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ABSTRACT 

The systems a n a l y s i s  c a p a b i l i t y  of t h e  ORNL HTGR Safe ty  a n a l y s i s  r e s e a r c h  
program inc ludes  a  family of computer codes--an o v e r a l l  p l a n t  NSSS s imula t ion  
(ORTAP), and d e t a i l e d  component codes f o r  i n v e s t i g a t i n g  c o r e  n e u t r o n i c  a c c i d e n t s  

.(CORTAP), shutdown emergency-cooling a c c i d e n t s  v i a  a  3-dimensional c o r e  model 
(ORECA), and once-through steam genera tor  t r a n s i e n t s  (BLAST). The component 
codes can e i t h e r  b e - r u n  independent ly o r  i n  t h e  o v e r a l l  NSSS code. 

~ e r i f  i c a t i o n  e f f o r t s  have cons i s t ed  p r imar i ly  of u s ing  e x i s t i n g  For t  S t .  
Vrain r e a c t o r  dynamics d a t a  t o  compare .aga ins t  code. p r e d i c t i o n s .  Comparisons 
of core  thermal  cond i t i ons  made f o r  r e a c t o r  scrams from power l e v e l s ,  between 
30 and 5.0% showed good agreement. ' An op t imiza t ion  was used t o  
r a t i o n a l i z e  t h e  d i f f e r e n c e s  between t h e  pr ,edicted and measured r e f u e l i n g  r eg ion  
o u t l e t  temperatures ,  and, i n  gene ra l ,  e x c e l l e n t  agreement w a s  a t t a i n e d  by 
adjustment of models and parameters  w i t h i n  t h e i r  u n c e r t a i n t y  ranges.  However, 
more work i s  required '  t o  e s t a b l i s h  a  unique and v a l i d  s e t  of models. 

S e v e r a l ' p o s t u l a t e d  acc iden t  sequences have been analyzed,  i nc lud ing  rod 
p a i r  withdrawal acc iden t s  ,, des ign  b a s i s  , d e p r e s s u r i z a t i o n  a c c i d e n t s ,  and l o s s  
0.f forced-convection coo l ing  a c c i d e n t s .  S e n s i t i v i t y  s t u d i e s  a r e  run i n  
conjunct ion w i t h  each acc iden t  t o  determine t h e  importance of bo th  ,model . . and 
parameter u n c e r t a i n t i e s .  

INTRODUCTION 

. . The Reactor Sa fe ty  Research Div i s ion  of t h e  U.  S'. Nuclear Regu la to ry '  
Commission (USNRC) has  sponsored a  h igh  tempera ture  gas-cooled r e a c t o r  (HTGR) 
s a f e t y  r e sea rch  program a t  Oak Ridge Nat iona l  Laboratory (0RNL)'which began 
i n  j u l y  1974. The goa l s  a t ,  t h a t  time were t o  develop independent c a p a b i l i t i e s  
f o r  a s s e s s i n g  and confirming ana lyses  of l a r g e  HTGR p l a n t  s a f e t y .  Subse- 
quent ly ,  t he  work was r e d i r e c t e d  t o  s p e c i f i c  l i c e n s i n g - r e l a t e d  acc iden t  
ana lyses  of t h e  Fo r t  S t .  Vrain (FSV) HTGR. 

Descr ip t ions  of t he  ORNL-developed codes ; r e su l t s  of some code v e r i f i -  
c a t i o n  work, and s e v e r a l  ana lyses  of pos tu l a t ed  FSV , acc iden t s  performed . . . . 
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under t h i s  program a r e  presented ,  
. . 

- . ? ~ e s e a r c h  Sponsored- by . the '  Off i c e .  of Nuclear .  Regulatory ~ e s e a r c h ,  U.  S. Nuclear ,  
' . ~ e g u l a t o r ~    om kiss ion, under ~ n t e r a g e n c ~  Agreement DOE 40-551-75 wi th  the  U.S. ' 

Department of Energy under c o n t r a c t  W-7405-eng-26 wi th  t h e  Union Carbide Corp. 

AGuest Researcher from I H I ,  Japan 



DESCRIPTION OF THE ORNL CODES 

Because o f  t h e  un ihue  c o u p l i n g  f e a t u r e s  o f  t h e  FSV r e a c t o r ,  i t  i s  neces-  
s a r y  t o  have a  d e t a i l e d  s i m u l a t i o n  of t h e  e n t i r e  n u c l e a r  steam s u p p l y  sys tem .. . 
(NSSS) t o  d e t e r m i n e  t h e  c o u r s e  of many of t h e  p o s t u l a t e d  a c c i d e n t s .  As s e e n  . . 
i n  t h e  f l o w  diagram ( F i g .  1 )  t h e  pr imary sys tem i s  coupled to '  t h e  secondary ' - . .  

and b a l a n c e  of p l a n t  (BOP) b o t h  v i a  h e a t  t r a n s f e r  th rough  t h e  s t eam g e n e r a t o r s  
and due t o  t h e  f a c t  t h a t  t h e  t u r b i n e - d r i v e n  p r imary  c i r c u l a t o r s  d e r i v e  t h e i r  
s t eam from t h e  h i g h  p r e s s u r e  t u r b i n e  e x h a u s t .  I n  a d d i t i o n ,  t h e  major p l a n t  . . . 

c o n t r o l  l o o p s  u s e  BOP paramete rs  t o  c o n t r o l  c o r e  power and f low,  and s e v e r a l  
s a f e t y  t r i p  s i g n a l s  o r i g i n a t e  i n  t h e  BOP. 

