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INTRODUCTION 

The s a f e t y  assessment and l i c e n s i n g  o f  nuc lear  r e a c t o r  ,p lants  by t h e  

Un i ted  s t a t e s  Nuclear Regulatory tommi ss ion  (USNRC). depend p a r t i a l  l y  on 

a n a l y t i c a l  computer programs t o  p r e d i c t  t h e  response o f  safeguard sys tems 

t o  acc ident  dondi t i o n s .  CONTEMPT~/MOD~[ '  i s  a new computer code, w r i  !ten 

i n  FORTRAN I V ,  developed a t  t he  Idaho Nat iona l  Engineering Laboratory by 

EG&G Idaho, Inc .  t o  p r e d i c t  t he  long- term thermal h y d r a u l i c  behavior  o f  

water-cooled nuc lear  r e a c t o r  con ta i  nment systems du r i ng ,  pos tu l  a ted  1 oss-of -  

coo lan t  acc ident  (LOCA) condit i ,ons. This  paper descr ibes the  features and 

a n a l y t i c a l  model s i n  CONTEMPT4/MOD2 and presents comparisons of c a l  cul .ated 

r e s u l t s  w i t h  -experimental  data. 
t 

CODE DESCRIPTION 

Nuclear r e a c t o r  1 i cens ing  procedures must consider  t h e  e f f e c t  on the  

containment system o f  acctdents such as steam l i n e  f a i l u r e  o r  pr imary coo lan t  

p ipe  rup ture .  CONTEMPT4/MOD2 can analyze e x i s t i n g  p ressur ized  water  r e a c t o r  
d 

(PWR) containment systems (dry,  .dual and i c e  condenser) and s i m i l a r  expe r i -  

mental containment systems and represents a s i g n i f i c a n t  improvement over  

o t h e r  containment ana l ys i s  programs. The c u r r e n t  USNRC containment l i c e n s i n g  

computer program, C O N T E M P T - L T / O ~ ~ [ ~ ] ,  was used as the  bas i s  f o r  CONTEMPT4/MODE. 

The containment t r a n s i e n t  i s  i d e a l i z e d  by CONTEMPT4/MOD2 by up t o  999 lumped- 

parameter compartments connected by f l o w  passages. Each compartment may 

con ta in  a pool reg ion  and an atmosphere r e g i o n  ' a t  d i . f f e r e n t  b u t  un i f o rm tem- 

peratures.  A n a l y t i c a l  models a r e  a v a i l a b l e  t o  descr ibe  fans, pumps, sprays, 

f a n  coo le rs ,  heat  conduct ing s t ruc tu res ,  mass and energy a d d i t i o n s  and i c e  

condenser fea tures  ( i c e  ches t  doors, a c t i v e  ,sump d ra in ing ,  and i-ce me1 t i n g )  . . . 

Flow between compartments may be descr ibed as homogeneous, two-phase w i t h  



s l i p ,  o r  single-phase vapor f l o w  through o r i f i c e s  o r  nozzles. A l l  a n a l y t i c a l  

models and program fea tures  i n  CONTEMPT4/MOD2 are  coded i n  a  general ized 

fash ion  which permi ts  the. user g rea t  f l e x i b i l i t y  i n  desc r ib ing  a  containment 

problem. Numerics are  complete ly  expl i c i  t except f o r  a  p r e d i c t i o n - c o r r e c t o r  

scheme t o  est imate the  ef fects of heat  conduct ing s t ruc tu res  and an i m p l i c i t  
' 

c a l c u l a t i o n  of ' j u n c t i o n  f low w i t h  i n e r t i a .  With these models and opt ions  a  

system s imula t ion  o f  PWR and experimental  containment systems can be s e t  up 

.by t h e  user. 

Add i t i ona l  fea tures  0.f CONTEMPT4/MOD2 inc lude  multicompartment c a p a b i l i t y  

op t i ona l  automa t i c  t ime s tep .  c o n t r o l  , user -or i  ented i n p u t  desc r ip t i ons  , and 

.use of dynamic storage a l l o c a t i o n  t o  l i m i t  core requirements.' The companion 

p l o t t i n g  program PLOTCT4/MOD2 can p l o t  numerous va r iab les  i n  a  v a r i e t y  o f  forms 

f'rorn a  tape generated by CONTEMPT4/MOD2. 

