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VOLUME I11 

' CHECKOUT APPLICATIONS 

7. CHECKOUT OF RELAP4IMOD5 

The development of Update 2 of t h e  RELAP~/MOD~ code and op t ions  is  

t r e a t e d  i n  d e t a i l  i n  Volume I of t h i s  document. Volume I1 fo l lows  wi th  

t h e  a p p l i c a t i o n  information.  Volume 111 provides a d e s c r i p t i o n  of t h e  

checkout process  and t h e  s p e c i f i c  problems modeled t o  demonstrate t h e  

u s a b i l i t y  of t h e  code. It should be  noted t h a t  t h e  checkout problems 

r epor t ed  i n  t h i s  p u b l i c a t i o n  were run  us ing  Update 1 of RELAP~/MOD~. 

S ix  months of t h e  u s e  of Update 1 l e d  t o  t h e  i d e n t i f i c a t i o n  of a number 

of minor e r r o r s  i n  coding a s  w e l l  a s  some l o g i c  changes, a d d i t i o n a l  

Evaluat ion Model checks, and one model r e v i s i o n .  These changes cul- 

minated i n  t h e  development of an  improved code i d e n t i f i e d  a s  RELAP4/MOD5, 

Update 2. The d i f f e r e n c e s  between Updates 1 and 2 a r e  o u t l i n e d  i n  
- Appendix I. The checkout of Update 2 i s  a l s o  d iscussed  i n  Appendix I. 

One of t h e  e i g h t  checkout problems was a model a c t u a l l y  t e s t e d  i n  a 

Semiscale experiment.  This  i s  considered p a r t i c u l a r l y  s i g n i f i c a n t  a s  

a l l  o t h e r  checkout problems repor ted  h e r e i n  were models of e x i s t i n g  . . 

comrnerical p l a n t s  f o r  which instrumented LOCA r e s u l t s  a r e  not  a v a i l a b l e .  

A comparison of t h e  RELAP/t/MOD5 and Semiscale T e s t  S-02-9 r e s u l t s  i s  

given i n  Appendix H. 

7 .1  In t roduc t ion  

The purpose of t h e  checkout runs was t o  demonstrate t h a t  RELAP~/MOD~ 

(1) Operated a s  intended 

(2) Was f t e e  of major programming e r r o r s  



(3 )  Ran w i t h i n  an accep tab le  t ime f o r  t y p i c a l  a p p l i c a t i o n s  (60 min 

maximum f o r  t h e  Control  Data Corporat ion (CDC) Model 7600 

computer). 

The e i g h t  problems chosen f o r  checkout i l l u s t r a t i o n  a r e  l i s t e d  i n  

Table I. These problems cover a wide range of geometric and phys i ca l  

condi t ions .  Checkout w a s  l i m i t e d  t o  t h e  blowdown and r e f i l l  phases of - 
t h e  t r ans5en t  f o r  t h e  e i g h t  system break  response runs ,  s i n c e  MOD5 was 

in tended  p r imar i ly  a s  a blowdpwn code. 

S p e c i f i c  P re s su r i zed  Water Reactor (PWR) and Boi l ing  Water Reactor  

(BWR) p l a n t s  ( i nc lud ing  s c a l e  models) were modeled f o r  t h e  checkout 

. problem runs.  The r e s u l t s  05 t h e s e  runs a r e  considered t o  r ep re sen t  

g e n e r a l  p l a n t  behavior ,  b u t  should no t  be i n t e r p r e t e d  a s  "best  es t imate"  

blowdown ana lyses  of t h e  r e s p e c t i v e  p l a n t s .  Other modelers may have 

modeled -these p l a n t s  d i f f e r e n t l y  f o r  "best  es t imate"  ana lyses .  The 

major purpose of t h e  runs  was t o  e x e r c i s e  t h e  MOD5 v e r s i o n  of t h e  code 

and n o t  t o  conduct in-depth ana lyses  of t h e  p l a n t s  modeled. 

SY,STEM MODELS FOR RELAP4iIMOD5 CHECKOUT 

Large P res su r i zed  Water Reactor P l a n t s  

Oconee (B&W) - 200% cold l e g  break  
~ r o j a n  (Westinghouse) - 6% cold l e g  break 
Ca lve r t  C l i f f s  (CE)-1 f t  co ld  l e g  break ,  (Evaluat ion Model op t ion )  

Large Boi l ing  Water Reactor P l a n t s  

Hope Creek (GE) - 200% r e c i r c u l a t i o n  l i n e  break 
Hope Creek (GE) - 6% r e c i r c u l a t i o n  l i n e  b,rea.k, 

S c a l e  Models 

Semiscale (INEL) - Small Cold l e g  break - equiva len t  t o  6% break i n  l a r g e  PWR 
Semiscale (INEL) - Semiscale Tes t  S-02-9 (200% cold l e g  ibreak wi th  ECC 

i n  j e c  t ion)  

LOFT (INEL) - 200% cold l e g  break  



The c r i t e r i a  f o r  judging succes s fu l  completion of each of t h e  e i g h t  

checkout runs  a r e  given i n  a r e  Table 11. I n  a d d i t i o n ,  i t  was requi red  

t h a t  MOD5 be  o p e r a t i o n a l  on both  t h e  IBM-360 and t h e  CDC-7600 computers. 
I 

The Idaho Nat iona l  Engineering Laboratory (INEL) RELAP4 Code Advisory 

Group reviewed t h e  r e s u l t s  of each checkout run t o  ensure  t h a t  t h e  

r e s u l t s  were reasonable  and t h a t  t h e  acceptance c r i t e r i a  had been m e t .  

The r e s u l t s  of a l l  runs  were accepted by t h i s  group. The o v e r a l l  r e s u l t $  

of t h e  checkout c a l c u l a t i o n s  and t h e  major conclusions drawn from t h e  

checkout a r e  o u t l i n e d  i n  subsequent s e c t i o n s  of t h i s  volume. S p e c i f i c  

r e s u l t s  and conclus ions  f o r  each of t h e  e i g h t  checkout runs a r e  presented 

i.n s e p a r a t e  appendices-. I 

TABLE 11 

COMPLETION CRITERIA FOR RELAP~/MOD~ CHECKOUT RUNS 

The fol lowing c r i t e r i a  must be met t o  t h e  s a t i s f a c t i o n  of t he  INEL RELAP Code 
Advisory Group t o  c o n s t i t u t e  succes s fu l  completion of RELAP~/MOD~ checkout run: 

(1) A l l  luudels operate as designed. 
( 2 )  A l l  major l o g i c  and code e r r o r s  be removed. 
(3) Problem execut ion must extend through t h e  e ill pe r iod ,  f o r  

t h e  e i g h t  blowdown runs ,  a s  def ined below: 
f af 

a .  Breaks fo r .wh ich  t h e  co re  completely uncovers: time a t  
which t h e  lower plenum i s  completely r e f i l l e d ,  i . e . ,  when 
t h e  water  l e v e l  r e a c h e s ' t h e  bottom o f ' t h e  core .  

b .  Breaks f o r  which t h e  co re  only p a r t i a l l y  uncovers: time 
when t h e  co re  i s  completely recovered,  i . e . ,  when t h e  
water  l e v e l  reaches t h e  top of t h e  co re .  For BWR c a l c u l a t i o n s ,  
t h e  maxmum recovered co re  water l e v e l  need not  exceed t h e  
l e v e l  of j e t  pump suc t ion .  

(4) The code running time must be reasonable.  (The t a rge t  was pne 
hour on t h e  CDC-7600 f o r - t h e  e i g h t  blowdown problems.) 

[ a ]  RELAP41MOD5 is  capable  of c a l c u l a t i n g  core  recovery wi th in  the  
l i m i t a t i o n s  of t h e  MOD5 models. However, t hese  models w i l l  no t  
adequately c a l c u l a t e  a l l  t h e  r e f lood  phenomena. MOD6 changes w i l l  
address  t h e  re f lood  problem. 



Twenty-eight a d d i t i o n a l  checkout problems not  i l l u s t r a t e d  w i t h i n  

t h i s  document have a l s o  been completed. These were s h o r t  problems 

designed t o  check ou t  a broad spectrum of RELAP4 f e a t u r e s .  It was 

in tended  t h a t  they  prevent  coding add i t i ons  t o  one p a r t  of t h e  program 

from adverse ly  a f f e c t i n g  o t h e r  p a r t s  and ensure  a reasonable comparison 

of r e s u l t s  between IBM and CDC ve r s ions .  A l l  28 of t h e  problems were 

s u c c e s s f u l l y  run  on both  t h e  IBM and t h e  CDC computers. 
J 

7.2 Resu l t s  of Code Checkout 

Tlle e i g h t  MOD5 checkout runs  were s u c c e s s f u l l y  completed, and t h e  

MOD5 models ope ra t e  a s  designed. The code i s  f r e e  of known major 

prugramming e r r o r s .  It r an  smoothly and r a p i d l y  f o r  t y p i c a l  a p p l i c a t i o n  

problems. RELAP4/MOD5 performed w e l l  during t h e  checkout and i s  sub- 

. s t a n t i a l l y  improved over MOD3, no t  only i n  terms of new models added, 

b u t  a l s o  i n  terms of gene ra l  code o p e r a b i l i t y .  The new junc t ion  smooth- 

i n g  op t ion  ( f o r  mixture  l e v e l  c ross ing  v e r t i c a l  s l i p  j unc t ions  from 

above) enables  t h e  code t o  run  through problem a r e a s  where i t  previous ly  

would have exh ib i t ed  supe rhea t ,  bogged down, o r  abor ted .  Improvements 

have decreased running t ime s i g n i f i c a n t l y  under water  packing condi t ions .  

RELAP4/MOD5 i s  o p e r a t i o n a l  on t h e  TBM-360 a t  INEL, t h e  CDC-7600 a t  

brookhaven Nat iona l  Laboratory,  and t h e  CDC-7600 a t  Berkeley. Some 

p o t e n t i a l  problems which could be encountered i n  us ing  MOD5 a r e  d is -  

cussed i n  Sec t ion  7.3. The problems can be circumvented by jud ic ious  

op t ion  use  and/or  system noda l i za t ion .  

The. completion c r i t e r i a  e s t a b l i s h e d  by Aeroje t  Nuclear Company f o r  

checkout of MOD5 were s a t i s f i e d  f o r  a l l  e i g h t  checkout runs ,  wi th  one 

except ion .  The except ion  was t h a t  t h e  Semiscale Tes t  S-02-9 a p p l i c a t i o n  

r equ i r ed  1 .3  hours  of CDC-7600 computer t ime t o  run through r e f i l l ,  

whereas t h e  t a r g e t  was one hour.  MOD5 was judged accep tab le  f o r  r e l e a s e  

a s . a  product ion code d e s p i t e  t h i s  except ion.  A l l  t h e  RELAP~/MOD~ models 

a r e  o p e r a t i o n a l ,  and known coding and l o g i c  e r r o r s  have been removed. 

Seven of t h e  e i g h t  problems r a n  i n  l e s s  than  one hour .  I n  most ca ses ,  



the CDC-7600 time was significantly less than one hour. Running times, 

transient times, and nodalization in£ ormation for each checkout problem 

are given in Table 111. 

7.3 Problem Avoidance 

The major coding and logic errors have been removed from RELAP~IMOD~. 

Application of the program requires considerable judgment due to the 

complexity of the internal calculations, the large number of individual 

component models, component model interactions, and nonequilibrium 

effects. The experience gained from those checkout runs where significant 

problems were encountered, is presented in the following subsections. 

7.3 .'I Momentum Equation. Potential problem areas exist which are 

associated with approximations made in the solution.of the RELAY4 

momentum equation. under certain conditions, these can result in 

incorrect values for subcooled critical flow and/or increased running 

time requirements. 

(1) Under conditions of extremely small break flow (on the . .  .. 
order of 10 lb/sec), it is possible to encounter discrepancies in 

calculated subcooled critical flow values. This problem was encountered 

in the Semiscale .run and is disucssed in Appendix F. .The ~roblem has not 

been encountered elsewhere and is ,thought to occur only in isolated 

, cases. For situations i n  which a very low subcooled break flow occurs 

(on the order of tens to hundreds of pounds per second), the break flow 
I 

values shoulh be thoroughly examined. If a discrepancy is evident, a 

leak junction should be used at the break. Use of a leak junction was 

found to give correct. flow values. 

(2) Running time problems may be encountered at low pressures 

when momentum flux is used, due to oscillations in and out of choking. 

This is caused by an insufficiently accurate calculation of the time 

derivative of flow (dW/dT) for choked flows with small time step sizes. 

The problem was found to be significantly mitigated by the choking 

smoothing option. 



TABLE 111, 

SUMMARY OF TRANSIENT AND 
RUN TIMES FOR R E L A P ~ / M O D ~  CHECKOUT PROBLEMS 

Appendix C h e c k o ~ t  Problem T o t a l  Trans ien t  Tine , CPU Time Requirements [a1 

A Babcock & W i l c ~ x  BiJR (1) 22 seconds wl th  downcomer (1) 15 minutes wi th  downcomer 
Cold Leg Large Bresk p e n e t r a t i o n  model p e n e t r a t i o n  m d e l  

(2) 31.3 seconds (2 )  24.2 ~ i n u t e s  
wi th  v e r t i c a l  s l i p  only  wi th  v e r t i c a l  s l i p  only 

B Westinghouse PlJR C.>ld 900 seconds 
Leg Small Break 

C Cohbustion Engineering 98 seconds 
'PWR C o d  Leg Intermediate  

' Sized Greak 

General  E l e c t r i c  BUR 
R e c i r c ~ l a t i o n  Line 
Large E.reak 

General E l e c t r i c  BVR 
R e c i r c . ~ l a t i o n  L.ine 
Small 3reak 

INEL Semiscale Cold Leg 
Small Rreak 

INEL .LOFT Cold Leg 
Large Break 

165 seconds 

450 seconds 

273 seconds 

35 seconds 

H INEL Serniscale r e s t  42 szconds 
S-02-9 

50 minutes 

48 minutes 

8 .3  minutes 

50 m i m t e s  

78.1 minutes 

Nodal izat ion 

(1) 41 volumes, 
59 junc t ions  

( 2 )  42 volumes, 
60 junc t ions  

22 volumes, 
34 . junc t ions  

39 volumes, 
56 junc t ions  

23 volumes, 
33 junc t ions  

16 volumes, 
25 junc t ions  

15 volumes, 
20 junctions 

34 volumes, 
40 junc t ions  

37 volumes, 
43 junc t ions  

Is' A 1 1  rEns were made on t h e  CDC-7600 



(3) ~ x t e n s i v e  CPU running t ime sometimes occurs  :under s t r i c t l y  

subcooled cond i t i ons  a t  low pressure .  This  i s  independent of t h e  

choking-associated problem r e f e r r e d  t o  i n  Item ( 2 )  above. Conditions 

r equ i r ed  f o r  occurrence of t h i s  problem have no t  been completely i d e n t i -  

f i e d .  While t h i s  has  no t  been an  impediment t hus  f a r ,  i t  could be  a  

problem i n  r e f lood  runs .  

7.3.2 Running Time. A second running time problem bometimes 

occurs  a t  t l ie beginning of r e f lood  when t h e r e  was l i t t l e  mass i n  t h e  

' core .  There may be  s u f f i c i e n t  p re s su re  d i f f e r e n c e s  t o  cause mass flow 

r a t e s  which would show an  e x t r a c t i o n  of more than  t h e . e x i s t i n g  mass i n  a  

volume when smal l  t ime s t e p s  a r e  used. , T h i s  problem has  n o t  been 

completely de f ined  and w i l l  b e  addressed i n  a f u t u r e  v e r s i o n  of t h e  

code. 

\ 

7.3.3 Superheating. The junc t ion  smoothing op t ion  g r e a t l y  a l l e -  

v i a t e s  t h e  superhea t ing  problem which. soinetimes occurs  when a  mixture 

l e v e l  c ros ses  a  v e r t i c a l  s l i p  j unc t ion  from above. I n  ca ses  when 

s ~ p e r h e a t ~ i n g  had previous ly  amounted to  s e v e r a l  hundred degrees ,  t h e  

junc t ion  smoothing op t ion  reduced t h e  superhea t ing  t o  only  a few degrees.  

A s o l u t i o n  t o  t h e  corresponding case  of a  mixture l e v e l  c ros s ing  a .  

v e r t i c a l  s l i p  j unc t ion  from below has  not  been completed. Therefore ,  

t h i s  may b e ' a  problem under c e r t a i n  condi t ions  i n  MOD5 modeled runs.  

7.3.4 Emergency Core Cooling (ECC) Bypass. The Evalua t ion  Model 

(EM) l o g i c  appears  t o  func t ion  properly. .  Ca lcu la t ion  of ECC bypass 

r e q u i r e s  s p e c i a l  a t t e n t i o n  when making an EM run,. s i n c e  spur ious  flow 

s p i k e s  may prematurely s i g n a l  end-of-bypass. 

1.4 Cuaclusions  - 

The fo l lowing  have been concluded from t h e  RELAP~/MOD~ checkout : 

(1) A l l ,  e i g h t  of t h e  MOD5 checkout runs were s u c c e s s f u l l y  com- 

p l e t e d .  



(2) ¶ he completion c r i t e r i a  e s t a b l i s h e d  f o r  checkout of MOD5 were 

s a t i s f i e d  f o r  a l l  e i g h t  runs  wi th  one except ion.  The ex- 
! cep t ion  was t h a t  c a l c u l a t i o n  of Semiscale Tes t  S-02-9 requi red  

1.3 hours  of CDC-7600 computer t ime t o  run through r e f i l l ,  

whereas t h e  t a r g e t  w a s  one hour.  

(3)  RELAP~/MOD~ i s  o p e r a t i o n a l  on t h e  IBM-360 as w e l l ' a s  t h e  

CDC-7 600. 

(4) REEAP4/MOD5 runs  smoothly and r a p i d l y  and i s  a  s u b s t a n t i a l  

Iniyrovemcnt over  MOD3. , Improvement i s . .no t  on ly  2n terms of 

new models added, b u t  a l s o  i n  terms of gene ra l  code o p e r a b i l i t y  

and running t i n l e  . 

(5) Checkout of MOD5 i d e n t i f i e d  a  few p o t e n t i a l  problem a r e a s  t h a t  

might b e  encountered during t h e  course  of a p a r t i r r ~ l a r  run. 

These problem a r e a s  were d iscussed  i n  Sec t ion  7.3. 

(6) Jud ic ious  use of MOD5 vpt ions  and systeln nodaI izaf ion  must be 

made i n  o rde r  t o  circumvent running t ime and. o t h e r  problems. 

(7) The primary pnrpnse of t h e  MOD5 checkout was t v  debug t h e  

code. The r e s u l t s  should n o t  be  i n t e r p r e t e d  i n  terms of code 

o r  coniponent model v e r i f i c a t i o n .  Debugging of MOD5 d id  not  

q u a l i f y  i t  a s  a  v e r i f i e d  computer code. 

(8) It is  p o s s i b l e  that arldi tional e r r o r o  and probleuls ulay be  

i d e n t i f i e d  a s  t h e  code is  f u r t h e r  exe rc i sed .  The MOD5 check- * 

o u t  process  h a s ,  however, removed a  l a r g e  number nf  problems 

which would n o t  o therwise  have been removed u n t i l  t h e  code was 

i n  a  product ion  s t a t u s .  
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APPENDIX A 

PWR LARGE COLD LEG BREAK - BABCOCK & WILCOX PLANT 

1. INTRODUCTION 

A Babcock and Wilcox large Pressurized Water Reactor (PWR) (Oconee 

Plant) was modeled with RELAP~IMOD~ to represent a 200%- offset shear 

break in the pump discharge side of one of the cold legs. Two cases 

. were run for this plant: 

Case 1: Downcomer penetration model based on .the 1:15 scale glass 

vessel tests of the Battelle-Columbus Laboratory (BCL) 

' experiments, described as the BCL downcomer model in 

Volume I, Subsection 3.6.4. 

Case 2: Downcomer modeled with vertical slip only. 

The system model and assumptions used, the calculated results, and the 

conclusions drawn in. both cases are presented. Some interpretation. of 

the results is based on digital data and plotted output which were too 

voluminous to be included in this appendix. The B&W model presented was 

used for program checkout and should not be considered. a comprehensive 

study.of the LOCA response of the actual plant. 

2. SYSTEM MODELS AND ASSUMPTIONS 

The RELAP41MOD5 models used to describe the Babcock & Wilcox Plant 

are shown in Figures A-1 and A-2. Figure A-1 represents the plant model 

for Case 1 in which the downcomer penetration model based on Battelle- 

Columbus data was used. Figure A-2 represents the plant model for 

Case 2 in which vertical slip only was used in the downcomer. Tables A- 

I and A-I1 ideuLiIy the nodalization and fill junctions for Case 1 and 



Fig. A-1 Nodalization for 200% break - Babcock and Wilcox Plant with downcomer penetration 
modeling. 



TABLE A-I 

CASE 1 - VOLUME AND FILL JUNCTION IDENTIFICATION FOR 
.ZOO% ,BREAK - BA3COCK AND WILCOX PLANT WITH DOYCOMER PENETRATION MODELING 

Volume No. Descrip~ion Junction no. Description 

1 . Steam Generator Sxondary Side . 47 % Steam Generator Auxiliary Feed . 
2 Steam Generator Secondary Side 4 8 Steam Generator Feed Water Inlet 
3 Containment Build Lng 49 Steam Outlet 
4 Downcomer 50 Steam Generator Safety Valve 
5 Lower Plenum 51 Steam Generator Feed Water Inlet 
6 Lower 113 of Core , 5 2 Steam Outlet 
7 Middle 113 of Core 5 3 Steam Generator Safety Valve 
8 Upper 113 of Core 54 Low Pressure Safety Injection Coolant 
9 Core Bypass 55,5€,57,58 High Pressure Safety Injection Coolant 
10 Upper Plenum 59 Steam Generator Auxiliary Feed 
11 Upper Head 
12 Exit Annulus 
13 Hot Leg to Msximum Elevation 
14 Steam Generator Inlet Plenum with Hot Leg 

to Maximum Elevation 
15,16,li, Steam Generator Active Tubes 
18 Steam Generator Exit Plenum with Pump 

Suction Legs to Minimum Elevation 
19 Pump Suction Leg from Minimum 

Elevation to Pump 
20 Pump 
21,22,23,24 Pump Discharge Leg 
2 5 Pump Suction Leg from Minimum Elevation . . to Pump 
26 Pump 
27,28 Pump Discharge Leg' 
29 ' Hot Leg to maxi mu^ Elevation 
3 0 Steam Generator Inlet Plenum with Hot 

Leg to Maximum Elevation 
31,32,33 Steam Generat~r Active Tubes 
3 4 Steam Generat~r ExLt Plenum to Minimum Elevation 
35 Two Pump, Suction Legs from Minimum Elevation . 
36 , Two Pumps ' . 
37 Two Pump ~ischar~e Lines 

. 38 Two Pump Discharge Lines 
3 9 Pressurizer 
4 0 Pressurizer Surge Line 
41 Two Acumulators (Flood Tanks) - 



3 g .  A-2 6 ~ d a l i z a t i o a  f o r  2002 break - Babcock and Wilcox P l a n t  w i t h  q ~ e r t i c a l  s l i p  only  
downcomer modeling. 



TABLE A-I1 ' 

CASE 2 - VOLUME AND FILL JUNCTION IDENTIFICATION FOR 
200% BREAK-BABCOCK AND WTLCOX PLANT WITH VERTICAL SLIP ONLY DOWNCOMER MODELING 

Volume No. D e s c r i p t i o n  J u n c t i o n  No. D e s c r i p t i o n  

1 Steam Genera to r  Secondary S i d e  4 E. Steam Genera to r  Feed Water I n l e t  
2 G e n e r a t o r  Secondary S i d e  . 4 5 Steam O u t l e t  

. 3  Upper Downcomer (Upper Annulus) 5C Steam Genera to r  S a f e t y  Valve 
4 Lower Downcomer 51  Steam Genera to r  Feed Water I n l e t  
5 Lower Plenum 52 Steam O u t l e t  
6 Lower 1 1 3  of  Care  5 3  Steam G e n e r a t o i  S a f e t y  Valve 
7 Middle 1 1 3  of  Core 54  Low P r e s s u r e  S a f e t y  I n j e c t i o n  Coolan t  
8 Upper 113  of  Core 55, ,56,57,58 High P r e s s u r e  S a f e t y  I n j e c t i o n  Coolant  
9 Core Bypass 59 ,60  Steam Genera to r  A u x i l i a r y  Feed ' 

1 0  Upper Plenum 
11 Upper Head 
1 2  E x i t  Annulus 
1 3 .  Hot Leg t o  Maxinum U e v a t i o n  
1 4  Steam Genera to r  I n l e t  Plenum w i t h  

.Hot Leg t o  Maximum E l e v a t i o n  
15 ,16 ,17  Steam G e n e r a t o r  A c t i v e  Tubes 
1 8  Steam Genera to r  E x i t  Plenum w i t h  

Pump S u c t i o n  Leg t o  Minimum E l e v a t i o n  
1 9  Pump S u c t i o n  Leg from Minimum 

E l e v a t i o n  t o  Pump 
2 0 Pump 
21 ,22 ,23 ,24  Pump Discharge  Leg 
25 Pump S u c t i o n  Leg f r o n  ~ i n i m u m  

E l e v a t i o n  t o  Pump 
26 Pump 
27 ,28  Pump Discharge  Leg 
2 9 Hot Leg t o  Maximm E l e v a t i o n  
30 Steam G e n e r a t o r  I n l e t  Plenum w i t h  

Hot Leg t o  Maximum E I e v a t i o n  
31 ,32 ,33 ,  Steam Genera to r  A c t i v e  Tubes 
3 4 Steam Genera, tor  E x i t  Plenum w i t h  

Pump S u c t i o n  Legs t o  ~ i n i m u m  E l e v a t i o n  
35 Two Pump S u c t i o n  Legs from 

Minimum E l e v a t i o n  t o  Pump 
3 6 Two Pumps 
37 Two Pump Discharge  L i n e s  
38 Two Pump Discharge  L i x e s  
3 9 P r e s s u r i z e r  ' 

4 0 P r e s s u r i z e r  Syrge  L i n ?  
4 1  . Two Accumulators  (Flood Tanks)  
4 2 Containment ' . 



Case 2, r e s p e c t i v e l y .  There i s  a d i f f e r e n c e  between Cases 1 and 2 i n '  

terms of noda l i za t ion .  The upper and lower downcomers a r e  combined i n t o  

a s i n g l e  volume f o r  Case 1, whi l e  f o r  Case 2, each is  represented  by a 

s e p a r a t e  volume. 

Addi t iona l  modeling informat ion  and assumptions a r e  given below. 

This  in format ion  a p p l i e s  t o  both  Case 1 and Case 2 un le s s  o therwise  

i n d i c a t e d .  

(1) V e r t i c a l  s l i p  was modeled a t  t h e  junc t ion  between t h e  lower 

downcomer and t h e  lower plenum. 

(2) A 1.0 m u l t i p l i e r  was used t o r  t h e  Homogeneous E q u i l l b r i u n ~  

~ o d e l  (HEM) c r i t i c a l  flow model. A 0.9 m u l t i p l i e r  was used on 

bo th  t h e  Henry-Fauske flow and t h e  extended Henry-Fauske 

c r i t i c a l  f low models. The t r a n s i t i o n  q u a l i t y  assumed a t  t h e  

junc t ion  between t h e  Henry-Fauske and HEM models was 0.01. 

(3 )  An i r lpu t  d a t a  ITCV-21 check va lve  was used F u r  the  r e a c t o r  

v e s s e l  ven t  va lve .  This  va lve  opens and c l o s e s  w i th  appro- 

p r i a t e  d i f f e r e n t i a l  p ressure .  A t r i p  s i g n a l  was n o t  used. 

( 4 )  One check v a l v e  of t h e  inpu t  d a t a  ITCV=22 through 40 type was 

used a t  t h e  accumulator l i n e .  These va lve  types  behave a s  a 

ITCV=21 check va lve ,  opening and c l o s i n g  on pressi.lre d i . f -  

f c r e n t l a l v  , bu c liaving a t r i p  sj.gn.nl. which c l o s e s  t h e  va lve .  

The t r i p  was Get t o  ciose t h e  va lve  when t h e  ar.cuimulator 

mixture  l e v e l  decreased t o  0.01 f t .  

( 5 )  The downcomer p e n e t r a t i o n  model was used only f o r  Case 1, t h e  

.run which had t h e  upper annulus and t h e  downcomer of t h e  

r e a c t o r  v e s s e l  combined i n t o  onc node, 

( 6 )  V e r t i c a l  s l i p  was used between t h e  upper and lower downcomers 

f o r  Case 2 because of t h e  s e p a r a t e  noding. 



(7) Stagnation properties were used for the,break flow calculation 

throughout each run. 

An input error was detected in the High,and Low Pressure Injection 

Systems (which were modeled as fills) after these two problem runs were 

completed. The error allowed a 4% excess coolant flow rate into the 

lower plenum after 25 sec of transient time. This error should not 

affect the refill stage of the blowdown, but should be noted if these 

inputs are to be used elsewhere. . . 

A second error was also noted. The value of the resistance in 

Junction 16 between the upper downcomer (upper annulus) and the exit 

annulus was not correctly specified. Although the forward and reverse 

flow'loss coefficients for Junction 16 should be equal, the coefficient 

in the reverse direction was.inadvertently set to zero. The problem was 

later run for the vertical slip only case with the correct value of 

junction resistance.   his increased the flow resistance between the 
exit annulus and the upper downcomer volumes. This.in turn provided the 

core flows shown in.Figures A-11 and A-13. 

Upper plenum data are missing from the input listing (Section 6) 

per the Babcock and Wilcox Company'request. These data are treated as 

proprietary information. 

3. RESULTS 

RELAP~IMODS ran smoothly and had a reasonable processing time. ,The 

transient time for Case 1 from break initiation to lower plenum refill, 

was 22 sec. Fifteen minutes of Central Processing Unit (CPU) time for 

clie Curltrol Data Corporation (CDC) 7600 computer ,.at the Brookhaven ' 

National Laboratory was required. The refill and CPU times for Case 2 

were 31.5 sec and 24.2 min respectively. An interpretation of the 

computed transients for both cases is provided. 



Figures  A-3 through A-17, contained i n  Sec t ion  5  of t h i s  appendix, 

i l l u s t r a t e  t he  s i g n i f i c a n t  r e s u l t s  of t h e  two t r a n s i e n t s .  The r e s u l t s  

from Cases 1 and 2 appear  on each f i g u r e .  Case 1 (downcomer pene t r a t ion  

model) i s  ind ica t ed  by c ros ses  '+' and Case 2  ( v e r t i c a l  s l i p  only)  by 

stars '* ' .  The downcomer p e n e t r a t i o n  model run was t e rmina ted . a t  

29.3 s e c  while  t h e  v e r t i c a l  s l i p  only model was run u n t i l  35.8 s e c .  The 

g e n e r a l  c h a r a c t e r i s t i c s  of both t r a n s i e n t s  were s i m i l a r ,  except  t h a t  t h e  

downcomer p e n e t r a t i o n  model p red ic t ed  e a r l i e r  lower plenum p e n e t r a t i o n  

than  d i d  t h e  v e r t i c a l  s l i p  only model. Some of t h e  major events  of t h e  

t r a n s i e n t  a r e  d iscussed  below wi th  r e f e rence  t o  Figure A-3. 'I'his is 

fol lowed by n summary d i scuss ion  of t h e  fol lowing f i g u r e s .  

F igu re  A-3 i l l u s t r a t e s  t he  behavior  of t h e  t o t a l  mass i n  t h e  lower 

plenum dur ing  t h e  course  of t h e  t r a n s i e n t .  Refer r ing  t o  t h i s  f i g u r e ,  

t h e  fo l lowing  even t s  a r e  r e l a t e d :  

i 

(1) 0.01 through 2.3 sec :  System'blowdown occurred.  Flow 

t r a v e l e d  from t h e  lower plenum, up t h e  downcomer, and out  t h e  

break. 

(2) 2.3 through 5.3 s e c :  The i n t a c t  loops i n j e c t e d  coolant  i n t o  

the  r e a c t o r  v e s s e l  a t  a r a t e  which exceeded the  break flow. 

This ,  i n  t u rn , , fo rced  coolant  back i n t o  the  lower plenum. 

(3)  5.3 through 8.2 sec :  Coolant flow r a t e  from t h e  i n t a c t  loops 

d e c r e a s e d .  Net flow was aga in  toward t h e  co1.d l e g  break.  

( 4 )  8.2 s ec :  Mixture l e v e l  reached t h e  junc t ion  e l e v a t i o n  between 

the  downcomer and t h e  lower plenum. From t h i s  p o i n t  on, 

dep res su r i za t ion  removed lower plenum coolant  a t  a  slower 

r a t e ,  as noted by s lope .dec rease  i n  t h e  p l o t t e d  t r a c e  i n  

Figure A-3. 



(5) 13.'1 sec: The accumulator turned on. 

a. Using the downcomer penetration model, which actuated at 

this time, most of the. 5.njected accumulator coolant 

flowed directly, into the lower plenum. 

b. Using the vertical slip only model, the accumulator 

coolant bypassed the lower dowricomer, began .to fill the 

upper downcomer, and flowed out the break '(also shown in 

Figure A-7) .' 

(6) 22.0 sec: The lower plenum was refilled, when using the 

downcomer penetration model. 

(7) 22.8 sec: The containment pressure began to exceed the system 

pressure for Case 2 (using vertical slip only to describe 

downcomer penetration). Flow entered the system through the 

break. The lower plenum began to refill. This can .be seen as 

a slight negative flow on Figures A-7 and A-8. The fluid 

quality was high which accounts for the +ow mass flow rate. 

(8) 25.0 sec: High Pressure Injection System (HPIS) and Low 

Pressure Injection System (LPIS) coolant entered the system 

for both cases. 

(9) 29.3 seconds: Run for downcomer penetration model was 

terminated . 

(10) '31.5 seconds: Lower plenum was full in the vertical slip only 

case. 



(11) 31.5 through 35.5 sec :  F lash ing  occurred i n  Case 2 when t h e  

lower plenum i n j e c t e d  subcooled f l u i d  i n t o  t h e  core .  This  

c r ea t ed  p re s su re  o s c i l l a t i o n s  which forced  t h e  lower plenum 

mass up t h e  downcomer. p re s su re  o s c i l l a t i o n s  had no t  been a s  

n o t i c e a b l e  when t h e  downcomer p e n e t r a t i o n  model began in-  

j e c t i n g ,  because t h e  downcomer p re s su re  exceeded t h e  system 

p res su re  s u f f i c i e n t l y  t o  o v e r r i d e  t h e  f l a s h i n g  pu l se s .  

F igures  A-4 through A-15 i l l u s t r a t e  a d d i t i o n a l  c h a r a c t e r i s t i c s  of 

the t r a n s i e n t .  Notable occurrences i n  t h e s e  p l o t s  a r e  a s  fol lows:  

(1) F igure  A-6: Lower plenum zero  q u a l i t y  occurred a t  22 and 

31 s e c  fnr Cases 1 and 2 ,  r e s p e c t i v e l y .  

(2) F igure  A-7: The inc rease  i n  mass f l u x  a t  t h e  break f o r  Case 2 

was s h o r t l y  a f t e r  1 3  s e c  when t h e  accumulator i n i t i a t e d ,  thus  

i l l u s t r a t i n g  ECC bypass.  The break mass f l u x  became nega t ive  

f o r  Case 2 a t  approximately 23 s e c  when t h e  containment 

p re s su re  exceeded system p res su re .  The o s c i l l a t o r y  behavior  

seen p r i m a r i l y  i n  t h e  downcomer p e n e t r a t i o n  model a f t e r  21  s e c  

. i s  d iscussed  i n  connect ion wi th  F igure  A-9.  I 

(3) F igure  A-9: This  i l l u s t r a t e s  accumulator i n i t i a t i o n  a t  1 3  sec .  

The lower plenum was r e f i l l e d  a t  22 s e c  when t h e  downcomer 

p e n e t r a t i o n  model was used ( see  F igures  A-3 and A-6). Liquid 

then  en te red  t h e  bottom of the core and was vapnriz~d. The 

core  p re s su re  increased  s l i g h t l y  and t h i s  i n i t i a t e d  o s c i l l a t o r y  

flow behavior  a t  t h e  core  i n l e t  ( see  F igure  A-10). The e f f e c t s  

of t h i s  behavior  were propagated throughout t h e  system, a s  can 

be seen  i n  many of t h e  f i g u r e s  fo l lowing  A-10. 



(4) Figure A-10: The core flow was characteristic of a co'ld leg 

break. Severe oscillations began after 21 sec, as discussed 

above,. Figure A-11 illustrates the core inlet mass flux after 

the Case 2 upper downcomer-exit annulus leak (516) had been 

corrected to account for the reverse flow loss coefficient. 

(5) Figure'A-12: The core outlet flow oscillations began at 23 
. . 

sec and were delayed from those at ,the inlet (see Figure A-9) ;- 

(6) Figure A-13: The core outlet flow with corrected Junction 16 

loss coefficient can be seen. - .  

(7) Figures A-14, -15, and -16: The temperature behavior can be 

correlated generally to the corresponding core mass flow 

behavior. Core temperature behavior with and without the 

downcomer penetration model is significantly different due to 

the delay in lower plenum refill. 

(8) Figure A-17: shows the operation of input ITCV=21 check 

valve which modeled the reactor vessel vent valves. 1 

4. CONCLUSIONS 

In general, RELAP~/MOD~ ran,smoothly and had no major difficulties. 

All models met expectations. Both cases ran well within 'the established 

time limit of one hour on the.CDC 7600 computer. The completion 'cri- 

teria for the MOD5 checkout runs listed in Volume 111, Section 7.2 were 

satisfied. 

CPU running time i.nr.reased significantly when the cold leg fluid . 

quality approached zero. This did not cause significant problems for 

tlie .two large breaks 'modeled. Renodalization to larger volumes may be 

required'for smaller breaks in order to reduce running time require- 

ments. . . 



Use of t h e  downcomer p e n e t r a t i o n  model based on Battelle-Columbus 

(Case 1 )  d a t a  l e d  t o  t h e  occurrence of downcomer p e n e t r a t i o n  (13.1 sec )  

s i g n i f i c a n t l y  b e f o r e  t h a t  p red ic t ed  wi th  v e r t i c a l  s l i p  only (23.4 s e c ) .  

This  l e d  t o  s i g n i f i c a n t  d i f f e r e n c e s  i n  ca l cu la t ed  system behavior  f o r  

t i m &  a f t e r  1 3  sec .  It i s  of i n t e r e s t  t h a t  t h e  Semiscale comparison . 

(Sec t ion  4 ,  Appendix H) shows v e r t i c a l  s l i p  only modeling t o  be  c l o s e r  

t o  experimental  r e s u l t s  f o r  t h a t  case.  The downcomer penet ra t ion .mode1 

was i n  t h e  r e f lood  mode a f t e r  22 sec .  This  l e d  t o  o s c i l l a t o r y  behavior  

and t h e  . run  was terminated a t  29.3 s e c .  

Core i n l e t  flow o s c i l l a t i o n s  s t a r t e d  f o r  Case 1 a t  22 s e c  when t h e  

lower plenum r e f i l l e d .  A s  f l u i d  en tered  t h e  bottom of t h e  core  a t  

22 s e c  i t  f l a s h e d ,  increased  core  p re s su re  s l i g h t l y ,  and i n i t i a t e d  t h e  

observed o s c i l l a t o r y  behavior .  The e f f e c t s  of t hese  o s c i l l a t i o n s  a r e  

propagated throughout t h e  modeled system, a s  i l l u s t r a t e d  i n  F igure  A-7 

and succeeding f i g u r e s .  The ca l cu la t ed  o s c i l l a t o r y  behavior  i s  no t  

i n t e r p r e t e d  t o  be  c o r r e c t  i n  d e t a i l .  It i s  considered t o  be  t h e  r e s u l t  

of homogeneous modeling by RELAP4 which exposes t h e  f l u i d  t o  t h e  f u l l  

h e a t  capac i ty  of t h e  co re  where i n  r e a l i t y  t h e  f l u i d  l e v e l  would e x i s t  

on ly  a t  a low co re  e l eva t ion .  A s  d i scussed  i n  Volume I ,  Sec t ion  1, 

RELAP~IMOD~ does n o t  c a l c u l a t e  a l l  r e f lood  phenomena adequately.  

OUTPUT &A 

The output  d a t a  t r a c e s  f o r  t h e  Babcock and Wilcox 200% break  

problem a r e  included a s  F igures  A-3 through A-17 i n  t h i s  s e c t i o n .  

Case 1 (downcomer pene t r a t ion )  d a t a  a r e  t r aced  by a  '+I ,  whi le  Case 2 

( v e r t i c a l  sdip only)  d a t a  a r e  t r aced  by a  I * ' .  
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T R A N S I E N T  T I M E :  SECONDS 

rlg. A-3 Total mass in lower plenum - sabcock and Wilcox Plant (200% break). 

0 .  I 
0 . 0  5 . 0  10 .0  15.0 2 0 . 0  2 5 . 0  30 .0  3 5 . 0  

T R A N S I E N T  T I M E :  SECONDS 

Fig. A-4 Average pressure in lower plenum - Babcock and Wilcox Plant 
(200% break). 