Fig. 1. FSV r e a c t o r  f l o w  diagram.  

. . . . 

The computer Lodes developed a t  ORNL are designed.  t o  a n a l y z e  many of t h e  
major d e s i g n  b a s i s  a c c i d e n t s . p o s t u l a t e d  f o r  FSV. The ~ r i m a r y  ORNL H.TGR a c c i d e n t  
code i s  c a l l e d  ORTAP,1'2 which i s  s imilar  i n  purpose  t o  a  combinat ion of t h e  
General  Atomic Co. (GAC) codes   TAP^ and REcA4, . a l t h o u g h  modeling t e c h n i q u e s  and 
assumptions  used i n  t h e  ORNL and GAC codes  d i f f e r  s i g n i f i c a n t l y .  ORTAP 'has 
been o p e r a t i o n a l  f o r  a b o u t . 2  112 y e a r s .  .In t h e  0RTA.P code,  t h e  c o r e  is  normal ly  
s'imu1:ated by a  coup led  h e a t  t r a n s f e r - n e u t r o n  k i n e t i c s  - s i n g l e  channe l  niode.1 
( C O R T L W ~ ) .  An a l t e r n a t e  c o r e  model ( O R E C A ~ )  i s  used f o r  ' t r a n s i e n t s  i n v o l v i n g  
p o s t - t r i p  power a n d . f l o w  c o n d i t i o n s .  The ORECA model i n c l u d e s  3-dimensional 
t e n i p i l r a t u r e . . d i s t r i b u t i o n  c a l c u l a t i o n s ,  a c c o u n t s  f o r  v a r i a t i o n s  i n  f low d i s t r i -  
b u t i o n  anlong t h e  i n d i v i d u a l '  y e f u e l i n g  r e g i o n s ,  a n d . c a n  s i m u l a t e  r e v e r s e  f lows .  

A s team g e n e r a t o r  and r e h e a t e r  module is  s imula ' ted  w i t h  a  mul t inode ,  
f ixed-boundary , homogeneous-f low m o d e l   BLAST^) . 'rime dependent  e q u a t i o n s  f o r  



conserva t ion  of energy, mass, and momentum a r e  solved f o r  bo th  the  helium and- 
water ls team s i d e s  by a n  i m p l i c i t  i n t e g r a t i o n  technique.  T rans i en t s  involv ing  
both s t a r t u p  and flood-out can be s imulated.  

The d e t a i l e d  turb ine-genera tor  p l a n t  s imu la t ion  c a l c u l a t e s , e n t h a l p i e s ,  
p r e s s u r e s ,  and f lows i n  each s t a g e  and a t  e x t r a c t i o n  p o i n t s  05 t h e  h igh ,  low, 
and in t e rmed ia t e  p re s su re  t u r b i n e s .  The dynamic responses  of t h e  main steam 
bypass system, each of t h e  feedwater  h e a t e r s ,  and t h e  d e a e r a t o r  a r e  a l l  
modeled e x p l i c i t l y .  The c i r c u l a t o r  t u r b i n e  model i nc ludes  c a l c u l a t i o n s  of 
steam s i d e  t u r b i n e  e n t h a l p i e s ,  p r e s s u r e s ,  and f1.ows a s  we l l  a s  t h e  c i r c u l a t o r  
s i d e  performance. The c o n t r o l  systems f o r  t h e  o v e r a l l  p l a n t  a r e  a l s o  modeled 
i n  d e t a i l .  

ORTAP's component codes can e i t h e r  be used i n  t h e  o v e r a l l  p l a n t  simula- 
t i o n s  o r  independent ly.  For example, CORTAP i s ' o f t e n  used t o - c a l c u l a t e  hot-  
channel  behavior ,  given independently-generated power, f low,  and i n l e t  
temperature f u n c t i o n s  a s  i n p u t s .  

ORTAP and i t s  comp.onent p a r t s  were developed a s  b e s t  e s t ima te  r a t h e r  than 
. conse rva t ive  o r  worst-case models. Occas iona l ly  i t  has  been found t h a t  t h e  use  
of what one would t h i n k  t o  be  conse rva t ive  v a l u e s  of a i n  a n  
acc ident  s imu la t ion  l e a d s  t o  non-conservative r e s u l t s . '  Hence t h e  t y p i c a l  
procedure used t o  determine worst-case r e s u l t s  i s  t o . v a r y  t h e  l e a s t  c e r t a i n  
parameters 'and models (w i th in  t h e i r  u n c e r t a i n t y  ranges)  and n o t e  t h e  s e n s i t i v i t y  
of . t he  response f o r  each type  of acc iden t .  

