and conse rva t i ve  95% lower  p r e d i c t i o n  bound equat ions.  The G e i t h o f f  

model ( 4 )  f o r  r e s t r a i n e d  f i s s i o n  p roduc t  swe l l  i n g  i s  r e t a i n e d  f rom GAPCON- 

THE2MAL-1 f o r  l a t e r - i n - l i f e  f u e l  s w e l l i n g .  

A f u e l  d e n s i f i c a t i o n  model ( 5 )  was added t o  t h e  code t o  c a l c u l a t e  t he  

r e d u c t i o n  o f  t he  fue l  r a d i u s  as a  f unc t i on  of i r r a d i a t i o n  t ime  and t h e  

f a b r i c a t e d  dens i t y .  

The model f o r  f i s s i o n  gas genera t ion  was a l t e r e d  w i t h  a  more exac t  so lu -  

t i o n  o f  t he  d i f f e r e n t i a l  equat ions a l l o w i n g  t h e  a b i l i t y  t o  change t h e  power 

w i t h  t ime.  The 2 3 8 ~  (resonance abso rp t i on )  +239~u+ gaseous f i s s i o n  p roduc t  

r e a c t i o n s  were a l s o  inc luded .  The accuracy o f  t h i s  new model was checked 

aga ins t  ALCHEMY , ( 6 )  a general  purpose t ransmuta t ion  code, w i t h  ve ry  good 

agreement f o r  f i s s i o n  gas concent ra t ions .  

A new s teady-s ta te  f i s s i o n  gas re l ease  model (7)  was added t o  t h e  code. 

Th i s  model was c o r r e l a t e d  a g i n s t  45 w e l l  cha rac te r i zed  da ta  p o i n t s  f rom t h e  

open l i t e r a t u r e .  The model i nc l udes  bo th  a  bes t  es t ima te  and a  conserva t i ve  

upper 95% p r e d i c t i o n  equat ion.  

The m a t e r i a l  p r o p e r t i e s  o f  r ecyc led  mixed-oxide f u e l  were a l s o  added 

t o  t h e  code. A d d i t i o n s  o f  Pu02 up t o  45 wt% a r e  c u r r e n t l y  be ing  cons idered 

f o r  p l u ton ium r e c y c l e d  f ue l .  A  rev iew o f  smal l  a d d i t i o n s  i n d i c a t e d  t h a t  

t he  e f f ec t s  of Pu02 on t h e  phys i ca l  p r o p e r t i e s  o f  U02 a r e  ve ry  smal l  and 

i n  many ins tances  undetectab le .  Thermal c o n d u c t i v i t y  and m e l t i n g  tempera- - -  v 

t u r e  da ta  do show some d i f f e rences  and t h e i r  equat ions a re  changed a c c o r d i n g l y  
L 

w i t h i n  t h e  code. 



The model f o r  t he  behavior o f  v o l a t i l e  i m p u r i t i e s  was a l s o  modi f ied.  

A rev iew(8)  of adsorbed gas data concluded t h a t  t he  re lease r a t e s  o f  these 

gases from oxide fue l  p e l l e t s  are very r a p i d  and the  r e a c t i o n  o f  oxygen, 

hydrogen, and water vapor occurs w i t h i n  a  few hours w h i l e  n i t rogen,  carbon 

monoxide, and carbon d iox ide  reac t  w i t h i n  a  few days. Consequently, t h e  

code prov ides f o r  re lease of the  adsorbed gases from the  fuel  immediately 

and then ca l cu la tes  t h e  amount t h a t  has reacted w i t h  t h e  c ladd ing  a t  any 

g iven  t ime. 

The gap conductance models were modif ied t o  be more cons i s ten t  w i t h  

theory  and data. The L loyd  model ( l o )  was adapted fo r  t he  c a l c u l a t i o n  

o f  temperature jump d is tance and the  e f f ec t i ve  gap w id th  (gas conductance 

a f t e r  con tac t )  model i s  based on a  l i n e a r  regress ion  o f  t he  Ross and Stoute 

data. ) The M i  kic-Todreas model f o r  so l  i d - s o l  i d  conductance was 

mod i f ied  t o  f i t  the  da ta  o f  ~ a ~ i e r " ~ )  and Ross and Stoute ( ' '1  f o r  f u e l -  

c ladd ing  contact .  