YO. 
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T R A N S I E N T  T I M E :  SECONDS 
Fig.  A-5 Average density i n  lower plenum - Babcock and Wilcox Plant (200% 
break).  
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Fig.  A-6 Average qual i ty  i n  lower plenum - Babcock and Wilcox Plant . (200% 
break).  
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T R A N S I E N T  T I M E :  SECONDS 

Fig. A-7 Mass f l u x  a t  break - v e s s e l  s i i e  - Babcock and Wilcox P l a n t  (200% 
break) .  

. T R A N S I E N T  T I M E :  SECONDS 
. . .- ... 

Fig. A-8 Mass f l u x  a t  break - pump s i d e  - Babcock and Wilcox P l a n t  (200% 
break  1. 
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Fig .  A-9 Mass f l u x  from accumulator - Babcock and Wilcox Plant (20'0% break). 

Fig.  A-10 Core i n l e t  mass f l u x  - Babcock and Wilcox Plant (200% break.). 
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T R A N S I E N T  T I M E :  SECONDS -- .. - - . -. 

Fig. A-11 Core i n l e t  mass f l u x  - Babcock and Wilcox P l a n t  (200% break)  
( co r r ec t ed  Junc t ion  16 r e v e r s e  flow l o s s  c o e f f i c i e n t ) .  

.- - . -- 
moo. 
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T R A N S I E N T  T I M E :  SECONDS 

Fig. A-12 Core o u t l e t  mass f l u x  - Babcock and Wilcox P l a n t  (200% b reak ) .  
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T R A N S I E N T  T I M E :  SECONDS , 
Fig. A-13 Core o u t l e t  mass f l u x  - Babcock and Wilcox P l a n t  (200% break)  
( c o r r e c t e d  J u n c t i o n  1 6  r e v e r s e  l o s s  f low c o e f f i c i e n t ) .  
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Fig. A-14 Cladding temperature  - lower t h i r d  - Babcock and Wilcox P l a n t  
(200% break) .  



Fig. A-15 Cladding temperature - middle th ird  - Babcock and Wilcox Plant 
(200% break). 

0 . 0  5 . 0  10.0 l5.'0 20 .0  2 5 . 8  30 .0  35 .0  

T R A N S I E N T  T I W E :  SECONDS 

Fig. A-16 Cladding temperature - upper th ird  - Babcock and Wilcox Plant 
(200% break). 



Fig. A-17 Flow through vent valves - Babcock and Wilcox Plant (200% break,). 



6. INPUT 'LISTING 

Included in this section are input listings for both Cases 1 and 2 
.. 

(Tables A-I11 and A-IV, respectively). . I ' 



TABLE A-I11  

INPUT LISTING 

= B t W  OCONEF - 200% L D C A  U S I N G  B A T T E L L k  COLUMBUS DOWNCOMER P E N E T H A T I P N  MODEL * 
* 
* * * * * 4 r * * * * * * * * * * * * + * * * * * * * * + * * *  W[ 114 STACP ............................... 
* 
* 
* 
* PUMP I N L E T  A N D  O U T L E T  J U N C T I O N  AREAS H A V E  B E E N  D I V I D E D  B Y  2 TO ACCOUNT 
* FOR PUMP CHOKIK ( R E D U C E D  FLOW A R E A  INSIOE THE PUMP)  

* 
* 
*********+******+*~******le*e******* 010001 * * * * * * * * * - * e a * * * + + t + * * * * * ~ * v * * 4 * 4 4  
*--TAPE CONTROL--# M I N O R  F G I T - - T  I M F  S T t P - - #  TP I P CONTR7L  S--a VOLUMES--BUBBLE--  
* - - T I M €  OEP. VOLS.--# J U N C T I O N S - - #  PUMPS--# CHECK V A L V E S - - #  L E A K  AREA V S  T l Y F - -  
*--# F I L L  LUWVES--d 4 E A T  SLABS--# H E A T  S L A B  GE0M.--# H C A T  <I A 0  N A T E P 1 4 1 S - - #  CORE 
* S E C T I O N S - - #  H E A T  EXCHANGERS DATA SETS--  TYPE OF R E L A P 4  ( I = E M ,  O = A E )  * 
010001 -2  9 5 11 41 3 0 59 3 5 0 6 22 7 b 3 U U * 

P R O R L F M  CCNSTANTS DATA 
* *# * * * * * * * * * *+9* * * * * * * * *4 *+* * * * * * *  010002 * * * * * * * * * * * * 9 * t 8 * t * * * * * O * * * * r b * * 9 . 0 * +  

* - - I N I T I A L  POKER--1MPL I C I T / F X P L I C I T  M U L T I P L  I E P  
* 
010002 2568.0 1.0 * 
* E D I T  V 4 P I A B L E  DATA 
*******++***9******************9**9:** 0,70000 * * * * * * + + * * + * * * * * * * * * * * * * * * O * O t * 9 0 * t  

* - - J W = J U N C T I U N  F L O W - - M L = Y I X T U P E  L E V F L - - S R = R I G H T  SURFACE TEUPERATURE- -  
*--NQ=NORMAL I Z E D  POWER--AP=AV EPAGE PRESSrJRE * 
020000 A P  3 AP 23 AP 22 AP 3 J W  28 JW 1 JW 26 JW 2 JW 15 * 
* WATER P A C K I N G  I N C I C A T O R  
030003 50 * 
* M I X T U R E  L E V E L  C R O S S I N G  F A C M  ABOVE 
I 1 -  Y A X ~ M C I M  QuMBEF OF PPIF ITOUT I T I M r  AT W I I I C I I  D P T I O ' J  B C G I Y S  
030004 50 1.0 * 
* T I M E  STEP DATA 
* * * * * * * * * * + * + * + * * * t P : * * t * * * * * *  O j X X Y O  * * * * * * * * * * * * * * * * * * * * * * * * * *d : * *004940  

*-# T I M F  S T E P S  / M I N 0 4  E D I T S - - #  C I N O F  E D I T S  / M A J n R  E D I T - - #  MAJOR E D I T S  / * R E S T A R T  T A P E  E D I T - - T I M €  S T F P  CONTROL--MAX. T I M F  S T E P  S I Z E - - K I N .  SUR-T IME 
* S T E P  S I Z E - - F N D  nF CURRFNT T I M E - S T E P  DATA * 
036610 1 10 1 0 0.005 0.0005 0.01 
030020 10 10 1 0 * -0005 .00001 .050 
030030 25 5 2 0 0.002 .00005 0.50 
030040 5 20 1 0 0.010 0.0001 2.00 
030050 5 20 1 0 0.020 .00005 500. 

9 T R I P  CONTPOL 
*--ACTION TO BE TAKEN--S I G N A L  BE I NG COMPAPED--VOLUMF OR JUNCT 1 ON I N D E  X- -nPT  I n N A L  
* VOLUME--SIGNAL SET P O I N T - - O F L A Y  T I M E  * 
040010 1 1 0 0 60.00 0.0 * PROBLEM END T I M E  
040020 2 1 0 0 0.010002 0.0 * BREAK P A T H  I N T O  C O W T I I N W E N T  ( V L L V F  4) 
040030 3  1 0 0 0.010002 0.0 * BKEAK P A T H  I N T O  C O N T A I N M F N T  ( V A L V E  5 )  
040040 4 1 0 O 0.010002 0.0 * RRFAK THE C O L D  L E G  ( V A L V E  3 )  
* S I N G L E  F A I L U R F  C R I T E R I O N  ASSUMES BOTH F L P O D  TANKS OPERATF 
* ( FLOOQ TANKS ARE COMGINED I N l U  ONE 1 



TABLE A-I11 (contd.) 

~ 4 0 0 5 0  7 1 0 0 0.010002 0.0 * P U M P  T P I P  ON l 3 R E A K  O P E N I N G  
* A L S O  S C R A M  T R I P  N U M B E K  

040060  9 1 . 0 0 0.0 . 0.0 * STM. GEN. R E L I E F  V A L V E  F O R  V O L U M E  1 
4  * A N D  V O L U M E  3 - O D E L L  ED 4 5  hl i t i .  F  t L ' L  
0 4 0 0 7 0  19 - 4  2 9  0 1514.7 25.0 * H I G H  P R E S S l l i l F  1 N J E C T I C ) N  
040080 1 1  I o o 0.0 0.0 * S T E A M G E % . ' F L O W T R I P  
* S I N G L E  F A I L U R E  C R l T E R I C h !  A S S U K E S  O N L Y  ONE L P I S  O P E R A T E S  
040090 12 +4 3 o 18.7 2s. * L ~ I W  P R E S S .  IN.JECTI~Q 
C40100 1 3  1 0 3 36.0 0.0 * S T E A M  GEN. AUX. F E E D  
0 4 0 1 1 0  1 G  - 5  4 1  il 0.01 O.'O . * S H U T  O F F  A C C g V U L A T O R  L I N E  V 2  

9: 

* V C L U M F  C A T A  . . . 
44+*ft**********t**L;**49*tr**9i:***e* O S X X X Y  f h * * a * * * t a 4 * e * + * * * * t + i 8 $ * * * * * * 9 : d 1 9 f  

+ 
* 
8 

* ' IBUB I \ < E A ~ ~  P R E S S O R E  T F M P F P A T U R E  QU41 'I T Y  VOLlJYF 
+ H U O 8 L E  VCiLI IME 
* D A T A  3 4 1 4  / 

+ I N D E X  ..RETQ- 
i I F  V A L  
* 
* 
4 

* 
4  

* 
* 5 1  5 A Y  G E N E R  ATUP S E C O N D A R Y  S  I D €  
* 
0 5 0 0 1 1  3 0 0.0 536. 7865  0.00d318 3412.0 
+ 
4  ;TEAM GENE,F. ATOK S E C O N D A R Y  S I D E  . 
0 

0.50021 3 "0 0.0 536. 7865 0.00H318 3412.0 * 
4  !?::lw!\IC OYER 
4 

0 5 0 0 4 1  3 4 2220.40 554.000 -1.0 883.85 
4  

* L(!dt'R P L E N U M  
* 
0 5 0 0 5 1  1. 5 2 2 2 2 i 5 G  554. 0 0 0  *1.0 MlU. ! ! l  

0 C O Q E  
4  

0 5 0 0 6 1  0 0 2215.10 565.600 -1.0 196.81 
0 5 0 0 7 1  5 0 2207 .00  589.800 -1.0 196.81 
0,50081 0 0 2199.05 602.800 . -1.0 196.81 
8 

* .  f 3 Y P A S S  

0 5 0 0 9 1  0 0 2 2 5 7 . 0 0 .  . 554.000 -1.0 41.66 
9  

* U P P E R  P I . E N l l M  
* 
4 * 4 * * 9 * * * * f a * * * * * f *  C A R D  0 5 3 1 0 1  I S  P R O P R I E T A R Y  h 6 + + * * * * * * * t * 4 + * 8 * * + + t  

4 * * * * 9 + f  t t a ~ v f  4* *+ f  C A R D  0 5 0 1 1 1  I S  P R O P R I E T A 2 Y  * * + * 4 4 * * * + + 4 * 4 4 * * * + * + *  

* *++L*  * * + 8 * 8 * * * * * * +  C A P O  050121  I S  P R G P R I E T A P Y  * * * * * * * * * * * * * b t * * * a * * ~  



TABLE A-'111 (contd .-) 

HOT LEG , 

STEAM GENERATOR 
I N L E T  PLENUM PLUS HOT LFG TO THE P D I N T  n F  CAXIYUM ELFVATIClV 

& C  T I V E  TUBES 

nUTLET PLENUP PLUS PUMP SUCTION LEG TO MINIMUM E L f V A T I O N  POINT  

COLD LEG 
PUMP SUETION LEG F P ~ M  MIN. ELFVATION T? P ~ M P  

PUMP 

0 0 2 1 7 8 . 2 8 3  553.662 -1.0 98.0 

PUMP . D ~ S C W A ~ ' G €  L F G  

C3LD LEG 
P\JMP SUCTION LFG FPOM MIN.  ELEVATIPY T3 PUWP 

INL'ET PLENUM P L b S  HOT LFG TO THE ,POINT CF MAXIMUY ELEVAT ION 

0 0 . 2142..3? '604.700 -1.0 348.88  



TABLE A - I I . I ( c o r i f d . )  
. . .  

. . . 

* A C T I V E  T U B E S  
8  

05031L 0 0 2141.22. 593.31 0 -1 .O 491.5 1 
050321 0 0 ' 21Z7.59 575.630 -1.0 491.51 
050331 0 0 2136.30 561.020 -1.0 491.51. 
t : s  . 
* O U T L E T .  PLENUM PLUS PUMP SIICTICN L E G  T O  MINIM'JM E L F V A T I O N '  P D I Y T  . 
* 
050341 0 0 . 2'136.24 553.323 . -1.0 341.88 
8  

9 COLT:  L E G  
* PUYP S U C T I O N  L E G  FR9H M I N .  E L E V A T I O N  T 3  P Y V P  
* 
050351 0 0 2123.5'76 553.373 -1.0 315.02 
0 
8  P U Y F  ( 2  1 
4  

050361 3 0 2178.283 553.662 -1.0 196.00 
* 
16 PIJI*'.P i 1 I S C Y A Y  GT  L c G  (2) 

+ .  
050371 J 0 2234.34 554; 000 -1.0 40.90 . 
050381 0 0 2231.2q 554.000 -1.0 12.2. 70 
4  

* P R E S S U k I i E R  
* 

, 053391 1 0 0.0 .646.860 . 11. 0 1500.0 
8  . 
8  ' SURGE L I N E  ( I R T ~  THE, P P E S S U P I L E R )  
4  

~ 5 0 4 0 1  u .o 2164.3~ f,2:.500 - L. o 20.0 

3 S A F l : T Y  I J  I T A N K  ( ~ C C ' O M U L  ATI:;I 
* 
050411 2 0 b14.700 li0.000 11 . 0 2820.0 
4  

* C n N T A I N M t ? J T  
* 
050031 Z 0 14. 700b 100.000 3.6. 1.9Et6 
* 
4 

0 

8  

8  H i  I G H T - - * I % .  L t - V F L - - 2  PH?SF.  F I ? T C T  I C P I  x I? IDEX--FLOW AEFE. VCIC . - - E Q U I V 4 L E N T  'P 1.4.  
* O F  F L J d  A R F A - - E L  E V A  T ICIF: & T  BQTTOb' l!F V O L U M F - - V E J . T I C A L  S L I P  
* 
050012 52.111 40.65 0 44.09 .Oh94 10.959 0 
050022 52.111 40.65 0 44.09 .0694 10.959 0 
050042 25.376 25.376 0 34.83 1.660 12.370 0 
050052 8.032 8.362 0 107.6n 11.71 9.419 ,O 
050062 4.301 C.OO1 0 45.19 .0438 1b.501 0 
050072' 4.001 4.001 0 49.19 -0438 ZO.SO.? 0 
050662 .4.001 4.,001 0 49.19 . .0438 24.503 0 
050092 1 2 . 0 0 3  12.003 C 3.471 .2745 16.501 0 
* t * t * * + 8 * * t * * + * + s t 4  . ' C I r F . 0  05010;! I S  P r l D P R I E T A F Y  + 8 * + + + * + c * t o t 6 + 8 ~ ~ * * ~ *  
* 4 * 8 * 8 Q * f + 4 * 6 * + * * 8 *  C C F D  050112 I S  P R C P R I E T A P Y  * r $ * * 8 + * a * * + * + t * * n t 8 + *  . 
888*  4 * + 4 * * t * * * * 4 * + 9 ~  C A F C  050122 I S  P R O P R I E T A G Y  * * * * * * * t t t t t 8 * 4 * * 0 8 0 8 4  

0 050132 46.119 66.119 0 7.064 3.0 31.5 
050142. 12.55 12.55 . 0 27.80 0.240 55.069 0 
0501 52. ld.703 18.793 0 26.28 .0464 66.365 0 .  



T I M F  CEPF NDEhT VULUHFS 
rb N n N F  
4 

* 
rp 

BUBRLF P E S E  0176 
* 
060011  0.8 3.0 
060021 0.0 1.OE+6 
060031 0.8 40.00 * 
4 

* DPWNCOHER P E N E T R P T I O h 1  - LOWEF ENTRAINMENT MODEL * BETTEL COLLUYRUS 
* 
060004 4 1 ,  5 b 4 6 5 3 ? 614.7 l . t h  * 
* J U N C T I O N  D A T A  CAPDS 
rb*******t******s****4:**********h*rp* O B X X X Y  *a*t*aq*********+*a(t1btd:1oa**0*09:t** 
9 

4--1NLFT VOLUME--EXIT VOLUfJE--PUMP INDEX- -VALVE IPIDFX--FLOW--JUNCTION C I O W  AREA 
* - -JUYCTIOY E L F V A T I 3 N - - 1  /P--FTlRWAKD FLOW LDSS C O E F F I C I E V T - -  
4 

4 

080011 3 23 0 5 0 .0  k .  2 7 h  77.1)fl 0.0 0.45 
080021  22, 3 0 4 0.0 4.276 33.00 0.0 1.0 
080031  41 4 0 2 0.0 1.4426 35.30 0.0 6.5 
080041  40 2 9  0 0 0.0 0.499 35.13 0 1.191 
080051 4 5 0 0 37562.60 34.89 13.373 0.0 - 61814  
080001 5 6 0 0 36964.60 49.19 16.501 0.0 3.584 
080071 6 7 0 0 36964.60 49.19 20.502 0.0 3 . 8 8 9  
0 8 0 0 8 i  7 8 0 O 369b4.bO 49.19 24.503. 0.0 3.645 



TABLE A-I11 (cdritd. ) 

0 8 0 0 9 1  8 10  0 0 36964.60 49.19 78.504 0.0 3.217 
0 8 0 1 0 1  i 9 0 0 598.0 3.471 16.501 0.0 177.9 
0 8 0 1 1 1  9 1 0  0 .O 596.0 . 3.fr71 26.504 0.0 174.2 
* * * * * * e * * * * ~ t *  CAVfl 0 8 0 1 2 1  I S  PH3PPIET4FY * * ~ * t f + * + f f * * * * * * * * * * *  

~ * * * * * t ~ * * e t * ~ * J * * t  C A R D  0 8 0 1 3 1  15 PRClPRIETAAY t * t * * * * * * t * * ~ * * * f * * * * *  

* * * 4 * * * * ~ u * f  c * f o * * *  C L R D  0 8 8 1 4 1  I S  PRnPV.1 ETARY **t*+f t * b i * f * * * + * ~ * * * *  
0 8 0 1 5 1  12 4 0 1 0.0 8.50 36.99 1.14 0.0 
* * * * + t e * * . ~ ~ o ~ + ~ f * * ~ f  CLQC 0 8 0 1 6 1  I S  PXGPRIETARY * t * $ * h h f f  * **** fu*******  

0 8 0 1 7 1  12 13 0. 8 14153.30 7.069 33.00 0.0 0 .58708  
0 8 0 1 8 1  . 1 3  14 0 0 19153.30 7.069 76.113 0.0 1 .2681 
0 8 0 1 9 1  1 4  15 0 0 i y 1 5 3 . 3 0  26.28 65.068 0.0 1.29698 
0 8 0 2 0 1  15 I 6  0 0 19153.30 26.28 46.365 0.0 1.75773 
0 8 0 2 1 1  1 5  1 7  0 0 lr4153.30 26.28 2 7.662 0.0 .2735 
0 8 0 2 2 1  17  13  0 0 19153.30 26.28 8 . 9 5 9  0.0 1.3237 
0 8 0 2 3 1  1 3  .19 0 0 9576.65 4.276 3.245 0.0 .6599 
* THE P d F P  INLET A V C  TilJTLET JUhCTIOti A k E A S  WERE O I V 1 3 ? D  BY 2 'FOR C H n K I N G  
0 8 0 2 4 1  1C 20 -1 3 $576.65 2.138 32.761 0.0 .03bb 
080251. 2 0  2 1  1 0 9576.65 '2.138 36.50 0.0 ,14506 
0 8 0 2 6 1  2 ?  ' 22 0 0 ,957b.65 4.276 34.75 0.0 0 .2344 
0 3 0 2 7 1  2 2  23 0 3 .  9576.65 4.276 33.00 0.0 0.0 
~ 8 0 2 8 1 '  2 3  24 0 0 9576.65 4.276 ? 3 .OO 0.0 0.16772 
0 8 0 2 9 1  2+ 4 0 J 9576.65 4.276 23.00 0.0 O.Yt)lSf, 
0 9 0 3 0 1  1 9  25 0 0 3576.05 4.276 3.245 0.0 .6599 
* THE il.UMP iNLFT AN: i.!UTLET JUNCTIGN 4REAS WERE DIVIOCC? 8 Y  2 F 0 a  CHOKING 
0 8 0 3 1 1  2 26 - 2  0 , 4576.65 2.138 31.761 0.0 0 3 6 6  . '  
0 8 3 3 2 1  L b  27 2 C 9576.65 2.138 36.50 0.0 . I 4 5 3 6  
0 8 0 3 3 1  2 7  28  0 n 9576.65 4.276 - 34.750 0.0 0.2997 
0 8 0 3 4 1  23  4 0 0 9576.65 4.276 33.00 0.0 1.0293 
0 8 0 3 5 1  1 2  2 9  D 9 19153.30 - 7 . 0 6 9  33 .OO 0.0 0 .59706 
0 6 0 3 6 1  29 3 0  0 1915,3.30 . 7.069 76.118 0.0 1.26.91 
0 8 0 3 7 1  30 31  0 U l ' l 153 .30  26.23 65.069 0.0 1.29690 
0 8 0 3 d 1  3 1  32 0 3 i 9 1 5 3 . 3 0  26.29 46.365 0.0 1.75773 
0 8 0 3 9 1  32 33 0 0 19153.30 26.28 27.662 0.0 .2735 
0 8 0 4 0 1  33 34 0 O 19153.30 26.28 8 - 9 5 9  0.0 1.3237 
0 8 0 4 1 1  7u 35- 0 0 ls '153.30 8 . 5 5 2  1.245 9.0 - .6594 
* THE L'(I!!P !NLET ANC' CllJTCET JUFJCTIRN CREAS W E R E  D I V I C F 3  9Y t FllW CYOKING 
B 8 0 4 2 1  3 5  36 - 0 19153.30 4.270 32.761 0.0 - 0 3 6 6  
0 6 0 4 3 1  36 37 3 3 1 9 1 5 3 i 3 0  4.276 36.50 0.0 . I 4 5 0 6  
0 8 0 4 4 1  37 38 0 0 19153 .30  3.552 34.750 0.0 0.2997 
0 8 0 4 5 1  3 U  4 0 0 19153.30 e.552 33.00 0.0 1.0293 
0 8 0 4 6 1  3 9  4 0  i) 0 0.0 0.499 30.279 0.0 0.4441 
0 8 0 4 7 1  9 2 .  6 11 0.0 1.0 10.96 1.0 0.0 
n ~ n s ~ ~ .  I s o 1 5 8 ~ . ' t d 5 0 1  1.0 10.96 1 . 0  u.u 
0 8 0 4 7 1  0 2 ? 0 -1586,.48501 1.0 63.06 1.0 0.0 
C805Ol  il 2 5 9 ' 0 . 0  1.0 6 3  - 0 0  1.0 - 0.0 
080511, 0 1 4 0 1586.48501 1.0 10.76 1.0 0.0 
0 8 0 5 2 1  0 -1  3 !I -1586.48501 1.0 63.06 1.0 0.0 
0 8 0 5 3 1  0 1 5 0 0.0 1.0 63.00 1.0 0.0 
0 8 0 5 i  1 0 4 1 0 U.0 1.0 35.30 . 1.0 0.0 
0 8 0 5 5 1  0 .  37 2 0 0.0 0.5 35.33 1.0 0.0 
0 8 0 5 6 1  0 37 2 0 0.0 0.5 35.33 1.0 0.0 
0 8 0 5 7 1  o 27  2 o a.a 0 . 5  , 35.33 1.0 0.0 
0 8 0 5 8 1  1) 2 1  2 .  0.0 0.5 35.33 1.0 0.0 
0 8 0 5 9 1  0 1 6 11 iJ.0 1. 0 10.96 1.0 . 0.0 ? 



TABLE A-I11 (contd.) 

*--REVERSE FLnW LOSS COFFF I C I E N T - - V E P T I C P C  J U N C T I O Y  1NOI :X- -JUNCTI9N C H O K I N G  
* I N D E X - I N I T  IAL. COND I T I C N  CbLCULCT I D N  TNDEX--MUMF\iTUM .FQJATI~IV TYPE.- -JUNCTI PN 
* DIAMETER--CONTRACT j O N  CQEFF I C  IEEJT FOG L E P K - - J U N C T I n Y  CHrlK I N G  I N O E X  .TT: CCVTPOL 
* TABLE CHOKING--ENTHA1.fJY TPANSPORT I N I I E X - - C O S I V E  nF Tt iF AQGLE FOP A S L I P  
* J U N C T I O N - - 4 l l J b C E N T  J IJNCTION NUNRFP FOR Hf lP ILONTAL S L I P  
4 
4 

080012 0.450 0  5  2  0  0.0 0.0 0  0  0.0 0  
080022 0.450 0  5  2  0  0.0 0.3 Q 3 0.0 0  
080032 0.0 0  5  2  3  0.0 0.0 0  0  0.0 0  , . 
080042 0.6107 0  5  2  3 0.0 0.0 0  3  0.0 0  
000052 . . f ~ s o l l  o 5 2 3 0.0 0.0 o 1 1  1 . 0  n 
080062 3 . 5 9 4  0 5 2  3  0.0 0.0 0  2  0.0 0  
OR0072 ' 0 . 0  3 5  2 0 0.0 0.0 0  3 0.0 0  
080062 0.0 o 5 2 u u.u 3.0 o 3 0.0 o 
080092 3.261 0  5 2 3 0.0 0.0 0  1  0.0 0  
080102 0.0 0 5  2  3  0.0 0.0 0  0  0.0 0 
U ~ 0 1 1 2  0 . 0  0 5 P 3 0.0 0.0 0  0  0 . 0  0 
*********** *Q****** C A P D  0 8 0 1 2 ~  I S  rnurKlbL I A V Y  O - + + * * *  h . % $ 9 4 4 4 4 4 4 4 4 4 4 4  
* *+a*** * * *+*++?++**  CARD 080132 I S  P R 9 P R I E T b R Y  n a o * * + + + s a + + * * t n + * * * * t  
********a***+*****+ Cb.RD 080142 I S  P R O P R I E T 4 P Y  *****t*r+*t+******t88+ 
080152 0.0 0  5  1  3 0.0 0.0 0 0  0.0 0  
) * + + g t * * * * w a a + * * o a  CARD 080162 I S  P R C P R I E T A P Y  * * * * ~ t * * * + f * + * + * * a + w  

080172 1.137 0  5  2  3  0.0 0.0 0  0  0.0 0  
080182 0.4271 0  5  2 0  0.0 0.0 0  3  0.0 0  . 
080192 1.394 0  5  2  0  0.0 0.0 0  2  0.0 0  

,080202 0.0 0  5 2 0  0.0 0.0 0  3 0.0 0  
080212 0.0 0  5 .  2  0  0.0 0.0 0  3 0.0 0  
080222 0.0 0  5 2 0  0.0 0.0 0  1  0.0 0  
080232 0.99.5 0  5  2 3 0.0 0.0 0  0  0.0 0  
080242 0.0 0  5 2 0 0.0 U.,O 0  0  0.0 0 '  
080252 0.0 0  5  2  ,O 0.0 0.0 0  0  0.0 0  
080262 0.0 0 5  2 0  0.0 0.0 0  0  0.0 0  
080272 0.0 0  5 2 0  0.0 0.0 0  0 3.0 0  
080282 0.0 0  5  2  0  0.0 0.0 0  0  0.0 0  
0 8 0 2 9 2 - - 4 1 5 5 4  0  5  2  3 0.0 0.0 0  0  0.0 0  
080302 0.995 0 5 2 9 - 0 . 0  0.0 0  0 0 1 0  0  
080312 0.0 0  5  2  0  0.0 0.0 0  0  0.0 0  
080322 0.0 0  5 2  0  0.0 0.0 0  0  0.0 0  
080332 0.0 0  5  2  0  0.0 q.0 0  0  0.0 0 
080342 .41554 0  5  2  3 0.0 0.0 0  0  0.0 0  
080352 1 . 1 3 7 0 5  2 3 O,.O 0.0 0  0  0.0 0 
080362 0;4271 0  5 2 0  0.0 0.0 0  0  0.0 0  
0 8 0 3 7 2 . 1 . 3 9 4  0  5 Z 0 0.0 0.0 0  2  0.0 0  
080382 0 . 0  o s  2 O . , , ~ Q . O  n.n o 1 n.n 0 
080392 0.0 0  5  2  0  0.0 0.0 0  3  0.0 0  
080402 0.0 0  5 2  0  0.0 0.0 0 1 0.0 0  
080412 a.995 0  5 2 3  0 ,O.  0.0 0  0  0.0 0  
080322 0.0 0  5  2  0  0.0 0.0 0  0  0.0 0  
080432 0.0 0 5 2  0  0.0 0.0 0  0  0.0 0  
0d0442 0.0 0  5 2  0  0.0 0.0 0  0  0.0 0  
UkiU45L .415S4  o 5 2 3 0.0 0.0 0 0  3.0 0 
080462 0.9738 0  5 2  3 0.0 0. C J 0 0.0 0 



. . 

TABLE A-I11 (contd.) 

- 

0.80472 0.3 0 5 3 3 0.0 0.0 0 0 0.0 0 
080482 9 . 0  0 5 ?. 3 0.0 0. 0 0 i) J.0 0 
080492 0.0 0 5 '3 -2 0.0 0.0 0 0 0.0 0 
080502 0.0 0 5 3 -2 0.0 0.0 0 0 0.0 0 . 
080512 0.0 0 5 3 3 0.0 0.0 0 0 0.0 0 
oaos27 9.0 . o  5 3 -2 0.0 0.0 o o 0.0 o 
080532 0.0 0 5 3 - 2  0.0 O..O I) i) 0.0 0 
080542 3.0 0 5 3 3 0.0 0.0 0 0 0.0 0 
080552 3 . 0  0 5 . 3  3 0.0 0 . 0 .  0 0 0.0 0 
080562 0.0 0 5  5 3 0.0 0.0 0 0 0.0 0 
080572 0.0 0 5 3 3 0.0 3 . 0  0 0 0.0 0 
080582 0.0 0 5 3 3 0.0 0.0 0 0 0.0 0 
080592 0 .0 .  0 5 3 3 0.0 0.0 0 0 0.0 0 
* 
* 
* W F L A D  C R I T I C A L  F L n W  n P T I O N  

. It 
* S T . \ G N A T I O K  P ~ O P F S T I  E S  0=!4Ot<-USE ; ~ = I J S E  F 3 Q  # A C H . G T .  0.3 
It 

C82000 1 * 
I t .  
* FLOW R A T I :  Y l J l T I P L I E A  FOR. l 4 F M  MtiOEI.  , FL!lk , R A T E  M ~ L T I P L I F S  FOQ HENRY 

' 

* C P I T T C A L  F L O W  FI.T)W k L T E  M U L T l P l I E ?  ' Q Q  E X T E k D E P  HFNRV C R I T I C A L  FLEW 1 

8 T f i A N S I T I O l i  Q U A L I T Y  F?R T H F  MODEL. 
* 
082003 1.0 0.9 0.9 0.01 * - Y 
h 

h P U ? P  C E S C ?  I PTTf !P I  DA'TA C A R D S  
.. 090011 1 7 0 1 0 11'tO.O 1.01 88000.0 396.0 39.70C.O 70000.0 0.0 0.0 0.0 0.0 

090021 1 7 0 1 O 1190.0 1 - 0 1  8b000.0 396.0 39700.0 70000.0 0.0 0-0 0.0 0.0 
090031 L 7 0 I 0 1190.0 1.01 176000.0 396.0 79400.0 140000.0 0.0 0.0 0.0 0.0 
9 

~t P U M P  ' HFAr)  M U L T  1 2 L . I E f i  
091001 -11 0.0 0.0 0.1 0.0 0.15 0.05 0.24 0.80 0.30 0.96 0.4 0.98 
091032 O i 6  0.97 0.6 0.9 0.90 O.80 . 0.96 0.50 1 - 0 3  3.00 
* 
d P U M P  T O R Q U E  Y U L T  I P L I E P  

. 092001 -2 0.0 0.0 1.0 0.0 
k 

9: PU.YP S T O P  D G T S  C A - D S  
0950 11 0.0 0.0 0.0 
09502 1 d.U 0.0 0.i) 

, O Y  503 1 0.0 0.0 0.0 * 
r(l '-'UMP C U R V E  I N P U T  I N D I  CATCP. 
100000 0 i) 0 0 
4 V P L V F  P k T h  C A P C S  
'* 
i. V E Y T  V A L V E  I N  R F A C T O Q  VESSEI.. 
llOOl0 2 1  3 3 1.OF-8 4.0 l . . O E Z l  L.OF21 
* I N J F C T  F M F R G E Y C Y  FLDOD TANK H A T E R  
+ F I - ! S T  C N T I l Y  FOF F . L T A  P C H F C K  V P L V f -  I r ; l T H  T R I P  = T O l P  4UMRF.X t 2 3  
110020 3 4  0 0 1.CE-i? 4 .0  1.OEZ1 1.0FZ1 
* HRZAk THF P U M P  D I S C H A P G F  L I N E  
110030 i 0 0 0.1) 0.0 0.0 0.0 
4 ' Z E f I I ( .  WATER F L O k ' I I d G  I N T C l  C l l h ' T A I N M E N T  
110040 - 2  0 0 0.0 0.0 0.0 0 .O, 
k 3 K r T A K  H A T E 2  FLOW I N ( ;  I N T G  C l ? h l T A I t d Y E N T  
110050 - 3  0 0 0.0 0.0 0.0 0 .O 



TABLE A-I11 (contd . )  

a F I L L  T A B L E  DATA CAPOS 
1 3 0 1 0 0  1 2  2  9  4  @ G A L / M I N e  14.7 110 .0  9: L P I S  
1 3 0 1 0 1  0 .10  5000 .0  80.00 4470 .0  120.00 4050 .0  
130102  140.00 3750 .0  160eOO 3250 .0  180 .00  2250 .0  
1 3 0 1 0 3  19 0- 0 0  1200.0 192 .70  0.0 3500 .00  0.0 
1 3 0 2 0 0  1 0  2  7  4 ' G A L / M I N *  14.7 110 .0  

\ * H P I S  
130201 0.10 605 .0  1000.00 527 .0  2200 .00  3 4 3 . 0  
1302  02 26  00.00 2 2 7 . 0  2800 .00  12210  2874 .70  0.0 
130203  3500.00 0.0 
1 3 0 3 0 0  11 1  5  4  @ L 8 S / S E C a  950.0 5 7 0 . 0  * STEAM GEY. O U T L E T  
130301 0 . 0  -1586 .48501  50.0 -1586.48501 100.0 -1586 .48501  
1 3 0 3 0 1  0 .0  -1586 .48501  1-0 -1586 .48501  2 . 0  0 .0  
130302  500 .0  - 0.0 1000.0 0 . 0  
1 3 0 4 0 0  11 1  5  4  @ L B S / S E C a  950.0  440.0 STEAM GFN. I N L E T  
130401 0.0 1586 .48501  50.0 1586.48501 100.0 1586 .48501  
1 3 0 4 0 1  0.0 1586 .48501  1.0 1586 .48501  2.0 0 . 0  
130402  500.0 0 .0  1000 .0  0 . 0  
* NOTE: THE PRESSURE S E T T I N G S  FOR THE SG S A F E T Y  V L L V E S  WERE I V C Q E A S E D  B Y  12.62 * P S I A .  T H I S  CHAYCE IS DUE T O  THE SECONDARY S I D E  TEMP. HElN1;  4 I ) J U b l  t l l  
* FOR HEAT P U T P U T  EQUAL T O  CORE BTU/HR PLUS PUMP BTU/HR (TORQIJE X  RPM)  
1 3 0 5 0 0  8  2  1 0  4  * L B S / S E C e  14.7  120 .0  * STH.  GEY. SAFFTY V L L V E S  

FOR VOLUMES 1 4 Y D  2 
1 3 0 5 0 1  0.0 0.0 1077 .62  0 . 0  1077.63 -270.5 1097.62 -270 .5  
130502  1097.63 - 5 7 9 . 7  1107.62 -579.7 1107.63 -966.  1  11 17.62 - 9 6 6 . 1  
1 3 0 5 0 3  1117.63 -1507 .2  5000 .0  -1507.2 
1 3 0 6 0 0  13 2  4  4  * L B S / S E C *  1 4 . 7  110.0 * SG AUX. F I L L  
130601 0 . 0  100.34 812.7 100.34 1136.2 6 9 . 2  1244 .1  55 .36  

* K T ~ F T I C C  C O h l S T A F ! T S  D A T A  
140000 3 0  3 0 0 . 0  3 . 0  0.8 0.G 0.0 0.0 * 5 C ? A Y  T A B L E  D A T A  
141001 -2 7  0 .0  0 . 0  100 .0  0.0 
* O F N S l T Y  R E A C T I V I T Y  TABLE 
1 4 2 0 0 1  - l a  0.0  - 6 3 . 3 8  0 .225  - 3 8 . 4 5  0 . 3 0 0  -24 .51  
142002  0 .4  - 1 2 . 2 5  0.500 -7 .46  0 .600  -4 .5  1 
142003  O . t . 7  - 2 . 7 5  0 .700  - 7 . 2 0  0.750 - 1 . 4 4  
1 4 2 0 0 4  0.80 -1 .17  0.85 -0 .4 ' )  0 . 9 0 0  -0.35 
142005 0 . 9 5  - 0 . 0 7  1 . 0 3  0 . 6 3  1.100 -0.07 
142006  1 . 2 0  - 0 . 4 2  1.40 - 1 . 6 9  2 . 0 0 0  -1 .69  
* K I N E T I C S  CONSTANTS DATA 
1 4 0 0 0 0  3  0  3 0 0 . 0  0 . 0  0.8 0.0 0.0 0.0 * SCRAM TABLE DATA 
1 4 1 0 0 1  -2  7  0 . 0  0.0 1 0 0 . 0  0.0 * DEWS I T Y  R E A C T I V I T Y  TABLE 
142001 -18 0.0 - 6 3 . 3 8  0.225 -38 .45  0 .300  - 2 4 . 5 1  
142002  0 .4  -12.25 0.500 - ! . 4 b  U.bOO - 4 . 5 1  
1 4 7 0 0 3  0.67 -2 .75  0.700 -2.20 0.750 -1 - 4 4  
142004  0 . 8 0  -1.17 0.85 - 0 . 4 9  0.900 - 0 . 3 5  
142005  0 . 9 5  - 0 . 0 7  1 - 0 0  0 .00  1.100 -0 .07  
1 4 2 0 0 6  1 . 2 0  - 0 . 4 2  1.40 -1 .69  2.000 -1 .69  
* 
* DOPQLCP T4PLF n A T b  
1 4 3 0 0 0  -2  3 2 . 0  0 . 0  5000.0 -9 .8  

* R E A C T I V I T Y  C O E F F I C  I E N T  DATA 
140010 0 .4464  0 . 4 4 6 4  0 . 0  0.0 
140020  0 .3910  0 .3910  0 .0  0.0 
1 4 0 0 3 0  0 . 1 6 2 6  0 .1626  0 . 0  0 . 0  



TABLE A-I11 (contd.)  