CODE VERIFICATION 

, Complete o r  a b s o l u t e  v e r i f i c a t i o n  of acc iden t  codes is  d i f f i c u l t  due t o  
the  understandable r e l u c t a n c e  of p l a n t  o p e r a t o r s  t o  gene ra t e  t h e  needed da t a .  
Hence our a t t empt s  t o  provide  p a r t i a l  v e r i f i c a t i o n  a r e  l i m i t e d  t o :  1 )  compar- 
i s o n s  of r e s u l t s  wi th  those  of independently-developed .codes; 2) comparisons 
with p l a n t  d a t a  from normal t r a n s i e n t s ;  3) comparisons wi th  spec ia l ly-des igned  . 

p l a n t  t e s t s ;  and 4) u se  of s c a l e  model experiments .  

The ORTAP code and most of i t s  component codes have been compared 
c o l l e c t i v e l y  and i n d i v i d u a l l y  wi th  t h e i r  GAC c o u n t e r p a r t s  f o r  a v a r i e t y  of 
t r a n s i e n t s .  I n  gene ra l ,  t h e  comparisons have been found t o  be good. Seve ra l  
s p e c i f i c  comparisons a r e  d iscussed  i n  t h e  f o l l o w i n g ~ s e c t i o n .  , 

Most.of t he  experimenta.1 v e r i f i c a t i o n  e f f o r t s  t o  d a t e ' h a v e  been. compar- 
_ . . i sons  of ORECA code w i t h  d a t a  frdm FSV scrams; .  Four d i f f e r e n t  

1 scrams from power l e v e l s  between 30 and 50% have been used.  GAC has  suppl ied  
. . 

t he  necessary inpu t  d a t a ,  i nc lud ing  c i r c u l a t o r  i n . l e t  temperature,  c o r e  flow, 
p re s su re ,  and power ( a f t e rhe , a t )  v s .  t ime a f t e r  ' t h e .  scram. The i n i t i a l  

, cond i t i ons  a r e  t h e  37 measured r e f u e l i n g  r eg ion  o u t l e t  t empera tures .and  . 

es t ima te s  of each r eg ion ' s  power peaking f a c t o r .  Comparisons a r e  then  made 
of t h e  computed and.measured o u t l e t  temperature t r a n s i e n t s  .for a l l  reg ions .  
Although t h e r e  i s  no unique combination of models and parameters  t h a t  w i l l  
produce a . f i t  t.0 t h e  d a t a ,  (and hence no guarantee rha.t an optimized., 
model i s  v a l i d ) ,  op t imiza t ion  schemes do suggest  a r e a s  where t h e  code may need 
improvement. . .  . 



The o r i g i n a l  OWCA b e s t  e s t i m a t e  c a l c u l a t i o n s  of t h e  scram t e s t s  were  
u s u a l l y  i n  r e a s o n a b l y  good agreement w i t h  t h e  d a t a ;  however, t h e r e  were  some 
s i g n i f i c a n t  d i f f e r e n c e s .  I n  F ig .  2 ,  a t y p i c a l  ORECA p r e d i c t i o n  of measured 
r e g i o n  o u t l e t  g a s  t empera tu re  (TGO) i s  s e e n  t o  b e  low a f t e r  20-30 min f o l l o w i n g  
t h e  scram. T h i s  h a s  been a t t r i b u t e d  b o t h  t o  a n  o v e r e s t i m a t e  of c o r e  f l o w  
( o r  u n d e r e s t i m a t e  of bypass  f lows)  and t o  d e f i c i e n c i e s  i n  t h e  o r i g i n a l  dynamic 
model of t h e  TGO thermocouples.  
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F i g .  2 .  FSV scram test of Aug. 6 ,  1977 f rom 28% power - comparison 
of b e s t  e s t i m a t e  r e f e r e n c e  ORECA code p r e d i c t i o n s  of measured' gas  o u t l e t  
t empera tu re  from r e g i o n  9  v s  p l a n t  d a t a .  

x .  

The c o r e  bypass  f l o w s  i n c l u d e  t h o s e  th rough  gaps  i n  t h e ' r e f u e l i n g  r e g i o n  
. , and s i d e  r e f l e c t o r  b l o c k s ,  a s  w e l l  as f l o w s  b y p a s s i n g  t h e  c o r e  b a r r e l  e i t i r e l y .  

None of t h e s e  i s  d i r e c t l y  measurable .  . . 

The  TCO t l~e rmocouples  a r e  i n  l a r g e  g r a p h i t e .  s l e e v e s ,  and have t i m e  con-  . 
. . ' s t a n t s  o f  -2 min a t  r a t e d '  cond i t ions . .  . s e v e r a l  v e r s i o n s  of t h e  thermocouple  . 

'mode l  I lave.been used s u b s e q u e n t l y ,  w i t h  t h e  most s i g n i f i c a n t  improvement b e i n g  

. . t h e  a d d i t i o n  of T4 r n d i a t 2 o n  e f f e c t s .  I n  o r d e r  t o  p r o p e r l y  account  f o r  t h e s e  
e f f e c t s ,  however, OKECA' had t o  be  r e v i s e d  t o  'model t h e  lower .  p a r t  of t h e  c o r e  . 

suppor t  b l o c k s  s e p a r a t e l y  ( r a t h e r  t h a n  lumped w i t h  t h e  lower r e f l e c t o r  as 
, b e f o r e )  s i n c e  t h e  suppor t  b l o c k s  c o o l  down much more s l o w l y  a f t e r  a scram. 