A x i a l  thermal expansion o f  t he  fue l  was added t o  p rov ide  a  more 

r e a l i s t i c  c a l c u l a t i o n  o f  v o i d  volume i n  t h e  c a l c u l a t i o n  o f  i n t e r n a l  pressures. 

The a x i a l  thermal expansion i s  computed f o r  each a x i a l  segment o f  the  f u e l  

column us ing  t h e  Conway, F ince l  , and ~ e i n ' ' ~ )  c o e f f i c i e n t  o f  1  i nea r  expansion. 

I n  o rder  t o  f u r t h e r  improve t h e  c a l c u l a t i o n  o f  vo id  volumes, t h e  

a b i l i t y  t o  i nc lude  dished p e l l e t s  was added. D ish  geometry i s  approximated 

by a  v o i d  i n  t he  form o f  a  s h o r t  r i g h t  c y l i n d e r  w i t h  t he  rad ius  o f  t he  

c y l i n d e r  equal t o  t h e  rad ius  o f  t h e  d ish.  Ax ia l  thermal expansion, molten 

f u e l  and f i s s i o n  product  swe l l i ng  a re  al lowed t o  f i l l  the  d i s h  volume. 

The volume expansion ( r a d i a l  and a x i a l )  caused by f u e l  m e l t i n g  i s  

nv(15) f o r  t he  s o l i d - t o - l i q u i d  transforma- based on a  volume change o f  9.6% 

t i o n .  The f u e l  i s  assumed t o  expand i s o t r o p i c a l l y  a f t e r  a l l  i n t e r n a l  f u e l  

voidage ( i .e . ,  p o r o s i t y  and d i s h  volumes) has been f i l l e d .  Also, 100% of 

the  f i s s i o n  gases are  re leased f rom t h e  molten fue l .  

The code's ou tpu t  was changed t o  i nc lude  the  i n t e r n a t i o n a l  system of 

u n i t s  ( S I )  as w e l l  as Eng l i sh  u n i t s  t o  r e f l e c t  t h e  i n t e r n a t i o n a l  t r e n d  t o  

a  standard system o f  u n i t s .  



The code a l s o  has been broken i n t o  modules i n  t h a t  c a l c u l a t i o n a l  models 

a r e  separated i n t o  d i s c r e t e  subrou t ines  which should make i t  e a s i e r  f o r  t h e  

user  t o  r ep lace  i n d i v i d u a l  models as t h e  need a r i s e s  w i t h o u t  impac t ing  o t h e r  

p o r t i o n s  o f  t he  code. The sub rou t i ne  c a l l  sequence i s  g i ven  i n  F i g u r e  2 

and t he  f o l l o w i n g  l i s t  b r i e f l y  i d e n t i f i e s  each r o u t i n e :  

INPT - prov ides  t h e  i n p u t  va lues 

DEPRES - c a l c u l a t e s  r a d i a l  f l u x  depress ion 

INPOUT - w r i t e s  i n p u t  values 

FISSES - c o n t r o l s  t h e  t ime and power s teps f o r  t h e  f i s s i o n  gas 

c a l c u l a t i o n s  

POWDIS - c a l c u l a t e s  power f o r  f i s s i o n  gas, c l add ing  and f u e l  temperatures 

FISGAS - c a l c u l a t e s  t h e  generated f i s s i o n  gas 

RELOC - c a l c u l a t e s  r a d i a l  f u e l  r e l o c a t i o n  

DENSF - c a l c u l a t e s  r a d i a l  f u e l  d e n s i f i c a t i o n  

RTEMP - c a l c u l a t e s  r a d i a l  f u e l  temperature p r o f i l e  

EXPAND - c a l c u l a t e s  r a d i a l  f u e l  thermal expansion 

GASREL - c a l c u l a t e s  gas re l ease  r a t e  

\OUTPUT - w r i t e s  p e r t i n e n t  nodal i n f o r m a t i o n  

HCAP - c a l c u l a t e s  vo lumetr ic -averaged f u e l  heat  c a p a c i t y  

CARL - c a l c u l a t e s  f u e l  r o d  s to red  energy 

k AXPRNT - w r i t e s  summary o f  p e r t i n e n t  nodal i n f o r m a t i o n  