* 
* A T  S1.AO DbTA 
* l=VPLU*F # &T S L 8 8 ' 5  LFFT SURFALEg 2=VDLUYE NUYZEP 4T SLAR'S RIGHT SURFACE' ' 
* ~ = S C - ~ Y E . T ! ~ Y  INOFX,  +=IIVC..ICATES IF s c e a  I S  STACKEI! ON TCIP OF S L A B  XXX-1, 
3 5=CALCULATE Sl.48 (JIJLLITY CPTIONt t=HEAT TRAqSFER CrICRFL4TI@Y AT LEFT S IDE*  
* 7=l.IEbT TPANSFEE CfiEFELflTlON AT C IGHT S IDE*  9=LEFT SUDFACF AQEA, 
* Y=EISHT SIJRFACF. bI;EA, 10=TOTAL SLAB VOI UfiEv 
* 11=L FFT 313C l ( D E + ( D k + @ k I E ) * * 1 / 2 ) - D F .  
150011  0 6 1 i) 0 0 0 0.0 1t1578.06 148.51 0.0 
1 5 0 0 2 1  0 7 1 1 o o o 0.0 l b 5 7 a . 0 6  148.5.1 0.0 
1 5 0 0 3 1  0 8. 1 1 -0  0 0 0.0 16578.06 148.51 0.0 
o d5 .550  TUbES PLk STFAM CENWATPR . 
1 5 0 0 4 1  17 1 2  3 2 0 0 37826.66 47444.64 113.72 .OL 922 
1 5 0 0 5 1  16 1 2  1 2 0 0 42355..99 47526.93 127.33 ,01922 
1 5 0 0 6 1  15 , 1 2  1 i . 0 0 12555.29 14088.08 37.745 .01922 
1 5 0 0 7 1  15 1 2  1 7 0 0 12636.82 14179 .59  37.99 .01922 
1 5 0 0 9 1  1> 1 .  2 1 2 0 0 12627.76 14169.39 37.96 .01922 
1 5 0 0 9 1  3 3  2 2 0 2 0 3 37826.66 4244C.64 113.77 - 0 1 9 2 2  
1 5 0 1 0 1  32 2 2 1 2 0 0 42355.99 47526.93 127.33 .01922 
1 5 0 1  11 3 1  2 2 1 .  2 0 0 12555.29 14083.08 37.745 -01922 
1 5 0 1 2 1  31  2 '  2 1 ' 2 0 0 12636.82 14179.59 3 7 - 9 9  - 0 1  922  
1 5 0 1 3 1  3 1  2 2 1 2 0 0 12627.76 14169.39 37.96 .01922 
1 5 0 1 4 i  9 4 4 0 3 0 0 ?20.99 227.29 96.18 0.0 
1 5 0 1 5 1  4 ' 0 3 0 0 0 3  1136.CZ 0.0 3892.86 0.0 
1 5 0 1 6 1  5 0 3 5 1 0 O 318.97 0.0 760.'90 0.0 
1 5 0 1 7 1 . 1 1  0 3 3 1 0 0 318.97 0 . 0  882.09 0.0 
1 5 0 1 8 1  12 4 4 1 - 1 0 0 342.55 351.99 86.80 0.0 
1 5 0 1 9 1  10  4 4 0 1 0 0 40.57 47.90 1 9 - 6 1  0.0 
1 5 0 2 0 1  10  1 2  5 0 3 0 0 351.49 358.59 305.10 0.0 
1 5 0 2 1 1  L O  I 1  5 0 0 0 0  123.51 123.51 92.630 0.0 
1 5 0 2 2 1  5 5 7 0 ? 0 0 102.07 102.07 132.69 .0 .3  

* l=RIi ;HT S I D E  Dr?*(GR+EHC-J+* i /2) -CRr 2=LEFT SIDE PHT ,- 3=RICWT S IDE ~ H E I  
* 4=LFFT S I 3 E  CHANYFL CWGTH* 5=PIGWT S IFE CHAWNEC IEYGTH, 
4 j=CIOTTGE , f l F  SLAG'S tLCVBT ION - AbCVF EIGHT VOLIJHE'S tlOTTOY ELEVAT IOh'v. 
* 6=TOP C F  SLGR'S ECEUATl@l< - ASOVE KIGHT V O L U M E ' S  33TTnM ECEVATICN. 
3 

1 5 0 0 1 2  - 0 1 7 5 8  0.0 0.0 0.0 12.0 0.0 0.0 
1 5 0 0 2 2  . .01750 0.0 0.0 0.0 , 12.0 0.0 0.0 
1 5 0 0 3 2  .01753  0.0 0.0 0.0 12.0 0.0 0.0 
1 5 0 0 ~ 2  ,02746  0.0 .0694  16.703 3.0 0.0 16.703 
15,005? .02746  0.0 .0644 18.703 3.0 16.705 35.404 

' 1 5 0 0 6 2  .a2746  3.0 .Ok94 5.544 3.6 35.408 40.952 ' 

1 5 0 0 7 2  ,32746 0.0 .06Y4 5.580 3.0 40.952 46.532 
1 5 0 0 8 2  .a2746  0.U - 0 6 9 4  5.576 3.0 46.532 52.109 
'1500?2 .0274b  0.0 .11694 16.703 3.0 0.0 16,703 
150132  .02746  0.0 .004't 16.703 3 . 3  16.705 35.404 
150112  . 3 2 7 4 1  0.0 .OCr4 5.544 3.0 3 5 . 4 0 8  40. '952 
150122.  6 0.0 .069(r 5.500 ?.O 40.952 40.532 
150132  ..07746 0.0 .0694 5.576 3 . 0  46.532 52.109 
150142  0.0 0.0 0.0 12.0 12.0 3.14 15.1 



TABLE A - I 1 1  (contd.)  

1 5 0 1 5 2  0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 5 0 1 6 2  0.0 0.0 0. 4.96 4.96 0.0 4.96 
1 5 0 1 7 2  0.0 0.0 0.0 0.0 0.0 O..O 0.0 
1 5 0 1 8 2  0.0 0.0 0.0 9.043 9.043 16.317 0.0 
1 5 0 1 9 2 .  0.0 0.0 0.0 1.207 1.207 15.126 16.333 
1 5 0 2 0 2 .  .O.O 0.0 0.0 10.31 10.3 1 0.0 10.3 
1 5 0 2 1 2  0.0 O..O 0.0 12.54 12.54 0.0 0.75 
1 5 0 2 2 2  O.'O 0.0 0.0 11 .4  11.4 6.7 6.0 
* 
* C O R E  S E C T I O N  D A T A  
1 6 0 0 1 0  1 7 9 1 5  0.00,2208 0.4464 
~ 6 0 0 ~ 0  2 7 9 15 O . O ~ Z Z ~ R  n - q q i n  
1 6 0 0 3 0  3 7 9 15 .0 .002208 0.1620 
I * 
* S L A B  G E O M E T R Y  O b T A  C A R D S  
1 7 0 1 0 1  2 . 3 , 1  . 6 0.  0.015417 1.0 
~ 7 0 1 0 2  L 2 2 ,  o . o o o ~ o 1 ~ 7  O . O  
,170103 0 3 B 0 .0022083  0.0 
.170201 '  2 1 4 6 0.023208 0.0028333' 1.0 
1 7 0 3 0 1  2 2 5 . 6 7.125 0.015625 1.3 
1 7 0 3 0 2  -0  6 6 0.703 0.0 
:1;70401 2 1 s ' 6 6.0288 0.203 n. o 
1 7 0 5 0 1  2 1 5 6 5.426 0.25 . 0.0 
. I 7 0 6 0 1  1 -1 5 .  6 0.0 0.75 0.0 
1 7 0 7 0 1  1 1 5 6 0.0 1.3 0.0 .. * T H E P M A L  C O N D I I C T I V I T Y  D b T C  
* 
180100 - 2 0  5.00. 3.341 650 . ' 2 .671  800.  2.477 950. 2.439 1100. 2.242 
1 8 0 1 0 1  1 2 5 0 -  2.078 1400. 1.940 1550. 1.823 .1700. 1.724 1650 .  1,533 
i 8 O l O 2  2000. 1.568 2.150. 1.507 2300.  1.457 2450. 1.415 :'6OU. 1.382  
1 8 0 1 0 3  3100 .  1.323 3600.  1.333 4100.  1.406 4600. 1.538 5100.  1.730 

.18 .0200  2 32. . 4 1 5 6 2  5400. .41562 
'180300 - 1 1  392. 6.936 752. 8.092 1112. 9.827 1472. 10.983 1832.  1 2 . 7 1  7 
-180301  2192.  14.451 2552.  17.341 2912. 20.839 3272. 25.433 3632.  31.792 
1 8 0 3 0 2  3.99'2. 39.306 * 
* *THE S T F A M  G E N E R A T O R  A C T I V E  T U B E S '  1 -HCRMAL C O f 4 D : J C T l V I T Y  W 4 S  D E C ? C A S E r ?  19 
* ACCOUNT FOR SLUGE ON THF T u e F  H A L L S .  
* 0.0003 r 4 S  A D D E D  ,T3  T H E  T O T A L  R E S I S T I V ' I T Y .  * 
1 8 0 4 0 0  -6 100.0 4.656 200.0 4.764 400.0 5.007 500.0 5.243 
LBO401 800.0 5.481 10J0.0 5.h99 
1 8 0 5 0 0  - 4  3 2 .  8.0, ,212. 9 . 4  57;. 10.9 9 3 2 .  12.4 
1 8 0 6 0 0  -4 '32. 26.5 212. 2t.'. 572. 25.0 932. ; 22.0 * 
* 
* V O L U M E T R I C  H E 4 T  C A P C C  I T Y  

1 9 0 1 0 0  1 6  32. 34.45 122. ZR.35 212. 40.95 
1 9 0 1 0 1  392. 43.55 7 5 2 .  ''6.9 2 0 1 . 7 .  5 1 . 3 5  
1 9 0 1 0 2  2'732. 52.65 3052.. 56.55 3452.  63.05 
190103  3812. 72.8 4352. e7.7 4532.  94.25 
1 9 0 1 0 4  ft712. 98.15 4892. 100.1 5144. 101.4 
1 9 0 1 0 5 .  8030. 101.4 

' 1 9 0 2 0 0  2 37. .003075  5400. .000075 
1 9 0 3 0 0  5 .  0.0 28.392 
1 9 0 3 0 1  1480.3 14.4.76 1675.0 65.176 
1 9 0 3 0 2  1787.5 34.476 3500.0 34.476 
1 9 0 4 0 1  - 4  100. 5 7 - 1 8  400. 61.14 600. 63.77 800.,66.41 
1 9 0 5 0 0  - 2  32. 53.79 500. 53.79 
1 9 0 6 0 0  -2  32. 53.79 500. 53.79 
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' TABLE A-IV 

INPUT LISTING 

= B ~ W  OCONEE USING ONLY VERTICAL SLIP i n  MODEL DDWNCOMER P E N E T ~ A T I O N  
* T H I S  R U N  D I V I D E D  THE DOWNCOMER I N T O  TWO NODES-AN UPPER ANNIJLUS AND A DOWNCOMER * 
* 
***********+*****+************* W I T H  STAGP *+4* * * * * * * * * * * * * * *9 * t *4 * * rb* * * * *  

* 
* 
4 

* PUMP INLET AND OUTLET JUNCTION A R E A S  H A V E  BEEN DI'VIDED R Y  2 T O  ACCOUNT 
* FOR PUMP C H O K I N G  (REDUCED FLOW AREA I N S I D E  THE PUMP) 
* 
* 
* 
**-*.+++**+8*ir**+*********+******** 010001 ******************~*******~*DD~*DO* 

*--TAPE CONTROL--# M I N O R  E D I T - - T I M E  STEP--# T R I P  CONTROLS-;# VOLUMES--RUBBLE-- 
* - -T IME DEP. VOLS.--# JUNCTIONS- -#  PUMPS--# CHECK VALVES--# L E A K  AREA VS T I M E - -  
*--# F I L L  CURVES--# H E A T  SLABS--* H E A T  S L A B  GE0M.--# HEAT S L A B  M A T E R I A L S - - #  COPE 
* S E C T I O N S - - #  HEAT EXCHANGERS DATA SET$--  T Y P E  OF REL4P4 I l = E M *  0-BE) * 
010001 -2 9 5 11 42 3 0 60 3 5 0 6 :23 7' 6 3 0 0 *. 
*' PP.ORLEM CONSTANTS DATA 
*3******8********+*9+*************** 010002 f * * + ' a * * * * * * a * * o * * * * t * e ~ * e 0 * * 1 6 0 : 4 ~ * *  
* ' - I N I T I A L  P O W E R - - I 4 P L I C I T / E X P L I C I T  M U L T I P L I E R  
*. 
010002 2568.0 1.0 * 

E D I T  V A R I A B L E  DATA *. 
*************+***19****9*********** 020000 ................................... 
*--JW=JUNCTION FLOW--ML=h( IXTURE LEVEL--SR=R.IGHT SURFACE TEMPERATURE-- 
*--NQ=NORMAL I Z E D  PGWER--AP=AV ERAGE PRESSURE 
0 / 

020000 A P  3 AP 23 AP 22 AP 42 J W  28 J W  1 JW 26  JW 2 JW' 15 
* 
a WATER P A C K I N G  I N D I C A T O R  
090003 50' * 
* M I X T U R E  L E V E L  C R O S S I N G  FROM ABOVE * 1- MAXIMUM NUMBER OF P R I N T O U T  2- T I M E  AT W H I C H  O P T I O N  B E G I M S  
030004 50 -1.0 * 
* T I M E  STEP DATA 
&*#*******************d********r(l*d O j X X Y O  *dl*******+*******h*9+9+*****9*4Q*949? 

*--# T I M E  STEPS / M I N O R  E D I T S - - #  M I N O R  E D I T S  / MAJOR E D I T - - #  MAJOR E D I T S  / 
* R E S T A R T  T A P E  E D I T - - T I M E  S T E P  CONTROL--MAX. T I M E  S T E P  SrZE--MIN. SUR-T IME 
* S T E P  S IZE- -END OF CURRENT T I M E - S T E P  DATA * 
030010 1 ' 1 0  1 0  0.005 0.0005 0.01 
030020 10 10 1 0 . ,0005 .00001 .050 
030030 25 5 2 0 0.002 .00005 0.50 
~ 3 0 0 4 0  s 20 1 o 0.0~0 0.0001 2 . 0  
030050 5 20 1 0 0.020 .00005 500. * TR I P  CONTROL 
* - -ACTION TO B E  T A K E N - - S I G N A L  B E I N G  COMPAREO--VOLUgE OR J U N C T I O N  I N D E X - - 0 P T I O N 4 L  
* VOLUME--SIGNAL S E T  P O I N T - - D E L A Y  T I M E  
i 
040010 1 1 0 0 40.00 0.0 * PROBLEM END T I M E  
040020 2 1 U O U.UlI)OUZ 0.0 BREAK P A T H  I N T D  CONTA1NM.ICN.T ( V A L V E  4 )  
040030 3 1 0 0 0.010002 0.0 *' BPEAK P A T H  I N T D  CONTA' IYMENT ( V A L V E  5) 
040040 4 1 0 0 0.010002 0.0 * BREAK THE COLD L E G  ( V b L V E  3) 



TABLE A- IV  (contd.) 

* - S I N G L E  F A I L U R E  C R I T E R I O N  ASSUMES BOTH FLOOD TANKS OPERATE 
* ( FLOOD TANKS ARE C O M B I N E D  I N T O  ONE 1 
040050 7 1 0 0 0,010002 0.0 + PUMP T R I P  ON BREAK O P E Y I N G  

* ALSO SCSAM T R I P  NUMRFR 
040060 8 1 0 0 0.0 0.0 * STW. GEN. R E L I E F  V A L V E  FOR VOLUMF 1 * .  * AND V0LUP.E . 2  - YODELLED A S  NEG. F tLL 
040070 10 -4 29 0 1514.7 25.0 H I G H  PRESSURE I N J E C T I O N  
040080 11  1 0 0 0.0 0.0 *. STEAM GEN. FLOW T R I P  

. * S I N G L E  F A I L U R E  C R I T E R I O N  ASSUMES ONLY ONE L P I S  OPERATES 
040090 12 +4 42 0 18.7 25. * LOW PRESS. I N J E C T I O N  
040100 13 1 0 . 0 36.0 0.0 * STEAM GEN. AUX-  F E E D  
040110 14 -5 61  0 0.01 0.0 * SHUT O F F  ACCUMULATOQ L IN€  V 2  * 
* 
* VOLIJHE 0 6 T A  
.................................... 05XXXY **************a******************** 
0 

* c- * 
o I B U B  I P E A O  PRESSURE TEMPERATURF QUAL I TY VOLUME 
* BURPLE VOLUME 
* DATA DATA 
* I N D E X  RETR- 
~r I E V A L  . . * 
* .  
* .  
0 

! * 
9 

4 STEAM GENER ATOP SECONDARY S I D E  
* 
050011 3 0 0.0 536.7865 0. 008 31 8 3412.0 
* 
o STEAM GENERATOR SECONOAPY S I D E  
* 
050021 3 0 0.0 536.7865 0.008318 3412.0 

- 
* UPPER ANNULUS 
4 .  

050031 0 0 2218.52 , 554.000 -1.0 314.97 
9 

OUHNLUMER 
t 
05004.1. 0 0 2221.44 554.000 -1.0 569.88 *' 
* LOWER PLENUM 
* 
05,0051 ' 1 0 2222.50 554.000 -1.0 970.31 * CORE 
* 
950061 0 0 2215.10 565.600 -1.0 196.81 
050071 0 0 2207.00 589.800 ' -1.0 196.81 
050081 0 0 2199.05 602.800 -1.0 - 19h.81 * 
* BVPA S S  
* 
050091 0 0 2207.00 554.000 -1.0 41.66 * 
* .  UPPER PLENUM 



TABLE A-IV (contd.) 

**** ****** CARD 050101 I S  P R O P R I E T A R Y  * * * 4 * * + * * * * 4 * * 4 * * * * * * 4 * * * * * * * * * *  

*****+**** CARD 050111 I S  P R O P R I E T A R Y  + 8 * * * * * 8 * * * * * * * * * * * * * * * * * * * * * * * *  

**** $***** CARD 050121 I S  P R O P R I E T A R Y  ***+*49+******* . *+***4******<1*49*  

* 
* HOT LEG 
* 
050131 0 0 2156 .09  60C. 700  -1.0 4 18 .10  * 

S T E A M  GENERATOR * I N L E T  P L E N U M  P L U S  H O T  L E G  TO THE P O I N T  OF M A X I M U M  E L E V A T I O N  
rli 

050141 0 0 2142 .39  604 .700  -1 .0  348 .88  * 
* A C T I V E  TUBES 
* 
050151 . 0 0 2141 .22  593.310 -1 • 0 491 -51  
n s n 1 6 1  o o 2 1 3 7 . 5 9  575-6110 - 1 . 0 .  4 ~ 1  - 5  1 
050171 0 0 2136 .30  561 .020  -1 .0  691 .5  1 * 
* O U T L E T  P L E N U M  P L U S  PUMP S U C T I O N  L E G  T O  M I N I M U M  E L E V A T I O N  P O I N T  
* 
050181 0 0 2136 .24  553.323 -1 - 0  '41 .88  * 
* C O L D  L E G  
* PUMP S U C T I O N  L E G  FROM M I N .  E L E V A T I O N  T Q  PUMP 

PUMP DISCHARGE LEG 

0 0 2234 .39  554.000 -1 .0  20.45 
o 2232 .25  5541 000 -1 .o 70.45  
o o zzar .07 .  55k. nnn. - 1 . 0  ~ 0 . 4 5  
0 0 2229 .66  554.000 -1 .0  20.45 

C O L O  L E G  
PUMP S U C T I O N  L E G  FROM M I N .  ' E L E V A T I O N  T I  PUMP 

PUMP 

PUMP D I S C H A R G E  L E G  

H O T  L E G  

I N L E T  P L E N U M  PLUS HOT ! P C  Tn T H F  P O I N T  OF  M A X I M U M  F L E V A T I O N  

0. 0 2142 .39  604 .700  -1 .0  348.88 



TABLE A-IV (contd.) 

* ACTIVE TUBES 
* 
0 5 0 3 1 1  0 0 2141.22 593.310 -1.0 4 9 1  - 5  1 
0 5 0 3 2 1  0 0 2137.59 575.680 -1.0 491.51 
0 5 0 3 3 1  0 0 2136.30 561.020 -1.0 491.51 * 
8 OUTLET PLENUM PLUS PUMP SUCTION LEG TO MINIMUM ELEVATION POINT 
* 
0 5 0 3 4 1  0 0 2136.24 553.323 -1.0 341.88 * 

COLD LEG 
* PUMP SUCTION LEG FROM # IN .  ELEVATION TO PUMP 
* 
0 5 0 3 5 1  0 0 2123.576 553.323 -1.0 315.02 

* PUMP (2) 
* 
0 5 0 3 6 l '  0 0 2178.283 553.662 -1.0 196.00 
0 

* PUMP DISCHARGE LEG ( 2  I 
* 
0 5 0 3 7 1  0 0 2234.39 554.000 -1.0 40.90 
0 5 0 3 8 1  0 0 2231.29 554.000 -1.0 122.70 * 
* PRESSURIZER 
* 
0 5 0 3 9 1  1 0 0.0 646.880 0.0 - 1500.0 
0 

* SURGE L I N E  ( INTO THE PR ESSUR I ZER l 
* 
0 5 0 4 0 i  0 0 2164.38 622.500 -1.0 20.0 * 
* SAFETY INJECTION TANK (ACCUMULATOR) 
* 
0 5 0 4 1 1  2 0 614.700 110.000 0.0 - 2820.0 
4 
* CONTAINMENT 
* 
0 5 0 4 2 1  2 0 14 .7000  100.000 0.6 1.9E+6 , 
* HEIGHT--MIX. LEVEL--2 PHASE FRICTION INDEX--FLOW AREA VOLO--EQUIVALENT DIA.  
* OF FLOW AREA--FIEVATION AT BOTTOM OF VOLUME--VERTICAL S L I P  * 
0 5 0 0 1 2  52.111 40.65 0 44.09 .06 9 4  10,959 0 
0 5 0 0 2 2  52.111 40.65 0 4 4 - 0 9  - 0 6  9 4  10.959 0 
0 5 0 0 3 2  9.043 9.043 0 34.83 1.660 29.711 0 
0 5 0 0 4 2  16.333 16.333 0 34.83 1.660 13.378 0 
0 5 0 0 5 2  8.082 8.052 0 107.68 1 1 - 7 1  8.419 0 
0 5 0 0 6 2  4.001 4.001 0 49.19 ,0438 16,501 0 
0 5 0 0 7 2  4.001 4.001 0 49.19 - 0 4 3  8 20.502 0 
0 5 0 0 8 2  4 .001  4.001 0 49.19 .0438 24.503 0 
0 5 0 0 9 2  12.003 12.003 0 3.471 - 2 7 4 5  16.501 0 
**it******* CARD 0 5 0 1 0 2  I S  PROPRIETARY *4* *9* *9* * * t * *4* * * * * * * *~1** * * * * * *  

****iib*++* CARD 0 5 0 1 1 2  I S  PROPRIETARY ******B*$****+*S*******q*+et*+** 

Y * o ~ * * * * + *  CAUV 0 5 0 1 2 2  I S  PROPRIETARY * * * * * * * * t * * * * * * * * * * * ~ * o * * * * + * * r t *  
0 5 0 1 3 2  46.119 46.119, 0 7.069 3.0 31.5 0 
0 5 0 1 4 2  12 .55  12.55 0 2 7 - 8 0  0.240 65.060 0 
0 5 0 1 5 2  18.703 18.703 0 26.28 . O'i64 C6.365 0 
0 5 0 1 6 2  18.703 18.703 0 26.28 .0464  27.662 0 
0 5 0 1 7 2  18.703 18.703 0 26.28 - 0 4 6 4  8.959 0 
0 5 0 1 8 2  6 .881  6.881 0 49.68 - 7 9 3  2.078 0 



TABLE A-IV (contd.) 

050192 30.683 30.683 0 4.276 2.333 2,078 0 
050202 5.953 5.953 0 4.276 2.333 32.761 0 
050212 2,917 2.917 0 4,276 2.333 34.750 0 
050222 2,917 2.917 0 4.276 2.333 31.833 0 
050232 2.333 2.333 0 4.276 2.333 31.833 0 
050242 2.333 2.333 0 4.276 2.333 31.833 0 
050252 30.683 30,683 0 4.276 2.333 2.078 0 
050262 50953 5.953 0 4.276 2.333 32.761 0 
050272 2.917 2.917 0 4.276 2.333 34.750 0 
050282 2.917 2.317 0 4.276 2.333 31.833 0 
050292 46,119 46.119 0 7.069 3.0 31.5 0 
050302 12-55 12.55 0 27.80 0.240 65.068 0 
050312 18.703 18.703 0 26-26 .0464 46.365 0 
050322 18.703 18,703 0 26.28 -0464 27.662 0 
050332 18*703 18.703 0 26.28 .04 64 8.959 0 
050342 6.881 6.881 0 49.68 ' -793 Z . 0 7 R  0 
050352 30.683 30.683 0 8 . 5 5 2  2.333 2.070 0 
050362 5.953 5.953 0 8.552 2.333 32.761 0 
050372 2.917 2.917 0 8.552 2.333 34.750 0 
050382 2.917 2.917 0 8.552 2.333 31.833 0 
050392 39.64 21.14 0 37.84 6.941 30.279 0 
050402 8.655 8.655 0 -499 .7561 26.75 0 
050412 20.766 13.844 0 135.8 9.292 35.00 0 
050422 172.41 0.0 0 11020. 121.5 0.0 0 
* T I  ME DEPENDENT VOLUMES 

N O N E  
* 
* 
* B U B B L E  R I S E  DATA 

060011 0.8 3, 0 
060021 0.0 l.OE+6 
UbOU31 0.8 406 00 

4 * 
* J U N C T I O N  DATA CARDS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O8XXXV * * + * * * * * * * * * * * t * * f * * * * W * * s b o s  
* 
* - - INLET VOLUME--EXIT VOLUME--PUYP INDEX- -VALVE INDEX- -FLOW--JUNCTION FLOW AREA 
*--JUNCTION ELEVATION--L/A--FORWARD FLOW L O S S  C O E F F I C I E N T - -  * 
* 
0 8 0 0 l l  42 23 u 5 0.0 4.276 33.00 0.n n . ~ 5  
080021 22 42 0 4 0.0 4.276 33.00 0.0 1.0 
080031 4 1  3 0 2 0.0 1.4426 35 .DO 0.0 6.5 
080041 3 4 0 0 37562.60 34.83 29.71 1 0.0 .33667 
080051 4 5 o n 37562.60 34.83 13.378 0.0 .61814 
080061 5 6 0 0 36964.60 4Y.lY 16.901 0.0 3 . 5 8 ' 1 ~  
080071 6 7 0 0 36964.66 49.19 20.502 0.0 3.889 
080081 7 8 0 0 36964.60 49.19 24.503 0.0 3.645 
080091 8 10 0 0 36964.60 49.19 28.504 0.0 3.217 
080101 5 9 0 0 598.0 3.47 1 16.501 0.0 177.9 
080111 9 10  0 0 598.0 3.471 28.504 0.0 174.2 **** *+*+ L 1  CARD 080121 I S  P R O P R I E T A R V  k t t * * + + * * * 8 t * * * * + * * * * * t * 4 * 9 U O I * * 9  

****+***** CARD 080131 I S  P R O P R I E T A R Y  * * * * * * * * * * 0 * * 8 t f * t * * t * 9 : f * * * g i *  
****+***** CARD 080141 I S  P R O P R I E T A R Y  ********** t*****+*****o**o***o i ro 
080151 12 3 0 1 0.0 8. 50 36.89 1.14 0.0 
**** +***** CARD 080161 I S  P R O P R I E T A R Y  9 **aOI********++**k********~*****16h - 



2' TABLE A-IV (contd.)  

080171 12 13- 0 0 19153.30 7.069 33.00 0.0 0.587'08 
080181 13 14 0 0 19153.30 7.069 76.118 0.0 1.2681 
080191 14 15 0 0 191'53.30 26.28 65.068 0.0 1.29698 
080201 1 5 ,  16 0 0 19153.30 , 26.28 46.365 0.0 1-757.73 
080211 16 17 0 0 19153.30 26.28 27.662 0.0 -2735 
080221 17 18 0 ' 0  19153.30 26.28 8.959 0.0 1.3237 
080231 1 8 .  19 0 0 9576.65 4.276 3.245 . 0.0 . -6599 * THE Pump INLET AND OUTLET JUNCTION A R E A S  W E R E  O I V I D E O  9~ 2 FOR CHOKING 
080241. 19 20 -1 0 9576.65 2.138 32.761 0.0 -0366 
080251 20 21 1 0 9576.65 2.138 36.50 0.0 14506 
080261 2 1  22 0 0 9576.65 4.276 34.75 0.0 0.2344 
080271 22 23 0 3 9576.65 , 4.276 33.00 0.0 0.0 

,080281 23 2 4 ,  0 0 , 9576.65 4.276 33.00 0.0 0.16772 
080291 24 3 0 0 9576.65 4.276 13  a00 0.0 0.90155 
080301 18 25 0 0 9576.65 - 4.276 3.245 0.0 -6599 
* THE PUMP I N L E T  AND OUTLET JUYCTION AREAS WERE D I V I D E D  BY 2 FOR CHOKING 
080311 25 26 -2 0 9576.65 2.138 32.761 0.0 .0366 
080321 26 27 2 0 9576.65 2.138 36.50 0.0 -14506 
080331 27 28 . 0 0 9576.65 4.276 34.750 0.0 0.2997 
080341 28 3 0 0 9576.65 4.276 33.00 0.0 1.0293 
080351 12 29 0 0 19153.30 7.069 33.00 0.0 0.58706 
080361 29 30 0 0 19153.30 7.069 76,118 0.0 1..2681 
080371 30 31 0 0 19153.30 . 2 6 . 2 8 .  65.068 0.0 1.29698 
080381 31 32 0 0 19153.30 26.28 46,365 0.0 1.75773' 
080391 32 33 0 0 19153.30 26.28 27.662 0.0 .2735 
080401 33 34 0 0 19153.30 26.28 8.959 0.0 1.3237 ' 

080411 34 35 0 .O 19153.30 8.552 3.245 0.0 .6599 
* THE PUMP INLET  &YO OUTLET JUNCTION AREAS HERE D I V I D E D  BY 2 FOR CHOKING 
080421 35 36 -3 0 19153..30 4.276 32.761 0.0 .0366 
080431 36 37 3 0 19153.30 4.276 36.50 0.0 .14506 
080441 37 38 0 0 19153.30 8.552 34.750 0.0 0.2997 
080451 38 3 0 0 1.9153-30 8.552 33.00 0.0 1.0293 
080461 39 40 0 0 0.0 0.499 30.279 0.0 0.4441 
080471 40 29 0 0 0.0 0.499 35.13 0.0 1.191 
080481 0 2 ,  4 0 1586.48501 1.0 10.96 1.0 0.0 
080491 0 2 3 0 -1586.48501 1.0 63.06 1.0 0.0 
080501 0 2 5 0 0.0 1.0 63  -00 1.0 0.0 
080511 0 1 4 0 ,1586.48501 1.0 10.96 1.0 0.0 
080521 0 ' 1 3 ,O -1586.48501 1.0 63.06 1.0 0.0 
080531 0 1 5 0 0.0 1.0 63 -00  1.0 0.0 
080541 0 3 1 0 0.0 1.0 35.00 1.0 0.0 
080551 0 37 2 0 0.0 0.5 35.33 1.0 0.0 
000561 0 37 2' 0 0.0 0.5 35.33 l .U  0.0 
080571 0 27 2 0 0.0 0.5. 35.33 1.0 0.0 
080581 0 21 2 0 0.0 0.5 35.33 1.0 0.0 
080591 0 1 6 0 0.0 1.0 10.96 1.0 0.0 
080601 0 2 6 0 0.0 1.0 10.96 1.0 0.0 * 
* 
*--REVERSE FLOW LOSS COEFFICIENT--VERTICAL JUNCTION INDEX--JUNCTION CHOKING 

I N D E X - - I N I T I A L  CONDIT ION CALCULATION INDEX--MOMEYTUM EQUATION TYPE--JUNCTION 
* DIAMETER--CONTRACTION COEFFIC IENT FOR LEAK--JUNCTION CHOKING INDFX TO CONTROL 
* TABLE CHOKING--ENTHILPY TRANSPORT INDEX--COSINE OF THE ANGLE FOR A S L I P  
* JUNCT ION--ADJACENT JUNCTION NUMBER FOR HOR I ZONTAL S L I P  * 
* 
080012 1.0 0 5 2 0 0.0 0.0 0 0 0.0 0 
080022 0.450 0 5 2 0 0.0 0.0 - 0 0 0.0 0 
080032 6.5 0 5 2 3 0.0 0.0 0 0 0 - 0  0 
080042 -33667 0 5 2 3 0.0 0.0 , 0 0 1.0 0 



TABLE A-IV (contd. ) 

080052 o42911 0 5 2 3 
080062 3,594 0 5 2 3 
080072 3.889 0 5 2 0 
080082 3.645 0 5 2 0 
080092 3.261 0 5 2 3 
080102 177.9 0 5 2 3 
080112 174.2 0 5 2 3 ********** CARD 080122 
+********* CARD 080132 
*****a**+* CARD 080142 
080152 0.0 0 5 1 3 ++******** CARD 080162 
080172 1.137 0 5 2 3 
080182 0.4271 0 5 2 0 
080192 1.394 0 5 2 0 
080202 1.75773 0 5 2 0 
080212 e2735 0 5 2 0 
080222 1.3237 0 5 2 0 
000232 0.395 0 6 2 3 
080242 .0366 0 5 2 0 
060252 -14506 0 5 2 0 
080262 -2344 0 5 2 0 
080272 0.0 0 5 2 0 
080282 -16772 0 5 2 0 
080292 .41554 0 5 2 3 
080302 0.995 0 5 2 3 
080312 -0366 0 5 2 0 
080322 o14506 0 5 2 0 
080332 -2997 0 5 2 0 
080342 ,41554 0 5 2 3 
080352 1.137 0 5 2 3 
080362 0.4271 0 5 2 0 
080372 1.394 0 5 2 0 
080382 1.75773 0 5 2 0 
080392 -2735 0 5 2 0 
080402 1.3237 0 5 2 0 
ULIWLL 0.999 0 5 2 3 
080422 .Oil66 0 5 2 0 
080432 .14506 0 5 2 0 
080442 -2997 0 5 2 0 
080452 -41554 0 5 2 3 
080462 0.9738 0 5 2 3 
080C72 0.6107 0 5 2 3 
080482 0.0 0 5 3 3 
080492 0.0 0 5 3 -2 
080502 0.0 U 5 3 - 2  
080512 0.0 0 5 3 3 
080522 0.0 0 5 3 -2 
080532 0.0 0 5 3 -2 
080542 0.0 0 5 3 3 
080552 0.0 0 5 3 3 
000562 0.0 O 5 3 3 
080572 0.0 0 5 3 3 
080582 0.0 0 5 3 3 
080592 0.0 0 5 3 3 
080602 0.0 0 5 3 3 

0.0 0.0 0 0 
0.0 0.0 0 .2 
0.0 0.0 0 3 
0.0 0.0 0 3 
0.0 0.0 0 1 
0.0 0.0 0 .  0 
0.0 0.0 0 0 

I S  PROPRIETARY 
I S  PROPRIETARY 
I S  PROPRIETARY 

0.0 0.0 0 0 
I S  PROPRIETARY 

0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 2 
0.0 0.0 0 3 
0.0 0.0 0 3 
0.0 0.0 0 1 
0 , 0  n.fi n n 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 . o  0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0,o 0 0 
0.0 0.0, 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 2 
0.0 0.0 0 3 
0.0 0.0 0 3 
0.0 0.0. 0 1 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.. 0, 0 0 
0.0 00.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0. 0.0. 0 0 
0.0 0.8 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 
0.0 0.0 0 0 .  



TABLE A-IV (contd.) 

* RELAP CRITICAL FLOW OPTION . * 
* ST.AGNAT I O N  P R O P E R T  I F S  OzNON-USE;  1=USE FOR MACH.GT. 0.3 
* 
082000 1 

* FLOW R A T E  M U L T I P L I E R \ F O R  HEM MOOFL 9 FLOW R A T E  M U L T I P L I E R  FOR H F N R Y  
* C R I T I C A L  FLOW 9 F L O W  RATE~'MULTIPLIER FOR E X T E N D E D  HENRY C R I T I C A L  F L O W *  
+ . T R A N S I T I O N  Q U A L I T Y  FOR THE MODEL * 
082003 1.0 0.9 0.9 0.01 * 
9 

* PUMP D E S C R I P T I O N  D A T A  C A R D S  
090011 1 7 0 1 0 1190.0 1.01 88000.0 396.0 39700.0 70000.0 0.0 0.0 0.0 0.0 
090021 1 7 0 1 0 1190.0 1.01 88000.0 396.0 39700.0 70000.0 0.0 0.0 0-0 0.0 
090031 1 7 0 1 0 1190.0 1.01 '176000.0 396.0 79400.0 140000.0 0.0 0.0 0.0 0.0 * 
* PUMP H E A D  M U L T I P L I E R  
091001-11 0.0 0.0 0.1 0.0 0.15 0.05 0.24 0.80 0.30 0.96 0.4 0.98 
.091002 0.6 0.970-8 0.9 0.90 0.80 0.96 0.50 1.00 0.00 
* 

PUHP TORQUE HULT IPLIER 
092001 -2 0.0 0.0 1.0 0.0 

* PUMP STOP D A T A  CARDS 
09501 1 0.0 0.0 0.0 
095021 0.0 0.0 0.0 
095031 0.0 0.0 0.0 * 

P U Y P  CURVE I N P U T  I N D I C A T O R  
100000 0 0 0 0 * 
* V A L V E  D b T A  CARDS 
* 
9 VENT V A L V E  IN R E A C T O R  VESSEL . 
110010 21 0 0 1.OE-8 4.0 l.OE21 ' l.OE21 * INJECT EMERGENCY FLOOD TANK W A T E R  

. . * F I R S T  E N T R Y  FOP. D E L T A  P CHECK V A L V E  W I T H  T R l P  = T R l P  NUYBER + 20 
110020 34 0 0 1.OE-8 4.0 1.OE21 1.OE21 

B R E A K  THE PUMP D I S C H A R G E  LINE 
110030 4 o o 0.0 0.0 0.0 n.0 
= RREAK WATEk FLOWING I N T O  C O N T A I N M E N T  
150040 -2 0 0 0.0 0.0 0.0 0 .O 
* BREAK WATER F L O W I N G  I N T O  C O N 1  A I N M E N T  
'110050 - 3  0 0 0.0 . 0.0 0.0 0.0. 
* F I L L  T A B L E '  DATA.  CARDS 
'130100 12 2 9 4 ' G A L / M I N '  14.7 110.0 .- * L P I S  
,130101 0.10 5000.0 80.00 4470.0 120.00 4050.0 
130102 140.00 3750.0 ' 160.00 3250.0 180.00 2250.0 
130103 190.00 . 1200.0 192.70 0.0 3500.00 0.0 
130200 10 2 7 4 ' G A L / M I N '  14.7 110.0 * H P I S  
130201 0.10 ,605.0 1000.00 ' 527.0 2200.00 343.0 
130202 ~6nn.on  227; o t80o.00 122.0 2074.70 0 . 0  
130203 3500.00 0.0 
130300 11 1 5 4 ' L B S / S E C 9  950.0 570.0 * S T E A M  GEN. O U T L E T  
130301 0.0 -1586.48501 50.0 -1586.48501 100.0 -1586.48501 
130301 0.0 -1586.48501 1.0 -1586.46501 2.0 0.0 
130302 500.0 0.0 1000.0 0.0 

. -- 



TABLE A-IV (contd. ) 

-- - -  
130400 1 1  1 5 4 'LBS/SEC' 950.0 440.0 * STEAM GEN. INLET 
130401  0.0 15 86.48501 50.0 1586.48501 100.0 1586.48501 
130401  0.0 1586.48501 1.0 1586.48501 2.0 0.0 
130402 500oO 0.0 1000.0 0.0 
* NOTE: THE PRESSURE SETTINGS FOR THE SG SAFETY VALVES WERE INCREASED BY 12.62 
* PSIA. THIS CHANGE I S  DUE TO THE SECONDARY SIOE TEMP. BEING AOJUSTED 
* FOR HEAT OUTPUT EQUAL TO CORE BTU/HR PLUS PUMP RTU/HR (TORQUE X RPM) 
130500 8 2 1 0  4 'L8S/SEC9 14.7 120.0 * STH. GEN. SAFETY VALVFS 
a FOR VOLUMES 1 AND 2 
130501  0.0 0.0 1077.62 0.0 1077.63 -270.5 1097.62 -270.5 
130502 1097.63 -579.7 1107.62 -579.7 1107.63 -966.1 1117.62 -966.1 
130503 1117.63 -1507.2 5000.0 -1507.2 
130600 13 2 4 4 'LBS/SECe 14.7 110.0 * S G  AUX. F I L L  
130601  0.0 10Oo34 812.7 100.34 1136.2 69.2 1244.1 55-36 
I 

rt KINETICS CONSTANTS DATA 
140000 3 0 300.0 0.0 0.8 0.0 0.0 0.0 * SCRAM TABLE DATA 
141001  -2  7 0.0 0.0 100.0 0.0 * DENSITY REACTIVITY TABLE 
142001 -18  0.0 -63.38 0.225 -38.45 0.300 -24.51 
142002 0.4 -12.25 0.500 -7.46 0.600 -4.5 1 
142003 0.67 -2.75 0.700 -2.20 0.750 -1.44 
142004 0.80 -1.17 0.85 -0.49 Oo900 -0.35 
142005 0.95 -0.07 1.00 0.00 1.100 -0.07 
142006 1.20 -0.42 1.40 -1.69 2.000 -1.69 * 
* DOPPLER TABLE DATA 
143000 -2 32.0 0.0 5000.0 -9.8 * 
* REACTIVITY COEFFICIENT DATA 
140010 0.4464 0.4464 0.0 0.0 
140020 0.3910 0,3910 0 - 0  0.0 
140030 0.1626 0.1626 0.0 0.0 * HEAT SLAB DATA 

l=VOLUME # AT SLAB'S LEFT SURFACE* 2=VOLUME NUr8ER AT SLAB'S FIGHT JURFACE, 
* 3=GEOMETRY INDEX, 4=1NDICATES I F  SLAB I S  STACKED ON TOP OF SLAB XXX-lr 
* 5=CALCULATE SLAB QUALITY. OPTIONv 6uHEAT TRANSFER CORRELATION A T  LEFT SIDE t * 7=HEAT TRANSFER CORRELATION AT RIGHT SIDE* 8=LEFT SURFACE A R E A *  
* 9zRIGHT SURFACE AREA* LO=TOTAL SLAB VOLUME* 
8 11=LEFT SIOE (IOR*(OR+DHE)**1/2)-DR. 
150011 0 6 1 0 0 0 0 0.0 . 16578.06 148.51 0.0 
150021 0 7 1 1 0 0 0 0.0 - 16578.06 148.51 0.0 
150031 0 8 1 1 0  0 n 0.0 16578.06 148.51 0.0 
* 15.530 TUBES PER STEAM GENERATOR 
150041  17 1 2 0 2 0 O 31M26.66 42446.64 l L 5 . I L  .UIYLL 
150051 16  1 2 1 2 0 0 42355.99 47526.93 127.33 ,01922 
150061  15 1 2 1 2 0 0 12555.29 LbOt36,08 37.745 .01922 
150071  15 1 2 1 2 0 0 12636.82 14179.59 37.99 .01922 
150081  15 1 2 1 2 0 0 12627.76 1 4 1 6 9 . 3 9 3 7 - 9 6  .01922 
150091  33 2 2 0 2 0 0 37826.66 4 2 4 4 4 . 6 4 1 1 3 . 7 2  .01922 
150101  32 2 2 L 2 0 0 't2355.99 '17526.93 127.33 .01922 
15011 1 3 1  2 2 1 2 0 0 12555.29 14088.08 37.745 .01922 
150121 31 2 2 1 2 0 0 12636.82 14179.59 37.99 .01922 
150131  3 1  2 2 1 2 0 0 12627.76 14169.39 37.96 e01922 
150141 3 0 3 1 0 0 0 404.83 0.0 1387.26 0.0 
150151 4 0 3 0 0 0 0 731.19 0.0 2505.60 0.0 
150161  5 0 3 0 1 0 0 318.97 0.0 760.90 0.0 
150171  11 '0 3 o 1 o o 3 1 8 . ~ 1  u.u ~ M L . U Y  0.u 
l x 0 1 8 l  12 3 4 1 1 0 0 342.55 351.89 86.80 0.0 