Other mod i f i ca t i ons  r equ i r ed  t o  produce a  good f i t  were ad jus tments  i n  
t h e  assumed peaking f a c t o r s  f o r  many of t h e  r e g i o n s ,  e s p e c i a l l y  t hose  nea r  
t h e  o u t e r  r i ng ; and  ad jus tments  of t h e  assumed tempera ture  rise of t h e  helium 
between c i r c u l a t o r  i n l e t  (measured d a t a )  and t h e  c o r e  i n l e t .  T h i s  r ise is 
due bo th  t o  t h e  hea t  of compression from t h e  c i r c u l a t o r s  and t o  h e a t  t r a n s f e r  t o  
s t r u c t u r e s  between t h e  c i r c u l a t o r s  and t h e  c o r e  i n l e t  plenum. 

An op t imiza t ion  code was used t o  f i n d  t h e  ORECA parameters  t h a t  g ive  t he .  
b e s t  l e a s t - squa re s  f i t  t o  t h e  d a t a .  The op t imiza t ion  code u t i l i z e s  t h e  
' d i f f e r e n c e s  i n  t h e  responses  genera ted  by ORECA f o r  s e v e r a l  s e l e c t e d  parameter- 
v a r i a t i o n  cases,  By comparing, t he se  responses  t o  t h e  FSV d a t a ,  t h e  optimiza- 
t i o n  code computes a  s e t  of optimized parameters .  This  set i s  l i m i t e d  by what 
a r e  judged t o  be reasonable  u n c e r t a i n t y  r anges .  Af ter t h e s e  parameter  a d j u s t -  
ments a r e  incorpora ted  i n t o  t h e  ORECA code, t h e  agreement is g e n e r a l l y  
e x c e l l e n t ,  w i th  t y p i c a l  r e s u l t s  shown i n  F ig .  3 .  One d i sc repancy  s t i l l  . . 

' remaining ( e s p e c i a l l y  i n  t h e  higher-power t e s t s )  i s  a  d i s t i n c t  d i f f e r e n c e  i n  
t h e  shape of t h e  curve f o r  s e v e r a l  r e g i o n s  a d j a c e n t  t o  t h e  s i d e  r e f l e c t o r  

. (Fig,. 4 ) .  These d i f f e r e n c e s  a r e  thought t o  be  due t o  i n t e r a c t i o n s  w i t h  t h e  
s i d e  r e f l e c t o r s  t h a t  a r e  no t  y e t  e x p l i c i t l y  modeled. Work'on t h e  opt imizatTon 
is s t i l l  i n  p rog re s s .  

MIN 

Fig .  3 .  FSV scram test of Oct. .Fig. , 4 . .  FSV scram t e s t  of Oc t . 
25, 1977, from 40% power -comparison . 25, 1977, from 40% power - comparison 
of optimized ORECA code p r e d i c t i o n s  of optimized ORECA code p r e d i c t i o n s  
of measured gas o u t l e t  temperature  of measured.gas  o u t l e t  t empera ture  
from reg ion  1. v s  p l a n t  d a t a .  from reg ion  20 v s  p l a n t  d a t a .  . . . . 



-s- - -. - - - , - - 
1 

, 

Other v e r i f i c a t i o n  e f f o r t s  i nc lude  proposed s p e c i a l  FSV t e s t s  t o  check 
the  p r e d i c t a b i l i t y  of r eve r se  flow i n  t h e  r e f u e l i n g  r eg ions ,  i n - s i t u  
thermocouple t ime cons tan t  t e s t s ,  and s c a l e  model ( a i r )  experiments  t o  
determine t h e  e f f e c t s  of r e v e r s e  f low plume impingement on t h e  upper plenum 
cover p l a t e  temperatures .  

POSTULATED ACCIDENT ANALYS IS EXAMPLES 

CONTROL ROD PAIR WITHDRAWAL ACCIDENT 

Various types  of pos tu l a t ed  FSV a c c i d e n t s  have been analyzed us ing  ORTAP 
and i t s  component subrout ines .  One s tudy  was made t o  de te rmine  what 
cond i t i ons  and assumptions lead  t o  t h e  most s eve re  p red ic t ed  c o r e  temperatures  
. f o r  a  c o n t r o l  rod p a i r  withdrawal '  a cc iden t .  * A thorough a n a l y s i s  of t h i s  
acc iden t  was a l s o  given i n  t h e  FSV F i n a l  S a f e t y  Analys is  ~ e ~ o r t ~  (FSAR) and 
backup documents, s o  t h e  two s e t s  of r e s u l t s  could be compared i n  d e t a i l .  

P 

It had been determined i n  t h e  FSAR t h a t  t h e  rod p a i r  -withdrawal acc iden t  
l eads  t o  r e a c t i v i t y  i n s e r t i o n s  and i n s e r t i o n  r a t e s  t h a t  a r e  g r e a t e r  than  
those  f o r  any o t h e r  c r e d i b l e  occurrence.  The p l a n t  defense  mechanisms f o r  
l i m i t i n g  t h e  acc iden t  consequences inc lude .  ope ra to r  and c o n t r o l  system 
responses ,  p l u s  automatic  scrams bo th  a t  140% of r a t e d  power and when t h e  
measured r ehea t  steam temperature exceeds i ts  r a t i n g  by 42OC. 