BLKDAT - con ta ins  t h e  da ta  used by t he  program 

HTCW - c a l c u l a t e s  water  c o o l a n t  f i l m  c o e f f i c i e n t  

MOVEAA - t ransforms a  one dimensional  m a t r i x  

MOVEKA - f i l l s  a  one dimensional  m a t r i x  w i t h  a  cons tan t  

TCOR - Func t i on  - c a l c u l a t e s  LWR f u e l  thermal c o n d u c t i v i t y  

TEPP - Func t ion  - does l i n e a r  i n t e r p o l a t i o n  w i t h  two a r rays  

TERP - Func t ion  - does l i n e a r  i n t e r p o l a t i o n  w i t h  one a r r a y  

OMEXP - Func t ion  de f i ned  as 1  - EXP (-X) 

CORROS - c a l c u l a t e s  Z r  ox i de  th ickness  f rom c o o l a n t  r e a c t i o n  
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INPUT INSTRUCTIONS 

The GAPCON-THERMAL-2 code has been developed f o r  use on t h e  CDC 6600 

CYBER system and r e q u i r e s  approx imate ly  65 K o f  addressable core  s torage.  

Run t ime  w i l l  depend on t h e  machine t h e  code i s  used on, t h e  number o f  cases 

i n p u t ,  t h e  number of a x i a l  nodes and t h e  number of t ime-steps p e r  case; b u t  

w i l l  t y p i c a l l y  t ake  1  t o  2  min on t h e  CDC 6600. 

GAPCON-THERMAL-2 uses a  combinat ion of formatted and name l i s t  i n p u t .  

Th i s  min imizes e r r o r s  i n  i n p u t  da ta  and s i m p l i f i e s  runn ing  a  number o f  con- 

secb t i ve  cases i n  which t h e  values of o n l y  a  few v a r i a b l e s  change f rom one 

case t o  t h e  nex t .  The f o l l o w i n g  s teps a r e  r e q u i r e d  t o  i n p u t  da ta  t o  GAPCON- 

THERMAL-2: 

The f i r s t  ca rd  f o r  each case con ta ins  t h e  t i t l e  ( i n  columns 2  through 

80) which w i l l  be p r i n t e d  a t  t h e  beginn ing of t h e  output .  I f  no t i t l e  

i s  des i r ed  a  b lank  card  must be i nse r ted .  

The n e x t  group o f  cards con ta ins  i n p u t  da ta  i n  NAMELIST form. Those 

v a r i a b l e s  t h a t  may be i n p u t  i n  t h i s  manner a r e  l i s t e d  and de f i ned  i n  

Tables 1  and 2. The f i r s t  o f  these cards must have a  d o l l a r  s i g n  ($ )  
. -- - 

i n  column 2  and t h e  name INPUT i n  columns 3 through 7. Values f o r  t h e  

v a r i a b l e s  a r e  then entered as s imple a l g e b r a i c  statements separated by 

commas, e.g., FRDEN = 0.92, FRSIN = 0.98, e t c .  Only columns 2  th rough 

72 may be used. As many cards as requ i red  may be used b u t  a  v a r i a b l e  

name and i t s  va lue  must be on t h e  same card  (e.g., FRDEN = on one card  

f o l l owed  by 0.92 on t h e  nex t  ca rd  i s  n o t  a l lowed) .  The a x i a l  power 

p r o f i l e ,  power h i s t o r y  and accumulat ive t ime  increments a r e  a l l  i n p u t  

as s e t s  w i t h  t h e  v a r i a b l e  names PROFIL, PSEUDO and TIME [e.g., TIME 

( 1 )  = 0, 60, 100, 200, 250, - w i t h  NTIME = 51. 

A  d o l l a r  s i g n  ( $ )  must appear somewhere i n  column 2  through 72 a f t e r  

t he  l a s t  NAMELIST v a r i a b l e  entered f o r  each case. 