DEVELOPMENTAL VERIFICATION 

The a n a l y t i c a l  c a p a b i l i t i e s  o f  CONTEMPT4/MOD2 were demonstrated us ing 

a  v a r i e t y  o f  v e r i f i c a t i o n  problems. Some v e r i f i c a t i o n  problems are  presented 

here deal i n g  w i t h  comparison w i t h  R E L A P ~ / M O D ~ [ ~ '  r e s u l t s  , the ~ a l  t z  M i l  1  

I c e  Cqndenser ~ e ; t  Fac i l  i t y  tests[41, and the Carol inas  V i r g i n i a  Tube Reactor 

RELAP4lMOD5 Comparison. Resul t s  p red i c ted  by CONTEMPT4/MOD2 f o r  the  1  2  USNRC 

standard subcompartment p r e s s u r i z a t i o n  benchmark problems were compared t o  

those obta ined us ing  the containment o p t i o n  o f  RELAP4/MOD5. One o f  these two- 

volume problems (number 5), which invo lved a  s u b c r i t i c a l  f l ow  c o n d i t i o n  

between the  two volumes, i s  presented here. F l u i d  from a 3600 kg/s l i q u i d  

3 blowdown was hypothesized t o  en te r  a  280 m volume and e x i t  through a  36 m 2 

3  j u n c t i o n  i n t o  a  28000 m volume. Figures 1  and 2  show the  c a l c u l a t e d  pressure 

d i f f e r e n t i a l s  across the j u n c t i o n  and t h e  j u n c t i o n  mass f l ow  ra tes ,  respec t i ve l y .  



The smal l  d i f f e r e n c e s  i n  p r e d i c t e d  r e s u l t s  a r e  a t t r i b u t a b l e  t o  t he  a n a l y t i c a l  .: 

f l o w  models se lec ted :  CONTEMPT4/MOD2 assumed incompress ib le  i n e r t i a l  f l o w ;  

RELAP4/MOD5 assumed compressib1.e f low w i t h  momentum f l u x .  T h i s  problem and 

o the rs  s i m i l a r  t o  i t  demonstrated t h a t  severa l  impo r tan t  a n a l y t i c a l  models 

i n  CONTEMPT4/MOD2 ( i  n c l  u d i  ng t h e  thermodynamic s o l  u t i o n  technique and t h e  

j u n c t i o n  f l o w  l o g i c )  a r e  adequate 'when compared t o  r e s u l t s  c a l c u l a t e d  i n  a  
\ .  

more r i g o r o u s  manner by  RELAP4/MOD5. 

.Waltz M i l l  Tes t  Comparison. The long- te rm t e s t  (Tes t  K )  performed a t  t h e  

Waltz Mi11 Tes t  F a c i l i t y  was modeled us ing  CONTEMPT4/MOD2. Th i s  t e s t  simu- 

l a t e d  conta inment  response t o  a  p o s t u l a t e d  LOCA us ing  a  f u l l - s c a l e  t e s t  

s e c t i o n  o f  an i c e  condenser conta inment  system. F igure  3  con ta ins  a  schematic 

o f  t he  model ing o f  t he  Waltz M i l l  Tes t  F a c i l i t y  which i s  shown i n  ~ i i u r e  4. 

Appl i c a b l e  i c e  condenser a n a l y t i c a l  models were se lec ted  t o  desc r i be  t h e  per -  

formance o f  t h e  i c e  ches t .  Much o f  t h e  Wal t z  M i l l  t e s t  da ta  a r e  c l a s s i f i e d  
\ 

as Westinghouse P r o p r i e t a r y  Class 2. Consequently, r e s u l t s  presented here  

r e f 1  e c t  comparison w i t h  p r e v i o u s l y  r e1  eased r e s u l  t s I 6 ] .  Data were se lec ted  

f o r  i n p u t  which would c o n s e r v a t i v e l y  model the  system; hea t  t r a n s f e r  t o  con- 

ta inment  s t r u c t u r e s  and i c e  ches t  d r a i n i n g  t o  t h e  sump were neglected.  The 

p ressure  h i s t o r y  f o r  t h e  f i r s t  3000 seconds i s  shown i n  F igu re  3. The i n i t i a l  

p ressure  spi'ke a t  3 seconds was ove rp red i c ted  by 2%; t h e  CONTEMPT4/MOD2 r e s u l t s  

d u r i n g  t he  coastdown p l a t e a u  were 16% g r e a t e r  than  t h e  exper imenta l  data.  The 
-? 

a b i l i t y  o f  CONTEMPT4/MOD2 t o  pe r fo rm  a  bounding c a l c u l a t i o n  f o r  an i c e  con- 

denser conta inment  system us ing  conse rva t i ve  i n p u t , d a t a  was shown i n  t h i s  

problem. 