Maximum f u e l  temperatures  were c a l c u l a t e d  bo th  f o r  t h e  140% power scram 
and f o r  t h e  scram a t  high r e h e a t  steam tempera ture  (RHST), t h e  l a t t e r  c a s e  
assuming t h a t  t h e  140% power scram was i n o p e r a t i v e .  Other v a r i a t i o n s  included 

' 

use of nuc lear  parameters  from v a r i o u s  t imes i n  t h e  c o r e  l i f e  c y c l e s ,  and . 

assumptions of d i f f e r e n t  i n i t i a l  power l e v e l s ,  rod p a i r  i n i t i a l  p o s i t i o n s  and 
. . worths,  p l a n t  c o n t r o l  system. c o n f i g u r a t i o n s ,  and f u e l ,  gap, and moderator 

conductances.  Very s i g n i f i c a n t  e f f e c t s  on c a l c u l a t e d  peak tempera tures  a r e  
due t o  assumptions of t h e  power peaking f a c t o r s  ( v s .  t ime) t h a t  a r e  app l i ed  
t o  t h e  r e f u e l i n g  reg ion  exper ienc ing  t h e  rod withdrawal .  A followup s t u d y l o  
on t h e  peaking f a c t o r  ques t ion  i n d i c a t e d  t h a t  a p p l i c a t i o n  of l e s s  conse rva t ive  

. ' assumptions mi t iga t ed  the  r e s u l t s  s i g n i f i c a n t l y .  
. . . . 

Some r e s u l t s  of a n  example ORTAP run  a r e  shown i n  Fig: 5 f o r  a n  @ST 
' 

scram c a s e ,  which assumed end of c y c l e  equ i l i b r ium (EOC-EQ) core  cond i t i ons  
and rod p a i r  withdrawal from an  i n i t i a l  f u l l y  i n s e r t e d  p o s i t i o n .  .A r educ t ion  
i n  helium f low i s  seen  t o  occur  p r i o r  t o  t he  r e a c t o r  scram a s  a  r e s u l t  of t h e  . ' 

main steam temperature c o n t r o l l e r ' s  a t t empt s  t o  main ta in  t h e  main steam 
temperature a t  i t s  s e t p o i n t .  Th i s  reduct ion  i n  helium f low decreases  t h e  r a t e  
a t  which r e h e a t  steam temperature i n c r e a s e s ,  and t h e r e f o r e  de l ays  t h e  scram 
s i g n a l .  The r educ t ion  i n  helium f low a l s o  causes  t h e  s t e a m g e n e r a t o r  helium 

. - 
o u t l e t  temperature,  and t h e r e f o r e  t h e  co re  i n l e t '  helium temperature,  t o  drop' 
because i t  r e s u l t s  i n  a ' c l o s e r  approach.  of t h e  helium tempera ture  t o  the  near- 

. . 
. ' c o n s t a n t  feedwater temperature. '  p r ior '  t d  scram, t h e  flow through t h e  h igh  

p re s su re  t u r b i n e  is  c o n t r o l l e d  t o  meet a  cons t an t  e l e c t r i c a l  demand. Because 
. . . the  en tha lpy  of the. main steam is inc reas ing ,  t h e  h igh  . p re s su re  t u r b i n e  va lve  

' 

. is t h r o t t l e d .  to' reduce the  steam f low,  which r e s u l t s  i n  an  i n c r e a s e  i n  t he  
t h r o t t l e  p re s su re .  F igure  5 a l s o  shows t h e ' r e d u c t i o n  i n  feedwater  f low p r i o r  
t o  t h e  r e a c t o r  t r i p ,  which i s  due t o  t h e  h igh  p re s su re  t u r b i n e  t h r o t t l e  
p re s su re  c o n t r o l l e r  a c t i o n  a t t empt ing  t o  main ta in  the '  t h r o t t l e  p re s su re  a t  i ts  
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. F i g .  5 .  Response of sys tem paramete rs  t o  a FSV rod-pair -wi thdrawal  
t r a n s i e n t .  from a n  i n i t i a l l y  f u l l y  i n s e r t e d  p o s i t i o n  a t  end-of-equi l ibr ium- 
c y c l e  c o n d i t i o n s ;  t r i p  s i g n a l  42OC i n c r e a s e  i n  measured r e h e a t  steam . . 

t empera tu re .  

s e t p o i n t .  At t h e  t i m e  of t h e  scram,  when t h e  measured r e h e a t  s t eam t e m p e r a t u r e  
h a s  i n c r e a s e d  by 42"C, t h e  a c t u a l  r e h e a t  s t eam t e m p e r a t u r e  i s  68°C above t h e  
t r i p  p o i n t ,  t h e  d i f f e r e n c e  b e i n g  due  t o  t h e  f low dependent  measurement l a g .  . 

Fol lowing t h e  scram, t h e  feedwate r  f low .is h e l d  c o n s t a n t  u n t i l  the: . r e h e a t  s t e a m  . .. 

t empera tu re  f a l l s  below 524OC. T h i s  i n t e r l o c k  i s  t o  p r e v e n t  a d d i t i o n a l  
inc rease ' s  i n  r e h e a t e r  and s team g e n e r a t o r  t u b e  t e m p e r a t u r e s  a f t e r  t h e  ' trip. 