The n e x t  group o f  cards ( o p t i o n a l )  con ta ins  fo rmat ted  i n p u t  f o r  f u e l  

thermal c o n d u c t i v i t y  values. The number o f  cards i n  t h i s  group i s  

equal t o  NCON (see Tab1 e  B-1 ) . On each card, columns 1  th rough 10 



con ta in  a temperature (OC), columns 11 through 20 con ta in  t h e  thermal 

c o n d u c t i v i t y  values (watts/cm°C), columns 11 through 20 conta in  t h e  

thermal c o n d u c t i v i t y  values (watts/cm°C) f o r  as- fabr icated f u e l  asso- 

c i a t e d  w i t h  t he  respec t i ve  temperatures i n  columns 1 through 10, and 

columns 21 through 30 conta in  t h e  thermal c o n d u c t i v i t y  values (wat ts /  

cm°C) f o r  r e s t r u c t u r e d  fue l .  These data can be i n p u t  i n  e i t h e r  expo- 

n e n t i a l  o r  decimal format. The cards i n  t h i s  group must be arranged 

so t h a t  temperatures a re  i n  e i t h e r  ascending o r  descending order.  

The nex t  group o f  cards ( o p t i o n a l )  con ta ins  format ted i n p u t  f o r  

c ladd ing  p rope r t i es .  The number of cards i n  t h i s  group i s  equal t o  

NCLAD (see Table B-1). On each card, columns 1 through 10 conta in  

a temperature (OF) and the  fo l l ow ing  columns conta in  c ladd ing  proper- 

t i e s  associated w i t h  t h i s  temperature. Columns 11 through 20 conta in  

t he  thermal c o n d u c t i v i t y  va lue (B tu /h r  f t  OF); columns 21 through 30 
2 conta in  the  y i e l d  s t reng th  va lue ( I b l i n .  ) ;  columns 31 through 40 

2 conta in  t h e  modulus o f  e l a s t i c i t y  va lue (1  b / i n .  ) ;  columns 41 through 

50 conta in  the  Poisson's  r a t i o ;  columns 51 through 60 conta in  t he  

l i n e a r  c o e f f i c i e n t  of thermal expansion value (per  OF); and columns 
2 61 through 70 conta in  t h e  Meyer hardness number (kg/cm ) associated 

w i t h  t h a t  temperature. These data can be i n p u t  i n  e i t h e r  exponent ia l  

o r  decimal format. The cards i n  t h i s  group must be arranged so t h a t  

temperatures a re  i n  e i t h e r  ascending o r  descending order.  

* The nex t  group o f  cards ( o p t i o n a l )  con ta ins  formatted i n p u t  f o r  f l u x  

depression values. The number o f  cards i n  t h i s  group i s  equal t o  

NFLX (see Table B-1). On each card, columns 1 through 10 con ta in  a 

diameter ( inches) ,  and columns 11 through 20 con ta in  t h e  r e l a t i v e  

neutron f l u x  a t  t h a t  diameter.  These da ta  can be i n p u t  i n  e i t h e r  

exponent ia l  o r  decimal format.  The cards i n  t h i s  group must be 

arranged so t h a t  t he  diameters are i n  e i t h e r  ascending o r  descending 

order.  



The f i n a l  group o f  cards ( o p t i o n a l )  con ta ins  fo rmat ted  i n p u t  f o r  c l a d  

creepdown va lues.  The number o f  cards i n  t h i s  group i s  equal t o  ICREP 

(see Table B-1). On each card  columns 1  through 10 c o n t a i n  t h e  t ime  

i n  days, and columns 11 through 20 t h e  d i ame t ra l  change ( i nches )  a t  

t h i s  t ime.  A t  t ime  zero a  d i ame t ra l  change due t o  e l a s t i c  d e f l e c t i o n  

o f  t h e  c l ad ,  f rom t h e  pressure d i f f e r e n t i a l ,  should be i n p u t .  A l so  

i f  a  creepdown t a b l e  i s  i n p u t ,  t he  o p t i o n  f o r  c a l c u l a t i n g  t h e  e l a s t i c  

c l a d  d e f l e c t i o n  (see ICDF i n  Table B-1) should n o t  be used. 

An example o f  i n p u t  t o  GAPCON i s  shown i n  Appendix By F i g u r e  B-1. The 

NAMELIST v a r i a b l e s  need n o t  be i n p u t  i n  any p a r t i c u l a r  o rde r  and, i n  f a c t ,  

i t  i s  n o t  necessary t o  i n p u t  values f o r  a l l  va r i ab les .  A l l  b u t  s i x  o f  t he  

i n p u t  v a r i a b l e s  i n  Table 1  a re  s e t  equal t o  zero  i n  t h e  code be fo re  t h e  user  

i n p u t  da ta  i s  read. The non-zero values a r e  g iven  i n  Table 1. Consequently, 

i f  a  v a r i a b l e  i s  om i t t ed  f rom t h e  i n p u t  da ta  o f  t h e  f i r s t  case read- in ,  i t  

w i l l  be zero. A d d i t i o n a l  cases added behind t he  f i r s t  case w i l l  use t h e  

p rev ious  va lues en te red  f o r  those v a r i a b l e s  un less  o therw ise  changed i n  t h e  

i n p u t  f o r  t he  case i n  ques t ion .  