TABLE 'A-IV ' (Cdrif d . ) 

* l=RIGHT S I O E  ((DR*(DR+DHEI**1/2)-DR. 2tLEFT SIDE DHE, 3zRIGHT S I P €  OHEi 
* 4=LEFT SIDE. CHANNEL LENGTH, 5zPIGHT SIDE CHAlVNEL LENGTH, 
* 5=BOTTOM OF SLAB'S ELEVATION - ABOVE RIGHT VOLUME'S ROTTOY ELEVATION, 
* 6=TOP OF SLAB'S ELEVATION - ABOVE RIGHT VOLUME'S RnTTnY ELEVATION. * 
150012 .01758 0.0 0.0 0.0 12.0 0.0 0.0 
150022 -01758 0.0 0.0 0.0 12.0 0.0 0.0 
150032 -01759 0.0 0.0 0.0 12.0 0.0 0.0 

. 150042 002746 0.0 -0694 16.703 . 3.0 0.0 16.703 
150052 -02746 0.0 -0694 18,703 3.0 16.705 35.404 
150062 .02746 0.0 .0694 5.544 3.0 35.408 40.952 
150072 ,02746 , 0.0 -0694 5.580 3.0 40.952 46.532 
150082 .02746 0.0 .0694 5.576 3.0 46.532 52.109 
150092' -02746 0.0 .0694 16.703 3.0 0.0 16.703 
150102 -02746 0.0 -0694 18.703 3.0 16.705 35.404 
150112 002746 0.0 .0694 5.544 3.0 35.408 40.952 
150122 -02746 0.0 -0694 5.580 3.0 40.952 46.532 
150132 -02746 0.0 .0694 5.576 3.0 46.532 52.109 
Z50142 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
150152 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
150162 0.0 0.0 0. 4.96 4.96 0.0 4.96' 
150172 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
150182 0.0 0.0 0.0 9.043 9.043 0.0 0.0 
150192 0.0 0.0 0 - 0  1.207 1.207 15.126 0.0 
150202. 0.0 0.0 0.0 10.31 10.31 0.0 10.3 
150212 0;O 0.0 0.0 12.54 12.54 0.0 0.75 
150222 0.0 0.0 0.0 11.4 11.4 . 4.7 6.0 
150232 0.0 0.0 0.0 12.0 12.0 3.14 15.1 * 
* CORE SECTION DATA 
160010 1 7 9 15 0.002208 0.4464 
160020 2 7. 9 15 0.002208 0.3910 
160030 3 7 9 15 0.002208 0.1626 
0 

* 
* SLAB GFONETRY DATA CARDS 

'170101 2 3 1 6 0 .  0.015417 1.0 
170162 1 2 2 0.00029167 0.0 
170103 0 3 8 0.0022083 0.0 
170201 2 1 4 6 0.023208 0.0028333 1.0 
170301 2 2 5 6 7.125 0.015625 1.0 
170302 0 6 6 0.703 0.0 
170401 2 1 5 6 6.0288 0.208 0.0 
170501  2 1 5 6 5.426 0.25 0.0 , 

170601 1 1 5 6 0.0 0.'75 . 0.0 . 
170701 1 1 5 6 0,O 1 3 0.0 
* THERMAL CONDUCTIVITY DATA 
* 
180100 -20  500- 3.341 650. 2.671 800- 2.677 950. 2 . 4 3 3  11001 2.242 
l 8 0 l O l  1250. 2.078 1400- 1.940 1550. 1.823 1700. 1.724 18'50. 1.639 
180102 . 2000. 1.568 2150. 1.507 2300. '1.457 2450. 1.415 2600. 1.382 
180103 3100. 1.323 3600-  1.333 4100. 1.406 4600. 1.538 5100. 1.730 
180200 2 32. -41562 5400. .41562 
180300 -11 392. 6.936 752. 8.092 1112. 9.827 1472. 10.983 1832, 12.717 



TABLE A-IV (contd . )  

1 8 0 3 0 1  2 1 9 2 .  14.451 2 5 5 2 .  1 7 . 3 4 1 - 2 9 1 2 .  20 .809  3'272. 2 5 . 4 3 3  3632. 31.792 
1 8 0 3 0 2  3 9 9 2 .  3.9.306 * 
* THE STEAM GENERATOR ACTIVE TUBESe THERMAL CONDUCTIVITY WAS OECREASED TO * ACCOUNT FOR SLUGE ON THE TUBE WILLS.. 
* 0.0003 WAS ADDED TO THE TOTAL RESIST IV , ITY .  * 
1 8 0 4 0 0  -6 100.0 4 . 6 5 8  200.0 4 .769  400 .0  5 .007  600.0 5 . 2 4 3  
1 8 0 4 0 1  800.0 5 . 4 8 1  1000.0 5.699 
1 8 0 5 0 0  - 4  32.  8.0 2 1 2 .  9 . 4  572. 10.9 9 3 2 .  12.4 
1 8 0 6 0 0 - 4  32.  26.5 212.  26.  572. 2 5 . 0  9 3 2 .  ' 2 2 . 0  
* .  

VOLUMETRIC HEAT CAPACITY 
* 
1 9 0 1 0 0  16 32 .  34.45 122 .  3 8 . 3 5  212 .  40.95 
1 9 0 1 0 1  392 .  43 .55  752.  46 .8  2012 .  51.35 
1 9 0 1 0 2  2732 .  52 .65  3 0 9 2 .  56 .55  3452.  6 3 . 0 5  
1 9 0 1 0 3  3812 .  7 2 . 8  4 3 5 2 .  87.7 4 5 3 2 .  .94.25 . 
1901 0 4  4712.  9 8 . 1 5  4892.  100.1,  5144 .  101 .4  
190105  8000 .  1 0 1 . 4  
1 9 0 2 0 0  2 32 .  .000075  5400 .  .000075 
1 9 0 3 0 0  5 0 .0  2 8 . 3 9 2  
1 9 0 3 0 1  1480 .3  3 4 . 4 7 6  1675.0 8 5 . 1 7 6 .  
190302  1787 .5  3 4 . 4 7 6  3500 .0  34.476 
190401  - 4  1 0 0 .  5 7 . 1 8  400 .  6 1 . 1 4  6 0 0 .  63 .77  800 .  66.41 
1 9 0 5 0 0  -2 3 2 .  53.79 500 .  5 3 - 7 9 .  , 

1 9 0 6 0 0  - 2  3 2 .  53 .79  500.  53.79 * 
* 
$I L INEAR EXPANSION COEFF IC IENT  
* 
2 0 0 1 0 1  -2 0 .  .000003718 5000 .  .000012653 
2 0 0 2 0 1  -2  0. 0. 5000 .  0 . .  
2 0 0 3 0 1  - 4  0 .  .000003094 1652-  .000004706 1653. .000005389 5000 .  ; 0 0 0 0 0 5 3 8 9  ' 

2 0 0 4 0 1  -2 0 .  0. 5 0 0 0 .  0 .  
2 0 0 5 0 1  -2 0.0 0.0 SOQO+O 0.0  
2 0 0 6 0 1  -2 0.0 0 .O 5000.0 0 .0  
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APPENDIX B 

PWR SMALL COLD LEG BREAK - WESTINGHOUSE PLANT 

1. INTRODUCTION 

A Westinghouse Four-Loop PWR (Trojan Plant) was modeled using 

RELAP~/MOD~ for a ,small break loss of coolant accident (LOCA) . The 

model represented a cold leg break with an area which was 6% of the cold 
2 

leg cross-section. The'break area was 0.25 ft . The plant configura- 

tion was based on information contained within the Trojan Plant Final 

Safety Analysis Report ['-'I plus personal communications with Westing- 

house personnel. Some interpretation of the results .is based on digital 

data output which was too voluminous to be included in this appendix. 

The model presented was used for program checkout and should not be 

considered a comprehensive study of the LOCA response of the actual 

plant. 

2. SYSTEM MODEL AND ASSUMPTIONS 

The Westinghouse Plant RELAB4 model consisted of 22 volumes, 34 

junctions, and 33 heat slabs. More heat slabs were used for th,is model 

than would normally be used for a large break model because of the' 

greater significance of heat transfer from system. hardware during the 

long transient duration. 



1 

The n o d a l i z a t i o n  of volumes and junc t ions  is  depic ted  i n  Figure B-1. 

The volumes used i n  t h e . n o d a l i z a t i o n  a r e  i d e n t i f i e d  i n  Table B-I .  The 

t h r e e  i n t a c t  loops a r e  shown lumped toge the r  on t h e  l e f t  of F igure  B-1 

w h i l e  t h e  s i n g l e  broken loop i s  on t h e  r i g h t  s i d e  o f . t h e  f i g u r e .  The 

downcomer and upper annulus were combined i n t o  a  s ing le .volume a s  were 

t h e  upper head and upper plenum. A s m a l l  leakage pa th  between the  

downcomer (Vl) and t h e  upper plenum (V4) was included a s  a  junc t ion  

(521).  The volume between t h e  co re  and t h e  corresponding po r t ion  of t h e  

c o r e  b a r r e l  was included wi th  t h e  co re  volume (V3). 

The l o c a t i o n s  of h e a t  s l a b s  r e l a t i v e  t o  t he  volumes a r e  shown f o r  

t h e  coolant  loops and t h e  v e s s e l  i n  F igures  B-2 and B-3.  . 'l'he loop and 

accuinulator h e a t  s l a b s  ( H S ~ O  through 32) r ep re sen t  o u t s i d e  i n s u l a t e d  

s t r u c t u r a l  wa l l s .  Those r ep re sen t ing  t h e  steam genera tor  tub ing  (HS9, 

10,  11, and 12) a r e  modeled wi th  a volume on each side..  

The v e s s e l  h e a t  s l a b s  c o n s i s t  of 8  core  s l a b s  (HS1 through 8 ) ,  3  

r e a c t o r  v e s s e l  s l a b s  (HS 16 ,  17 ,  and 1 8 ) ,  t h r e e  co re  b a r r e l  s l a b s  

(HS13, 14,  and 1 5 ) ,  and two s l a b s  f o r  v e s s e l  i n t e r n a l s  (HS19 and 33).  

Heat s l a b s  19 and 33 a r e  modeled wi th  p l a t e  geometry wh i l e  t he  o t h e r s  

have c y l i n d r i c a l  geometry. 

Both s i d e s  of t h e  middle co re  b a r r e l  s l a b  (HS14) transfer hraL 

energy t o  t h e  downcomer (Vl) dur ing  t h e  t r a n s i e n t  a s  ' ind ica ted  i n  

F igu re  B-3 and Table B-11. This  r e s u l t s  from t h e  des ign  which al lows a  

small p o r t i o n  of t h e  co ld  l e g  coolant  t o  flow downward i n s i d e  t h e  b a r r e l  

i n  o r d e r  t o  bypass t h e  downcomer a t  t h e  a c t i v e  co re  e l eva t ions .  

S i g n i f i c a n t  model op t ions  used t o  r ep re sen t  t h e  Westinghouse P lan t  

~ r n ~ l l  hrcnlc in tho P,ELAP/I/MOP~ c a l c u l a t j n n s  arp indic.ated i n  F igu re  B-4. 

The legend expla in ing  t h e  op t ion  symbols i s  provided i n  Table B-111.  

The l i q u i d  and vapor f l u i d  mixtures  i n  t he  volumes were homoge- 

neous ly  modeled except  where t h e  bubble r i s e  model provided f o r  p a r t i a l  

o r  complete s epa ra t ion .  The t y p i c a l  g rad ien t  of 0.8 and bubble ri-s-e 

v e l o c i t y  of 3.0 f t / s e c  (BR=l) was used f o r  moderate b o i l i n g  i n  s i n g l e  



volumes (e.g. ,  t h e  pressu ' r izer ) .  A very  high bubble r i s e  v e l o c i t y  of 
6 

10  f t / s e c  (BR=2) was used t o  model t h e  complete l i q u i d  s e p a r a t i o n  i n  

t h e  room temperature accumulators (V17 and V18). The containment (V20) 

should have been t r e a t e d  s i m i l a r l y  bu t  was a c c i d e n t l y  l e f t  homogeneous. 

This  i s  no t  considered t6 a f f e c t  t h e  checkout s i g n i f i c a n t l y .  A bubble 

r i s e  v e l o c i t y  of 40 f t / s e c  (BR=3) was used t o  model t h e  vigorous b o i l i n g  

phenomena i n  t h e  steam genera tor  secondar ies .  The r e a c t o r  v e s s e l  

s tacked  volumes were modeled f o r  moderate b o i l i n g  us ing  0.0 g rad ien t  and 

3.0 f t / s e c  bubble r i s e  (BR=4). The steam genera tor  primary and co ld  l e g  

o u t l e t . p i p i n g  as s tacked  components should a l s o  have been modexed wi th  

BR=4 r a t h e r  than  t h e  BR=1 a c t u a l l y  used. The d i f f e r e n c e  between t h e  

nominal g r a d i e n t  (0.8) and t h e  non-grad.ient (0.0) is  no t  considered t o  ; 
have a f f e c t e d  t h e  check ou t  s i g n i f i c a n t l y .  

A' bubble r i s e  model was used i n  conjunct ion  wi th  v e r t i c a l  volume 

s t ack ing  (IAMBLO) and junc t ion  v e r t i c a l  s l i p  (SRCOS) t o  b e t t e r  r ep re sen t  

flow phenomena t d  be  c a l c u l a t e d  i n  t h e  v e s s e l  and steam gene ra to r s .  

Enthalpy t r a n s p o r t  was used i n  j unc t ions  ad j acen t  t o  volumes where major 

amounts of h e a t  were t o  be added o r  removed from t h e  coolant .  This  

o c c u r r e d ' i n  t h e  core  (V3) and t h e  steam genera tor  p r imar i e s . (V6 ,  7 ,  1 2 ,  

and 13 ) .  The use  of j unc t ion  v e r t i c a l  s l i p ,  volume s t a c k i n g ,  and a 
' 

bubble rise model i n  each of a group of s e r i e s  connected volumes pro- 

v i d e s  a s i n g l e  c o n s i s t e n t  mixture l e v e l  i n  t h e  volume s t a c k .  The volume 

groups s o  t r e a t e d  were t h e  c e n t r a l  reg ion  of t h e  v e s s e l  (V2, 3 ,  and 4) 

and t h e  steam genera tor  o u t l e t  s i d e s  t o  t h e  minimum e l e v a t i o n  of t h e  

p ipe  approaching t h e  pump s u c t i o n  (V7 and 8; V13 and 14) .  

The downcomer (Vl) could n o t  be  included i n  t h e  volume s t ack ing  

because ' the IAMBLO parameter of t h e  lower plenum volume (V2) could 

accept  on ly  one inpu t  va lue .  Stacking t h e  lower plenum w i t h  t h e  co re  

was s e l e c t e d  a s  t h e  more important  input .  Bubble rise models were used 

f o r  t h e  inlet ha lves  of t h e  steam genera.tor pr3.marj:e.s (V6 and 1 2 ) ,  

because t h e  mixture l e v e l  Rould a f f e c t  primary- to-secondary h e a t  t r a n s £  e r  

dur ing  the.LOCA t r a n s i e n t .  



Fig.  B-1 N o d a l i z a t i o n  f o r  6% c o l d  l e g  b reak  - Westinghcuse P lanf .  



TABLE B-I 

VOLUME IDENTIFICATION FOR 6% COLD LEG BREAK - WESTINGHOUSE PLANT 

Volume No. ~escr ip t ion 

Downcomer (includes Upper Annulus) . , . 

Lower Plenum 

Core 

Upper Plenum (includes Upper Head) 

Hot Leg Pipe - Broken Loop (BL) 
Steam d en era tor - Primary, Inlet Half 
Steam Generator - Primary, Outlet Half 
Piping - Steam Generator to Low Elevation 
Piping and Pump - Low Elevation'to Pump Outlet 
Cold Leg pipe - Broken Loop 
Hot Leg Piping - Intact Loops (IL) 
Steam  ene era tors - Primary, Inlet Half 
Steam Generators - Primary Outlet Half 
Piping - Steam Generators to Low Elevation 
Piping and Pumps - Low Elevation to Pump Outlet 
Cold Leg Pipes - Intact Loop 
Accumulator (BL) 

Accumulators (IL) 

19 .. Pressurizer 
d 

2 0 Containment 

21 Steam Generator Secondaries (IL) 

2 2 Steam Generator Secondary (BL) 



Fig. B-E Heat slabs for 6% cold leg break - Westinghouse Plant. 



TABLE B-I1 

. . 
HEAT SLAB ID,ENTIFICATION FOR 6% COLD LEG BREAK - WESTINGHOUSE PLANT 

Heat Slab , [a1 Adjacent Volume 

No. Left Right Heat Slab Identification 

o[bl . 3 1- 8  Core Segments 

9  & 10 6 6 1 7  2  2' Steam Gen. Tubes, Broken Loop (BL) 

11 & 12 12 & 13 . 21 Steam Gen. Tubes, Intact Loop (IL) 

13 2  1 Lower Core Barrel 

14 1 1 Middle Core Barrel 

15 4 1 Upper Core Barrel 

16 2  0 ~ower Vessel 

17 1 0 Middle Vessel 

I8 ,[c] 0 Upper Vessel 

19 0 4 Upper Plenum Internals (Plate) 

Hot Leg Piping, BL and IL 

Steam Gen. Plenum structure, BL 

.Steam Gen. P,lenum Structure, IL 

26 & 27 8'& 14 . O  Piping, Steam Generator to Low 

Elevation, BL and IL 

28 & 29 9 & 15 0 Piping and Pumps, Low Elevation to 

Discharge, BL and IL 

30 & 31 . 10 & 16 0 Cold Leg Piping, BL and IL. 

32 lu.[c.l U Pressurizer Tank 

33 0 2  Core Support and Lower Core Plates 

Ial For cylindrical geometry, left side is inside diameter and right side i's 

outside diameter. 

Zero represents zero heat flux surface, e.g., insulated surface or - 

center of slab. 

[bl Center of rod. 

["I center of flat plate. 



Fig.  

Upper Plenum 

AMC-A-Tl2e 

B-3 Vessel  heat s l abs  for 6 %  c o l d  l e g  break - Westinghouse P l a  



Fig. B-4 Model option used for 6% cold leg break - Westinghouse Plant. 



TABLE B - I 1 1  .., . . - 

RELAF4/MOD5 OPTIONS USED FOR 6% COLD LEG BREAK - WESTINGHOUSE PLANT 

1. Bubble R i s e  Data Index (Volume Data Card, IBUB) 

Bubble R i se  Bubble R i s e  Bubble Veloc i ty  
(IBUB Index No.) . Gradient  A t  Mixture Surface 

(ALPH) (VBUB) 

Used t o  produce two phase mixture I.evel. Othtrwi.,se volilme f l u i d  is 
trralrgd a~ baing holnugeneous . 

2. VSTACK, V e r t i c a l  S tack  and S1 i p  -. Flow Index  (Vulume Vata Card, IAMBLO) 

Denotes volumes which a r e  grouped wi th  volumes immediately 
above t o  gene ra t e  one two-phase mix ture  l e v e l  i n  t h e  volume s t a c k .  
It is. used w i t h  t h e  VS op t ion  on ly .  

3 .  V J ,  V e r t i c a l  Junc t ion  Index ( Junc t ion  Data Card, JVERTL) . . .  - 

Shown where t h e  j unc t ion  flow a r e a  i s  assumed t o  be a  v e r t i c a l  
c i r c u l a r  a i e a  cen te red  a t  t h e  j unc t ion  e l e v a t i o n .  Otherwise,  t he  
j unc t ion  a r e a  i s  t r c a t e d  a s  occur r ing  a t  a  po in t  f o r  mixture  l e v e l  
e l e v a t i o n  purposes .  I t  is  used ad j acen t  t o  volumes where the bubble 
r ise model i s  used.  

4 .  ET, Enthalpy Transpor t  nm *.. Index ( Junc t ion  Data Card, IHQCOR) - 

Shown a t  j unc t ions  w h e ~ e  en tha lpy  t r a n s p o r t  i s  used.  Enthalpy 
t r a n s p o r t  used a t  j unc t ions  ad j acen t  t o  volumes where s i g n i f i c a n t  
h e a t  i s  added t o  o r  removed from t h e  c o o l a n t ,  i . e . ,  core  and steam 
g e n e r a t o r s .  

5 .  VS, V e r t i c a l  S l i p  I n d i c a t o r  ( Junc t ion  Data Card, S R C O ~  
--.- 

I n d i c a t e s  j unc t ions  where v e r t i c a l  s l i p  is  used.  

- ,- C__ 



The v e r t i c a l  s e c t i o n s  of p ip ing  from t h e  low e l e v a t i o n  t o  t h e  pump 

s u c t i o n  (V9 and 15) were l e f t  homogeneous, s i n c e  flow was expected t o  

remain p o s i t i v e .  Liquid and steam, thus ,  tended t o  move toge the r .  This  

a l s o  avoided s p l i t t i n g  o f f  t h e  pumps a s  s e p a r a t e  volumes s i n c e  they 

could n o t  be  construed t o  have mixture l e v e l s .  This  n o d a l i z a t i o n  

ignored t h e  time r equ i r ed  t o  t r a n s p o r t  steam from t h e  low p ipe  eleva- 

t i o n s  (38 and 14)  t o  t h e  pump i n l e t s ,  b u t  t h i s  s i m p l i f i c a t i o n  a l s o  is 

n o t  considered t o  have s i g n i f i c a n t l y  a f f e c t e d  t h e  check ou t .  

The f l u i d  i n  t h e  h o t  and cold l e g  p ipe  volumes (V5 and 11; V10 and 

16)  was l e f t  homogeneous. This  was done t o  avoid t h e  excess ive  computer 

t ime t h a t  might r e s u l t  from use  of t h e  Hor izonta l  S l i p  Model w i th  non- 

s t r a t i f i e d  flow. 

V e r t i c a l  modeling of junc t ions 'cons iders  t h a t  t h e  p lane  normal t o  

t h e  d i r e c t i o n  of f low i s  v e r t i c a l .  The junc t ions  between the 'ves ' se l  and 

t h e  h o t  l e g  p ipes  (34 and 22) were v e r t i c a l l y  modeled (JVERTL=l) t o  

a s s i s t  t h e  upper plenum mixture l e v e l  i n  c ros s ing  t h e  junc t ion  e l eva t ion .  

The ' j unc t ions  a t  t h e  steam genera tor  o u t l e t s  (57 and 13) '  were s i m i l a r l y  

modeled a s  v e r t i c a l .  I n  a d d i t i o n ,  t h e  smoothing op t ion  f o r  "mixture 

l e v e l  cro'ssing of a j unc t ion  from above" was inpu t  t o  s t a r t  90 s e c  a f t e r  

t h e  t r a n s i e n t  began. This  was used f o r  both t h e  v e s s e l  and t h e  steam 

genera tor  o u t l e t s .  

The Henry-Fauske and t h e  HEM models were used t o  c a l c u l a t e  break  

flow choking. The Henry-Fauske model was used f o r  subcooled f low,  and 

HEM was used w i t h  a 0.9 m u l t i p l i e r  f o r  s a t u r a t e d  flow wi th  a q u a l i t y  

g r e a t e r  than  0.01. The Stagnat ion  P r o p e r t i e s  (STAGP) sub rou t ine  w a s  

used t o  provide  s t a g n a t i o n  p r o p e r t i e s  t o  t h e  choked flow model. 

The i n i t i a l  cond i t i ons  f o r  t h e  Westinghouse P l a n t  6% cold l e g  break  

LOCA a n a l y s i s  were a l l  nominal s t eady  s t a t e  cond i t i ons .  The break  t r i p  

ingtanthneous1-j opened a 0.25 f t 2  a r e a  (320) from t h e  s i n g l e  cold l e g  

p ipe  (V10) t o  t h e  containment (V20). The remaining t r i p s  were c o n t r o l l e d  

by t h e  ongoing RELAP4'program s t e p s  and computations.  



The next  major t r i p  was t h e  Safe ty  I n j e c t i o n  S igna l  (SIS) which w a s  

e t  a s  a  h igh  p re s su re  t r i p  of 4  p s i g  i n  t h e  containment (18.7 p s i a  i n  

20) .  Th i s  t r i p  would cause: 

(1) Immediate power shu to f f  t o  t h e  primary coolant  pumps (V9 and 

15)  p lus  i n i t i a t i o n  of r e a c t o r  scram 

(2) A one-second de lay  a f t e r  SIS p l u s  a  one-second l i n e a r  c l o s u r e  

ramp on t h e  steam genera tor  secondary feedwater and steam 

o u t l e t  v a l v e s  (525, 26, 27, and 28) 

(3)  A 24.25 s e c  de l ay  a f t e r  SIS p r i o r  t o  ac t iva t ing  t h e  charging 

pumps f o r  ECC (529 and 32) 

(4)  A 28.75 s e c  de lay  a f t e r  SIS p r i o r  t o  a c t i v a t i n g  the  HPIS pumps 

f o r  ECC (530 and 33) 

(5) A 37.75 s e c  de l ay  a f t e r  SIS p r i o r  t o  a c t i v a t i n g  the  LPIS pumps 

f o r  ECC (531 and 34).  To be c o n s i s t e n t  w i th  n o t  l o s i n g  s i t e  

and p r e f e r r e d  power, t h e  ECC pump de lays  should have been s e t  

a t  12.25 s e c  de l ay  a f t e r  SIS. It should b e  noted,  however, 

tha t .LPIS f low could not  s t a r t  u n t i l  t h e  system p res su re  

dropped bclow 200 p s i  due t o  t h e  cu tof f  p re s su re  lucjdeled i n  

t h e  F i l l  Table.  

A t r i p  was s e t  t o  s h u t  o f f  flow from each accumulator (517 and 18) 

rhen t h e  mixture  l e v e l  reached 0.01 f t .  This  prevented accumulator a i r  

irom reaching  t h e s e  junc t ions .  A i r  f low a t  e i t h e r  of t h e  junc t ions  

rould have caused t h e  c a l c u l a t i o n  t o  te rmina te .  

An e x t r a  t r i p  was .provided ,  a s  a  contingency, f o r  s h u t t i n g  o f f  flow 

from t h e  p r e s s u r i z e r  a t  519. It w a s  s e t  f o r  a  h igh  e lapsed  time and was 

l o t  t o  be  used un le s s  minor flows i n  and o u t  of t h e  p r e s s u r i z e r ,  a f t e r  

i t  empt ied , .caused  a n  unacceptable  number of smal l  t ime s t e p s  wi th  t h e  
.. .. . -  

3t tendant  i n c r e a s e  i n  computer t ime. Accordingly.; i t  was no't' used. "" . .' " ''. 
. . 



3. RESULTS 

The Westirighouse P l a n t  smal i  co ld  l e g  break model was r u n . w i t h  t h e  

RELAP4/MOD5 code t 0 . a  LOCA elap3ed-time of 900 sec .  This  r equ i r ed  

approximately 50 min df CPU time f o r  t h e  Berkeley CDC 7600 computer 

i n s t a l l a t i o n .  A chronology of t h e  t r a n s i e n t  i s  l i s t e d  i n  Table B-IV. 

Output d a t a  were obta ined  i n  t h e  form of d a t a  t r a c e s  which a r e  included 

as Figures  B-5 through B-15 i n  Sec t ion  5 of t h i s  appendix. The i n p u t  

d a t a  is  s i m i l a r l y  included as Table B-V i n  Sec t ion  6 of t h i s  appen$ix. 

- An i n t e r p r e t a t i o n  of . t h e  t r a n s i e n t  ou tput  d a t a  is a s  fol lows:  

(1) The end of t h i s  smal l  b reak  blowdown problem run  was somewhat 

a r b i t r a r i l y  determined. Fuel  s u r f a c e  temperatures  peaked 

10 s i c  i n t o  t h e  LOCA t r a n s i e n t  a t  temperatures  l e s s  than 30°F 

above t h e i r  i n i t i a l  va lues  and f e l l  t h e r e a f t e r  ( see  F igure  B-5). 

The cd re  was momentarily uncovered t o  a maximum exposed depth . 

of 1.8 f t a t '  120 s e c  , b u t  remained covered o r  very  n e a r l y  s o  

a f t e rwards  (Figure B-6). It w a s  necessary  t o  c a l c u l a t e  LOCA 

cond i t i ons  f o r  900 s e c ,  however, t o  complete t h e  p re s su re  ' ' 

blowdown (Figure B-7). Even a t  900 s e c ,  t h e  co re  contained 

only 77% of i t s  i n i t i a l  mass.. The lower d e n s i t y  was due t o  

t h e  presence of bubbles  from continued b o i l i n g .  Fuel  s u r f a c e  

temperatures  were n e a r l y  s t a b i l i z e d  j u s t  below 300°F due t o  

t h e  power r e s i d u a l  (2.2% of t h e  nominal power). Both f u e l  

r e s i d u a l  power and s u r f a c e  temperatures  were s lowly decaying, 

b u t  t h e  h igh  c o s t  of f u r t h e r  c a l c u l a t i o n  a t  t h a t  p o i n t  d i d  not  

warran t  problem cont inua t ion .  The' l a s t  200 s e c  of t h e  blow- 

down (700 t o  900 sec )  had used over  h a l f  t h e  CPU t ime,  appar- 

e n t l y  due t o  water  packing r e l a t e d  phenomena i n  t h e  'cold l e g s  , 

(V10 and 16) .  

. (2) Many of t h e  major events  i n  t h e  blowdown a r e  r e f l e c t e d  i n  t h e  

upper plenum p res su re  changes (Figure B-7) and i n  t h e  break  

flow (Figure B-8). 



TABLE B-IV 

MAJOR EYENTS SUMMARY 
FOR 6% COLD LEG BREAK - WESTINGHOUSE PLANT 

Time ( sec )  Event 

0 .01  (520) break opened t o  6% of cold l e g  a r e a  

P re s su re  p l a t e a u ;  b reak  volumet r ic  flow 
approximated t h a t  of vapor formation 

End of (V4) subcooled blowdown 

Containment (V20) p re s su re  reached 18.7 p s i a  
IIIA j 1. t r i p  

Pump power shutof f  

Scram s t a r t e d  (completed a t  11.0 s e e )  

Vessel  p r e s s u r e  increased  (Fig.  B-7) 

Steam genera tor  secondary feedwater  and 
steam va lves  (525, 26, 27, 28) c losed  

Upper Plenum (V4) mixture  l e v e l  began 
f a l l i n g  (Fig.  B-13) 

P r e s s u r i z e r  emptied of l i q u i d  

I n t a c t  loop  steam genc ra to r  i n l e t  s i d e  
(V12) n ~ i x L u r e  l e v e l  began f a l l i n g  

Broken loop steam genera tor  i n l e t  s i d e  
(V6) mixture  l e v e l  began f a l l i n g  

Steam genera tor  secondar ies  (V21 and. 
225 began vcnring (:.>I, 100 p s i g )  

Charging pump f lows s t a r t e d  on a u x i l i a r y  
power (529 @ 8 1  gpm and 532 @ 27 gpm i n i t i a l  
f low) 

I n t a c t  loop steam gene ra to r  o u t l e t  (V13) 
mix ture  l e v e l  began f a l l i n g  ' 

Broken Loop Vessel. i n l e t  nozz le  f low (910) 
reversed  due eo break  fluw 



TABLE B-IV (contd . )  

T i m e  ( sec)  

37.15 

Event 

HPIS pump f lows s t a r t e d  o n ' a u x i l i a r y  power 
(530 @ 60 gpm and 533 @ 20 gpm i n i t i a l  f low) 

Broken loop steam genera tor  o u t l e t  (V7) 
mixture  l e v e l  began f a l l i n g  

System p r e s s u r e  p l a t e a u  sus t a ined  a t .  
.1,1.80 p s i a  by charging and HPIS pumps 
(Fig.  B-7) 

9 0  F i r s t  c o r e  f low r e v e r s a l  

Broken loop (V8) mixture  l e v e l  between steam 
gene ra to r  and pump s u c t i o n  began f a l l i n g  

Broken loop  pump i n l e t  uncovered (two-phase . 
a t  58) 

Core (V3) mix ture  l e v e l  began f a l l i n g  
(Fig.  B-6) 

~ n t a c t  loop (V14) mixture  l e v e l  between 
steam gene ra to r  and pump s e c t i o n  began 
E a l l i n g  

I n t a c t  loop pump i n l e t  uncovered 
(two-phase a t  514) 

Two-phase flow began i n  broken loop 
(V10) cold l e g  and a t  b r e a k ' ( J 2 0 )  (Fig.  B-11) 

Core mixture  l e v e l  minimum wi th  1.8 f t  
of 12 f t  c o r e  uncovered (Fig. R-6) 

Core recovered by mix ture  ( l a t e r  s h o r t  
d u r a t i o n  uncoverings l i m i t e d  t o  less than  
0.2 f t  of co re )  (Fig.  B-6) 

Two-phase flow began i n  i n t a c t  loop cold 
l e g  (V16) 

Downcomer (Vl) mixture  l eve l  h q a n  f a l l -  
i ng  as d n t a c t  loop co ld  l e g  (516) flow 
reversed  (dropped t o  nozz le  e l e v a t i o n )  . 
(Fig.  B-14) 

Steam gene ra to r  secondar ies  (V21 and 
22) ven t ing  ended (>1,100 p s i g )  



TABLE B-IV (contd-. ) 

Time ( sec )  - Event 

210-310 Core mass bo i l ed  o f f  from 72% t o  46% of 
i n i t i a l  va lue  a s  p re s su re  f e l l  

266 Accumulator f lows (517 and 18) s t a r t e d  

I n t a c t  loop co ld  l e g  flow (516) t o  v e s s e l  be- 
came s t r o n g l y  p o s i t i v e  (Fig.  B-15) 

Vessel  mixture  l e v e l  r a i s e d  t o  nozz le  
e l e v a t i o n  i n  upper plenum (V4) (Fig.  B-13) 

T W ~ = p h a w  f l ~  r . ~ ~ ~ l r d  a t  break (520) 
(Fig.  B-11) 

Duwncuulri (Vl) volume r c f i l l c d  t o  t op  
(Fig.  B-14) 

Core (V3) mass , i nc reased  from 46 t o  67% 
of i r i ' i t i a l  

Core mass decreased from b / %  fo  mintmum 
of 36% 

LPIS f lows (531 and 34) s t a r t e d ;  flow 
increased  a s  system p re s su re  f e l l  below 
200 p s i  

Accumulator f lows (J1.7 and 18)  ended 

Downcomer (Vl) mixture  l e v e l  began f a l l -  
i n g  (2nd t i m e ,  mix ture  l e v e l  dropged 
h a l f  way t o  nozz l e  e l e v a t i o n  and imme- 
d i a t e l y  recovered)  (Fig.  B-14) 

LPIS r a t e  of flow (..T31,, hOC) I.b/sec and 
534, 200 l b / s e c )  i n c r e a s e  l eve l ed  o f f  

Downcomer ( ~ l j  volume . r e f i l l e d  t o  top  
(2nd t ime)  (Fig.  B-14) 

P re s su re  and flow p e r t u r b a t i o n  in broken loop 
caused by steam c o l l a p s e  i n  pump (V9) 

Pres su re  and flow p e r t u r b a t i o n s  i n  both 
loops  (Figs. B-8 ,and 15) 



TABLE B-IV (contd .) 

Time (Sec) 

900 

Event 

End of problem run  

Mass of coolant  i n  core  ' ( ~ 3 )  was 77% of 
i n i t i a l  va lue  

. Residual  power was 2.2% 



The p r e s s u r e  increased  dur ing  t h e  per iods  from 1 t o  2 s e c  and 

from 8 t o  9.5 sec .  This  corresponded t o  changes i n  co re  h e a t  

t r a n s f e r  modes t o  n u c l e a t e  b o i l i n g  which.caused s p i k e s  i n  

steam gene ra t ion  r a t e s . .  The p re s su re  p l a t e a u  e x i s t i n g  from 

about  40 t o  1'20 s e c  r e f l e c t e d  t h e  ECC flows from t h e  ECC 

charg ing  and HPIS pumps which s t a r t e d  between 30 t o  40 s e c  

System I n j e c t i o n  S igna l  a t  8.4 s e c  p lus  start  de lay  t imes) .  

A s  can  b e  seen  from Figure  B-7, from 118 t o  280 s e c ,  t h e  

system depressur ized  due t o  h ighe r  volumetr ic  flow a t  t h e  

b reak ,  caused by t h e  two-phase s t a t e  of t h e  break  flow. The 

d i g i t a l  ou tpu t  d a t a  (not  included h e r e i n )  showed t h a t  t h e  

volumetr ic  flow r a t e  doubled wi th  two-phase flow a l t h u u g l ~  the 

m a s s  f low r a t e  (F igure  B-8) w a s  c u t  t o  l e s s  than  one-third of 

what i t  had been p r i o r  t o  118 sec .  

The s t a r t  of accumulator l i q u i d  i n j e c t i o n  i n t o  t h e  co ld  l e g  

p i p e s  a t  266 s e c  caused t h e  end of two-phase f1,nw a t  t h e  

break .  Also, t h e  mass of l i q u i d  i n j e c t e d  w a s  l a r g e  enough t o  

i n c r e a s e  t h e  r a t e  of d e p r e s s u r i z a t i o n  by condensing s i g n i t -  

i c a n t  volumes of steam (270 t o  320 sec )  a s  i nd ica t ed  by t h e  

(V10) average  water  temperature an4 q u a l i t y  near  t h e  break  

(F igures  B-9 and 1 1 ) .  

From 320 t o  380 s e c ,  t h e  accumulator f lows were adequate  t o  

cause  ano the r  p r e s s u r e  placeau. The .mass flow r a t e  a t  t h e  

b reak  w a s  h igh  (Figure B-8) due t o  t h e  temporari1.y lower 

l i q u i d  temperature (Figure B-9). 

The 200 p s i  threshhold f o r  LPIS flow was reached and t h e . f l o w  

s t a r t e d  j u s t  be fo re  t h e  accumulator flow ended. The LPIS flow 

w a s  a cons iderably  .smaller  flow b u t  b u i l t  up dur ing  t h e  per iod  

between 378 s e c  and 430 sec .  It was i n s u f f i c i e n t  t o - m a i n t a i n  . 

t h e  p r e s s u r e  p l a t e a u  beyond 380 s e c  o r  t o  keep t h e  cold l e g  

(V1.0) temperature depressed (F igures  B-7 and 9 ) .  



From4OO'to 700 ' s ec ,  t h e  system p res su re  decreased g radua l ly  

(Figure B-7). The s i g n i f i c a n t  break flow r a t e  (Figure B-8) 

p r i m a r i l y  r e f l e c t e d  t h e  d e n s i t y  of t h e  water  which was ind i -  

ca t ed  by t h e  r e l a t i v e l y  low t empera tu re . (F igu re  . B-9). . The 

. ' d i s tu rbances  a t  704 and 830 s e c  were due t o  steam i n  t h e  pumps 

c o l l a p s i n g  v i o l e n t l y .  These flow and p re s su re  d i s tu rbances  

a r e  assumed t o  r e s u l t  from t h e  cold water  being drawn i n t o  t h e  

pumps wi th  a t t e n d a n t  water  hammer and water  packing. Although 

water  packing has  been l a r g e l y  overcome i n  t h e  code, t h i s  was 

a n  example of its. now in f r equen t  occurrence;  

(3)  The steam which reached t h e  break a f t e r  118 s e c  came from t h e  

upper plenum (V4) vent ing .  The low e l e v a t i o n  f o r  t he .b roken  

loop pump s u c t i o n  (J8) .  uncovered a t '  92 s e c  (Figure B-10). 

The steam reached t h e  break  a t  118 s e c  due t o  flow t ime de lay  

(Figure B-11) t o  complete t h e  ven t  pa th .  A s  t h e  steam ven t  

- pa th  was be ing  completed, t h e r e  w a s  a flow around t h e  broken 

loop a s  shown by t h e  flow (56) from t h e  upper plenum t o  t h e  

co ld  l e g  a t  104 s e c  (Figure B-12). This  flow su rge  caused 

t h e  mixture l e v e l  i n  t h e  r e a c t o r  v e s s e l  t o  cont inue  downward 

from t h e  upper plenum (Figure B-13) t o  a p a r t i a l l y  uncovered 

c o r e .  l o c a t i o n  (Figure' B-6). 