' . . A f t e r  the. r e h e a t  s team tempera tu re  f a l l s  below 524OC, t h e . f e e d w a t e r  f l o w  i s  
ramped. t o  25% a t  t h e  r a t e  of 0.5% p e r  s e c .  

. . 

A b r i e f  sumrnary ,of ' t h e .  r e s u l t s  of t h e  rod p a i r  'wi t ,hdra .wal .s tudy is  shown 
. . i n  T a b l e  I .  

. . 

I n  t h e , r e f e r e n c e  c a s e ,  t h e  n u c l e a r  pa ramete rs  Lsed a r e  . f o r  a n  end-of- 
c y c l e .  e q u i l i b r i u m  dore ;  and t h e  rod worth  i s . 0 . 0 1 2  Ak. It shou ld  be  no ted  
t h a t  t h e  c a l c u l a t i o n s  n e g l e c t  t h e  l a t e n t  h e a t  of f u s i o n  ofUC2 k e r n e l s  a t  
2500°C by e x t r a p o l a t i n g  a homogenized f u e l  s t i c k  h e a t  c a p a c i t y  beyond 2500°C. 



. . 
Table I. Sample R e s u l t s  of t h e  FSV Rod-Pair wi thdrawal  Accident.  Study 

Reference 140% Rods Core 
. . Case Power I n i t i a l l y  Conductances 

. . 
, . RHST Scram Scram Half I n s e r t e d  Increased  50% 

RHST Scram RHST Scram 
. . 

TCme a t  scram 102.5 39.2 76.2 98.3 
i n i t i a t i o n ,  s ec  (105) 

Power leve.1 a t  scram 282 140 210 
. i n i t i a t i o n ,  % 

Max. c o r e  average i195  861 1098 1147 
f u e l  temp., O C  (1225) (870) 

. . 
Max. mixed mean c o r e  994 804 92 7 

o u t l e t  temp., O C  (1062) (796) 

Region exper ienc ing  
withdrawal :. 305 7 1137 . 2082 2981 

Peak f u e l  (2870) (1183) 
I 

cen t e r l i n e  
temp., O C  

Peak . reg ion  o u t i e t  1654 86 2 1224 1604 
temp., O C  (1650) ' (914) 

-NOTE: FSAR v a l u e s ,  where a v a i l a b l e ,  a r e  shown i n  parenthese 's  

A,major conc lus ion  of t h e  s tudy  was t h a t  s e v e r a l  p l a n t  c o n t r o l  and s a f e t y  
systems inc lud ing  t h e  140% power t r i p  must be  i n o p e r a t i v e  f o r  f u e l  t empera tures  
t o  exceed 1600°C, t h e  tempera ture  below which no f u e l  f a i l u r e  i s  expected.  

. . I n  A p r i l  1978, ORNL was reques ted  by NRC t o  provide independent  ca lcd-  
l a t i o n s  of bo th  DBDA and l o s s  of fo rced  convect ion (LOFC) a c c i d e n t s  t o  a s s i s t  
i n  e v a l u a t i n g  a' 100% power o p e r a t i n g  l i c e n s e  a p p l i c a t i o n  f o r  FSV. Reactor  
ope ra t i ng  parameters  were supp l i ed  by GAC, and worst-case equ i l i b r ium c o r e  
cond i t i ons  were assumed. The r e f e r e n c e  c a s e  DBDA a n a l y s i s ,  u s ing  ORECA, 
assumed a 5-min de lay  i n  t h e  s t a r t u p  of t h e  emergency coo l ing  system, and then  . .  

assumed t h e  a v a i l a b i l i t y  of only one loop (two of t h e  f o u r  c . i r c u l a t o r s ) .  

The primary concern w i t h  t h e  DBDA is with. .overheat ing '  s t e e l  l i n e r s  
and duc t ing  t o  t h e  steam g e n e r a t o r s ,  r a t h e r  t h a n - w i t h  f u e l  damage, s i n c e  peak . . 

predic ted  f u e l  temperatures ,  were w e l l  below 1600°.C. ' C a l c u l a t i o n  of t h e  s teel  
. . . l i n e r  t empera tures  i s  complicated p r i m a r i l y  by t h e  u n c e r t a i n t i e s  i n  t h e  

e s t i m a t e s  of " s t r eak ing  f a c t o r s " ,  which r e l a t e  t h e  maximum gas  tempera tures  
impinging 'on t he  l i n e r s  t o  t h e  maximum r e f u e l i n g  r eg ion  gas  . e x i t  t empera tures .  

. Using .a  conserva t ive  v a l u e ' o f  t h e . s t r e a k i n g  f a c t o r  der ived  f.rom GAC a i r  model 
' t es ts ,  t h e  p r e d i c t i o n s  i n d i c a t e d  t h a t  t h e  1093OC damage l i m i t  would n o t  be 
reached. Figure 6 shows some r e s u l t s  of t h e  r e f e r e n c e  c a s e  ORECA p r e d i c t i o n .  
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,Fig.  6 .  Sample r e s u l t s  o f a  p o s t u l a t e d  FSV r e a c t o r  DBDA u s i n g  t h e  O G G A  code. . . 