TABLE 1. A lphabet ica l  L i s t i n g  o f  INPUT Parameters 
f o r  GAPCON-THERMAL-2 

ATMOS 

D BO 

DC I 

DCO 

DFS 

DSINZ 

DTEMP 100°F 

DVOIDZ 

EXTP 

FRACAR 

FRACH 

FRACHE 

FRAC KR 

FRACN 

FRACXE - 

FRDEN 

FRPU02 

FR35 LVO I DZ 

FR40 MINI 

FR41 NCLAD 

HBC NCON 

HGACEL NFLX 

ICDF NFUEL 

ICREP NOH 

IDENSF NPOW 10 

IC9R NPRFIL 1 

I GAS NTIME 

IPEAK PRCDH 

I RELOC *PROFIL (1 , l )  

I RELSE 

I RL PSEUDO 

I STOR 

I T  RAD S 

KB ROUC 

KOOL ROU F 

FRSIN LFUEL S 

SIGHF 

TIME 

TINLET (1 , l )  

2790°C TM- - 
TPLAS - 1200°C- 

v 
VPLENZ 

XN 

ZCLAD 

CRUDTH 

- - 

* PROFIL(1,l) = 0.23, 0.63, 0.96, 1.21, 1.35, 1.41, 1.35, 1.21, 0.96, 
0.63, 0.23 

NOTE: A l l  i n p u t  va r i ab les  i n i t i a l i z e d  t o  zero except as shown above. 



TABLE 2. Namel i s t  Va r i ab les  f o r  GAPCON-THERMAL-2 

V a r i a b l e  Name D e f i n i t i o n  and Comments 

- EXTP 

HBC 

Equ i va len t  diameter o f  t h e  coo lan t  passage ( i nches ) .  Ignored  i f  SIGHF i s  g r e a t e r  
than  zero. 

Coolant  pressure ( p s i  ) . 
2  Heat t r a n s f e r  c o e f f i c i e n t  between basket  and c l add ing  ( B t u / h r - f t  OF). 

.. SIGHF A  s i g n a l  t o  spec i f y  t h e  t ype  o f  coo lan t .  
I f  SIGHF < 0, coo lan t  i s  water ,  a  f i l m  c o e f f i c i e n t  w i l l  be c a l c u a l t e d .  
I f  SIGHF > 0, c o o l a n t  i s  u n s p e c i f i e d  and t h e  f i l m  c o e f f i c i e n t  w i l l  be 

s e t  t o  SIGHF, 

V Coolant  v e l o c i t y  ( f t / s e c ) .  Ignored  i f  SIGHF i s  g r e a t e r  than  zero.  

I C O R  A  non-zero s i gna l  t o  s p e c i f y  c l a d d i n g  o x i d a t i o n  r a t e s  
I f  I C O R  < 3  o x i d a t i o n  r a t e s  f o r  a  PWR a r e  used. 
I f  I C O R  > 3 o x i d a t i o n  r a t e s  f o r  a  BWR a r e  used. 

CRUDTH Thickness o f  c rud  on2the c l add ing  ( i nches ) .  Crud thermal c o n d u c t i v i t y  i s  assumed 
t o  be 0.23 B t u / h r - f t  -OF. 

A 

P 
TINLET A x i a l  coo lan t  temperature a r r a y  (OF) pe rm i t s  t h e  user  t o  i n p u t  c o o l a n t  temperatures a t  

each a x i a l  node as an a r ray .  NPOW+l va lues need t o  be i n p u t  w i t h  t h e  NPOW+l va lue  equal 
t o  t h e  o u t l e t  temperature.  I f  t h e  use r  does n o t  w i sh  t o  i n p u t  t h e  a x i a l  c o o l a n t  tempera- 
t u r e  a r r a y  he can i n p u t  t he  i n l e t  temperature,  TINLET( l ) ,  and DTEMP and t h e  code w i l l  
assume a  l i n e a r  temperature r i s e  across t h e  core.  