(4) The mixture  l e v e l  i n  t h e  downcomer dropped twice dur ing  t h e  

blowdown (Figure B-14). The f i r s t  drop reached t h e  l e v e l  of 

t h e  co ld  l e g  nozzles .  Both drops i n  t h e  downcomer mixture 

l e v e l  were caused by flow r e v e r s a l s  and/or  n e g l i g i b l e  flow i n  

t h e  co ld  l e g  of t h e  i n t a c t  loop (Figure B-15). 

4. CONCLUSIONS 

The,problem r a n  reasonably smooth ou t  t o  700 s e c  where water  

packing temporar i ly  increased  t h e  number of t ime s t e p s .  A second water  - 



pack ing . inc iden t  increased  t h e  requi red  number of t i m e . s t e p s  between 820 
. ~- 

and 900 sec .  Although water  packing has  been l a r g e l y  over'doniG"in'the 

code,  t h i s  was an  example of i t s  now in f r equen t  occurrence. 

T o t a l  CPU t ime was about  50 min.on a  Control  Data Corporat ion (CDC) 

7600, which met t h e  acceptance c r i t e r i a  o u t l i n e d  i n  Volume 111, Sect ion  7.2 

Although t h e  co re  r e f i l l e d  t o  only 77% of i t s  i n i t i a l  mass o f .  

coo lan t  due t o  cont inued b o i l i n g ,  t h e  co re  mixture l e v e l  remained 

e s s e n t i a l l y  covered except  f o r  a - s h o r t  per iod  a t  120 sec .  The two very  

s h o r t  drops i n  mixture  l e v e l  beyond 800 s e c  ( see  F igure  B-6) a r e  d is -  

counted a s  p a r t  of t h e  water  packing p e r t u r b a t i o n s .  S ince  o t h e r  para- 

metem had stabilized by 900 s e c ,  l i t t l e  b e n e f i t  was seen  i n  cont inuing  

t h e  caZcula t ion  beyond t h a t  time. , 

5. OUTPUT' D.ATA 

The ou tpu t  d a t a  t-races f o r  t h e  Westinghouse P l a n t  6% cold l e g  break a r e  

i n d u d e d  withz'n t h i s ,  s e c t i o n  a s  F igures  B-5 through B-15. 



250.  

0 .  100. 200 .  30.0 . 900. 500 .  600 .  700 .  BOO. 900 .  

T R A N S I E N T  T I M E :  SECONDS 

Fig. B-5 Core cladding surface temperature, top heat slab (1.5 ft) - 
Westinghouse Plant (6% break). 

. . - - . - -- 

10.0  

0 .  100. 200. 300. '400. 500 .  600 .  700. BOO. 900 

T R A N S I E N T  T I M E :  SECONDS 

Fig. B-6 Core mixture level - Westinghouse Plant (6% cold leg break). 



0 .  

0 .  100. 200.  300 .  '400. 500 .  600 .  700.  BOO. 900 

T R A N S I E N T  T I M E :  SECONDS 

F'fg. B-TUpper plenum p re s su re  - Westinghouse P l a n t  ( 6 %  co ld  l e g  break) .  

T R A N S I E N I  T I M E :  SECONDS 

Fig. B-8 Break flow - Westinghouse P l a n t  ( 6 %  co ld  l e g  break) .  



200. 

0 .  100. 200 .  300. 400 .  500 .  6 0 0 .  700 .  BOO. 900 .  

.TRANSIENT TIME: SECONDS 
Fig.  B-9 Temperature, broken loop cold l e g  (break donor .volume) - 
Westinghouse Plant (6% cold  l e g  break). 

"." 
0 .  100. 200 .  300. COO. 500 .  6 0 0 .  700 .  800 900 

TRANSIENT TIME: SECONDS 

Fig. B-10 Quality a t  broken loop pump suct ion  (low e levat ion)  - 
Westinghouse Plant (6% cold  l e g  break). 



0:. 100. 200 .  300. YOO. SO0 . 600.  700 .  800 .  900 

TRANSIENT TIME: SECONDS 

~ i ~ .  B-11 Qu i i l i t y ,  broken loop co ld  l e g  (break donor volume) - Westinghouse 
F lanf  (6% co ld  l e g  break) .  

eooo. 

-1000.  

0 .  100. 200 .  300. YOO. 500 .  600. 700 .  800. 900. 

TRANSIENT TIME: SECONDS 

Fig. B-12 Flow, v e s s e l  t o  broken loop h o t  l e g  - Westinghouse P l a n t  
(6% c o l d  l e g  break) .  



sno. 0 .  100. 200. 300. '400. 500. 700. 800. 900 . '  

T R A N S I E N T  T I M E :  SECONDS 

Fig. B-13 Upper plenum mixture l e v e l  - Westinghouse Plant ( 6 %  cold  
l e g  break). 

T R A N S I E N T  T I M E :  SECONDS 

Fig.  B-14 Downcomer mixture l e v e l  - Westinghouse Plant  ( 6 %  cold  l e g  break). 



-20000. 

0 .  100. . 200. 300. COO. 500. 600 .  700. 800. 900. 

T R A N S I E N T  T I M E :  S E C O N D S '  
< 

Fig.  B-15 Flow, i n t a c t  loop  c o l d  l e g  t o  vessel - Westinghouse P l a n t  
( 6 %  c o l d  l o g  b r e a k ) .  



6. INPUT LISTING 

An input l i s t i n g  f o r  t h i s  run i s  given i n  Table B-V, which follows. 



TABLE B-V 

INPUT LISTING 

=TROJAN 4 LOOP 6 PERCENT COLD LEG BREAK (LOW SCRAM* 10% HIGH ACCUMUL FEED) 
*********THIS I S  CHECK OUT CASE FOR RELAP4/MOD5(1). 
* * * * IT  CHECKS OUT CODE FEATURES FOR A CASE SIMILAR TO THE PHYSICAL 
****TROJAN CASE FOR ON-SI TE POWER LOSS SIMULTANEOUS W ITH A 6 %  
****COMMUNICATING COLD-LEG BREAK. REPLACEMENT CARDS NEEDED TO BETTER 
****REPRESENT THE PHYSICAL CASE FOLLOW FOR RECORD ONLY AND ARE NOT USED 
****BECAUSE: (1)THEY ARE PLACED AHEAD OF THE CHECK OUT CARDS AND 
****(2)THE FIRST COLUMN DIGIT HAS BEEN REPLACED BY A COMMENT CARD FLAG(*). 
*********EXCEPT A S  NOTEDI THE "*a REPLACES A "Om I N  THE FOLLOWING DISABLED CARDS 
*40080 8 -5 17 0 1 - 0 1  0 *CLOSE ACCUMLI 1-FT XTRA WATER LEFT-8L1V17 
*40090 9 -5 1 8  0 1.01 0 *CLOSE ACCUHLV 1-FT XTRA WATER LEFT-OL* V18 
*50061 4 0 2226. 3 1 597.600 -1. 537.8 39.867 39.867 
*50071 4 0 2213.34 564.821 -1. 537.8 39.867 39.867 
*SO081 4 0  2207. 552.2 -1- 84. 16.924 16.924 
*SO121 4 0 2226.31 597.600 -1. 16 13.4 39.867 39.867 
*50131 4 0 2213.34 564.821 -1. 1613.4 39.867 39.867 
+50141 4 0 22 07 552.2 -1. 252. 16.924 16.924 
*50172 0 88.808 10.4 0.146 0 *BOTTOM 1 - F T  EXTRA/UNUSED 
*SO182 0 266.424 10 -4  0-146 0 *BOTTOM 1-FT E XTRA/UNUSEO 
*50201 2 0 14.7 100- 0.6 1980000. 250. 0. *BR 
*a0042 1 -1 0 3 0 0 0 0 1. 0 *VJ+VS 
*80052 1 -1 3 3 0 0 0 7 0  0 +VJ-PT 
*80OcL 1 - 1  2 3 0 0 0 3 0  0 *VJ+ET 
*80082 1 -1 0 3 0 0 0 0 0  0 *VJ 
*80102 1 - 1  0 3 0 0 0 0 0  0 *VJ 
*80112 1 - 1  3 3 0 0 0 2 0  0 *VJ+ET 
*80122 1 -I 2 3 0 0 0 3 0  0 *VJ+ET 
*a0142 1 -1 0 3 0 0 0 0 0  0 *VJ 
*80162 1 -1 0 3 0 0 0 0 0  0 * V J  
*80222 1 -1 0 3 0 0 0 0 10 0 *VJ+VS 
*********THE a*" REPLACES A -1" I N  THE FOLLOUING 4 CARDS* 
*41001 -14 11 0.0 0.0 0.78 -0.0889 1.0 -0.1778 1.22 -0.3201 
* * l o 0 2  1.44 -0.5334 1.62 -0.8890 1-03 -1.5824 1.96 -2.2047 
*41003 2.02 -3.2715 2.15 -5.0673 2.25 -7.8232 2.37 -8.5080 
*41004 2.60 -8.8900 1000- -8.8900 
*********END OF 0 1  SABLE0 CARD SET. 
* PROBLEM DIMENSION DATA * CARD 010001 W1 TAPE CONTROL: -2 STORE RESTART & PLOT. 
010001  -2  9 5 11 22  4 0 34 2 5 1 6 33  14 7 8 0 0 
* PROBLEM CONSTANTS DATA 
01nnn2 3 4 ~ 0 . ~ 8  1.0 
* EDIT V I H 1 4 8 L t  DATA 
020000 A P Q 4  JW 20 M L 4  l r l L 3  ML 6 M L 7  HL 8 ML 1 2  HL 13 
030003 50 ***CALLS W A T E R  PACKING PRINTOUT. CHOKE SMOOTH BY DEFAULT. 
030004 50  90. *ML/JUNCT CROSS-FROM-ABOVE SMOOTHING. EDITS* START TIME. * TIME STEP DATA 
030010 2 25 5 0 0.002 0.00005 0.5 3200.***CPU TIME L IMIT  
030020 1 5 2 0 0.1 0-0005 2. *SAME TIME STEPS, MORE EOlTS 
030030 2 10 2 0 0.1 0.0005 I n .  *SAME TIME 5TEI'qr MORF E D I T S  
030040 10 10 2 O 0.125 0.001 400. 
030050 1 0  10 2 0 0.05 0.0005 1200. 
* TRIP CONTROL DATA 
040010 1 1 0 0 900. 0 *END OF PROBLEM, SEC 
040020 2 1 0 0 .010002 0 *BREAK/LINE C ST GEN RELI EF VALVE AVARLE. 
040030 3 4 20 0 18.7 24.25 *ECc DELAY (SEC) - CHARGING PUMP TRP-V?O 
040040 4 4 20 0 19.7 28.75 +TCC OCLAV { S E C J  - h P 1 S  I S I )  TRP-V2b 
040050 5 4 20 0 18.7 37.75 *ECC DELAY LSEC) - LPIS (RHRI TRP-V2O 
040060 6 4 20 0 18.7 1. *ST. GEN- SECONDARY VALVE CLOSE TRP-V2O 
040070 7 1 0 0 0 0 *ST GEN SEC & RELIEF VALVES AVAILABLE 
040080 8 -5 17 0 0.01 0 *CLOSE ACCUML, 10% XTRA YATER FED-8L1Vl7 
040090 9 -5 18 0 0.01 0 *CLOSE ACCUML, 10% XTRA WATER FED-OLrV18 
040100 1 0  1 0 0 1200. 0 *PRESSURIZER SHUT-OFFtXTRA-NOT NORNAL USCDI 
040110 11 4 20 0 18.7 0. * PUMPS SHUT-OFF AND SCRAM 
* VOLUME DATA 
050011  4 0 2276-3 552.5 -1. 902.5 27.291 27.291 
050012 0 33.42 1.623 -21-375 0 
050021 4 0  2278 -8 552.5 - 1. 1046. 10.333 10.333*NC 



TABLE B-V (contd.  ). 
- .- .. 

050022 0 101.23 0.5 -27..625 3 
- . - -  

050031 4 0 2264 1 5860.399 -1. 
050032 0 53.64 0.061 -17.292 
050041 4 0 2249 02 616. 8 -1. 
050042 0 100. 1.406 -5.292 

,050051 0 0 2244.0 616.8 -1 0 

050052 0 4.587 . 2.417 -1.208 
050061 1 0 .2226.31 597.600 -1 0 

050062 0 . 10.679 0.094 1.6 
050071 1 0 2213.34 564. 82 1 -1  
050072 0 10.679. 0.094 1.6 
050081 1 0 2207. 552.2 -1. 
050082 0 5.242. 2.583 -11.604 
050091 0 0 2244.5 -552. 5 -1 0 

050092 . O  5.242 6.027 -11.604 
050101 0 0 2284.7 552.5 -1 • 
050102 0 4. 1 2 1  ' 2.292 -1.146 
050111 . 0 0 2244 .O 616. 8 -1. 
050112 0 13.761 '2.417 -1 -208 
050121 1 0 2226.31. 597.600 -1. 

,050122 0 '  . 32.037 0.094 1.6 
050131 1 0 2213 -34  564.821 -1. 
050132 0 32.037 0.094 1.6 
050141 1 0 2207. 552e.2 -1. 
0501'42 , 0 15.726 2.583 -11.604 
050151 0 0 '  2244.5 552.5 - 1 . 
050152 0 15.726 . 6.027 -11.604 
050161 ' 0 0 2284.7 552.5 -1. 
050162 0 12.375 2.292 .-la 146 
050171 2 0 609.92 12 5. 0. 
050172 0 88. 808 10.4 1-1\46 
050181 , 2 0 609- 92 125- 0.0 
,050182 ' 0  266.424 10.4 1.146 
05'0191 1 0 0- 652.05838 0.00023 
050192 0 38.5 7. 0.078 
050201 0 0 14.7 100. 0.6 
05 0202 0 1000. 100. -50. 
050211 3 0 0. 516.6 0.006 
050212 0 .  30. 0.1 6.8 
050221 3 0 0. 516.6 0,006 
050222 0 10. 0.1 6.8 * 
* ' BUBBLE DATA 
06001 1 0.8 3.0 
060021 0. 1.E6 
060031 0.8 40 
060041 -' 0 . .  . 3.0 
z JUNCTION DATA 
080011 1. 2 . 0 0 36791.67 33.42 -21.175 
0800L2 0 -1 2 3 0 0 0 0 1. 
080021 2 3 0 0 36791.61 31.805 -17.292 
080022 0 - 1  3 3 0 ' 0 0 2 1. 
080031 3 4 0 . 0 36791.67. 50.9 -5.292 
080032 0 -1  3 . 3  0 0 0 1 1. 
080041 4 5 0 0 9215.28. 4.587 0. 

- 080042 1 - 1  0 3 0 0 0 0 0  
080051 5 6 0 0 9215.28 4.587 2.9 
080052 0 -1 3 3 0 0 0 2 0  
,080061 6 7 0 0 9215.28 10.679 4x0467 
080062 0 -1 2 3 0 0 0 3 0- 
080071 7 8 . 0 0 9215.28 5.242 2.9 
080072 1 - 1  3 3 0 0 0 1 1 .  
OR0081 8 9 - 1  0 9215.28 2.621 - -10.312 
080082 0 -1 0 3 0 . O  0 0 0  
080091 9 L O  1 0 9215.28 2.621 .Ow 
080092 0 -1 0 3 0 0 0 0 0  

16.924 16.924 
*.I ANBLO-ST/ GEN 

12.75 12.75*NC ' 

*NC ,, 
2.292 2.292 . 



TABLE B-V (contd.) 

080101 10 1 0 0 9215.28 4.125 0. 2.901 6 0.7684 0.3945 
080102 0 -1 0 3 0 0 0 0 0  0 
080111 1 1 1 2 ' 0  0 27645.84 13.761 2.9 0 0 0 
080112 0 -1 3 3 0 0 0 2 0  0 *ET 
080121 12 13 0 0 27645.84 32.037 41.467 0 0.09 0.09 
080122 0 -1 2 3 0 0 0 3 0  0 *ET 
080131 13 14 0 0 27645-84 15.726 2.9 0 0 0 
080132 1 -1 3 3 0 0 0 1 1. 0 *VJ+ET+VS 
080141, 14 15 -2 0 27645.84 7.863 -10.312 1.081 0.03954 0.03954 
080142 0 - 1  0 3 0 0 0 0 0  0 
080151 15 16  2 0 27645.84 7.863 0. 1 -027 01 0 0.U 
080152 n -1 o 3 o o o 0 0  o 
080161 16 1 0 0 27645.84 12.375 0. 0.9672 0.7684 0.3945 
080162 0 -1 0 3 0 0 0 0 0  0 
080171 17 10 0 2 0. 0.418 1.146 336.45 9 . 0 -  9.095tEX 
080172 0 -1 0 3 0 0 0 0 0  0 
080181 18 16 0  3 0 . 1.253 1.146 112.15 9.0 9.095firFX 

080102 0 - 1  0 3 0 0 0 0 0  0 
U80191 19 11  0 , 5 0. 0.7213 0.078 89.64 2.9 - 3.03 
080192 0 -1 0 3 0 0 0 0 0  0 
080201 20 10 0 1 0. 0.2 5 0. 694. 1.0 0.45 
080202 0 5  0 0 0 0 11 0 0 0 
080211 4 1 0 0 -69.44 0.02612 5.916 15- 1.45 1.45 
080212 0 -1 0 3 0 0 0 0 0  0 
080221 4 11 0 0 27645.83 13.761 0. 1.2727 0.429 0-9 10 
080222 1 - 1 0 3  0 0 0 0 0  0 *VJ 
080231 0 2 1  6 0 0 * 0.75 6808 0 0 0 
080232 0 -1 3 -2 0 0 0 0 0  0 
080241 0 22 6 0 0.  0.25 68.8 0 0 0 
080242 0 -1 3 -2 0 0 0 0 0  0  
080251 0 2 1  5 4 3161.67 0.75 6.9 0 0 0 
080252 0 -1 3 3 0 0 0 0 0  0 
080261 0 21 4 4 -3161.67 0.75 68.8 0 0 0 
080262 0 -1 3 -2 0 0 0 0 0  0 
080271 0 22 5 4 1053.89 0.25 6.9 0 0 0  
080272 0 -1 3 3 0 0 0 0 0  0 
080281 0 22 4 4 -1853.89 0.25 48.8 0 0 0  
980282 0 - 1  7 -2 0 0 0 0 6  0 
080291 0 16 1 0 0. 1.5 0.078 0 0 0 
080292 0 -1 3 3 0 0 0 0 0  0 
080301 0 16 2 0 0. 1.5 1.146 0 0 0 
080302 0 -1 3 3 0 0 0 0 0  0 
080311 0 1 6  3 0 0. 1.5 1.146 0 0 0 
080 j12  0 - 1  3 3 0 0 0 0 0  0 
080321 0 10 1 0  0. 0.5 0,078 0 0 0 
080322 0 -1 3 3 0 0 0 0 0  0 
080331 0 10 2 0 0. 0.5 1.146 0 0 0 
080332 0 -1 3 3 0 0 0 0 0  0 

'080341 0 L O  3 0 0 . 0.5 1.246 0 0 0 
080342 0 -1 3 3 0 0 0 0 0  0 
******ALL ECC PUMPS OPFRATING, 3 PAlRF @46h, 1.5 t 0.5 IOL t EL)  
I 

082000 1 *STAGNATION PROPERTIES .GT. 0.3-MACH 2PH t ALL SU8COOLED 
082003 1. 0.9 0.9 0.01 *HENRY-FAUSKE--HEM* JCHOKE=Sr ICHOKE=ANY 
* PunP CURVE INPUT INDICATOR DATA 
100000 0 0 0 0 
* PUMP DESCRIPTION DATA* WEST INGHOUSE PUMP S E T  - INTERNAL DATA 
090011 2 11 0 1 0 11850 1. 88500. 277. 31900 82000. 
090012 46.67 0 0 0  
090021 2 1 1 0 1 0  1185. 1. 265500. 277. 95700. 246000,- 
090022 46.67 0 0 0  



TABLE B-V (contd.)  
-- 

* P U ~ P  HEAD MULTIPLIER D A T A  M3(A) 
091001 11 0- 0. 0 1  0. 915 005 -24 08 3 996 04 998 -6 997 
09 1002 - 8  - 9  - 9  .8 096  95 1.0 0. 
* PUMP TORQUE MULTIPLIER DATA* 
* PUMP TORQUE MULTIPLIER DATA*******N(A) 
*****PUMP TORQUE MULTIPLIER DATA---DUMMY INPUT. USED A S  ALL Z E R O e S  UNLESS 

* A TORQUE-DIFFERENCE HOMOLOGOUS CURVE I S  ALSO INPUT. 
* 1.E. NO TWO-PHASE TORQUE DEGRADATION THIS CASE DESPITE N(A1 INPUT. 
092001 7 0.0. . l o . .  915 .05 924.56 o80.56 o96.45 1.0. * PUMP STOP DATA 
095011 0. 0. 0. . . 
095021 0. 0. 0. 
* VALVE DATA CARDS ' \ .  
110010 -2 0 0 0 0 0 0 *BREAK/CONTAI NMENT 
110020 28 0 0 1.E-8 4. 0 0 *ACCUMLATOR CHECK VALVES* TYPE 22-BLtVl7 
110030 29 0 0 1.E-8 4. 0 0 *ACCUMLATOR CHECK VALVES t TYPE 22-OLt V l8  
110040 . 6 1 0 0 '  0 0 0 *ST GEN SEC FLOW VALVES 
110050 10 0 . 0  0 0 0 0 *PRESSURIZER VALVE. (NORMALLY .OPEN & UNUSED) * LEAK, TABLE DATA (ST GEN SEC VALVES CLOSE RAMP ONLY) ' 

120101' 3 6 0 0. 1.0 1.0 0. 1000. 0. *ST GEN SEC VALVES CLOSE RAMP * FILL TABLE DATA. 
130100 3 2 8 ' 4  GAL/MIN 2000. 100.. *CHRG 
130101 0. 5 50. 1075- 409.5 
130102 1694. 318.5 2230. 220.5 24700 113.75 
130103 25'27. 45.5 -2575. 0. 3000. 0. *CHRGE 
130200 4 i? 8 4 GAL/MIN 1200. LOO. * S I  (HPIS) 
130201 0. 650. 613. 500. 
130202 9390 ,. 400. . 1137. 320. 1292. 240. 
130203 1377. 160. 1495. 0. 3000. 0. * S I  
130300 .5 2 8 4 GAL/HIN 180. 100. *RHR (LPIS)  
130301 0 • 4500. 73.5 3600. 
130302 \ 123.5 2700. 158.1 18000 171.1 1350. 
130303 182.3 900. 2000 0 • 3000. 0. *RHR * SECONDARY SIDE STEAM FLOW---STEADY STATE F ILL(+  LEAK CLOSE RAMP) . 
130400 7 1 2 4 LBS/SEC 1000. 440.. *P t T DUMMY .FOR NEGATIVE FILL. 
130401 0 -421 5. 56 1000. -42 15.56 
130500 7 1 2 4 LBS/SEC 1000. 440. 
130501 0. 4215.56 1000. 4215. 56 
130600 2 2 4 3 LBS/SEC .533.3 1.0 *ST/GEN R V  (PLX DUH FOR NEG F1L 
130601 0. 0 • 1114.7 0. ' 

130602 1164.7 -120.5 1414.7 -146.3 
KINETICSCONSTANTS D A T A  

-140000 3 0 .  300. 0.0 .'8 0 0 0 * L A S T ~ ' A D D E D T V S  * REACTIVITY COEFFIC IENT D A T A  
140010 0.0735 ' 0.0735 .O 0 -  . , 

140020 0.1515 0.1515 0 0. 
140030 0.1919 0.1919 0 0. 
140040 0.1953 0.1953 ' 0 - 0 • 
140050 0.1688 0.1688 3 0 .  0. 
140060 0.1219 0.1219 0 0 .  
140070 0. 0682 0.0682 0 .O. x 

~ 4 0 0 8 0  0 .02~9 0.0289 o 0. 
t SCRAM TABLE DATA . 
141001 -14 11  0.0 '0 .0 0.78 -0.0826 1.0 -0.1652 1.22 -0.2974 
141002 . 1.44 -0..4956 1.62 -0.8260 1.83 -1.4703 1.96 -2.0485 
141003 20.02 -3.0397 2.15 -4.7082 2.25 -7.2688 2.37 -7.9048 
141004 2.60 -8.2600 1000. -8.2600 
@ DENSITY REACTIVITY TABLE DATA 
142001 -13 0. -52722 -0729 -42.68 ,146 -34.3 -292 -20.97 0437 -11.66 
142002 -583 -5.41 a729 -1.80 -875 -028  1. 0. 1.02 0. 1.166 - .28 
142003 1.312 -055 1.458 -0 14 
t DOPPLER TABLE DATA 
i43000 -4 '70. 1.72 500. 1-07 30000 -2.68 
L43001 10000. -13.18 



TABLE B-V (contd .) 

* HEAT SLAB DATA 
* ' CORE HEAT SLABS 
150011 0 3 1 0 2 0 0 0 6525. 57.375 0 -044529 0 0 0 0 0 1.5 
150021 0 .3 - 1 1 '2 0 0 0 6525. 57.375 0 -044529 0 0 0 0 1.5 3.0 
150031 0 3 1 1 2 0 0 0 6525. 57.375 0 -044529 0 0 0 0-  3.0 4.5 
150041 0 ' 3 1 1 2 0 0 0 6525. 57.375 0 -044529 0 0 0 0 4.5 6.0 
150051 0 3 1 1 2 0 0 0 6525. 57.375 0 -044529 0 0 0 0 6.0 7.5 
150061 0 3 1 1 2 0 0 0 6525. 57.375 0 -044529 0 0 0 0 7.5 9.0 
150071 0 3 1 1 .  2 0 0 0 6525. 57.375 0 -044529 .O 0 0 0 9.0 10.5 
150081 0 3 1 1 2 0 0 0 6525. 57.375 0 -044529 0 - 0  0 0 10.5 0 * STEAM, GENERATOR TUBE SLABS BL/OL 
150091 6 22 2 0 3 0 0 20746- 23422. 92.04 -06455 0 0 0 34.667 2. 0 34.66 
150101 7 22 2 0 3 0 0 20746- 23422. 92.04 -06455 0 0 0 34.667 2. 0 34.66 
150111 12 2 1  2 0 3 0 0 62238. 70266. 276.1 ;06455 0 .  0 0 34.667 2. 0 34.66 
1501.21 13 2 1  2 0 3 0 0 62238. 70266. 276.1 .06455 0 0 0 34.667 2. 0 34.66 
* REACTOR VESSEL HEAT SLABS 
150131 2 1 3 0 3 0 0 157.6 162.4 30. O O 0 0 4.1 4.1 0 4.08 *LP/DC 
150,141 1 1 4 0 3 0 0 465. 508. 467- 01  O 0 0 120 12. 4.1 16.08*CR/DC 
150151 4 1 3 0 3 0 0 432-8  ++be 82.4 0 0 n 0 11.21 11 -21  16.1 0 +UP/DC . 
1.5filhl Z 0 7 0 1 0 0 288. 0s 137r 0 0 0 0 6.25 O U b.Z5gLP/VS 
150171 1 0 6 0 0 0 0 1232. 0. 936. 0 0 0 0 27.29 0 0 0 *DC/VS 
1.50181, 4 0 5 0 1 0 0 295. 0. 170. 1.5 0 0 0 6.8' 0 11.208 0 *UH/VS 
-1501-9.1 0 k 8 0 2 0 0 0. 4439- 219.8 0 0 0 0 ,O 11.21 0 11,21*IN-U 
.* ' LOOP HEAT SLABS 
150.201 5 0 9:O 0 0 0 129. 0. 29.2 0 0  0 0  0 0 '  0 0 *HL-BL 
150211  11 0 9 0 0 0 0 387. 0. 87.6 0 0  0 0  0 0  0 0 *HL-OL 
:150221 6 ,O 10 0 1 0 0 103. 0. 37.6 0 0 0 0 0 0 0 5.2 *QGPI-BL 
150231,  7 0 10 0 1 0 0 103. 0. 37.6 0 0 0 0 0 0 0 5.2 *QGPO-BL 
1.5024.1 12  0 1 C  0 1 0 0 206. 0. 112.8 0 0 0 0 0 0 0 5.2 *QGPI-OL 
15.0?51 13  0 10 0 1 0 0 206.. 0. 112.8 0 0  0 0  0 0  0 5.2 *QGPO-OL 
15.0261 8 0 11 0 1 0. 0 129.8 0. 3 1  0 0 0 0 0 0 0 ',0 *PIPE-BL ' 

150271 1 4  0 11 0 1 0 0 389.4 0. 9 3 - 3  0 0 0 0 0 0 0 0 *PIPE-OL 
150281 9 0 11 0 0 0 0 64.9 0. ' 15.55'2- 583 0 0 0 0 0 0 5.79*PI PE-BL 
,150291 1 5  0 11 0 0 0 0 194.7 0. 46.65 2.583 0 0 '0 0,O 0 5.7.9*PIPE-OL 
P50.301 10 0 12 0 0 0 0 151.2 0. 32.5 0 0 0 0 0 0 0 0 *CL* P-BL 
150311 16  0 12 0 0 0 0 453.6 0. 97.5 0 0 0 0 0 0 0 0 *CLrP'-OL 
1503,Zl 1 9  .O 1 3  0 1 0 0 1122. 0 .  796. 0 0  0 0  0 0  0 0 *QPRESIZR 
.1503?1 o 2 14  o 2. o o o 252. 126. o o n n -  o 0 6.25 7.71 , *CS-.LP 
* CORE SECTtON .OAT.A , . 
,16.0010 1 1 8 16  .002025 -0735 
160020 2 1 8 16 002025 -1515 
160030 3 1 8 16 .002025 91919 
160040 4 1 8 16 .002025 . I953 
160050 5 1 8 16 .002025 .1688 
l f i0060 6 1 8 16  '.002025 .1219 
160070 7 1 8 16 t o o ? o Z S  -0682 
~ l B ~ U . 8 0  8 1 8 16 . O U Z O 2 5  .0289 
*AXIAL POWER REF: FSAR FIG 4-3-14 CURVE 81 AMMEND 131 M A Y  74 * HEAT SLAB GEUMliTRY DATA 
* CORE GEOMETRY 
170101 2 3 1 6 0 0.01.5166 1. *FUEL *NC 
170 102 1 2 2  0.0003925 0 *GAP *NC 
1701 03 rl 3 R  0.002025 0 *Gb A D  9N C 
.OI STEAM GENERATOR TUBE GEOMETRY 
170201 2 1 7 6 0.032292 0.0041667 0 *ST .  GEN. TUBES 
* VESSEL HEAT SLAR GEOMETRY 
170301 2 1 5 9 6.167 0.1875 0 *CB AT UP 304 NC 
170401 2 1 5 13' 6.167 0.2R17 0 *CB AT NEUT. SHIELD PAD 304 

. 170501 2 2 4 4 6.985 0.013021 0 * V E S  AT UH AU S 
170502 o 6 9  O.S+IS u .* MILD 

, 170601 2 2 4 4 7.20834 0.013021 0 *VES AT UA + DC AUS NC 
170602 0 6 10 0.700.334 0 * M I  LO 
170701 2 2 4 4 7.20834 0..013021 0 *VES AT LP AUS NC 
17 0702 0 6 8  0.44791 0 * . MlLD 

- .. 170801  1 1 5 6 0 0. 0377 0' *SUP ASSY+CYL UH/UP ASH-304 S S  
. - 



TABLE B-V (contd.)  

LOOP HEAT SLAB GEOMETRY 
170901 2' 2 4 5 - 1.208 0.04167 0 *HL PIPE AUS' NC 
170902 0 4 5  0.1667 0 * AUS NC 
171001 2 2 4 4 3.15 0.013021 0 *ST. GEN. PLENUMS 4US S S  
17 1002 0 6 6  0.33334 0 * EST. ONLY MILD 
171101 2 2 4 5 1.292 0.04167 . 0 *PIPE GEN/PUMP AUS NC 
171102 0 4 5  0.1792 . 0 * AUS NC 
171201 2 2 4 5 1.146 0.04167 0 *COLD LEG PIPE AUS NC 
171202 0 4 5  0.1562 0 * AUS NC 
171301 2 2 5 4 3.5 0.013021 0 *PRESSURIZER 304 S S  

- 171302 0 6 6  0.3333 0 t EST. ONLY MILD' 
171401 1 2 5 8 0 0..083'33 0 *CORE SUPP t LO PLATE/LP304 S S  
171402 . 0 5 12 0.41667 . 0 *SAME . . 

304 S S  * THERMAL CONDUCTIVITY DATA . 
180100 .-20 500. 3.341 650. 2.971 800. 2.677 950. 2.439 . 1100. 2.242 
180101 1250. 2.078 1400. 1.940 1550. 1.823 1700. 1.724 1850. 1.639 
180102 20000 1,568 2150. 1.507 2300. 1.457, 2450.. 1.415 2600. 1.382 ' 

180103 3100. 1.323 3600. 1.33.3 4100; 1.406 4600. 1.538 5100. 1..730 
180200 2- 32. .41562 ' 5400. .4 1562 
180300 -11 392. 6.936 752. 8.092 1112. 9.827 1472. 10.983 1832. 12.717 
180301 2192. 14.451 2552. 17,341 2912. 20.809 3272. 25.433 3632. 31.792 ' 

180302 3992. 39.306 
180401 -2 200. 8.3 1000. 11.8 
180501 -2  200. 9 - 5 2  1000. 13.12 
180601 -5 32. 30. 212. 29.5 392. 28.3 572. 26.6 572. 24.7 
180601 -5 32. 30. 212. 29.5 392. 28.3 572. 26.6 6720 24.7 * HIGH TEMP'CONDUCTIVITY OF NATL NO. 6 

180701 - 4  100. 8.5 3'00. 9-58 600. 11.15 * 1100. 13-65 ' 

180701 -9 70. 5.426 200. 5.621 400. 5.988 600. .6,327 800'. 6.641 - 
180702 1000. 6.957 1200. 7.268 1400. 7.558 1600. 7.825 . 
* V O L U M E T R I C H E A T C A P A C I T Y D A T A  . 
190100 ' 16 32. 34.45 122. 38 -35  . . . 212. 4'0.95 
190101 392. 43.55 752. .46.8 2012- 51.35 , 

190102 2732. 52.65 3092. 56.55 3452. 63.05 
190103 3812. 72.8 4352. -89.7 4532. 94.2'5 
190104 4712. 98-15 4892. 100.1 5144. 101.4 
190105 8000. 101.4 
190200 2 32. .000075 5400. .000075 
190300 5 0;O 28.392 . 
190301 1480.3 34.476 1675.0 85.176 
190302 1787.5 34.476 3500.0 34.476 
190401 -9 200. 57.114 300. 59.1'18 400. 61.122 ,500. 63.126 600. 64.629 
190402 700. 66.13 8000 67.134 1000. 69.138 20000 80.16 
190501 -9 200. 57.114 300. 59.118 400. .6 l . l22 500. 63.126 6.00. 64.629 

' ' 

lYUSUL 7000 660 13 800. 67.134 1000. 69. 130 20001 00.16 ' 

190601 -5 167. 60.83 437. 62.3 5270 65.25 617. 67.21 707. 70.15 
19070.1 - 4  100. 57.18 400. 61.14 600- 63.77 800. 66.41 
* LINEAR EXPPNSION COEFFICIENT DATA 
200101 -2 0. 3.718E-6 5000.. 1.2653E-5 
200201 -2  0. 0. 5000. 0. 
200301 -4 0. 3.094E-6' 165.2. 4.706E-6 1653, - 5.389E-6 5000. 5.389E-6 ' ' 

200401 -2 0 0 5000. 0 
200501 -2 0 0 5000. 0 
200601 -2  0 0 5000. 0 

. , 

200701 -2  0 0 5000. 0 
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APPENDIX C 

1. INTRODUCTION 

This  RELAP~/MOD~ c a l c u l a t i o n  appl ied  t h e  Evaluat ion Model (EM) 

f e a t u r e  of t h e  code t o  an in te rmedia te  s i zed  (25% of c ros s  s e c t i o n )  cold 

l e g  break  of a  2560 MW pres su r i zed  wate; reactor. .  The Combustion 

Engineering.  (CE) , Calver t  C l i f f s  S t a t i o n  was used f o r  i l l u s t r a t i o n  
2 

purposes. The acc iden t  was pos tu l a t ed  t o  be a  1.00 f t  a r e a  b reak  

loca t ed  i n  t h e  co ld  i e g  pump d ischarge  l i n e .  A f u l l y  communicating 

break  was assumed, i . e . ,  t h e  f l ow.pa th  through t h e  broken p ipe  was 

considered t o  be unaf fec ted  by t h e  presence of t he  break.  The fol lowing 

s e c t i o n s  desc r ibe  t h e  p l a n t  model and code f e a t u r e s  used i n  t h i s  problem 

and provide a  commentary on t h e  s i g n i f i c a n t  f e a t u r e s  of t h e  t r a n s i e n t  

fo l lowing  t h e  break.  Some i n t e r p r e t a t i o n  of t h e  r e s u l t s  is  based on 

d i g i t a l  d a t a  and p l o t s  which were too  voluminous t o  be included i n  t h i s  

appendix. The model presented was used f o r  program checkout and should 

no t  be consid'ered- a  comprehensive s tudy  of t h e  LOCA response of t h e  

a c t u a l  p l a n t .  

2.  SYSTEM MODEL AND ASSUMPTIONS 

A diagram of t h e  volume and junc t ion  noda l i za t ion  used i n  the  

c a l c u l a t i o n  is shown i n  F igure  C-1 .  Table C - I  provides a  d e s c r i p t i o n  of 

the vnliimc nodes and f i l l  jullctions of Figure C-1. The vessel '  and steam 

genera tor  h e a t  s l a b  placement descr ibed  i n  Table C - I 1  i s  shown i n  
J 

Figure  C-2. A t o t a l  of 39 yolumes, 56 junc t ions ,  and 16  hea t  s l a b s  were, 

used. The r e a c t o r  co re  was, modeled a s  t h r e e  s tacked  h e a t  s l a b s  of equal  

he ight .  



Fig.  C-1  N o d a l i z a t i o n  f o r  25Z c o l d  l e g  break - Combustion Engineer ing  P l a n t .  

i 



TABLE C - I  

VOLUME AND F I L L  JUNCTION I D E N T I F I C A T I O N  FOR,PWR 25% COLD LEG BREAK - CE PWR PLANT 

Vo,lume No. ~ e s c r i ~ t i o n  J u n c t i o n  No. D e s c r i p t i o n  

1 Upper Annulus - ? . 43  Low P r e s s u r e  S a f e t y  I n j e c t i o n  
2 Steam Gene ra to r  (Secondary S i d e )  44 ,45  High P i e s s u r e  S a f e t y  I n j e c t i o n  
3 -  Downcomer 46 ,47  Steam Gene ra to r  Feed Water 
4 Containment 48,49 Steam O u t l e t .  

. ' 5  Lower Plenum 50 ,51  Steam R e l i e f  Valves  (Nega t ive  F i l l )  
6 ,798 Lower, F i d d l e ,  and Upper 113 of  Core 5 2 Low P r e s s u r e  S a f e t y  I n j e c t i o n  
9 Upper Plenum 5 3 High P r e s s u r e  S a f e t y  I n j e c t i o n  

1 0  Core B ~ F ~ S S  t h r u  Guide Tubes 54 Low P r e s s u r e  S a f e t y  i n j e c t i o n  
11 Upper Plenum Bypass t h r u  CEA Shrouds 5 5 High P r e s s u r e  S a f e t y  I n j e c t i o n  
1 2  Upper Head 5 6 Low P r e s s u r e  S a f e t y  I n j e c t i o n  
1 3  , Hot Leg 
14  Steam G m e r a t o r  I n l e t  Plenum 
15 ,16 ,17  Steam Gene ra to r  (Pr imary  S i d e )  
1 8  Steam Gene ra to r  O u t l e t  Plenum 
i 9  Pump. S u c t i o n  Leg t o  Minimum E l e v a t i o n  

S u c t i o n  Leg from Minimum E l e v a t i o n  20 
and Pump 

21 Cold Leg 
22 Steam Gene ra to r  (Secondary S i d e )  
23,24 Accumula tors  
25 Pump S u c t i o n  Leg t o  Minimum E l e v a t i o n  
26 S u c t i o n  Leg from Minimum E l e v a t i o n .  

and Pump 
2 7 Cold Leg 
2 8 P r e s s u r i z e r  Su rge  L i n e  
29 Hot Leg 
3 0 Steam G e l e r a t o r  I n l e t  Plenum 
31 ,32 ,33  Steam. Gexe ra to r  Tubes (Pr imary  S i d e )  
3 4 Steam Gexe ra to r  O u t l e f  Plenum 
35 Pump Suczion  Legs t o  Minimum E l e v a t i o n  

. 36  S u c t i o n  Legs fron! Minimum E l e v a t i o n  
and Pumps 

37 Cold Legs 
3 8 Accumularor 
3 9 P r e s ~ u r i s e r  



TABLE C - I 1  

HEAT SLAB IDENTIFICATION FOR 
INTERMEDIATE SIZED COLD LEG BREAK - CE PWR PLANT 

H e a t  S l a b  Adjacent  Volume [a1 

No. L e f t  R igh t  Heat S l a b  ~ d e n t i f i c a t i b n '  

Lower 113 Core 

Middle 113 Core 

Upper l j 3  t i q r i  

Steam Gen. Tubes ( I n l e t  113) 

Steam Geu. Tubes ( I l idd lc  113)  

Steam Gen. Tubes ( O u t l e t  113) 

Steam Gen. Tubes ( I n l e t  113) 

Steam Gen. Tubes (Middle 113) 

Steam Gen. Tubes ( O u t l e t  113) 

T.nwer plenum Head 

Upper Plenum Head 

Reac to r  V e s s e l  

Upper Annulus 

Lower Core Barrel 

Middle Core Barrel 

Upper Core B a r r e l  

[ a ]  For  c y l i n d r i c a l  geometry,  l e f t  i s  t h e  i n s i d e  and r i g h t  i s  t h e  uuLside 

s u r f a c e  d iamete r .  