CVTR Tes t  Comparison. CONTEMPT4/MOD2 was used t o  p r e d i c t  t he  conta inment  

response o f  CVTR Tes t  3 which i n v o l v e d  a  decommissioned d r y  nuc lea r  con ta in -  

ment system sub jec ted  t o  a  160-second steam blowdown. The model ing o f  t h e  

problem, shown i n  F igu re  5 ,  i n c l uded  f o u r  f l o w  paths and 33 hea t  conduc t ing  



s t ruc tu res .  A cons i s ten t  s e t  of  heat  t r a n s f e r  c o e f f i c i e n t s  was obta ined 

from pub1 ished CVTR r ~ s u 1 t s C 5 ' .  I npu t  data were chosen t o  model the  'system 

as accura te ly  as poss ib le .  I n  F igure 6, t he  ca l cu la ted  pressure h i s t o r y  

f o r  t he  opera t ing  reg ion  i s  nea r l y  i d e n t i c a l  t o  t he  experimental data, w i t h  

the c a l c u l a t e d  pedk containment pressure s l i g h t l y  above the experimental 

value. The temperature h i s t o r y  i n  Figure 7 revealed good agreement; b e t t e r  

agreement f o r  basement reg ion  temperatures cou ld  be 'achieved by mod i fy ing  

the repor ted  heat  t rans fe r  coe f f i c i en ts  t o  account f o r  t h e  accumulation o f  

a  pool region. 

CONTEMPT4/MOD2 was a l so  used t o  p r e d i c t  t he  contafnment response o f  

CVTR Tests 4 and 5. These t e s t s  were i d e n t i c a l  t o  Test 3 except a  containment 

cool. ing spray was a c t i v a t e d  cont inuous ly  about 200 seconds a f t e r  the blowdown 

began.. I t should be 'no ted  here t h a t  heat  t r a n s f e r  c o e f f i c i e n t s  obta ined from 

the  CVTR experiment were n o t  repor ted  a f t e r  200 seconds. Using Test 3 i n p u t  

data, heat t r a n s f e r  c o e f f i c i e n t s  a f t e r  200 seconds were se lec ted  which per-  

m i t t e d  CONTEMPT4/MOD2 t o  c l o s e l y  match the  data. These coef f i c ien ts .  were 

then used fo r  t he  subsequent -- Test  . .- 4 and - - Test  --.-- 5  runs t o  t e s t  t he  ope ra t i on  o f  - --. 

the  CONTEMPT4/MOD2 containment spray a n a l y t i c a l  models. I n  Figures 8 and 9, 

the  ca l cu la ted  pressure and temperature h i s t o r i e s  f o r  CVTR Test 4 a re  seen t o  

c l o s e l y  resemble the  data; conservat ism i s  always mainta ined i n  the peak 

containment pressures and temperatures. Calculated resu l  t s  f o r  CVTR Test 5  

were s i m i l a r  to those obta ined f o r  Test 4 us ing CONTEMPT4/MOD2. D i f fe rences 
-,: 

between repor ted  and ca l cu la ted  values were due t o  the  u n a v a i l a b i l i t y  o f  

adequate heat t r a n s f e r  c o e f f i c i e n t  data beyond 200 seconds. 

These problems demonstrated the  capabi l  i ty o f  CONTEMPT4/MOD2 t o  accu ra te l y  . 

I 
p r e d i c t  cond i t i ons  f o r  a  compl ex mu1 t i  compartment containment sys tern u s i  ng 

bes t  est imate type i n p u t  data. 



CONCLUSIONS 

CONTEMPT4/MOD2 i s  a new computer program which possesses s i . g n i f i c a n t  

improvements over  e x i s t i n g .  containment ana l ys i s  codes. CONTEMPT~/MOD~ has 

been v e r i f i e d  by comparison w i t h  experimental  data and. i s  capable o f  p re-  

d i c t i n g  containment response f o r  use i n .  t h e  ana l ys i s  o f  l i g h t - w a t e r  power 

r e a c t o r  and experimental  containment systems. 
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fia. 1 USNWC Standard Problem No. 5 

Time after rupture (s) INEL-S-10 .~68  



. 2  USNWC Standard . Problem N o  5 

0.01 0 0.100 
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3 Waltz Mi Test K Comparison Prob 
Lower Region Long-Term Pressure History 

Time after rupture (s) INEL-S-10 970 



. 4  Waltz Mill Ice Condenser 
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Fig. 5 CONTEMPT4/MOD:! Mode 
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. 6  CVTR Test 3 Comparison Pro$ 

Time' after rupf ure (s) IWEL-S-10 967 



Fig. 7 CVTR Test 3 Comparison Problem 
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8 C V f  R Best 4 Comparison Prob 

Time after rupture (s) INEL-S-10 955 



Fia. 9 CVTR f est 4 Comparison Problem 
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