S e n s i t i v i t y  s t u d i e s  were a l s o  run  t o  determine t h e  e f f e c t s  of v a r i o u s  assump- 
t i o n s  on' peak tempera tures ,  and 'no  s u r p r i s e s  were encountered.  Table  11, 
which g ives  ,comparisons of ORECA r e - s u l t s  w i th  those  genera ted  by GAC (RECA3 .' 

.code) i n d i c a t e  g e n e r a l l y  good a g r e e m e n t . - . I t  should be  noted t h a t  FSAR 
a f t e r h e a t  equa t ions  w e r e  u s e d . i n , b o t h  ana lyses .  . . 

Table 11. Resu l t s  of FSV DBDA Study 

Reference DBDA GAC /RECA3 ORNL/ORECA 

Peak Fuel .Te,mperature, O C  -1427 . . ,1403 
. . . . 

Maximum Average Core - 927 940 . 

o u t l e t  temperature, '  O C  

Maximum Refuel ing . -1288 . ,1243 .. . 

reg ion  o u t l e t  ' temperature ,  ' O C  



LOSS OF FORCED CONVECTION (LOFC) - FIREWATER COOLDOWN (FWCD) ACCIDENTS 
I 

The LOFC acc iden t  c a l c u l a t i o n s  f o r  t h e  FSV 100% power l i c e n s e  e v a l u a t i o n  
cen te red  on t h e  ques t i on  of how much t i m e  t h e  o p e r a t o r s  would a c t u a l l y  need t o  
s t a r t  up t h e  emergency coo l ing  system fo l lowing  a  p o s t u l a t e d  des ign  b a s i s  
ear thquake.  I n  t h i s  c a s e ,  an LOFC i s  fol lowed by use  of t h e  ear thquake  proof 
f i r e w a t e r  system t o  provide  bo th  t h e  motive f o r c e  f o r  t h e  c i r c u l a t o r s '  Pe l ton  
wheel d r i v e s  and t h e  coo l ing  water  f o r  t h e  steam gene ra to r s .  C a l c u l a t i o n s  were 
done both  f o r  worst-case i n i t i a l  and e q u i l i b r i u m  c o r e s ,  t h e  l a t t e r  g i v i n g  t h e  
h igher  peak temperatures .  

The main concern du r ing  t h e  LOFC pe r iod  i s  t h e  a b i l i t y  of t h e  carbon steel  
upper plenum thermal  b a r r i e r  cciver p l a t e s  t o  wi ths tand  t h e  h e a t  from t h e  ho t  

-. . . 
plumes which emanate from r e f u e l i n g  r e g i o n s  expe r i enc ing  r e v e r s e  f lows .  . 

. . . . .Ca lcu la t ions  were done f o r  p o s t u l a t e d  d e l a y s  .of up t o  2 h r s .  i n  i n i t i a t i o n  of , . 

t he  FWCD system. A major u n c e r t a i n t y  i n  t h e  model is  t h e  e f f e c t i v e  plume hea t  
. t r a n s f e r  c o e f f i c i e n t  (h-plume), a n d . a  d e t a l l e d  model of t h e  plumes and cover 

p l a tk s l . l  was added t o  t h e  ORECA code. Depending on h-plume assumptions,  t h e  
c a l c u l a t i o n s  i n d i c a t e d  t h a t  some of t h e  cover  p l a t e s  would be  l i k e l y  t o  exceed 
f a i l u r e  l i m i t  temperatures  f o r  e x t e n s i v e  LOFC pe r iods .  

.The' major problem fo l lowing  i n i t i a t i o n  . o f  t h e  FWCD system i s  ,. l i k e  t h e  
DBDA, p o s s i b l e  damage t o ' t h e  st.eam gene ra to r  i n l e t  d u c t s .  A s  b e f o r e ,  u s i n g  
the  GAC-derived s t r e a k i n g  f a c t o r ,  t h e  damage l i m i t  was no t  exceeded f o r  any of 
t h e  ca se s . ana lyzed .  . 

.. 

Sample r e s u l t s  of a  LOFC/FWCD ORECA c a l c u l a t i o n  are shown i n  F ig .  7 ,  and 
comparisons w i th  some GAC r e s u l t s  f o r  t h e  c a s e  of no de l ay  i n  i n i t i a t i o n  of 
FWCD ( a s  i n  t h e  FSAR) a r e  shown i n  Table  111. 

Table 111.. R e s u l t s  of FSV ZoFC/FWCD Study 

Zero-De l a y  FWCD GAC /REcA3 OWL / OREC A 
. . 

. Equfl ibr ium Core: 
. . . . 

82 1 I . ,  

Maximum Average Core o u t l e t  -- 829 
tempera ture , '  O C  

~ax imum Refue l ing  reg ion  out  l e t  -1038 1023 I t emperature ,  O C  . . 