- [b]  Zeros  r e p ~ e s e n t  s u f f a c c  of 0 HvaL Pll.lx, ~-..g., i ncu la t ed  S U ~ ~ P C P  nr 

t h e  p o i n t ,  l i n e ,  o r  p l a n e  a t  t h e  c e n t e r  of s l a b s .  



.Reactor Vessel, 

S t e a m  G e n e r a t o r  

Fig. C-2 Heat slab placement - Combustion Engineering Plant (25% cold 
leg break). 



.Models used were as specified for evaluation-type (EM) calcula- 

tions. ITCV=22-29 type check valves were used at accumulator outlets. 

Vertical slip, with default model parameters, was used in the two 

downcomer junctions (J1 and 3). Bubble rise was used for certain 

volumes as follows: 

(1) Upper ,plenum, upper plenum bypass, upper head, lower plenum, 

and pressurizer (V9, 11, 12, 5, and 39) gradient 0.8, rise 3 

ftlsec 

.(2) steam secondary sides ,(V2 and 22) gradient 0.8, rise 

80 ft/sec 

(3) Accumulators and containment (V4, 23, 24, and 38) gradieilt 0, 

rise lo6 ftlsec. 

The relatively long transient, time (98 sec) to lower plenum refill 

c,~rnbjned . w i . t h  .a rather detailed nodalization, ' yielded a run that re- 

.q.uired 48 mAnutes of CPU time on .the.CDC 7600 computer at Brookhaven 

National Laboratory. A run fully .complying with evaluation model stan- 

4.ards would have required some 5 to 10 min additional CPU time-t,o the 

point of lower plenum refill, with a 6 or 7 sec transient-time .extension. 
. . 

The output data traces are shown as Figures C-3 through C-22 in 

Section 5 of this appendix. The significant features of the transient 

illustrated by thcac data aru: 

(1) 12 to 14 sec: Saturation was reached in cold legs and the 

large volume of steam slowed cold leg flows. Break flow was 

in transition to saturation (Figure C-9). . 



(2) 46 to. 50 sec: Flow reversal occurred at top of core. Intro- 

duction of liquid into previously steam-filled volume caused 

flashing. This resulted in increased core flow in the negative 

direction with temperature quenching (Figures C-8, C-18, 

C-19, and C-20) . 

(3) 75 sec: .Accumulators were turned on (Figure C-6). Condensa- 

tion in cold legs caused strong negative downcomer flow 

(Figures C-3 and C-5) with slight quenching effect on clad 

. temperatures. 

(4) 79 sec: condensation-caused flows abated. A positive flow 

spike in downcomer (Figure C-3) caused' premature end-of- 

bypass (EOB) signal. Eighty-five percent of the liquid 

remaining at 79 sec was removed, from the lower plenum by the 

operation of the EM model which allows no credit for accumu- 

lator flow into the lower pienurn through the downcomer 

(Figure C-12). 

(5) 87 sec: True EOB occurred (Figure C-3). 

(6) 98 sec: Lower plenum was re5illed to satisfy completion 

requirements (~igure. C-12) . 

The behavior of the end-of-bypass logic deserves further explana- 

tion., The EUB logic was set to trip after accumulator flow start. The 

small break size and the relatively low pressure at which the accumu- 

lators started, resulted in an absence of a strongly negative flow while 

bypass was occurring (Figure C-3). A one-second delay from the time the 

accumulators activated to the time the direction of the downcomer flow 

began to be monitored for end-of-bypass was introduced to correct this 

problem. A flow spike at 79 sec also tripped the EOB logic 8 sec 

prematurely, resulting in a 1esser.amount of fluid removal from the 

.vessel and cold leg volumes than would have been removed had the logic 

been tripped at the true EOB. The true magnitude of the spike at 79 sec 

did not show well on rhe junction flow plots due to.its short duration. 



I n c r e a s i n g  t h e  v e l o c i t y  r equ i r ed  f o r  an EOB t r i p  did- not. circumvent' tfie , . '. -."- -. .. 

problem. I n  view of t h e  f a c t  t h a t  t h e  EM l o g i c  was shown t o  o p e r a t e  a s  

designed and r e f i l l  was accomplished, t h e  checkout runs  were terminated 

a t  t h i s  p o i n t .  Hand-calculated ECC i n j e c t i o n  r a t e s  and accumulator l o s s  

up t o  87 s e c ,  y i e lded  t h e  r e s u l t  t h a t  r e f i l l  should have been delayed 

approximately 6 t o  7 s e c ,  given EOB t r i g g e r i n g  a t  t h e  proper  t ime. This  

would have increased  CPU time some 5 t o  8 min. 

The model problem was . f i r s t  a t tempted us ing  two cold l e g  volumes 

f o r  each i n t a c t  co ld  l e g  and f o u r  f o r  t h e  broken leg., This  r e s u l t e d  i n  

s e y e r e  p re s su re  o s c i i l a f l o t l s  when chese volunies water packell w l ~ l l  sub- 

cooled ECC f l u i d .  Reducing t h e  noda l i za t ion  t o  only one cold l e g  volume 

p e r . l o o p  (V21, 27, and 37) ,  reduced CPU time by a f a c t o r  of approximate,ly 

t h ree ,  . .. . ;.;-.. dur ing r  l a t e r  . . .  p6r t i o n s  of t h e  t r a n s i e n t .  

Ofher . . . . . .  r e s u l t s  ,*. ._ of i n t c r e s . t  a r e  shown on t h e  d a t a  p1o.t F i g p r e s  (2.-3 

through'C-22- _.. _ . . .  . , contained ... i n  Sec t ion  . . 5 of. t h i s  appendix. 
. . .- 

'The .. . EM- l o g i c  appears  t o  f urlc~. lon proper ly .  However, 1 ui L l ~ i s .  
._. .. 

i c  w a s  . necessary , t o  i n s t a l l  a one-second de lay  from t h e  t ime when t h e  

accumulators ,were a c t i v a t e d  t o  t h e - t i m e  a t  which t h e  d i r e c t i o n  of t h e  
. .  . , 

downcomer f low began t o  b e  monitored f o r  end~of-bypass. .  This  de lay  

f e a t u r e  was . .  subsequent ly . en te red  a s  a permanent code fea ture . .  A flow 

s p i k e  a t  79 s e c  a l s o  t r i p p e d  t h e  EOB l o g i c  prematurely,  r e s u l t i n g  i n  a 

l e s s e r  amount of f l u i d  removal from t h e  v e s s e l  and cold l e g  volumes. 

These would have been emptied had t h e  l o g i c  been t r i pped  a t  t h e  t r u e  

EOB. ECC bypass r e q u i r e s  s p e c i a l  a t t e n t i o n  when us ing  t h e  EM op t ion ,  

s i n c e  spur ious  f low s p i k e s  may s i g n i f i c a n t l y  a f f e c t  c a l c u l a t e d  r e s u l t s .  

Subsequent model review has suggested t h a t  t h e  core  bypass nodal- 

i z a t i o n  ( s p e c i f i c a l l y  Volume 10 and Junc t ions  9 and 11)  could be improved. 

I n  t h i s  model t h e  dominant flow was assumed t o  be  t h e  f low up t h e  guide 



tubes i n t o  t h e  upper plenum bypass ( t h e  CEA shrouds) .  This  may have 

l ead  t o  improper r e p r e s e n t a t i o n  of t h e  hydrau l i c s  of t h e  emptying of t h e  

reg ion  between t h e  c o r e  shroud and co re  b a r r e l .  This  r eg ion  is a l a r g e  

r e s e r v o i r  having i t s  volume included w i t h i n  Volume 10. The smal l  a r e a  

of Junc t ion  9 i s  n o t  r e p r e s e n t a t i v e  of t h e  a c t u a l  connect ion of t h e  

core-shroud volume t o  t h e  lower plenum. This  may have s i g n i f i c a n t l y  

a f f e c t e d  t h e  blowdown behavior  of t h e  lower plenum. The e f f e c t  of t h i s  

upon co re  f lows i s  n o t  r e a d i l y  apparent ,  b u t  could a l s o  have been s i g n i f i -  

can t .  

The completion c r i t e r i a  l i s t e d  i n  Volume 111, Sect ion  2 f o r  t h e  

MOD5 checkout runs  were s a t i s f i e d .  

5. OUTPUT DATA 

The output  d a t a  t r a c e s  f o r  the  Combustion Engineering 25% co ld  l e g  

break (Evaluat ion Model) a r e  included a s  F igures  C - 3  through C-22 i n  

this sec t ion .  



0 .  10. 2 0 .  3 0 .  YO. 5 0 .  60 .  70 .  80 .  9 0 .  100 
T R A N S I E N T  TIME: SECONDS 

Fig. C-3 Annulus downcomer flow - Coinbustion Engineering Plant 
(25% cold leg break). 

0 .  10. 2 0 .  30 .  YO. 5 0 .  80 .  70 .  8 0 .  9 0 .  100. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. C-4 Break flow - Combustion Engineering Plant (25% cold leg break). 



0 .  10. 2 0 .  30.  YO. SO. 6 0 .  7 0 .  8 0 .  9 0 .  100. 

TRANSIENT TIME: SECONDS 

Fig. C-5 Downcomer - lower plenum flow - Combustion Engineering Plant 
break).  

0 .  

0 .  10. 2 0 .  30 .  '+O. SO. 60 .  9 0 .  70 .  . 80.  100 

TRANSIENT TIME: SECOND-S . - 
Fig. C-6 Accumulator flow - Combustion Engineering Plant (25% cold  l e g  break). 
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t: ISOOO. 
v, 

-5000. 

0. 10. 20. 30. 'lo. SO. 60 - '70. 80. 90. 100. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. C-7 Core inlet flow - Combustion Engineering Plant (25% cold leg break). 

0. 10. 20. 30. 'lo . SO. 80. 10. 80. 90. 100. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. C-8 Core outlet flow - Combustion Engineering Plant (25% cold leg 
break). 



Fig. C-9 Cold l e g  - Upper annulus flow - Combustion ~ n g i n e e r i n ~  P l a n t  
(25% co ld  l e g  break) .  

0 .  10. 2 0 .  30. YO. . 5 0 .  60 .  70 .  80 .  9 0 .  100. 

T R A N S I E N T  T I M E :  SECONDS 

. 
! . -,.. . 1 . .  5 . .  " . . .  .' : " 

! ! , I  : .  i 
. . 

. . 

Fig. C-10 Lower plenum p re s su re  - Combustion Engineer ing P l a n t  (25% cold  
l e g  brcalc) . 
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0 .  

0 .  10. 2 0 .  30.  'lo. 5 0 .  6 0 .  70 .  80 .  90 .  I 0 0  

T R A N S I E N T  T I M E :  SECONDS 

Fig. C-11 Break v ~ l u m e  pressure - Combust.ion Engineering Plant (25% 
cold leg break). 

0 .  

0 .  10. 2 0 .  30.  YO. 5 0 .  6 0 .  7 0 .  80 .  9 0 .  100. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. C-12 Lower plenum total mass - Combustion Engineering Plant (25% ' 

cold leg break). 



0 .  

0 .  10. 20 .  30 .  40.  50 .  6 0 .  7 0 .  80 .  9 0 .  100. 

TRANSIENT T I M E :  SECONDS 

Fig. C-13 Downcomer total mass - Combustion Engineering Plant (25% cold 
leg break). 

0 .  

0 .  10. 20 .  30.  40.  50 .  6 0 .  70.  8 0 .  9 0 .  100 
T R A N S I E N T  T I M E :  SECONDS 

Fig. C-14 Upper annulus total mass - Combustion Engineering Plant (25% 
cold leg break).  



0 .  1 0 .  eo .  30.  '10. so. 80,  70 .  80.  so. 100. 

T R ' A N S I E N T  .TI'M:E: S E C O N D S  

Fig. .C-15 Broken cold leg total mass - Combustion Engineering Plant (25% 
cold leg 'break). 

o ., 1 0 .  2 0 .  30. r o .  so .  6 0 .  70 .  a 8 0 .  9 0 .  100. 

T R A N S I E N T  T I M E :  S E C O N D S  

Fig. C-16 Intact cold leg total mass (V37) - Combustion Engineering 
Pl'ant (25% cold leg break). 
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0 .  10. 20 .  30. 40 .  5 0 .  6 0 .  70 .  80 .  90 .  100. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. C-17 Intact cold leg total mass (V27) - Combustion Engineering 
Plant (25% cold leg break). 

0 .  10. 20 .  30 .  40.  50 .. 6 0 .  70 .  8 0 .  9 0 .  100. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. C-18 Core temperature, lower third - Combustion Engineering Plant 
(25% cold leg break). 



0 .  1.0.. 2 0 .  30.. 40. SO. 60.. 70 .  0 0 .  90,. 100. 

T R A N S I E N T  T I M E :  SECONDS 

F%g.. C - 1 9  Care temperature ,  middle t h i r d  - Combustion Engineer ing P l a n t  (25% 
co.gd l e g  break),. 

6,30 . 

480. . ..- 
0 .  10. 20 .  30 .  40 .  SO. 60 .  70 .  8 0 .  90 .  100. 

T R A N S I E N T  T I M E :  SECONDS . . 

Fig.  C-20 Core temperature ,  upper t h i r d  - Combustion Engineer ing P l a n t  (25% 
c o l d  l e g  break) .  
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Fig. C-22 Break junction enthalpy - Combustion Engineering Plant (25% 
cold leg break) i 



6 .  INPUT LISTING 

An i n p u t  l i s t i n g  f o r  t h i s  r u n  i s  g iven  i n  Tab le  C - I 1 1  which fol lows.  



TABLE C- I11  

INPUT LISTING 

- - - - -  

= CALVFPT CLIFFS - 2 5 5  CP1-0 LEG RPEAK 
PPORLEY DATA CARD 

0 1 0 0 0 1  - 2  9 6 9 3 9  3 0 56 3 6 0 5 16 6 6 3 0 1 
* PROBLEM CONSTANT 4ND METHOD CAPO 
0 1 0 0 0 2  2560. 1. 
* EDIT VARIABLES 
0 2 0 0 0 0  JW 6 AP 7 AT 7 CR 2 UR '2 SE  2 CL 5 WL 5 4 1  16  

. 0 3 0 0 0 4  5 0  1.0 * MIXTURF LEVFL CROSSING F I X  
* T I Y F  CARDS ' 

0 3 0 0 1 0  4 5 2 0 - 0 0 5  .0005  - 0 1  1500. 
0 3 0 0 2 0  100  1 1 0 .0005 .00001 - 0 5  
0 3 0 0 3 0  5 0  5 1 0 - 0 0 2  .00005  - 5  
0 3 0 0 4 0  LO 2 0  1 0 -.01 .OOOl 2.0 
o30050 L O  10 i o .02 .ooo l  40. 
0 3 0 0 6 0  5 0  ,8 1 0 - 0 0 5  . 0 0 0 1  150. 
0 4 0 0 1 0  1 1 0 0 120.0 0. *END OF PROBLEM 
0 4 0 0 2 0  2 1 0 0 . 0 1 0 0 0 2  0. * I N I T I A T E  BREAK 
0 4 0 0 3 0  3 1 0 0 0. 0. * STEAM GENERATOP TRIP  
0 4 0 0 4 0  4 4 4 0 l d . 7  11. *CPIS DELAY 
0 4 0 0 5 0  5 4 4 0 18.7 6. *HPIS  DFLAY 
0 4 0 0 6 0  6 - 4  2 1  0 219.4 0. 
0 4 0 0 7 0  7 - 5  3 8  3 .O1 3. * ACCIJWULATOR SHUT-nFF 
0 4 0 0 8 0  8 -5  2 4  0 .01 0. * ACCUMULbTOR SHUT-?FF 
0 4 0 0 9 0  9 - 5  23 0 .01 0. * ACCUMULATOR SHUT-OFF 
* VOLUME DATA CARDS 
0 5 0 0 1 1  0 0 2279.985 546.4 -1. 517.43 14.92 14.92 0 39.88 1.9 18.056 0 
0 5 0 0 2 1  3 0 0. 526.43 . 0 0 3 9 5  8006. , 101.29 35.06 0 79.04 0. 34.76 0 
0 5 0 0 3 1  0 0 2284.78 546.4 -1. 517.'43 14.92 14.92 0 39.88 1.9 3.136 0 
0 5 0 0 4 1  2 0 16.7 100. 0.6 2 *E+6  181.7 0. 0 11009.  0. 0. 0 
0 5 0 0 5 1  1 0 2284.25 546.5 -1. 915 .73  10.07 10.07 0 90.97 0. 0.0 0 
0 5 0 0 6 1  0 0 2278.61 558.2 -1. 202.97 3.798 3.798 0 53.457 - 0 4 4 4 5  10.07 0 
0 5 0 0 7 1  0 0 2276.31 581.9 -1. 202.97 3.798 3,798 0 53.457 .04445  13.R68 0 
0 5 0 0 8 1  0 .O 2274-03  598.6 -1. 202.97 1.7B8 3.798 0 53.457 ,04445 17.666 0 
0 5 0 0 9 1  1 0 2269.27 630.9 -1. 989.41 10.64 10.64 0 92.99 0. 21.464 0 
0 5 0 1 0 1  0 0 2217.18 545.3 -1. , 172 .31  16.02 16.02 0 13.125 0. 6.667 0 
0 5 0 1 1 1  1 0 2263.70 544.9 -1. 253.40 13.50 13.50 0 18.77 - 4 0 2  21..464 0 
0 5 0 1 2 1  1 0 2267.31 545.5 -1. 557.39 6.622 6.622 0 84.198 0. 32.07 0 
0 5 0 1 3 1  0 0 2263.50 600.9 -1. 207.24 6.42 6.42 0 9.6211 0. 25.29 0 
0 5 0 1 4 1  0 0 2259.07 600.9 -1. 346.88 8.215 8.215 0 34.797 0. 26.545 0 ' 

0 5 0 1 5 1  0 0 2251.15 584.2 -1. 329.75 16.0 16.0 0 20.609 ' .0555 34.76 0 
0 5 0 1 6 1  0 0 2241.66 563 .4  -1. 329.75 6.0 6.0 0 20.609 - 0 5 5 5  50.76 0 

- 0 5 0 L 7 1  0 0 2239.25 550.3 -1. 329.75 16.0 16.0 0 20.609 e0555 3 4 - 7 6  0 
0 5 0 1 8 1  0 0 2240.41 546 .1  -1. 346.88 8.215 8.215 0 42.15 0. 36.545 0 
0 5 0 1 9 1  0 0 2231.55 5 4 h . l  -1. 112.93 7,255 7.255 0 4.909 2.5 19.79 0 
0 5 0 2 0 1  0 0 2,259.11 546.4 -1. 142.38 9.00 9.00 0 4.909 9.21 19.29 0 
0 5 0 2 1 1  0 0 2286.00 546.4 -1. 100.68 2.50 2.50 0 4.939 2.5 25.79 0 
0 5 0 2 2 1  3 0 0. 526.43 ,00395  8006. 101.29 35.06 0 79.04 0. 3 4 - 7 6  0 

' 0 5 0 2 3 1  2 0 218.4 120. 0. 4217.4 32.56 18.57 0 64.4 3.93 27.04 0 
0 5 0 2 4 1  2 0 218.4 120. 0. 2108.7 32.56 18.57 0 32.2 3 - 9 3  2 7 - 0 4  0 
0 5 0 2 5 1  0 0 2231.56 546.4 -1. 112.93 7.255 7.255 0 4 .909 2.5 19.29 0 
0 5 0 2 6 1  0 3 2259.14 546.4 -1. 142.38 9.00 9.00 0 4.909 2.5 19.29 0 
0 5 0 2 7 1  0 0 2286.70 546.4 -1. 100.68 2.50 2.50 0 4.909 2.5 25.79 0 
0 5 0 2 8 1  0 0 22.64.07 635.7 -1. 26.88 7.25 . 7.25 0 - 5 5 9  0. 28.79 0 
0 5 0 2 9 1  0 0 2263.50 600.9 -1. 207.24 6 - 4 2  6.42 0 9.621 0. 25.29 0 
0 5 0 3 0 1  0 0 2259.07 630.9 -1. 346.88 8.215 8.215 0 34.797 0. 26.545 0, 
0 5 0 3 1 1  0 0 2251.15 584.2 -1. 329.75 16.0 16.0 0 20.609 .0555 34.76 0 
0 5 0 3 2 1  0 0 2241.66 563.4 -1. 329.75 6.0 6.0 0 20.609 .0555 50.76 0 
0 5 0 3 3 1  0 0 2239.26 550.3 -1'. 329.75 16.0 16.0 9 20.609 - 0 5 5 5  34.76 0 
0 5 0 3 4 1  0 0 2240.42 546.1 -1. 346.28 8.215 8.215 0 42.15 0. 26.545 0 
0 5 0 3 5 1  0 0 '223'1.57 546.1 -1. 122.93 7.255 7.255 0 9.818 2.50 19.29 0 

. . 



TABLE C-I11 (contd .,) 

050361 0 0 2259.14 546.4 -1. 284.76 9.0 9.'0 0 '9.818 -2.50 19.29 0 
050371 0 0 2286.70 546.4 -1. 201.36 2.5 2.5 0 9.818 2.50 25.79 0 
050381 2 0 218.4 120. 0. 2108.7 32.56 18.57 0 32.2 3.93 27.04 0 
050391 1 0 0. 653.00 0. 1500. 27.4 14.62 0 50.27 0. 3 6 . 0 4  0 * RUSBLE R I S E  D A T A  
060011 0.8 3.0 
060021 0.0 l.E+6 
060031 0.8 80. * S T E A M  GENEPATOP SECONOAPY * T I M E  D E P E V O E N T  V O l  UMES 
* N O N E  
* S L I P  V E l O C I T Y  CARD 
.060001 0. 0. OF% 0. 0. 
* J U N C T I O N  CATA C 4 q D S  
,080011 1 3 0 0 32654. 39.88 18.056 0, 0. 0. 0 0 2 3 0. 1. 11 0 1. 0 
080021 21 4 0 4 0. 1.000 27,.04 1.. 1. .5 0 0  0 0 0 .  1. 11 0 0 .  0 
080031 3 5 0 0 32684. 28.00 5.467 0. -734  -432 0 0 2 3 1.5 1. 11 0 1. 0 
080041 23 7 7  n  3 n. 1 . 2 4 2 2 7 . 0 4 4 0 ;  a.90 8 . w .  o o o 3 0 b  I .  i i o o . o  
08005.1 5 6 0 0 32476. 23.307 10.07 0. 0. 0. 0 0 3 3 0. 1. 11 2 0. 0 
0.00061 6 7 0 0 32476. 53.457 13.868 0. 0. 0. 0 0 3 0 0. 1. 1.1 3 0. 0 
0'00.71 7 8 0 0 32+76. 53.457 17.666 0. 0. 0. 0 0 3 0 0. 1. 11 3 0. 0 
0:8008l 8 9 0 0 '32476. 2.8.41 21.464 0. 0.91 0.85 0 0 3 3 0. 1. 11 1 0. 0 
,0,9,00.9.l 5 10 0 0 205;7 o2000 10.07 ,637 0. 0 -  . 1 0 1 3 0. 1. 11 0 0. 0 
0801.01 '10 9. 0 0 159.80 ,639 22.687 ,654 0. 0. 1 0 1 3 0. 1. 11 0 0. 0 
0 0 1 1 1  1 11 0 0 46.30 -0668 21.464 0.  0. 0. 0 0 3 3 0 .  1. 1 1 0 0 . 0  
0 ~ 8 0 1 2 1 1 1 1 2  0 . 0  46 .30 .923  34.93 0. 0. 0. 0 0 3 3 0 .  1 . 1 1 0 0 . 0  
OBO.13.1 - 1 2  9. 0 0 1199. 34.372 32.07 0. 0. 0. .O 0 3 3 0. 1. 11 0 0. 0 
000'14:l '9 13 0 0 16914. 9.621 27.04 0. -45  1. 0 0  2 3 0 .  1. 11 0 0 .  0 
0.'8'01.5'1 1 3  14 0 0 15914. 9.621 27.04 0. 1.195 1.195 0 0 2 0 0. 1- 1 1  O 0. 0 
0:801bl 1 4 i 5 '  0 0 1 6 9 1 4 .  19.873 34.76 0. .O .O 0 0 3 0 0 .  1:11 2 0 . 0  
080171 1.5 116 0 0 16915. 19.873 50.76 0. - 0 6  .06 0 0 2 0 0. 1. 11 3 0. 0 
0801-81 1.61'7 0 0  16916. 19.873 50.76 0. .06 .06 O O Z O O .  1. 11 3 0 .  o 
oeoisl 1 7  1 ; ~  o o 16917. 19.873 34.76 0. .O .O o o 3 . 0  0. 1. 11 10 . .  o 
OeO2.01 1'8 19 0 0 8460. 4.909 26.54.5 0. .436 .680 0 0 2 3 0. 1. 11 0 0. 0 
08,0211 1 9  20 -1  0 8460. 2.455 20.54 3.604 -023  -023 0 0 0 0 -0 l o  11 0 0. 0 
, 8 0 2 2 1  20 21 1 0 8461. 2.455 27.04 -847 0. 0. 0 0 0 0 0 .  1 .  11 0 0 . 0  
080231 1 1.2 , O  0 1150.0 -6840 32.07 50. 1 -45  1.45 0 0 0 3 0. 1. 11 0 0. 0 
0'84241 2 8  2'9 0 0 0. .559 28.79 0. 2.92 2-38 O 0 2 3 0. 1. 11 0 0. 0 . 
otlhzsr 39 28 o o o. .5'59 36.04 0. 2..'38 2.93 0 0 2 3 0 .  1. 1 1 0 0 . 0  
08026'1 21  1 0 0 8461. 4.909 27.04 0. 1. -45 0 0 2 3 0. 1. 11 0 0. 0 
080271 1 8  25 0 0 8457. 4.909 26.545 0. .436 .680 0 0 2 3 0. 1. 11 0 0. 0 
080281 25 26 -2 0 '8458.  4.909 20.54 0. -091 -091 0 0 2 0 0. 1. 11 0 0. 0 
OF0292 26 27  2 0 8458. 4.909 2-7-04 0. 0. 0. 0 0 2 0 0 .  1 . 1 1 0 0 . 0  
080301 38 21 0 1 0. .621 27.0440. 8.99 8.,99 0 0  0 3 0 .  I .  11 0 0 .  0 
080311 27  1 0 0 8458. 4.909 27.04 0. 1. .45  0 0 7 3 0 .  1.  1 1  n o .  0 
0'84321 9 _ 2 9  0 0  16918. 9.621 27.04 0. -45 10 0 0 2 3 0 .  1 . 1 1 0 0 . 0  
080331 29 3 0  0 0 15912. 9.621 27.04 0. 1.195 -645 0 0 2 0 0. 1 -  11 0 0. 0 
080341 30 31 0 0 16912- 19.873 34.76 0. -0 .O 0 0 3 0 0 .  1 . 1 1 2 0 . 0  
080351 31 32 0 0 15913. 19.873 50.76 0. .06 .06 0 0 2 0 0 .  I. 11 3 0. 0 
080361 32 33 0 0 16914. 19.873 50.76 0. -06 -06 0 0 2 0 0. 1. 11 3 0. 0 
080371 33 34 0 0 16915. 19.873 34.76 0. -0  .O 0 0 3 0 0 ,  1. 11 1 0 .  0 
OOD7RI 16 35 O O lh91 .5 .  9 . 8 1 0  2 8 . 5 4 5  0 .  .(*a6 .b60 O U 2 3 0. l r  11 0 0. O 
080391 35 36 -3  0 16916, 9.818 20.54 O o  -091 -091 0 0 2 0 0. 1. 11 0 0. 0 
080401 36 37 3 0 16916. 9.818 27.04 0. 0. 0. 0 0 2 0 0 .  1. 11 0 0 . 0  
080411 24 27 0 2 0. ' ,621 27.04 40. d.99 6-90 0 0 0 3 0. 1. 11 0 0. 0 
0 8 0 4 2 1 3 7  1 0 0  16916. 9 . 8 1 8 2 7 . 0 4 0 .  1. -45  0 0 2 3 0. 1. 11 0 0. 0 
080431 0 37 2 0 0. -25  77.04 1. 0. 0. 0 0 I 3 0. 1. 11 0 0. 0 
080441 o 37 1 o 0. .50.27.04 1. 0. 0. o o 1 3 0. I .  1 1  n  n. o  
0,80451 0 37 1 0 0. .50 27.04 1. 0. 0. 0 0 1 3 0. 1. 1 1  0 0. 0 
08.0461 0 22 3 0 1565.3 1.0 35.0 1. 

. .. 
0- 0. 0 0 1 3 . 0 .  1. 11 0 0. 0 



TABLE C-111 .(contd. ) 

080471' o 2' j o 1565.3 1.0 35.0 1. o. 0. o o 1 3 o. 1. 11 o o. o 
080481 0 22 4 0 -1565.3 1.0 136. 1. *- 0. 0. 0 0  1 - 2  0. 1. 11 0 0. 0 
080491 0 2 4 0 -1565.3 1.0 136. 1. 0. 0. 0 . 0  1 -2  0. 1. I 1  0 0. 0 
080501 0 22 5 0 0. 1.00 136. 1 . .  1 -  .5 0 0 0 -2 0. 1. 11 0 0. 0 
080511 0 :2 5 0 0. 1.00 136. 1. 1. .5 0 0 0 -2 0. 1. 11 0 0. 0 
080521 0 21 2 - 0  0. .25 27.04 1. 0. 0. 0 0  1 3 0. I .  11 0 0. 0 '  
080531 0 21 1 0 0. 050 27.04 1. 0. 0. 0 0 1 3 0. 1. 11 0 0. 0 
080541 0 27 2 0 0. .25 27.04 1. 0-  0. 0 0  1 3 0. 1. 11 0 0. 0 
080551 0 27 1 0 0. .50 27.04 1. 0. 0. 0 0 1 3 0. 1. 11 0 0. 0 
080561 0 37 2 0 0. .25 27.04 1. 0. 0. 0 0 1  3 0 . .  1. 1 1 0 0 . 0  * PUMP DATA 
* ' PUMP CUPVE INPUT 
100000 16 0 0 0 * PUMP DESCRIPT ION 

L 
090011 1 2 0 1 0 888. 1. 80987. 195.96 25000. 101900,. 46.977 0. 0. 0. 
090021 1 2 0 1 0 888. 1. 80987. 195.96 25000. 101900. 46.977 0. 0. 0. 
090031 . l  2 0 1 0 888. 1. 161974. 195.96 50000. 203800. 46.977 0. 0. 0. * PUMP SHUTDOWN DATA 
095011 0.0 0. 0. 
095021 0.0 0. 0. 
095031 0.0 0. 0. 
* PUMP HEAD M U L T I P L I E R  
091001 -11 0. 0. -1 0. -15 -05  -24 - 8  .3 - 9 6  - 4  -98 .6 .97 
091002 - 8  - 9  -9  - 8  -96 - 5  1.0 0. 
* TORQUE M U L T I P L I E R  
092001 2 0. 0. 1. 0. 

PUMP HFAD AND TORQUE DATA . , 
101011 
101012 
101013 
lOl02 l  
101022 
101023 
101031 
101032 
101033 
101041 
101042 . . 
101043 
10 105 1 
101052 . 
101053 
101061 
101062 
LO1063 
101071 
101072 

PROPRIETARY INFORMATION 
101073 
101081 
101082 
101083 
101091 
10 1092 
101093 
l 0 l l O l  
101102 
101102 
101103 
101111 
l o l l  12 



TABLE C-I11 (contd.) 

1011 13 
101121 
101122 
101123 
101131 
101132 
101133 
10.1 141 
1.01 142 
10 11.43 

PROPRIETARY INFORMATION 
1 0 1  1.5 1 
10.1'1 52 
1011 53 
1UL l ' t l  
1 0 1  162 
101163 
* CHECK VA'I.V:F nATA 
12.0.0.10 27 0 .0 1.E-8 4.0 1.E2O 1.E20 
19.@0'2.0 .28 .O .O .I.€-8 4.0 1.E20 l.E.20 
lil'Q.63~0 2'9 0 YO l,.E-R 4.0 l..FZO 1.EZO 
l.im04-6 -2 0 .O .O.. .O. 0. lo. 
1?1.05D '6 tO.0 .O. 0. 0. 0. 
'l11Y4B~6Q - 6  ;0 r0 0. 0. 0. :0. <*- fFq.WL 7 CABL~E ,(D!AT!A C'A ~ 'b" j  
1a:oi-OD .5 2 1 s  4 *GAL/MIN*  14.7 120. * :HIGH PRESSURE 'IVJSCT:I~Y P U ~ S  
'1:3.0X.0'1 . O w .  '64,s.. 4'5. 640. 21.5. ,590. 415. .52.0. 61.5. 480. 815. 410. 
13:O:LOP 9:1'5.. 37.0. 1015. 320. 1065. '290, 1:1.15. 250. '2165. 905. 
1.30;i$3 :12.15. 41.5. 126.5. ,60. 130'0. '0. 5000. ,O.. 
>j:0?00 .4 2 al:4 4 'GA'LTM.IN* 14.7 .1:2Q. * POW PRESSURE .I.NdECTION PUMPS 
:iQ;OB;O'I .O:. .2'93:0.1 15. 2800. 40. 2600.. 65. 2360. .90. 2120. 115. 1840. 
.1:3'0;2D;2 160. i1580. 165. 1-090. 1.75. 890. 185. 6'50. 190. 50.0. 195. 173. 
+190+:03 .1'97. ~0.. '3000. 0 .  
!1;303'OD.3 1 .;6:;6,*LRS,/S.ECv* 850. 443. ' *  STE.'A.M GEY. F;EFDWATER FLQU 
l~j!0.301'0. .Y'5g,5..'3 1. 1565.3 2. '18.25 5000. 78.25 
'%6'06:0&'3 1~4.3'*tL.BS/.SEC* 443. '1.0 S'TEA'MFL,OW 
.1:3040.1 70.. -3'56.5.3 1. -1565.3 2. 00.00 5000. '00.00 
'131(X5OP2 2 '4- iGh~'BS/SEC* 14.7 120. * 5TEAM.GE.N. RFI-1E.F  v 4 L V E ' ~ l . r l ~  
6'3:3:0'502 '0. 0. ~ ~ b 0 0 .  0. 1100. -169:l. 3000. -169.1. * KI'NE'TICS C O N S T A N T S  D A T A  
140008 3 . 1 237.4 0. - 8  0. ,0. O.* 'BEFF=.006885 , L=29E-6 

. SCRAM TABLE 
.l'4l'001 -2  2 O,.O 0.0 100.0 0.0 * DENS:ITY V S  REACTIVITY TABLE 
1'420'01 -20 0. -65.05 .2222 -30.36 
'1&2002 .2667 -24.69 -3333 -17.28 .400 -11.62 .'+444 -.8.86 .4889 -5.5.1 
'142003 /55'56 -3.92 ,5778 -3.34 -6111 .-.2.45 -6667 -1.23 -7272 -.3h3 
142'004 -7556 e.174 ,7778 -0725 -8444  -3195 08889 ..105 0.9333 -276 
142'005 1.000 0.00 1.064 -.2643 2.222 -5.05 * DOPPLER TARLE 
143001  -10 400. 3.57 800. 2 -19  1200. 2.05 1,600. 1.44 2000. -901 
643002 7CCln- -19? 7P!?Q.  e .0726  3200. - .523 3bOL). . .. .'I01 4000s - 1.23 
* 9EACTIVITY COEFFlt IENT DATA 
140010 .236248 .236248 0. 0. 
140020 -521535 -521535 0 -  0. 
140030 -236248 -236248 00 0. * HEAT SLAB DATA 
150011 0 6 1 0 0 0 0 0,. 16138.5 147.94 0. .04445 0. 0. 0. 11.392 0. 0- 

: Y 5 0 0 2 l  0 7 .1 1 b 0 0 0. 16138.5 147.94 0. .04445 0. 0. 0. 11.392 0. 0. 
-$5.0031 .O 8 11 1 0 0 0 0. 16138.5 147.94 0. .04445 0. 0. i0. 11.39'% 0. 0,. 

15_0041 15 2 2 0 2 0 0 23266.2 26763.2 102.143 0. 0. 0. 0. .  16. 3. 0. 16. 



TABLE C - I 1 1  (contd.) 

150051 16 2 2 0 2 0 0 23266.2 26763.2 102.143 0. 0. 0: 0. 16. 3. 16. 22. 
150061 17 2. 2 0 2 0 0 23266.2 26763.2 102.143 0. 0. 0. 0. 16. 3. 0. .lb. 
15007.1 31 22 2 0 2 0 0 23266.2 26763.2 102.143 0. 0. 0. 0. 16. 3 .  0. 16. 
150081 32 22 2 0 2 0 0 23266.2 26763.2 102.143 0. 0. 0. 0. 16. 3 .  16. 22. 
150091 33 22 2 0 2 0 0 23266.2 26763.2 102.143 0. 0. 0. 0. 16. 3. 0. 16. 
150101 5 0 3 0 0 0 0 180.118 0.0 67.338 0. 0. 0. O.'O. 0. 0. 4. 
150111 12 0 4 0 0 0 0 298.185 0.0 191.12 0. 0.- 0. 0. 0. 0. 0. 0. 
150121 3 0 5 0 0 0 0 6'71.8431 0. 507.09970.0.7.20. 0.0.0.0. 
-150131 1 0 5 1 0 0 0 671.8431 0. 507.0997 0. 0. 7.2 0. 0. 0. 0. 0. 
150141 10 3 6 0 0 0 O 441.3205 446.5387 65.1188 0. 0. 6.2 6.3 0. 0. 3.531 0. 
150151 10 1 6 1 0 0 0 131.7375 133.2951 19.4384 0. 0. 6.2 6.3 0. 0. 0. 3.4 
150161 9 1 6 1 0 0 0 410.7109 414.5672 60.6023 .O. 0. 6.2 6.3 0. 0 .  3-61 14. 

COPE S E C T I O N  DATA 
160010 1 7 9 17 .0021667 .3587 
160020 2 7 9 17 .0021667 .4582 
160030 3 7 9 17 .0021667 .I831 * P I N  DATA 
160015 0 0 00.000 -8 -67 -965 -945 a055 0. 0. 0. 0. 0. -555 00.000 -01 0. 0. 1. 
160016 0. 0 -029 ,00633 1.1 
160025 o o 00.000 .a .67 .965 .945 -055 0. 0. 0. 0.' 0. .555 00.000 .01 0. 0.. 1. 

, 160026 0. 0 .029 -00633 1.1 
160035 0 0 50.394 .8 -67 .965 .945 .055 0. 0. 0. 0. 0. -555 17.672 -01 0. 0. 1. 
160036 21523. 1033689. .029 .00633 1.1. 
* HEAT S L A B  GECMETRY CARDS 
170101 2 3 1 6 0. .0158125 1.0 
170102 1 2 2 .0003542 0. 
170103 0 3 8 .0021667 0. 
170201 2 1 4 6 -02730 -004083 0.0 
170301 2 E 5 6 6.16667 .026042 0.0 
170302 0 6 6 .338542 0. 
170401 2 2 5 6 7.16667 .026042 0.0 
170402 0 6 6 .588542 0. 
170501 2 2 5 6 '7.16667 e026042 0.0 
170502 0 6 6 .6928 0. 
170601 2 1 5 8 6.16667 -14583 0.0 

THERMAL C O N D U C T I V I T Y  DATA 
180100-?O 500. 3-341 650. 2.971 800. 2.677 950. 2.439 1100- 2.242 
180101 1250. 2.078 1400. \.940 1550. 1.823 1700. 1.724 1850. 1.639 
180102 2000. 1.568 2150. 1.507 2300. 1.457 2450. 1.415 2600. 1.382 
1801 03 3100. 1.323 3600. 1.333 4100. 1.406 4600. 1.538 5100. 1.730 
180200 2 37.. .41562 5400. .41562 
180300 - 1 1  392. 6.936 752. 8.092 1112. 9.827 1472. 10.983 1832. 12.717 
180301 2192. 14.451 2552. 17.341 2912. 20.809 3272. 25.433 3632. 31.792 
180302 3992. 39.306 
180400 =4 100, 8 . 5  300. 9 . 5 8  6nQ- 1 1  - 1 5  IlOn. 1 3 . 6 5  
180500 -4 32. 8.0 212. 9.4 572. 10.9 932.. 12.4 
180600 -4 32. 26.5 212. 26. 572. 25.0 932. 22.0 
* HEAT C A P A C I T Y  DATA 
190100 16 32. 34.45 122. 38.35 212. 40.95 
190101 392. 43.55 752- 46.8 2012. 51.35 
190102 2732. 52.65 3092. 56.55 3452. 63.05 
1901 03 3812. 72.8 4352. 89.7 4532. 94.25 
190104 4712. 99.15 4892. 100.1 5144- 101.4 
190105 8000. 101.4 

' 190200 2 3 2. 000075 5400. .000075 
190300 5 0.0 28.392 

, 190301 1480.3 34.476 1675.0 85.176 
190302 1787.5 34.4 76 3500.0 34.476 
190400 -4 100. 57-18 400. 61.14 600. 63.77 800. 66.41 
190500. -2 32. 53.79 500. 53.79 



TABLE C-I11 (contd.) 