DTEMP The a x i a l  AT across t h e  core ,  ( i . e .  T  o u t l e t  - T  i n l e t ) ,  no te  n o t  used when TINLET 
a r r a y  i s  i npu t .  

I f  a  va lue ( i n t e g e r )  g r e a t e r  than zero i s  ass igned t o  KBBLy t h e  c l a d d i n g  I . D .  tempera- 
t u r e  i s  t h e  same as t h e  c o o l a n t  temperature.  

NCLAD An i n t e g e r  s i gna l  t o  s p e c i f y  t ype  o f  c l add ing .  
I f  NCLAD = 0, c l a d d i n g  i s  Z i r c a l o y .  
I f  NCLAD < 0, c l add ing  i s  304SS. 
I f  NCLAD 0, c l add ing  p r o p e r t i e s  a r e  i n p u t  as desc r i bed  p r e v i o u s l y  w i t h  t h e  number 

o f  p o i n t s  ( temperatures)  i n p u t  equal t o  NCLAD. 

ZCLAD An i n t e g e r  s i gna l  t o  s p e c i f y  Zr -2  o r  Z r -4  c l add ing .  M a t e r i a l  p r o p e r t i e s .  
I f  ZCLAD > 0, c l add ing  i s  Zr -4  
I f  ZCLAD < 0, c l add ing  i s  ZR-2 

-&NOTE: NCLAD must have a  va lue  o f  0 t o  use ZCLAD. 



c, F, 
s 0 X ' t  V) e-t a J H . F  

aJ 
n 
0 
C, 

V) 
aJ 
3 
7 

fa > 
c 

-0 
(1 
aJ 
aJ 
L 
U 

m 
s 
.r 
-0 
-0 
rb 
7 

U 

'4- 
0 

L 
aJ 
n 
5 
s 
aJ 
r 
c, 

A 
'I- 
.r 
U 
Q, 
P 
V) 

0 
c, 

7 

rb 
s 
m 
.r 
V) 

L 
aJ 
m 
aJ 
c , .  
SC, 
.r 3 

P 
s s 
e 

A m u  
C L 3 s  
W E r b  
OL u a q  
H W  

C Z O  
'4-u- 
H U L L  

n 
LL 
0 
C, 
'4- 

I 
L 
r 
\ 
3 
C, 
m 
w 

C, 
0) 
Y 
V) 
fa 
n 
L 
0 

m 
s 
.r 
-0 
-0 
la 
7 

U 

2 
rb 
-0 
s 
0 
0 
aJ 
V) 

aJ 
r 
C, 

'I- 
0 

A 
C, 
.r 
> 
.r 
C, 
U 
3 
-0 
s 
0 
U - 
rb 
E 
L 
aJ 
-t 
I- 

n 
V) 
aJ 
r 
U 
s . r 
w 

h 

0 

V) 
7 

rb 
3 
0- 
aJ 
A 
7 

7 

rb 

E 
0 
s 
w 

,- 
aJ 
s 
'I- 

-0 
aJ 
L 
3 
c, 
U 
3 
L 
C, 
V) 
aJ 
L 

'I- 
0 

L 
aJ 
C, 
aJ 
E 
rb 
.r 
-0 

7 

rb 
.r 
C, 
.r 
s 
H 

h 

V) 
aJ 
r 
U 
s 
.r 
w 

s 
5 
7 

0 
U 

7 

aJ 
3 
'I- 

'I- 
0 

r 
C, 
m 
s 
aJ 
1 

n 
V) 
aJ 
r 
U 
s - r 
V 

V) 
C, 
aJ 
7 

7 

aJ 
P 

7 

aJ 
3 
'I- 

aJ 
r 
C, 

s 
.r 

-0 - r 
0 > 
7 

rb 
L 
C, 
s 
a 
U 

7 

rb 
.r 
C, 
.r 
s 
-r 

'4- 
0 

r 
C, 
m 
s 
aJ 
1 

h 

8 
'4- 
0 

C, 
.r 
E 
.r 
7 
w 

V) 
c, 
s 
a 
E 
m 
aJ 
V) 

7 

aJ 
3 
'4- 

7 

rb 
.r 
X 
rb 

'I- 
0 

L 
aJ 
n 
5 
Z 


































































































































































