I n i t i a l  Core: I 

Maximum. Average Core o u t l e t  L 8 i 6  804 
temperature ,  O C  

. I 

Maximum Refue l ing  r eg ion  o u t l e t  -1038 1038 
, temperature ,  O C  
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Fig .  7 .  Sample r e s u l t s  of a p o s t u l a t e d  FSV r e a c t o r  LOFC-FWCD acc iden t  
us ing  the  ORECA code. 

. , . . 

CONCLUSIONS AND FUTURE PLANS 

. . 

The ORTAP code and i t s  component sub rou t ines  a r e  s t i l l  under development,. 
and a r e  r e g u l a r l y  be ing  updated and improved. T h e r e s u l t s  of v e r i f i c a t i o n  
s t u d i e s  a r e  a l s o  being included and a r e  r e s u l t i n g  i n  a  r educ t ion  of t h e  
i n i t i a l l y  assumed u n c e r t a i n t y  ranges.  

It is  expected t h a t  t he  major near-term e f f o r t s  w i l l  i nc lude  model 
v e r i f i c a t i o n  t e s t s ,  code upgrading and documentation, and a n a l y s e s  i n  

. 

support.  of' o t h e r  FSV l i c e n s i n g  ques t ions .  . . .  . .  . .  
. . .  . . 



REFERENCES 

J. C. CLEVELAND e t  a l . ,  ORTAP: A Nuclear  Steam Supply Sy'stem S i m u l a t i o n  
f o r  t h e  Dynamic A n a l y s i s  of High-Temperature Gas Cooled R e a c t o r  T r a n s i e n t s ,  
ORNL/NUREG/TM-78 (September 1977) .  . . 

J.  C .  CLEVELAND e t  a l . ,  "ORTAP: A S i m u l a t o r  o f  High Temperature  Gas- . 

Cooled Reac to r  Nuc lea r  s t eam Supply System Dynamics,'' P roceed ings  of t h e  
1977 Summer Computer S i m u l a t i o n  Conference,  J u l y  18-20, 1977,.  p .  359-69. 

A.  BARDIA and R .  C .  POTTER, TAP: A program f o r  A n a l y s i s  o f  HTGR Nuclear  
Steam Supply System Performance T r a n s i e n t s ,  GA-A13248 (GA-LTR-21) 
( J a n .  30, 1976) .  . 

J.  F. PETERSON, R ~ c A ~ :  A Computer Code f o r  ~ h e r m a l  A n a l y s i s  of HTGR 
Emergency Cool ing T r a n s i e n t s ,  GA-A14520 (GA-LTR-22) (August . . 1977) .  

J. C .  CLEVELAND, CORTAP: A Coupled Neutron Kine t i cs -Hea t  T r a n s f e r  D i g i t a l  
Computer Program f o r  t h e  Dynamic S i m u l a t i o n  of t h e  High 'Tempera tu re  Gas 
Cooled R e a c t o r  Core, .ORNL/NUREG/TM-39 ( J a n u a r y  1977) .  

.. . . S.  J. BALL, ORECA-I: A ~ i g i t a l  Computer Code f o r  S i m u l a t i n g  t h e  Dynamics 
of HTGR Cores  fo r 'Emergency  Cool ing  Ana lyses ,  ORNL/TM-5159 (J976).  

R. A. HEDRICK and J. C .  CLEVELAND, BLAST: A D i g i t a l  Computer Program f o r  
t h e  Dynamic S i m u l a t i o n  of t h e  High Temperature  Gas C o o l e d ' R e a c t o r  Reheater-  
Steam Genera to r  Module, ORNL/NUREG/TM-38, (August 1976) .  

J. C .  CLEVE&AND, S L ,  J. BALL, R .  A . _ H E K - K ,  J .  G. DELENE, and J. C .  CONKLIN, 
"S imula t ion  of t h e  Response of t h e  F o r t  S t .  V r a i n  High Temperature  Gas-Cooled 
Reac to r  System t o  a P o s t u l a t e d  Rod Withdrawal  Acc iden t , "  Proc:of ANS Topical ,  
Meeting on Thermal Reac to r  S a f e t y ,  J u l y  31-Aug. 4 , ' 1 9 7 7 ,  Sun V a l l e y ,  I D . ,  
CONF-770708, Vol. 2 ,  p .  318-336. 

PUBLIC SERVICE OF COLORADO, F o r t  S t .  V r a i n  R e a c t o r ,  F i n a l  S a f e t y  A n a l y s i s  
R e p o r t ,  Docket No. 50-267. 

S. J. BALL e t  a l . ,  High-Temperature Gas-Cooled R e a c t o r  S a f e t y  S t u d i e s  f o r  
t h e  D i v i s i o n  of Reac to r  S a f e t y  Research  Q u a r t e r l y  ~ r d g r e s s ' ~ e p o r t ,  J u l y  1- 
September 30,  1977, ORNL/NUREG/.TM-164 ( J a n u a r y  1978) . . 

S. J. BALL e t  a l . ,  High-Temperature Gas-Cooled ~ e a c t o r  . ' ~ a f  ety S t u d i e s  f o r  
t h e  D i v i s i o n  of Reac to r  S a f e t y  Research Q u a r t e r l y  ' P r o g r e s s  R e p o r t ,  A p r i l  1- 
June  30,  1978, ORNL/NUREG/TM-233 (October  1978) .  

. . . . 

. . 