190600 -2  32. 51.79 500. 53.79 * LINEAQ EXPAN5ION COEFFICIENT DATA 
200101 - 2  0. 3.718F-6 5000. 1.26536-5 
200201 - 2  0. 0. 5000. 0. 
200301 - 4  0. 3.094F-6 1652. 4.706E-6 1653. 5.389F-6 5000. 5.389E-6 
200401 -2 0 0 5000. 0 
200501 -2 0. 0. 5000. 0. 
200601 - 2  0. 0. 5000. 0. * BLOCKAGE* SWELL* GAP PFDUCTION DATA 
250001 1 2 3 0 .048333 * E O B  DATA 
260001 23 24  38 0 6 0 0 0 3 0. 5 3 1 21 27 37 * MULTIPLF PIN RUPTURE DATA 
270001 14 2500. 0 2 2 0 0 .  LOO. 1820. 200. 1730. 400. 1660. 600. 
270002 1600. 800. 1540. 1000. 1480. 1200. 1440. 1400. 1403. 1600. 
270003 1370. 1800. 1335. 2000. 1310. 2200. 1280. 2400. 
* MULTIPLC P I N  FLOW DLOCKAOP DATA 
LBUUUl  14 80. 0 80. L O O .  60. 200. 30. 400. 35. 600. 55. 800. 70. 1000. 
280002 78. 1200. 77. 1400. 73. 1600. 67. iaoo .  57. 2000. 52. 2200. 30. 2400. * SIMGLF PIN RUPTURE DATA 
290001 14 2500. 0 2200. 100. 1820. 200. 1730. 400. 1660. 600. 
290002 1600. 800. 1540. 1000. 1480. 1200. 1440. 1400. 1400. 1600. 
290003 1370. 1800. 1335. 2000. 1310. 2200. 1280. 2400. * SINGLE PIN FLOW BLOCKAGE 
300001 -14 123. 0. 123. 100. 59. 200. 44. 400. 65. 600. 89. 800. LOR.  1000. 
300002 123. 1200. 128. 1400. 123. 1600. 113. 1800. 94. 2000. 71. 2230. 54. 
300003 2400. 
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APPENDIX D 

BWR LARGE RECIRCULATION LINE BREAK,- GENERAL ELECTRIC PLANT 

1. INTRODUCTION 

The Hope Creek General E l e c t r i c  Boi l ing  Water Reactor (BWR) was 

modeled us ing  RELAP~IMOD~ t o  r e p r e s e n t  a 200% double-ended o f f s e t -  shear  

break  i n  t h e  pump s u c t i o n  s i d e  of one of t h e  j e t  pump rec i r cu la t i . on  

l i n e s .  The system .model and assumptions used, t h e  calcu ' la ted r e s u l t s ,  

and t h e  conclusions drawn from t h i s  run  a r e  presented  i n  t h e  fol lowing 

s e c t i o n s .  Some i n t e r p r e t a t i o n  of r e s u l t s  is  based on d i g i t a l  d a t a  

output  which was too  voluminous t o  be included i n  t h i s  appendix. The 

mode lp re sen ted  was used f o r  program checkout and should n o t  be con- 

s ide red  a comprehensive s tudy  of t h e  LOCA response of t h e  a c t u a l  p l a n t .  

2. SYSTEM MODEL AND ASSUMPTIONS 

The RELAP4/MOD5 model used t o  desc r ibe  t h e  BWR system is  shown i n  

F igure  D-1. It c o n s i s t s  of 23 volumes, 33 junc t ions ,  and 25 h e a t  s l a b s .  

The vvlu~lles and t h e  v e r t i c a l  s l i p  and f i l l  j unc t ions  shown i n  F igure  D - 1  

a r e  i d e n t i f i e d  i n  Table D-I, 

The i n t e r i o r  of t h e  r e a c t o r  v e s s e l  i s  descr ibed  by 155 r eg ions  o r  

volumes, a s  fo l lows .  Volume 1 is  t h e  upper plenum reg ion . and  inc ludes  

t h e  volume of t h e  steam sepa ra to r s .  Volume 2 i s  t h e  s a t u r a t e d  (upper) 

downcomer reg ion  and extends from t h e  feedwater e n t r y  l o c a t i o n  upward t o  

- t h e  bottom of t h e  steam d rye r s .  Volume 3 i s  t h e  steam dome and con ta ins  

h igh  q u a l i t y  steam above t h e  d r i e r s .  Volume 4 is  t h e  subcooled (lower) 

downcomer reg ion  and con ta ins  t h e  subcooled water  between t h e  feedwater 

e n t r y  l o c a t i o n  and t h e  bottom nf t h e  downcomer. Volumes 19 and 20 . 



I I' Elevation ( 1  

I n t a c t  L o o p  s  25 - H e a t  s l a b s  Broken Loop 

ANC-A-7131 

Fig.  D-1 Noda l i z a t i on  f o r  200% break - General  EJ..ec,tric P l an t .  



TABLE D-I 

VOLUME AND JUNCTION IDENTIFICATION FOR 200% BREAK - GE BWR PLANT 

Volume No. Descriptj-on 

1 - Upper Plenum and Steam Separator 

2 Upper Downcomer 

3 Steam Dome 

Lower Downcomer 

Broken Loop Recirculation 
Suction Line 

Broken Loop Recirculation Pump 

Broken Loop Recirculation 
Discharge Line 

Intact Loop Recirculation 
Suction Line 

I 

Intact Loop .Recirculation Punip 

Intact Loop Recirculation 
Discharge Line 

~ower Plenum 

Heated Core Sections 

Guide Tubes - 
Core Bypass 

Intact Loop Jet Pump 

Broken Loop Jet Pump 

Break Volume in Broken  LOO^ 

Containment 

,Unheated Segment of Core 



TABLE D-I (contd. ) 

Fill Junction No. 

Feedwater Inlet 

Steam Outlet 

3 2 Core Spray - (212'~ Water) 

Vertical Slip 
Junction No. 

Low Pressure Coolant Injection - 
(212'~ Water) 

Top of Upper Plenum 

Core Junction 

Core Junction 

Core Junction 

Core Junction 

core Junction 

Top of Core 

Dot  to^ 01 By pass 

Top of Bypass 

Core Inlet 



represent.the unbroken and broken loop jet pumps. Each bank of 10 jet 

pumps (broken and unbroken loops) was modeled as a single volume with 

areas and volumes~10 times those of each actual BWR jet pump. Volume 11 

represents the lower plenum region and Volume 17 the guide tubes. 

Volume 18 represents the core bypass, comprising tlie region between the 

fuel assemblies. Volumes 12 through 16 include heat slabs and were used 

to represent the heated portion of the core. Volume 23 was used to 

represent the unheated portion of the core. 

3 The containment was modeled wieh-a single volume of 3.43 x lo6 ft . 
No attempt was made to represent the' containment pressure-suppression 

system. 

As shown..in Table D-I, the vertical slip model was used in 10 of 

the 33 system.junctions. These were in the upper p.lenurn, core, and core 

bypass regions of the reactor vessel. The junction smoothing option was 

not used. The RELAP4 phase separation (Bubble Rise) model with a bubble 

velocity of 3 ftjsec was used.in the core, lower plenum, upper plenum, 

and downcomer'. The ~ e n r ~ - ~ a u s k e / H ~ ~  critical flow model was used in the 

break junctions (Junctions 27 and 28), both with multipliers of 0.9. 
-. 

.The stagnation pressure subroutine was not used. Fill junctions were 

utilized for the feedwater, steamline, core spray, and low pressure' 

injecfion system (LPIS) flows. The LPIS was modeled for the intact 

.recirculation loop only in order to conform to the functional arrangement 

of the GE ~WR'plant. 

I 

3. RESULTS 

. , 

RELAP4/MOD5 ran quite smoothly and had a reasonable processing 

time. The transient time from break initiation until lower plenum 

refill was 165 sec. This required 36.1 min of CPU time on the CDC 7600 

computer at the Brookhaven National Laboratory. 



. A l i s t i n g  of t h e  major events  which occurred dur ing  t h e  t r a n s i e n t -  

i s  g iven  i n  Table D-11.  The output  d a t a  t r a c e s  a r e  shown a s  F igures  D-2 

. through D-12 i n  Sec t ion  5 of t h i s  appendix. A summary d i scuss ion  of t h e  

t r a n s i e n t  is  ,as fo l lows .  

The t r a n s i e n t  began when t h e  break junct i ,ons 527 and 28 opened and 

power t o  t h e  r e c i r c u l a t i o n  pumps was t r i pped .  The t r i p s  f o r  t h e  r e a c t o r  

scram and f o r  t h e  feedwater and s teaml ine  va lve  c l o s u r e  were i n i t i a t e d  

s h o r t l y  t h e r e a f t e r .  

The v e s s e l  p re s su re  began t o  decrease  a f t e r  t h e  break opcned a s  

shown i n  F igure  D-2. When t h e  s teaml ine  va lve  c losed  a t  4 s e c ,  t h e  

p r e s s u r e  r o s e  r ap id ly .  This  caused a b r i e f  condensation t o  occur i n  t h e  

lower p a r t  of t h e  c o r e  which r e s u l t e d  i n  a b r i e f  dep res su r i za t ion .  The 

p r e s s u r e  increased  a s  more steam was generated i n  t h e  co re  u n t i l  i t  

reached a maximum of 1,090 p s i .  The p re s su re  then began t o  decrease  

when t h e  c o r e  f low decreased. The v e s s e l  p re s su re  continued t o  decrease  

u n t i l  i t  equaled t h e  containment p re s su re  near  50 p s i a  a t  t h e  end of t h e  

program run. 

The break f lows are shown i n  FigurelD-3. It shou ld 'be  noted t h a t  

' P i g u r e  D-1  shows one break  f low junc t ion  (J28) m n r l ~ l ~ r l  fnrs a p o s i t i v e  

f low d i ~ e c t i o n  i n t o  t h e  system. This  was done f o r  purposes of con- 

ven t ion .  The d a t a  t r a c e  (F igure  D-3) has  been co r rec t ed  t o  show t h e  

a c t u a l  f low d i r e c t i o n  out  of t h e  system as g ~ . s i t i v e .  The  f l n w  f r n m  t h e  

v e s s e l  s i d e  of t h e  break  increased  very r a p i d l y  when t h e  break opened, 

t hen  decreased a s  t h e  flow became choked and increased  i n  q u a l i t y .  Thc 

f low increased  aga in  when t h e  ateamline c losed  a t  4 s e c  and then de- 

c r eased  a s  t h e  q u a l i t y  of t h e  break flow continued t o  i nc rease .  It 

remained r e l a t i v e l y  cons tan t  u n t i l  t he  downcomer emptied a t  14 s e c  when 

t h e  break  flow q u a l i t y  increased  r a p i d l y  and t h e  flow decreased very 

' s h a r p l y .  The break flow then continued t o  decrease  slowly fol lowing t h e  

v e s s e l  p re s su re  drop. The break flow aga in  increased  s l i g h t l y  when t h e  

downcomer s t a r t e d  t o  f i l l  a t  110 sec .  The break flow from t h e  pump s i d e  

of t h e  break  a l s o  i n i t i a l l y  increased  r a p i d l y  but  decreased s h o r t l y  

t h e r e a f t e r  because t h e  r e c i r c u l a t i o n  pump and j e t  pump d r i v e  nozz le-  



TABLE D - I 1  ' 

MAJOR EVENTS SUMMARY FOR 200% BREAK - GE BWR PLANT 

' Time (sec)  Event 

0.001 t d  0.002 Break opened, pump power o f f ,  scram 
. t r i p p e d ,  feedwater t r i p p e d .  

1 t o  4 Feedwater s topped . 

3 t o  4 Steamline c losed  

Upper downcomer emptied (Figure D-6) 

Jet pump s u c t i o n  uncovered 

14  Lower downcomer emptied (F igure  D-6) 

4 7 Core spray  and LPCIS s t a r t e d  

.Liquid mass i n  lower plenum began 
t o  i n c r e a s e  (F igure  D-10) 

ADS opened and lower plenum mixture  
l e v e l  dropped below jet pumps 
(F igure  D-11) 

Lower plenum mixture  l e v e l  began t o  
i n c r e a s e  and l i q u i d  m a s s  l e v e l e d  o f f  
(F igures  D-10 and 11)  

./ 
Lower plenum mixture  l e v e l  reached 
top  of volume (F igure  D-11) 

. . 

165 problem run  s topped 



r e s t r i c t e d  flow through t h e  broken loop. The break  flow from t h e  pump 

s i d e  fol lowed t h e  d e p r e s s u r i z a t i o n  of t h e  system b u t  approached zero  

e a r l i e r  t han  t h e  vessel s i d e  b reak  f low because of t h e  g r e a t e r  r e s i s -  

t a n c e  t o  r e v e r s e  f low through t h e  j e t  pump and t h e  r e c i r c u l a t i o n  pump. 

The broken loop j e t  pump f lows .a re  shown i n  F igure  D-4. The d r i v e  

f low reve r sed  very  r a p i d l y  upon break  i n i t i a t i o n ,  a s  i t  f ed  t h e  break.  

The r e v e r s e  d r i v e  flow caused t h e  d ischarge  flow and t h e  induced flow t o  

r eve r se .  The magnitude of t h e s e  t h r e e  r e v e r s e  f lows decreased a s  t h e  

- system depressur ized .  

The i n t a c t  loop jet  pump f lows a r e  shown i n  F igure  D-5. The decrease  

i n  d r i v e  f low w a s  caused p r i m a r i l y  by coastdown of t h e  r e c i r c u l a t i o n  

pump i n  t h e  i n t a c t  loop. A t  7 s e c  t h e  mixture l e v e l  i n  t h e  lower down- 

comer f e l l  below t h e  top  of t h e  j e t  pumps and t h e  induced flow reversed  

caus ing  t h e  d ischarge  f low t o  r eve r se .  The jet pump induced and d ischarge  

f lows  remained n e g a t i v e  throughout t h e  remainder o f . t h e  t r a n s i e n t ,  a s  

t hey  f e d  t h e  lower downcomer and t h e  break.  

The mixture  l e v e l  i n  t h e  downcomer i s  shown,in F igure  D-6 . The 

upper downcomer (Volume 2) emptied a t  5  sec .  The lower downcomer 

(Volume 4) emptied a t  14  s e c ,  which caused a change i n  break  flow f r o h  

two-phase t o  steam. Th i s ,  In  rurn, Induced a dlscllaige flow change In 

bo th  t h e  broken loop jet  pump (Figure D-4) and t h e  i n t a c t  loop j e t  pump 

(Figure  D-5). The downcomer mixture  l e v e l  began t o  i nc rease  s lowly a t  

125 s e c  when t h e  au tomat ic  d e p r e s s u r i z a t i o n  system (ADS) va lve  opened 

and t h e  system depres su r i zed  t o  a ba lance  w i t h  the .conta inment  p re s su re  

The c o r e  i n l e t  and o u t l e t  f lows a r e  shown i n  F igures  D-7.and D-8. 

The e f f e c t  of uncovering a t  t h e  top  of t h e  i n t a c t  loop j e t  pump can be 

seen  a t  7 s e c  i n  both  f i g u r e s .  That i s ,  when t h e  top  of t h e  j e t  pump 

uncovered, t h e  f low i n t o  t h e  lower plenum through t h e  j e t  pump was 

g r e a t l y  reduced (F igure  U-5). Flow inco  t h e  bottom ol: the core; therc-  

f o r e ,  decreased r a p i d l y  and reversed .  Lower plenum f l a s h i n g  was ev ident  

a t  14 s e c  when c o r e  f low increased sha rp ly  i n  t h e  p o s i t i v e  d i r e c t i o n .  



The co re  flow quickly  r e tu rned  t o  nega t ive  and remainea t h a t  way most of 

t h e  remainder of t h e  t r a n s i e n t .  That i s ,  fol lowing lower plenum f l a s h i n g ,  

t h e  predominant flows were from t h e  lower plenum th rough . the  j e t  pumps 

i n  r e v e r s e  d i r e c t i o n ,  i n t o  t h e  lower downcomer, and out  ; the break.  The 

upper plenum f e d  t h e  lower plenum i n  t h e  process .  Although.%-t i s ' . n o t  

r e a d i l y  apparent ,  t h e  core  flow became s l i g h t l y  p o s i t i v e  a t  1'6'3 s e c  

when t h e  mixture l e v e l  i n  t h e  lower plenum reached t h e  bottom of t h e  

core.  

The bypass and guide  tube  flows a r e  shown i n  Fi-gure D-9. J e t  pump 

s u c t i o n  uncovering and lower plenum f l a s h i n g , a r e  ev ident .  The flow 

a f t e r  lower plenum f l a s h i n g  was ou t  t h e  top  of t h e  bypass and ou t  - the 

bottom of t h e  guide tube.  Af t e r  t h e  co re  spray  system (CSS') s t a r t e d  a t  

50 s e c ,  t h e  flow ou t  t h e  top  of t h e  bypass i nc reased .due  t o  . the  conden- 
' 

s a t i o n  .of. steam i n  t h e  upper plenum from t h e  mixing wi th  CSS :sGbco.oled 

water .  Af t e r  60 s e c ,  t h e  CSS water  flowed down through t h e  bypass t o  

t h e  guide tubes i n t o  t h e  lower plenum. 

The l i q u i d  mass and mixture l e v e l s  i n  t he  lower plenum a r e  shown i n  

F igures  D-10 and D-11.  Although t h e  l i q u i d  mass began t o  decrease  a t  14 

s e c  when t h e  lower plenum f l a s h e d ,  t h e  mixture  l e v e l  remained a t  t h e  

bottom of t h e  core  u n t i l  t h e  ADS va lve  opened a t  125 sec .  The lower 
+ 

plenum mass began t o  i n c r e a s e  a t  123 sec .  A t  162 s e c  t h e  l i q u i d  mass 

l eve l ed  o f f ,  be ing  caused by t h e - r i s e  of t h e  mixture  l e v e l  t o  t h e  bottom , 

of t h e  core .  A two-phase mixture  of very  low q u a l i t y  then  began t o  flow 

i n t o  t h e  core.  

The c l ad  s u r f a c e  temperature a t  t h e  c e n t e r  of t h e  core  is  shown i n  

F igure  D-12. The c l a d  s u r f a c e  temperature followed t h e  f l u i d  s a t u r a t i o n  

temperature u n t i l  t h e  co re  volume reached a low q u a l i t y .  The h e a t  

t r a n s f e r  mode then  switched from n u c l e a t e  b o i l i n g  t o  forced  convect ion 

vapor i za t ion  a t  11 occ. J u s t  p r i o r  t o  lower plenum f l a s h i n g ,  the 

volume d r i e d  ou t  and then  rewet a t  lower plenum f l a s h i n g .  Clad temper- 

a t u r e  followed t h e  s a t u r a t i o n  temperature aga in  u n t i l  23 s e c  when t h e  

volume d r i e d  ou t  again.  The h e a t  t r a n s f e r  mode switched from n u c l e a t e  

boiling t o  fo rced  convection vapnri  x a t i  nn and s h o r t l y  t he rea ' f t e r  t o  



£orced convect ion w i t h  superheated steam. From 34 t o  62 sec .  t h e  h e a t  

t r a n s f e r  mode was s t a b l e . f i l m  bo2ling.  It then  changed t o  low p res su re  

f low f i l m  b o i l i n g  f o r  most of t h e  remainder of t h e  t r a n s i e n t .  

4 .  CONCLUSIONS 

The BWR l a r g e  b reak  problem was run  wi thout  any major d i f f i c u l t y  

and w i t h i n  t h e  e s t a b l i s h e d  time l i m i t  of one 'hour  on t h e  CDC 7600. 

computer. The completion c r i t e r i a  l i s t e d  i-n Volume 111, Sect ion  7.2 f o r  

t h e  MOD5 checkout runs  were s a t i s f i e d .  

The only  . d i f £ i c k l t y  i n  running t h e  occurred a t  a t r a n s i e n t  

t ime of 14  s e c  w i t h  lower plenum f l a s h i n g .  The code was us ing  t h e  

maximum t i m e  s t e p  allowed (0.01 s e c )  and encountered a f a i l u r e  i n  

sub rou t ine  BAL. The problem was r e s t a r t e d  a t  13 s e c  wi th  a sma l l e r  

maximum t i m e  s t e p  (0.005) and t h e  problem continued t o  run t o  completion. 

The maximum t i m e  s t e p  w a s  increased  t o  0.01 a t  25 sec .  

5 .  OUTPUT DATA 

The output  d a t a  t r a c e s  f o r  t h e  200% break  GE BWR p l a n t  model a r e  

shown as Figures  D-2 through D-12 i n  t h i s  s ec t fon .  



0 .  

0. 25. 50. 7 5 .  100. Ie5. 150. 

T R A N S I E N T  T I M E :  S E C O N D S  

Fig. D-2 Lower plenum pressure - General E l e c t r i c  P lan t  (200% break). 

T R A N S I E N T  T I M E :  S E C O N D S  - - 

Fig. D-3  Break flow - General E l e c t r i c  P lan t  (200% break).  



0 .  25. 50. 75. 100. 125. 150. 

T R A N S I E N T  T I M E :  SECONDS 

Fig.  D-4 Broken loop jet pump flow - General  E l e c t r i c  P l a n t a ( 2 0 0 %  break) .  

0 .  25. 50.  75. 100. 125. 150. 

T R A N S I E N T  T I M E :  SECOND5 

Fig.  D-5 I n t a c t  loop jet pump flow - General E l e c t r i c  P l a n t  (200% break) .  



0 .  2 5 .  5 0 .  

T R A N S I E N T  T I M E :  S E C O N D S  

..Fig. D-6 Downcomer mixture l e v e l  - General E l e c t r i c  Plan,t .(2OO%,break). 

Fig. D-7 Core i n l e t  flow - General E l e c t ~ i c  P lan t - (2001  break).  . . . L ..r z%.JL*O&:e&!<# 



- 10000. 

0 .  25. 50 .  15. 100. 125. 150. 

TRANSIENT  T I M E :  SECONDS 

Fig.  D-8 Core o u t l e t  flow - General E l e c t r i c  P l a n t  (200% break). 

IDE TUBE INLET FLOW 

0 .  25. 50. 75. 100. 125. 150. 

TRANSIENT  T I M E :  SECONDS 

Fig. D-9 Bypass and g u i d e . t u b e  flow - General  E l e c t r i c  P l a n t  (200% b reak ) ,  



0 .  

0 .  25. 50. 15. 100. 125. 150. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. D-10 Liquid m a s s  i n  lower plenum - General E l e c t r i c  P l a n t  (200% break) .  

0 .  25. 50. 15. 100. 125. 1110. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. D - 1 1  Lower plenum mixture l e v e l  - General E l e c t r i c  P l a n t  (200% break).. 



520. 

0 .  25. 50. 75. 100. . 125. 150. 

'TRANSIENT T I M E :  .SECONDS . .. . 

Fig. D-12 Cladding surface temperature - General Electr ic  Plant (200% break). 
. . 



6. . -. INPUT LISTING' 

An. input  l i s t i n g  f o r  t h i s  run i s  g iven  in. Table.  D-I11 wh,$ch* F01low.s. 



TABLE D-I11 

. . 
INPUT LISTING 

. . . . . . . . , . . . . .  

=BUR BEST ESTIMATE 200% BRK 
*2345678901234567890123456789012345678901234567890123456789012345678901234567890 
* l o 0 0 1  LDH ED1 NTS TRP VOL BUB TDV JUN PMP CKV NLK FLL SLB GOM MAT COR HTX EMF 

, 010001 -2 9 5 10  23 4 0 33 2 4 1 3 25 1 0  5 5 0 0 
0 1 0 0 0 1 - 2  9 5 10  23 4 0 33 2 4 2 3 25 10  5 5 0 0 
0 1 0 0 0 1 - 2  9 5 10 23 4 0 33 2 4 2 4 25 1 0  5 5 0 '  0 
01'0002 3388. 1.0 
*20000 EDIT VARIABLE CARD 
,020000 KR 2 1  KR 22 KR 23 KR. 24 KR 25 TO 27 TD 28 JH 1 6  JH 1 5  
020000 JW 27  JW 28 JU 29 JW 19 JW 22 ML 2 HL 4 ML 11 JW 32 
020000 NO 0 TR 0 JW 29 HB 0 JW 5 JW 9 JW 22 JW 1 ML 2 
020000 AP 1 AP 2 JW 29 JW 19 JU 5 Jw 9 JU 2 2  JU 1' M I  2 
*3XXXO TIME STEP 
*3XXXO NMlN NMAJ NDMP NCHK DELTHAX DELTMIN TLAST 
030010 1 100 5 0 ~ 0 0 1  i O O O O l  .50 
030010 1 100 5 0 ,001 .OOOOl - 2  1200. 
030010 1 100 5 0 .001 .00001 .2 2000. 
030010 I 100 5 n .on1 .OOOOL . a  aaoo. 
030020 5 0 9 0 - 0 1  .000001 1. 
030030 20 10  2 0 - 0 1  .000001 60. 
030040 20 25.  . 1  0 .01 .000001 130. 
030050 20  25  1 0 - 0 1 0  .00001 2000. 
030003 5 0  
*4XXXO TRIP CARDS 
*4OOXO 'TRP SIG 1x1 1x2 SETPT, DELAY 
040010 1 1 0 0 15.0.. 0. 
040010 1 I 0 0 300- 0. 
040010 1 1 0 0 100.0 0 • 
040010 1 1 0 0 10.0 0. 
040010 1 1 0 0 0.0 0 • 
0400 io  1 1 o o 200.0 0. 
040020 1 -4 3 0 40. 0. 
U4UU30 2 1 0 0 6. 6. 
040040 3 1 0 0 - 0 0 1  0. 
040050 4 1 0 0 .002 0. 
040060 5 1 0 0 1.0 0 • 
Q40970 6 1 0 0 1.E6 0 -  
040080 7 -5 4. 0 21.5 26.5 
040090 8 1 0 0 - 0 0 1  1.E6 
040100 9 -5 4 0 2'1.38 120. 
*5XXXX VOLUME DATA CARDS 
*2345678901234567890123456789012345678901234567890123456789012345678901234567890 
*5XXXY B R PR,ES TEMP HORX V01. HT M I X  TP FLOWA DIA ELEV IAHBLO 
050011 2 0 1039. -1. .092104 1548. 22.25 22.25 0 224. 0. 29-92 0 
050011 2 0 1039. -1. .092022 1548. 22.25 22.25 0 224. 0. 29.92 0 
050011 2 0 1039. -1. ,091742 1548. 22-25 22.25 0 224. 0. 29.92 0 
050011 2 0 1039. -1.. -091627 1548. 22 .25  22.25 0 224. O m  29.97 n 
050011 2 0 1039. -1. .091632 1548. 22-25'  22.25 0 224. 0. . 29.92 0 
050021 2 0 1028.28 -1. e002448 6703. 12.25 5.27 .O 497. 0. 41.75 0 
050031 1 0 1024098 -1. 0999 ' 3777. 21-25 21.25 0 497. 0. 51.25 0 
050061 3 . 0  1031-93 532.3 -1. 3177. 32.23 32.23 0 165. 0. 10.02 0 
050051 o o 1024. 532.3 -1 .  125.25 26. 26. o 3 - 6 7  0 .  - i 1 4 .  o 
050061 0 0 1126.17 533.25 -1. 63. 3. 3. . 0 4 - 0  0. -1 4. 0 
050071 0 0 1226.17 533.25 -1. 366. 40.53 40.53 0 3.2 0. -14. 0 
050081 0 0 1024. 532.30 -1. 136. 26. 26. 0 3.67 0. -14. 0 
050091 0 0 1126.17 533.25 -1. 63. 3. 3 -  0 4 . 0  0. -14- 0 
050101 0 0 1226.17 533.25 -1. 366. 40.53 40.53 0 3.2 0. -14. 0 
050111 2 0 1062.16 532.53 -1. 2131.5 17.20 17.20 0 120. 0- 0. 23 
050121 2 0 1054.67 549.337 -1. 223. 2-85 2.85 0 81.091 a0473 17-82 13 
050131 2 0 1052.97 -1- 0037418 223. 2.75 2.75 0 81.091 ,0673 20.67 1 4  , 



TABLE 'D-I11 (confd.  ) . . 

050131 2 0 1052.97 -1. e037287 223- 2.75 2.75 0 81.091 -0473 20.67 
050131 2 0 1052.97 -1. a037157 223. 2.75 2.75 0 81,091 -0473 20.67 
050141 2 0 1051.52 -1. -050597 81-09 1. 1. 0 81.091 -0473 23.42 
050141 2 0 1051.52 -1. A 5 0 5 7 9  81.09 1. 1. 081 .091 .047323 .42  
050141 2 0 1051-52 -1. -050567 81.09 1. 1. 0 81.091 -0473 23.42 
050151 2 0 1049-87 -1. ,092060 223. 2.75 2.75 0 81.091 a0473 24.42 
050151 2 0 1049-87 -1. eO91994 223. 2.75 2.75 0 81.091 -0473 24.42 
050161 2 0 1047.65 -1- -139989 223. 2.75 2.75 0 81.091 a0473 27-17 
050161 2 0 1047.a5 -1. . I39840 223. 2.75 2.75 0 81.091 .0473 27.17 
050161 2 0 1047.65 -1. -139875 223. 2.75 2.75 0 81.091 -0473 27.17 
050171 2 0 1054.28 532-53 -1. 942.47 18.12 18.12 0 52-301 0. 0. 
050181 2 0 1045.86 532.67 -10 534.53 12.35 12.35 0 43-635 0. 17.92 
050191 0 0 1059.2 532.53 -1. 115. 15.7 15.7 0 19.69 0 -  10.02 
050201 0 0 1059.2 532.53 -1. 115. 15.7 15.7 0 19.69 0. 10.02 
050211 0 0 1030-8 532.30 -1. 10-75 2.2 2.2 0 3.67 0. 10. 
050221 4 0 14.7 100. 0.6 1.98E6 250. 0.0 1 1000- 100. -10- 
050221 4 0 14.7 100-  0.6 3.43E6 250. 0.0 1 1000. 100. -10- 
050231 2 0 1055-48 532.53 -1. 20.5 1.25 1.25 0 81.09 0, 16.77 
*60000 LIQUID LEVEL CALCULATION CARD 
060000 11 23 12 13 14  15 16 17 18 19 2 0  1 
*60001 SLVAMX SLVELZ SLVPWR SLVSLl SLVDPF 
060001 0.0 0.0 0.0 0.0 0.0 
*60002 HALL I S  SLIP CORRELATION CARD 
*60002 WALSC 1 WALSC2 
*6XXXl BUBBLE DATA CARDS 
* 6 X X l l  ALPH VBUB 
060011 1.0 0.0 
060021 0.0 3.0 
060031 0.d 3.0 
060041 0. 1.E6 
*60001 SLIP VELOCITY C A R D  
*8XXXY JUNCTION DATA CARDS 
*8???? I N  OT P V FLOW AJUN ZJUN I N  FJUF FJUR V C I EQ DM C C  C 
*2345678901234567890123456789012345678901234567890123456789012345678901  
080011 1 2 0 0 29583. 191.1 52.17 0. 0. 0. 1 5 3 0 0.0 0. 0 
080021 2 3 0 0 407403135 312. 52.25 0- 0-  0. 1 5  3 0 0.0 0. 0 
080031 2 4 0 0 25444. 165. 42.0 0. 0. 0. 1 5 3 0 0 - 0  0. 0 
080041 4 20 0 0 10041.5 3.112 25.0 30. 02084 1.17 2 5 0 2 0.0 0 -  0 
080051 4 2 1  0 0 4750. 3.67 11.0 0. 0. 0. 1 5 3 0 0 - 0  0. 0 
080061 5 6 - 1  0 4750. 3.67 -130 0. 0. 0. 0 5 3 0 0 .  0. 0 
080071 6 7 1 0 4750. 3.2 -13. 0- 0. 0 -  0 5 3 0 0 .  0 - 0  
080081 7 20  0 0 4750. 0.538 25. 47. -2373 6.8 0 5 0 2 0-  0. 0 
n ~ n n 9 i  4 8 0 0 4 7 5 0 .  3.67 la ,  o. o. 0. 1 s  3 o 0.0 0. o 
080101 8 9 -2  0 4750. 3-67 -130 0. 0. 0. 0 5 3 0 0. 0 -  0 
080111 9 10 2 0 4750. 3.2 -13. 0. 0. 0- 0 5 3 0 0-  0. 0 
080121 10 19 0 0 4750. 0.538 25. 47. -2373 6.8 0 5 0 2 0. 0. 0 
080131 4 19 0 0 10041.5 3.112 25. 30. .2084 1.17 2 5 0 2 0.0 0. 0 
080141 23 12 0 0 26639. 81.09 17.92 0. 0. 0, 0 5 3 0 0 .  0 - 0  
080151 12 13 0 0 26639. 81-09 20.67 0. 0. 0. 0 5 3 0 0. 0. 0 
080161 13 14 0 0 26639. 81.09 23.42 0. 0. 0. 0 5 3 0 0 .  0 . 0  
080171 14 15 0 0 26639. 81.09 24.42 0. 0. 0. 0 5 3 0 0. 0 -  0 
080181 15 16 0 0 26639- 81.09 27.17 0. 0. 0. 0 5 3 0 0 .  0 . 0  
080191 16 1 0 0 26639. 37.13 29.92 0 .  0 .  0. 0 5 J U U. U. 0 
080201 11 1 7  0 0 2944. 2.246 17.0 0. 0- 0. 1 5 3 0 1.0 0. 0 
080211 17 18  0 0 2944. 26.20 18-02 0. 0- 0. 0 5 3 0 0 .  0 . 0  
080221 18 1 0 0 2944. 43.635 30.02 0. 0. 0. 0 5 3 0 0-  0. 0 
080231 19 11 0 0 14791.5 19.69 10.12 0. 0. 0. 1 5 3 0 0.0 0. 0 
080241 2 0  11 0 0 14791.5 19.69 10.12 0. 0. 0 -  1 5  3 0 0.0 0. 0 
080251 21 5 0 1 4750. 3-67 11.0 0. 0. 0. 0 5 3 0 0 . 0 .  0 
080261 5 7 0 3 0. 3-20 -13. 0 -  0. 0. 0 5 3 0 - 0 . 0 .  0 

E COS AJ 
234567890 

0 1.0 0 
0 0.0 0 
0 0.0 0 
0 0.0 0 
0 0.0 0 
0 0.0 0 
0 0.0 0 
0 0.0 0 
0 0 - 0  0 
0 0.0 6 
0 0.0 0 
0 0.0 0 
0 0.0 0 
0 1.0 0 
0 1.0 0 
0 1.0 0 
0 1.0 0 
0 1.0 0 
u 1.0 0 
0 0.0 0 
0 0.0 0 
0 1.0 0 
0 0.0 0 

' 0  0.0 0 
0 0.0 0 
0 0.0 0 
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080261 3 22 0 3 0. a484 55.0 1. 1. 1. 0 5 0  0 0 .  0. 0 0 0 . 0  0 
080271 2 1  -22 0 4 0. 3.67 11. 0. 1.0 0.5 0 5 2 0 0. .9 0 0 0.0 0 
080281 22 5 0 4 0. 3.67 11. 0. 0.5 1.0 0 5 2 0 0. 09 0 0 0.0 0 
080291 11 2 3  0 0 26639. 20.32 17.0 0. 0. 0. 1 5 3 0 0. 0. 0 0 1.0 0 
0803011 0 4 1 0 4074.3135 4.712 40. 0. 0. 0. 0 5 3 0 0- 0. 0 0 0.0 0 
080311 0 3 2 2 -4074.3135 16-75 72. 0. 0. 0. 0 5 3 0 Q.'O. 0 0 0.0 0 
080321 0 1 3 0 0. 1.0 30. '0. 0. 0. 0 5 3 0 0. 0. 0 0 0.0 0 
080331 3 0 1 0 .O. -484 55. 1. 1. 1. 0 5 0 0 0. 0. 0 0 0.0 0 
080331 0 10  4 0 0. 1.00, 25. 1. 0. 0. 0 5 0 0 0. 0. 0 0 0.0 0 
*2345678901234567890123456789012345678901234567890123456789012345678901234567890  
*90XXY PLMP OESCRIPT I O N  DATA CARDS 
* ~ O O X Y  I P  T A P  RI  T P  T R E V  R A T I O  FLOW HEAD r a w  INER n m  FRIZ TOR 
OYUUll 3 4 0 1 0 1668- 1.0 44943- 710.3 222001 20000. 47.17 0. 0 
090021 3 4 0 1 0  1668. 1.0 44943. 710.3 22200. 20000. 47.17 0. 0 
*910YY PUMP HEAD MULT IPL lFW C A R D S  
0 9 1 0 0 1 - 1 1  0. 0. -1  0. -15  .05 -24 - 8  - 3  .96 - 4  e98 06 097 
09 1002 - 8  - 9  09 .8 096 .5 1.0 0. 
*920YY PUMP TORQUE M U L T I P L I E R  CAROS 
092001 -2 0. 0. 1. 0. 
*95XX1 PUMP STOP DATA C A R D S  
095011 0, 0; 0, 
095021 0. .Ow 0. 
*100000 PUMP CURVE INPUT  INDICATOR DATA CARD 

,100000 0 0 16  0 
*10XYYZ PUMP'HEAD AND TORQUE DATA CARDS 
103011 1 1 5 0.0 1.31 0.25 1.25 0.5 1.20 0.75 1.12 1.0 1.0 
103021 1 2 ' 5  0.0 -0.9 -25 -.5 a5 -.05 075 - 4  1.0 1.0 
103031 1 3 5-1.0 2.1 -.75 1.775 -0.5 1.54 -a25 1.4 0. 1.31 
103041 1 4 5-1.0 2.1 -075 1.50 -0.5 1.13 -.25 -92  0. - 825 
103051 1 5 5 0. - 4  .25 - 5 3  - 5  ,625 -75 .ao 1.0 1.0 . 
103061 1 6 5 0 -  -825 -25  - 7 9  - 5  0815 - 7 5  - 9 0  1.0 1.0 
103071 1 7 5 -1.0 -1.8 -.75 -1. -.5 -04 -.25 -1 0. 4. 
103081 1 8 5 -1.0 -1.8 -075  -1.72 5 -1.54 -.25 -1.27 0. -09 
103091 2 1 5 0. -55 - 2 5  r 6 3  - 5  .71 -75 086 1.0 1.0 . 
103101 2 2 5 0'. 7.55 .2 - . I75 - 4  - 0  -75 - 5 8  1.0 1.0 
103111 2 .,3 5 -1.0 1.77 -075 1.23 -.S -83 - .25 -62  0. 055 
103121 2 4 5 -1.0 1.77 -075  1.52 -05 1.37 - - 2 5  1-13  0, 1.0 
103131 2 5 5 0. -08 0.2 -a375 0.5 -.l .75 - 1 5  1.0 - 4 3  
103141 2 b 5 0 .  1.0 -25 - 8 8  05 075 -75 061 1.0 043 
103151 2 7 5 -1. -3.45 -075  -2.75 -a50 -2.0 -.25 -1.375 0. - • 8 
103161 2 8 5 -1. -3.45 -.75 .-2.62 -.SO -1.583 -.25 -1.15 0. - 0  55 
* l lXXXO VALVE DATA CAROS 
110010, 4 0. ' 0 0. 0. 0. 0. 
110020. 5 2 0 ' 0. 0. 0. 0. 
110030 - $  0. ' 0 0. 0. 0. 0.. 
110040 - 3  0. 0 0. 0. U. 0. 
*lZXXYY LEAK TABLE DATA CARDS 
.128101 -2 9 30. 0 .  1. 1000. 1. 
120201 6 5 14.7'0. 1. 2.25 1. 2.5 a667 2.75 0333 3. 0. 10000. 0. 
*13XXYY F I L L  TABLE DATA CARDS 
*3XX00 T R I P  TYPE P O I N T S  ICALC U N I T S  PORT HORX . 
130100 Z 1 4 1 L B S / S E C  1050- 401.11324 
130101 0. 864.6676 1. 864.6676 4.0 0. 10000. 0. 
130200 2 2 4 3 LBS/SEC 548. .999 
130201 0. 0. 940. 0. 1025. -276.2246 3000. -276.2246 
130300 7 2 11 3 GAL/MIN 292. 0.0 
130300 1 2 11 3 GAL/MIN 212. 0.0 
130301 0 .  15150. 59. 14200. 137. 12500. 178. 11550. 237, 9470. 268. 7576, 
130302 280. 5682. 287. 3788. 297. 1894. 304. 0. 10000. 0. 
130400 7 2 9 3 GAL/MIN  212. 0. 



.. . 
,130401 17.6 4355. 23.7 4309. 26.1 4291. 41.2 4175. 42.4' 4166. 
1304029a .  3708. 102. 3672. 310. 0. 3000. 0. 
*14000 K I N E T I C S  CONSTANTS 
*14000 PUR MUL B I L  R E C  UDUF 
140000 3 0 116. - 0. 1. 
*141001 SCRAM TABLE DATA CARDS 
141001 -8  4 0. 0. 0.9 0. 1.075 -04 1.6'-4. 2.7.-10. 5.7 -28.1 8. -30, 10. -30. 
*142001 DENS1 T Y  REAL T I  V I  T Y  DATA CARDS 
142001 -10 .2 -11.55 .3 -8.830 .4 -6.690 .5 -5.01 .6 -3.64 ,? -2.5.1 
142002 - 8  -1.55 - 9  -0.73 1. 0. 1.1 0. 
*143001 DOPPLER TABLE DATA CARDS 
143001 - 6  0. 1-85 1000. 0. 2000. -1.71 3000. -3. 4000. .+,28 5000. -5043 
*140XXO R E A C T I Y ' I T Y  C O E F F I C I E N T '  DATA CARDS 
140010 148289 0148289 0. 0. 
140020 341782 0341782 0. 0. 
140030 -019858 .OL9858 0. 0. 
140040 0341782 a341782 0. 0. 
140050 148289 -148289 0. 0. 
* l S X X X  HEAT SLAB DATA 
*15XX1 VL VR G S X H H ASUL ASUP VOL .HDL HDR HEDL HEDR CHL CYR 
*15XX2 Z B O T  ZbOP 
*23~56 .7890~1234567890 .123456789012345678901234567~890123456789012345 .6~~~~~0~1 ;2~3 ,~5~67~8~0  
rSOOll 0 3 2 0 , O  0 0 0.. 687. 422. 0 ,  0. 0. 0. 0. 0 • 
.1'100.12 '0,. 0. 
.1510:0.2;1 :O :2 2 0 0 0 -0 0. '1.3680 6 9 8  0. 0. O..Oc. '0. .O 0 

i1'5002.2 0. .O. 
15.0931 D 4 2 0 0 0 0 0 .  1916. 9770 0 .  0. ,O. 0; .OF $3- 
.1.500.3'2 '0.. i0 
Y5.00:4'1 i0 :1:1 :2 .O '.O 0 .O 0 687. 385. ,O, 0. .O. 0. 9 - O:. 
il'SOo'C2 ::0. 0. 
L5Q0.51 !4 '1'8 3 . O  0 0 .0 ,13:55. 1:355, 239,. 0. 0. ,0. 0,. 0 .  :!',* 
150052 0. ..O.. 
. I50061 .1 2 4 . O  0 0 , O  228.8-• ,2288. 2860 0. 0. 0. 0. 0. 0, 
150062 \O. -0. 

. '150062 -0. FtO.42 
1504'1.1 1'1 :23 5 -0 0 0 -0 197. .. 19.7. ,450  . O m  0 .  ,.Po .O.  0. .O . 
15007.2, 00 0. 
150081 .16 1 '5 '0 0 ..O .O 94. ..94,0 .3 1 ,a 0.. 0. ,Re 0. 0. .O • 
1500.82 0. .O. ' 
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150192 6.51 9.24 
150201  16 18  10  1 0 0 0 1096.8 1096.8 25.67 0. 0. 0. 0. 10.625 10.625 
150202 9.26 11.99 
150211 0 12 1 0 0 0  0 0 .  15175.52 178.039 0. - 048  0- - 0588  1.375 1.375 
150212 0. 0. 
150221 0 13 1 1 0 0 0 0. 15175.52 178.039 0. 0048 0. ,0588 4.125 4.125 
150222 0. 0. 
150231 -0 14 1 1 0 0 0 0. 5518.372 64.741 0. - 0 4 8  0. .0588 6.0 6.0 
150232 0. 0.  
150241 0 15 1 1 0 0 0 0. 15175.52 178.039 0. ,048 0. -0588 7.875 7.875 
150242 0. 0. 
150251 0 16  1 1 0 0 0 0-  15175.52 178.039 0 -  - 0 4 A  n, ,0589 10.625 10.625 
150252 0. 0. 
*2345678901234567890 123456789012345678901234567890123456789012345678901234567890 
+I6000 CORE SECTION DATA 
* I 6 0 0 0  SLB NODE CLAD QFRAC 
160010 2 1  7 9 15 0 ,  017721 
160020 1 7  7 9 1 5  0, m26q02 
160030 2 3  7 9 15 0 .  .18794 
160040 24 7 9 15 0 ,  026902 
160050 25 7 9 15 0 .  . I 7 7 2 1  
*17XXYY SLAB GEOMETRY DATA CARDS 
*7XXYY I G  NR M I  NPX XO WIDTH POW 
170101 2 3 1 6 0.0 .020071 1.0 
170102 1 2 2 .000721 0. 
170103 0 3 8 .00267 0. 
170201 1 2 4 3 0.0 - 4  0. 
170202 0 5 1 00208 0. 
170301 1 1 5 1 0, .17 0. 
170401 1 1 5 1 0, - 1 2 5  0, 
170501  1 1 5 1 0. - 3 3  0.  
170601  1 1 5 1 0. - 0138  0. 
170701 1 1 5 1 0. -0625 0. 
170801 1 1 5 1 0. - 0 4 2  0. 
170901  1 1 5 1 0. 0 08 0. 
171001  1 1 5 1 0 -  -0234 0. 
*18XXYY THERMAL CONDUC T I  VITY DATA CARDS 
180100 -20  500. 3 .341  650. 2.971 800. 2.677 950. 2.439 1100. 2.242' 
180101 1250. 2 .078 1400. 1.940 1550. 1.823 1700. 1.724 1850, 1.639 
180102 2000. 1,568 2150. 1.507 2300. 1.457 2450. 1.415 2600. 1.382 
180103 31'00. 1.323 3600. 1.333 4100. 1.406 4600. 1.538 5100. 1.730 
180200 2 3 2 -41562 5400. .41562 
180300 18 3 2, 7.812 212. 7.992 392. 8.208 
180301  572. 8.784 752. 9.540 932. 10.404 
180302 I 112. 11.268 1292. 12.492 1472. 13.17b 
180303 1652. 13.968 1832. 14.796 2012. 16.128 
180304 2 192, 17.764 2372. 19.656 2552. 71 - 7 R O  
180305 2732. 24.048 3092. 28.908 3360. 33.120 
180401 -5 32. 30. 212.  29.5 392. 28.3 572. 26.6 752. 24.7 
180501 - 2  200. 8.33 1200. 12.92 
*19XXYY VOLUMETRIC HEAT CAPACITY DATA CARDS 
190100 16 9 2 -  94.45 122, 38.35 E 12- ' iU.'15 
190101 392. 43.55 752. 46.8 2012. 51.35 
190102 2732. 52.65 3092. 56.55 3452. 63.05 
1901 03 3812. 72.8 4352. 89.7 4532. 94.25 
190104 4712- 98-15 4892.  100.1 5144- 101.4 
190105 8000. 101.4 
190200 2 32. .000075 5400- .000075 
190300 5 0.0 28.392 
190301 1480.3 34,476 1675.0 85.176 



190302 1787.5 34.476 3500eO 34.476 
190401 - 7  130. 56.9 350. 60.8 450. 62.3 530. 65.2 620. 67.2 710. 70p.2 800. 77.5 
190501 - L O  68. 52.8 200. 56.7 400. 61.6 600. 64. 800. 66. 1000. -67 
190502 1200. 68.4 1400. 71.8 1600. 75.8 1800. 80.6 
*ZOXXYY LINEAR EXPANSION COEFFICIENT DATA CARDS 
200101 -2  0. 3.718E-6 5000. 1.2653E-5 
200201 -2 0. 0, 5000. 0. 
200301 -4 0. 3.094E-6 1652. 4.706E-6 1653. 5,389E-6 5000. 5.389E-6 
200401 -2 0. 0. 5000. 0. 
200501 -2 0. 0. 5000- 0. . EN0 TERMINATOR CARD 
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BWR SMALL RECIRCULATION LINE BREAK - GENERAL ELECTRIC PLANT 

1. INTRODUCTION 

The Hope Creek General E l e c t r i c  BWR p l a n t  was modeled us ing  

RELAP41MOD5 t o  r e p r e s e n t  a 6% break  i n  t h e  pump s u c t i o n  s i d e  of 0~9 of 

t h e  r e c i r c u l a t i o n  l i n e s .  The system model and assumptions used,  t h e  

c a l c u l a t e d  r e s u l t s ,  and t h e  conclusions drawn from t h i s  problem run  a r e  

presented  i n  t h e  fo l lowing  s e c t i o n s .  Some i n t e r p r e t a t i o n  of cesu,&_ts i s  

based on d i g i t a l  d a t a  output  which was too  voluminous t o  be  included i n  

t h i s  appendix. The model presented  was used f o r  program checkout and 

should n o t  b e  considered a comprehensive s tudy  of t h e  LOCA .response,of 

t h e  a c t u a l  p l a n t .  

2. .SYSTEM MODEL AND ASSUMPTIONS 

The RELAP~IMoD~ model desc r ib ing  t h e  BWR system is  shown i n  

F igure  E-1. It cons i s t ed  of 16  volumes, 25 junc t ions , . -and  17 h e a t  

s l a b s .  The volumes ,and f i l l  j unc t ions  shown i n  F igure  E-1 a r e  - i den t i -  

f i e d  i n  Table E-I. 

The system noda l i za t ion  f o r  t h e  BWR smal l  b reak  a n a l y s i s  d i f f e r e d  

from t h a t  used f o r  t h e  200% break (Appendix D) i n  t h e  fo l lowing  r e s p e c t s .  

The 6 c o r e  volumes (5 hea ted  and 1 unheated) and 10 core  h e a t  s l a b s  used 

i n  t h e  l a r g e  break  model were rep laced  by a s i n g l e  core  volume and two 

co re  h e a t  s l a b s .  The two volumes r ep re sen t ing  t h e  co re  bypass and t h e  

guide tubes i n  t h e  l a r g e  break  case  were combined i n e 0 . a  single, .volume 

f o r  t h e  s m a l l  b reak  a n a l y s i s .  The- two break  volumes (V21 and 5)  used 



Fig. E-1 Nodalization for 6% break - General Electric Plant. 



TABLE E-I  
.*. , t i l ; i  - .  --I " * .  

VOLUME AND FILL JUNCTION IDENTIFICATION FOR 6% BREAK - GE BWR PLANT 

Volume No. Descr ip t ion  

1 Upper Plenum and Steam Separator  

Upper Downcomer 

3 Steam Dome . . 

4 Lower Downcomer 

Broken Loop Rec i r cu la t ion  Line - 
Suct ion  Side 

Broken Loop Rec i r cu la t ion  Pump 

7 - Broken Loop Rec i r cu la t ion  
Line - Diecha.rge Side 

I n t a c t  Loop Rec i r cu la t ion  
Line - Suction Side  

I n t a c t  Loop Rec i r cu la t ion  Pump 

I n t a c t  Loop Rec i r cu la t ion  ' 

Line - Discharge Side 

Lower Plenum 

Core 

1 3  Bypass and Guide Tubes 

14 I n t a c t  Loop . J e t  Pump 

1 5  Broken LOOP J e t  Pump 

16  Containment 

F i l l  Junc t ion  No. 

2 2 Feedwater I n l e t  

Steam Out l e t  

Core Spray (212F Water) 

Low P res su re  Coolant I.nj ect$on 
(100F Wat.er) 



in the large break analysis were combined into a single volume for the 

small break analysis. Thus, the small break model utilized seven fewer 

volumes, eight fewer heat slabs, and eight fewer junctions than the 

large break model. 

The vertical slip model was used in 4 of the 25 junctions, as 

summarized in Table E-11. The junction smoothing option was not used. 

The R E W 4  phase separation (Bubble Rise) model with bubble velocity of 
\- 

3 ft/sec was used in the core, the upper and lower plenums, the bypass, 

and the upper and lower downcomer. The foregoing used a gradient of 0.0 

except the lower downcomer which used 0.8. The Henry-~auske/~~~ critical 

flow model with a multiplier of 1.0 was used at the break junction. The 

stagnation pressure subroutine was not used. Fill junctions were utilized 

for the feedwater, steamline, core spray, and low pressure injection 

system (LPIS) flows. The last was modeled for the intact recirculation 

loop only in order to conform to the functional design of the GE BWR 

plant. 

3 . '  RESULTS 

RELAP~/MOD~ ran smoothly (except during the initial part of core 

spray) and had a reasonable processing time. Core spray into the upper 

plenum resulted in a high degree of steam condensation with consequent 

pressure.and flow oscillations. This led to a temporary reduction in 

allowable time step and increased running time. ~he'transient time from 

break initiation until lower plenum refill was 450 sec. This required 

27 min of CPU time on the CDC 7600 at the Brookhaven National Laboratory. 

The major events which occurred during the transient are given in 

Table E-111. The output data.traces are shown as Figures E-2 through E-11 

in Section 5 of this appendix. A summary discussion of the transient 

follows. 



TABLE E-II' 

JUNCTIONS MODELED WITH. VERTICAL SLIP 
,FOR 6% BREAK - GE BWR PLANT 

Junc t ion  No. 
-'&.A 

Locat ion 

Top of Upper Plenum, 

Bottom of Core 

Top of Core 

Top of Bypass 

TABLE E-I11 

MAJOR EVENTS. SUMMARY 
FOR 6.2. BREAK - GE BWR PLANT 

TSme ( sec )  

0  :002 to. 0.002 

Event 

Break opened, pump power o f f ,  
scram t r i p p e d ,  feedwater  and 
s teamlfne  t r i p p e d  

Feedwater stopped 

Steamline c lo sed  

Upper downcomer emptied (Fig.  E-6,) 

Lower d-owncomer emptied (Fig.  E-6) 

ADS s t a r t e d  

System pressure.  dropped t o  300 
psia . ,  CSS. s t a r t e d .  and downcomer 
began t o  f i l l  

I n t a c t  loop j e t  pump d r i v e  flow 
became p o s i t i v e  and lower p l e n ~ ~ m  
began t o  r e f i l l  (Fig.  E-5) 

Lower plenum was. f u l l  

Pr.oblem run  completedf 



The t r a n s i e n t  began when the  break junc t ion  (520) opened and power 

t o  t h e  r e c i r c u l a t i o n  pumps w a s  t r i pped .  The t r i p s  f o r  t h e  scram,. feed- 

water  va lve ,  and s t eaml ine  were i n i t i a t e d  s h o r t l y  a f t e r  t h e  break 

occurred.  

A s  shown i n  F igure  E-2 t h e  v e s s e l  p re s su re  began t o  drop when t h e  

b reak  opened. The s t eaml ine  va lve  was f u l l y  closed a t . 4  s e c ,  and t h e  

v e s s e l . , p r e s s u r e  began t o  i n c r e a s e  r a p i d l y ,  s i n c e  t h e  core  was s t i l l  

gene ra t ing  steam. 

The break f low increased  when t h e  v e s s e l  p re s su re  increased  a s  

shown i n  F igure  E-3.  The break t low began t o  decrease  aga in  a t  14 s e c  

because of l o c a l  d e p r e s s u r i z a t i o n  near  t h e  break  and t h e  subsequent 

dec rease  i n . f l u i d  dens i ty .  

The v e s s e l  p r e s s u r e  reached a maximum a t  20 s e c  and then decreased 

t o  a somewhat s t a b l e  v a l u e  of 1,250 p s i a  a s  shown i n  F igure  E-2. The . 
p r e s s u r e  remained s t eady  u n t i l  about 87 s e c  when t h e  break volume.(V5) 

s a t u r a t e d  and t h e  break junc t ion  began t o  flow a two-phase mixture.  The 

b reak  volume f l u i d  q u a l i t y  r e tu rned  t o  zero dur ing  t h i s  smal l  depressur-  

i z a t i o n ,  and a s l i g h t l y  lower s teady  p re s su re  was e s t a b l i s h e d  u n t i l  t h e  

lower' downcomer emptied a t  approximately 120 s e c  a s  shown i n  F igure  E-6. 

The dep res su rza t ion  then  continued a s  t h e  break flowed a high q u a l i t y  

mixcure af trr 120 s e c .  

The automatic  d e p r e s s u r i z a t i o n  system (ADS) va lve  opened a t  184 s e c  

and t h e  r a t e  of d e p r e s s u r i z a t i o n ,  shown i n  F igure  E-2, increased  r a p i d l y .  

The p r e s s u r e  f e l l  u n t i l  i t  reached 45 p s i a  which was about 5 p s i a  below 

containment pressure .  

I h e  f l u i d  i n  t h e  break volume s a t u r a t e d  twice  between 40 and 10U sec .  

Th i s  caused t h e  decreases  i n  break mass flow evident  i n  F igure  E-3. 

The break  flow decreased due t o  t h e  t h e  change i n  f l u i d  q u a l i t y  e x i t i n g  

t h e  break  a t  120 s e c  when t h e  lower downcomer emptied. It remained 
.. . . 

f a i r i y  cons t an t  u n t i l  t h e  ADS opened (184 sec )  which depressur ized  t h e  

steam-dome and pu l l ed  l i q u i d  from t h e  lower plenum (Figure E-lo), 



through t h e  j e t  pumps (F igure  E-4) and core ,  i n t o  t h e  downcomer and i n t o  
- - 

' the break volume (V5). This  r e s u l t e d  i n  a  lower q u a l i t y  f l u i d  and 

increased  flow through t h e  break  junc t ion  a s  shown by Figure  E-3. The 

break  flow decreased aga in  a s  t h e  break  junc t ion  q u a l i t y  increased  and 

t h e  p re s su re  decreased. 

The break flow increased  s l i g h t l y  a t  290 s e c  when t h e  c o r e  spray  

system (CSS) and LPIS s t a r t e d  i n j e c t i n g  subcooled water  i n t o  t h e  system. 

The subcooled water  en tered  t h e  lower downcomer through t h e  i n t a c t  loop 

r e c i r c u l a t i o n  l i n e ,  flowed i n t o  t h e  break volume ( ~ 5 ) ~  and out  t h e  break 

junc t ion .  The break flow reached zero when t h e  p re s su re  i n  t h e  brizak 

volume reached containment p re s su re  a t  approximately 420 s e c .  

The broken loop and i n t a c t  loop j e t  pump flows a r e  shown i n  

F igures  E-4 and E-5. The f lows i n  both j e t  pumps decreased i n  t h e  same 

manner when power t o  t h e  r e c i r c u l a t i o n  pump was t r i pped  a t  t ime zero.  

Both pumps behaved s i m i l a r l y  u n t i l  t h e  LPIS water  s t a r t e d  f lowing i n t o  

t h e  i n t a c t  loop a t  about  290 sec .  When t h e  LPIS began t o  flow &nto t h e  

i n t a c t  loop, t h e  f l u i d  was forced  i n t o  t h e  lower downcomer through t h e  . 

r e c i r c u l a t i o n  l ine- lower plenum junc t ion  (J9). This  r e s u l t e d  from t h e  

nega t ive  flow through t h e  j e t  pumps i n t o  t h e  downcomer which r e s t r i c t e d  

t h e  d r i v e  flow. The downcomer mixture  l e v e l  was inc reas ing  dur ing  t h i s  

t ime a s  i s  evident  i n  F igure  E-6. A t  approximately 428 s e c ,  t h e  LPIS began 

t o  flow through t h e  d r i v e  nozz le  of t h e  i n t a c t  loop j e t  pump, a c t i v a t i n g  

t h e  pump and drawing downcomer f l u i d  i n t o  t h e  lower plenum. Since t h e  

rlnwnromer was f i l l e d  wi th  water s l i g h t l y  coo le r  than  t h e  lower plenum, 

and s i n c e  t h e  LPIS f l u i d  was a t  100°F, t h e  lower plenum began f i l l i n g  

wi th  subcooled water a s  shown by Figure  E-10. 

The broken loop d i d  no t  r e c e i v e  s e p a r a t e  LPIS water  i n j e c t i o n  due 

t o  system design.  The j e t  pump d ischarge  and induced flow accord ingly  

remained nega t ive  (o r  s l i g h t l y  p o s i t i v e )  dur ing  t h e  l a s t  150 s e c  of t h e  

t r a n s i e n t  even though t h e  d r i v e  flow was p o s i t i v e .  The p o s i t i v e  d r i v e  

flow r e s u l t e d  from t h e  lower p re s su re  i n  t h e  steam dome which drew f l u i d  

i n t o  t h e  lower downcomer from t h e  d r i v e  line*. 
....... . -. 6 ,  



The downcomer mixture  l e v e l s  a r e  shown i n  F igure  E-6. The upper 

downcomer emptied a t  21 s e c  and t h e  lower downcomer a.t 120 sec .  The ADS 

v a l v e  opened a t  184 s e c  and t h e  mixture l e v e l  i n  t h e  lower downcomer 

temporar i ly  i nc reased  because t h e  reduced p re s su re  i n  t h e  steam dome 

allowed a n  i n c r e a s e  i n  t h e  nega t ive  flow through t h e  j e t  pumps. The 

lower downcomer mixture  l e v e l  then  increased  s i n c e  t h e  break was small .  

Break f low caught up by 205 s e c  and t h e  lower downcomer l e v e l  s t a r t e d  

dropping. When t h e  LPIS came on a t  288 s e c ,  t h e  mixture l e v e l  aga in  

inc reased  and r e f i l l e d  t h e  lower downcomer a t  355 sec .  The mixture 

l e v e l  decreased a t  approximately 395 s e c  when t h e  flow from t h e  down- 

comer became smal1,and t h e  bubbles escaped. The mixturp l e v e l  increased  

a g a i n  when .the jet pumps took f l u i d  from t h e  downcomer and began r e f i l l -  

i n g  t h e  lower plenum a t  428 sec .  

- The c o r e  i n l e t  and o u t l e t  flows a r e  shown i n  F igures  E-7 and E-8. 

The f low decay e a r l y  i n  t h e  t r a n s i e n t  followed t h e  j e t  pump flow decay. 

,The i n l e t  flow o s c i l l a t e d  around zero and ' then s t a b i l i z e d  u n t i l  t h e  c o r e  

sp ray  came on a t  288 sec .  The co re  spray  caused seve re  o s c i l l a t i o n s  i n  

t h e  c o r e  i n l e t  and o u t l e t  f lows because t h e  subcooled CSS water  condensed 

s team i n  t h e  upper p l e n m .  The flow aga in  s t a b i l i z e d  a f t e r  335 s e c  and 

remained nega t ive  u n t i l  t h e  lower plenum was f i l l e d  a t  448 see .  The 

p e r t u r b a t i o n s  beginning a t  428 s e c  a r e  a t t r i b u t e d  t o  t h e  r e s t a r t i n g  t h e  

i n t a c t  l oop  j e t  pump r e c i r c u l a t i o n  wi th  co ld  LPIS f l u i d .  This  caused 

water  su rge  and then  condensat ion i n  t h e  lower plenum. . The condensation 

r e s u l t e d  i n  a  f low i n t o  t h e  lower plenum through t h e  core .  

The f low through t h e  guide  tube  and bypass i s  shown i n  F igure  E-9. 

S h o r t l y  a f t e r  t h e  break  occurred,  t h e  flow reve r sed ,  a s  d id  t h e  c o r e  

i n l e t  and j e t  pump flows. The bypass and guide  tubes  provided a  pa th  

f o r  t h e  f l u i d  i n  t h e  11pper plenum t~ rc t t l rn  to the  lowag pluxium and @he 

f low thus  was nega t ive  during most of t h e  t r a n s i e n t .  The flow became 

ve ry  o s c i l l a t o r y  when t h e  CSS came on a t  288 s e c  because subcooled f l u i d  

lllixerl w i t h  s a t u r a t e d  f l u i d  i n  t h e  upper plenum. Af t e r  t h e  flow became 

r e l a t i v e l y  s t a b l e ,  i t  was evidenr  t h a t  t h e  bypass was he lp ing  t o  f i l l  

t h e  lower plenum wi th  t h e  CSS water .  



Figure E-10 shows the liquid mass in the lower plenum. The'mass' 

did not decrease ~ignificantly~until 184 sec when the ADS opened and 

water was drawn into the downcomer. The subcooled CSS water was in- 

jected into the upper plenum at 288 sec and condensed some of the steam. 

This caused a depressurization which again decreased the mass in the 

lower plenum. As has been discussed previously, the lower plenum filled 

when the intact loop jet pump began to flow in the normal direction at 

428 sec. 

Cladding surface temperature is shown in Figure E-11. The cladding 

temperature followed the fluid saturation temperature until about 250 sec. 

The heat transfer mode was nucleate boiling until about 230 sec, when it 

changed to forced convection vaporization. About 237 sec, the temperature 

again began to follow the saturation temperature until about 250 sec 

when the heat transfer mode changed to that of forced convection to 

superheated vapor. The heat transfer mode was primarily stable film 

boiling during the remainder of the transient although it also went into . 

free convection and into forced convection to superheated vapor. The 

temperature decreased at 432 sec because of the increased negative core 

flow when the lower plenum started to refill. 

4. CONCLUSIONS 

. . 
The BWR small break problem was run without major difficulty and 

within the established time limit of one hour on the CDC 7600 computer. 

Calculations during the initial part of core spray required a'reduction 

in maximum. allowable time step. This was due to steam condensation and 

consequent pressure and flow oscillations in the upper plenum. The 

completion criteria listed in Volume 111, Section 7.2 for the MOD5 check- 

out runs were satisfied. 



The output  d a t a - t r a c e s  f o r  t h e  General E l e c t r i c  BWR 6% break  problem 

run  a r e  shown as Figures  E-2 through E-11 i n  t h i s  s e c t i o n .  
& 
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450. 0 .  5 0 .  100. 150. 200. 250 .  300. 350. 400. 

TRANSIENT TIME: SECONDS . -- . 
Fig. E-2 Lower plenum p re s su re  - General E l e c t r i c  P l a n t  (6% break) .  

0 .  5 0 .  100. 150. 200. 250 .  300. 350. 400. *SO. 

TRANSIENT TIME: SECONDS . - - - 
Fig. E-3 Break f law - General E l e c t r i c  P l a n t  (6% break). 



0 .  SO. 100. 150. 200. 250. ,300. 350. YOO. 950. 

T R A N S I E N T  T I M E :  SECONDS 

Fig.  E-4 Broken loop jet pump f low.-  General E l e c t r i c  P l a n t  (6% break) .  

0 .  SO. 100. 150. 200. 250. 300. 350. 400. YSO. 

T R A N S I E N T  T I M E :  SECONDS 
. -  - 

Fig. E-5 I n t a c t  loop jet pump flow - General  E l e c t r i c  P l a n t  (6% break) .  
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T R A N S I E N T  TIME: S E C O N D S  

Fig. E-6 Downcomer mixture l e v e l  - General E l e c t r i c  P lan t  (6% break).  
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T R A N S I E N T  TIME: S E C O N D S  

Pig.  E-7 Core i n l e t  flow - General E l e c t r i c  P lan t  (6% break).  



-10000. 

0 .  50 .  100. 150. 200. 250. 300. 350. '400. '450 - 
T R A N S I E N T  T I R E :  SECONDS - 

Fig. E-8 Core out le t  flow - General Electr ic  Plant i 6 %  break). 

0 .  50.  100. 150. 200. 250. 300. 350. COO. Y50. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. E-9 Bypass flow - General Electr ic  Plant (6% break). 
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0 .  50 .  loo. .. 150.  200. 250. 300. 350. roo. 450. 

TRANSIENT TIME: SECONDS 

Fig. E-10 Liquid mass i n  the  lower plenum - General E l e c t r i c  Plant  ( 6 %  break).  

Fig. E-11 Cladding su r face  temperature - General E l e c t r i c  P lan t  ( 6 %  break).  



6, INPUT LISTING 

i n p u t  l i s t i n g  f o r  t h i s  r u n ' i s  ' g iven  i s  Table  E-IV, which fo l lows ,  



TABLE E-IV 
- .- 

INPUT LISTING 
- .  

= GE BWk SMALL BREAK 
0 1 0 0 0 1 - 2  9 5 1 0  16 4 0 :25 2 4 2 4 1 7  1 0  5 1 0 0 
0 1 0 0 0 2  ,3388. 1.0 
*3XXXO TIME STEP 
*3XXXO NMIN NMAJ NDMP NCHK UELTMAX OELTMIN TLAST 
0 3 0 0 1 0  1 2 1 0 .001  .00001  .2 4300. 
0 3 0 0 1 0  1 0 0  2 1 0 .OOl . 0 0 0 0 l  - 2  4000. 
0 3 0 0 1 0 .  100  2 1 0 - 0 0 1  .00001  - 2  230. 
*4XXXO TRIP  CARDS 
*400XO TRP SIC 1 x 1  1 x 2  SETPT, DELAY 
0 4 0 0 1 0  1 1 0 0 150. 0. 
4 0 0 1 0  1 1 0 0 5. 0. 
0 4 0 0 1 0  1 1 0 0 0.0 0. 
0 4 0 0 1 0  1 1 0 0 0.01 0. 
4 0 0 1 0  1 1 0 0 15. 0. 
0 4 0 0 1 0  1 1 0 0 10.0 0. 
4 0 0 1 0  1 1 0 0 50. 0. 
0 4 0 0 3 0  2 1 0 0 0. 0. 
0 4 0 0 4 0  3 1 0 0 - 0 0 1  15. 

. 0 4 0 0 4 0  3 1 0 0 - 0 0 1  0. 
0 4 0 0 5 0  't 1 0 0 - 0 0 2  15. 
0 4 ~ 0 5 0  4 1 0 0 . 0 0 2  0. 
0 4 0 0 6 0  5 1 0 0 3.0 15. 
0 4 0 0 6 0  5 1 0  0 1.0 0. 
0 4 0 0 7 0  6 1 0 O 1 . E h  0. 
0 4 0 0 8 0  7 - 5  4 0 21.5 26.5 
0 4 0 0 9 0  8 1 0 0 . 0 0 1  1.E.b 
040.100 9 - 5  4 0 21.38 120. 
*5XXXX VOLUME CATA CAPOS 
* 2 3 4 5 6 7 8 9 0 1 2 3 4 ~ 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 Y 0 1 2 3 4 5 6 7 8 9 0 1 ~ ~ 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 ~ 3 4 5 6 7 8 9 0  
*5XXXY B R PRES TEMP HOkX VOL HT MIX TP FLOWA OIA  ELEV IAMRLO 
0 5 0 0 1 1  2 0 1039. -1. ,091632 1548 .  22.25 22.25 0 224. 0. 29.92 0 
050021.  2 0 1028.28 -1. .002448  6703. 12.25 5.27 3 497. 0. 41.75 0 
0 5 0 0 3 1  i o 1024.98 -1. ..999 3777. 21.25 21.25 0 497. 0. 51.25 o 
0 5 0 0 4 1  3 0 1031.93 532.3 -1. 3177. 32.23 32.23 0 165. 0. 10.02 0 
0 5 0 0 5 1  0 0 1024. 532.3 -1. 125.25 26. 26. 0 3.67 0. -14. 0 
0 5 0 0 5 1  0 0 1024. 532.3 -1. 136.00 26. 26. 0 3.67 0. -14. 0 
0 5 0 0 6 1  0 0 1126.17 533.25 -1. 63. 3. 3. 0 4.0 0. -1 4. 0 
0 5 0 0 7 1  0 0 i 2 2 6 . 1 7  533.25 -1. 366.- 40.53 40.53 il 3.2 0. -14. 0 
0 5 0 0 8 1  0.  0 1024. 532.30 -1. 136. 26. 26. 3 3.67 0. -14. 0. 
0 5 0 0 9 1  0. 0 1126.17 533 .25  -1. 63. ' 3 .  3 . '  il 4 .0 .  . 0. -14. 0 
0 5 0 1 0 1  0 0 1226.17 533.25 -1. 366. 40.53 40.53 0 3.2 0. -14. 0 
0 5 0 1 1 1  2 0 506'2*L.6 532.53 -1. 2131.5 17.20 17.20 0 120. 0. 0. 2 3 
0 5 0 1 1 1  2 0 1362.16 532.53 -1. 2131.50 17.13 17.13 0 120. 5 .  0. 12  
0 5 0 1 2 1  2 0 1051.52 -1; .050567  973.09 13.02 13.02 0 $1.091 .0473 17,.00 1 
0 5 0 1 2 1  2 3 1051.52 -1 .  e l 3 9 8 8 1  973.04 13.02 13.02 0 81.091 - 0 4 7 3  17.00 1 
0501.21 2 0 1051.52 -1. - 1 3 8 8 8 1  973.04: 13.02 13.02 0 81.091 - 0 4 7 3  17.00 1 
0 5 0 1 2 1  2 0 1051.52 -1. . 1 3 8 5 5 1  973.09 13.02 13.02 0 61.091 - 0 4 7 3  17.00 1 
0 5 0 1 3 1  2 0 1050.07 532.60 -1. 1477.0 30.02 30.02' 0 43.635 0. 0. 1 
0501'41 0 0 1059.2 532.53 -1. 115. , 15.7 15.7 0 19.69 3. i 0 .02  0 
0501.51 0 0 1059.2 532.53 -1. 1'15. 15.7 15.7 0 19.69 0. 10.02 0 
0 .50161 4 0 1 4 ?  7 100 .  0.6 3.43E6 250. 0'.0 1 1000. 100. -10. 0 
* 6 0 0 0 0  L I Q U I D  LEVEl  CALCULATION CAkU 
0 6 0 0 0 0  11 12  1 3  1 4  1 5  1 
+ 6 0 9 0 1  SLVAMX S L V E C Z  SLVPkR SLVSL l  SLVDPF 
0 6 0 0 0 1  3.0 0.0 0.0 0.0 0.0 
a612002 WALLIS SL IP  CORRELATION CARD . 
* 6 0 0 0 2  WALSCl WAL SC2 
*6XXX1 RUBBLE CATA CAR@< 
* 6 X X l l  ALPH. VBUt) 



TABLE E-IV (contd.)  

0 6 0 0 1 1  1.0 3.0 
, 0 6 0 0 2 1  J.O 3.0 
0 6 0 0 3 1  3 . 6  3.0 
0 6 0 0 4 1  0. 1.E6 
* 6 0 0 0 1  S L I P  V E L O C I T Y  C A R D  
*8XXXY J U N C T I O N  D A T A  C A R C S  
* 8 ? ? ? ?  I &  O T  P  V F L O K  A J U N  ZJUt:  ' I N  FJUF FJUP V  C  I EO DY CC C f COS 4J 
* 2 3 4 ~ 6 7 8 9 3 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 E 4 ' 0 1 2 ? 4 5 6 7 8 9 3 1 2 3 4 5 6 7 8 ~ 0 1 2 3 4 5 6 7 ~ 9 0 1 2 3 4 5 ~ ? 8 9 0  
0 8 0 0 1 1  1 2 0  0  29563 .  191.1 52.17 0. 0. 0. 1 5 3 0 0 . 0 0 .  0  0 1 . 0  0 
0 8 0 0 2 1  2  3  0 0 4074 .3135  312. 5 2 - 2 5  0. 0. 0. 1 S 3 0 3.0 3 .  0 0  0.0 0 
0 8 0 0 3 1  2  4  0  0 25444 .  165. 42.0 0. 0. 0. 1 5 3  0  3.0 3. 0 3  0.0 0 
0 8 0 0 4 1  4 1 5  0  0 15041.5 3.112 25.0 30. ..?Om4 1.17 2 5 U Z 0.0 3. 6 0 0.0 0 
0 8 0 0 5 1  4  5  0  0 4750 .  3.67 11.0 0. 0. 0. 1 5 3 0  0.0 0. 0  0 0.0 0 
0 8 0 3 6 1  5  6 -1 0 4753.  3.67 -1.3- 06 0. 0. 0 5 3 0 0, 0 .  0 0 0.0 0 
0 8 0 0 7 1  b 7 1 U 4 7 3 0 .  3.2 -13. 3. 0. 0. 0 5  3  0 0. 0. 0  0  0.0 0 
0 8 0 0 8 1  ' 7 1 5  0  0  4'750. 0.538 25. 47. .2313 6.H il 5  0 2 0. 0. 0 0 0.0 0 
0 8 0 0 9 1  4  8 0  0  4750.  3.61 11. 0. 0. 0 .  1 5 3 O 0.0 0.  0 0 0.0 0 
0 6 0 ~ 0 1  d 9  -2  0  4750.  3.47 -13. 0. 3. 0. 0  5 7 o n. o.. o o 0-9 o 
0 8 U 1 1 1  V I U  2 0 4150 .  3.2 -13. 0. 0. 0. il 5 3  0  0. 0. 0  0  0.0 0  

a 3 8 0 1 2 1  1 0  15 0  0  4750 .  0.538 25. 47. .2373 6.6 i) 5 0 2 0. 3. 3 0  0.0 0 
0 8 0 1 2 1  13  1 4  U 0  4750.  0.538 25. 47. .2373 6.8 0  5  0  2  0. 0. 0 0 0.0 0 
0 8 0 1 3 1  4  1 9  0  0  100r1 .5  3 . l i 2  25. 30. .2084  1.17 2 5  3 2 0.0 J. 0 . 3 0.0 0  
0 8 0 1 3 1  4  14  0  0  15041.5 3.112 25. 30 -  - 2 0 d 4  1.17 2  5  0  2 0.0 0 .  0 0 0.0 0 
0 8 0 1 4 1  1 4  11 0  0 14791.5 19.69 10.12 0. 0. 0. 1 5  3  0  0.0 0. 0 0 0.0 J 
0 8 0 1 5 1  1 5  11 0  3  14791.5 19.64 10.12 3. 3. 0. 1 5 3  0  0.0 3. 0 0 0.0 0 
C 8 0 1 6 1  1 1  12  0  3 2 6 6 3 9 .  20.32 17.05 0. 0. 0. 1 5  3  0  0. 0.. 0 0 1.0 0 
0 8 0 1 7 1  12  1 0  O 26639.  37.13 29.97 0. 0. 0 -  J 5 3 0  0. 0 .  0  0 1.0 0 
0 8 0 1 8 1  1 1  1 3  0  0 2944.  -2.246 17.0 0. 3- 0. 1 5 3  B 1.5 0. 0 0. 0.0 3 
0801.91 1 3  1 0  0  2944 .  43.635 29.97 0. 5. 0. 0 5 3 0 0 .  0 . 0  0'1.0 0 
0 8 0 2 0 1  5 1 6  0  4  0. . 2202  11. 0. 1.0 0.5 0  5  2  0  0. 1. 0 0 0.0 0 
0 8 0 2 1 1  3 1b 0 3 3. .4L?'i 55.0 1. 1. 1. 0 5 0 0  0. 0 .  0  0 0.0 0 
O d 0 2 2 1  3 4  1 U 4074 .3135  4.712 40. 0. 0. 0. 0 5 3  0  0. 0. 0 0 0.0 0 
CEO231 0  3 2 2 -4074.3135 14.75 72. 0. 3. 0. 3 5 3 0 0 .  0. 0- 3 0.3 0 
0 8 0 2 4 1  0  1 3  0 0. 1.0 30. 3. 3. 0. 0 5 3  0  0. 0. 3 0 0.0 3 
0 8 0 2 5 1  0  LG * 0 0. 1.30 25. 1. 0. 0. 3 5  0 0  0 -  0. 0  0  0.0 0 
* ~ 3 4 5 6 7 8 9 ~ 1 2 3 4 ~ 6 7 8 S 5 ~ Z 3 4 5 6 7 8 9 0 1 2 3 ~ 5 ~ 7 b 9 0 1 ~ ~ 4 ~ 6 7 0 9 0 1 ~ 3 4 5 6 7 ~ 9 0 ~ 2 3 4 5 o 7 8 9 0  
*9OXXY , P U M P  DESCQ I P T  I O N  D A T A  CAFDS 
* 9 o a x r  I P  T A P  P I  TF  T P E V  K J T I C  FLOY Y E A D  ~r2en  INEP I F n t z  Tnn 
C 9 0 0 1 1  3  4  C 1 0  1663.  1.3 44943. 710.3 22200. 203OJ. 47.17 0. 0 
0 9 0 0 2 1  3 4  0 1 0 16b i i .  i . 3  44943.  710.3 27230. 20000. 47.17 3. 0  
*910YY P U M P  H E A D  M L I L T I P L  I E C  C A R E S  1 

C 9 1 6 0 1 - 1 1  0. 0. -1  3. - 1 5  .J5 . i 4  - 3  - 3  - 9 6  - 4  - 9 3  - 6  - 9 7  . 
0 9 1 3 0 2  3 .9 .9 .8 .96 .5 1.0 0. 
*920YY P U M P  TORQUE M U L T I P L I E F  C A F D S  
C92001 - 2  9'. 0. 1. 0. 
895XX1 P J f i P  S T C F  U L T A  C A R D S  
095011. 12. 1 0. 
0 9 5 0 2 1  C. 3 . -  0 -  
*1G0003  ?UM? CURVE I % P U T  I K O I C A T C P  G A T A  CARD 
l O 0 O J J  0 3 l o  0 
* lOXYYZ PIJYP H E A D  ball T O R Q U E  D A T A  C A P O S  
A U j U L i  1  1 S 3.ti 1 . ~ 1  0.25 1.25 U.5 1.20 0.75 1 1.0 1.0 
1 0 3 0 2 1  1 L 5 3.0 -0.9 .25 ' -.5 - 5  -.05 - 7 5  - 4  1.0 1.0 
1 0 3 0 3 1  1  3  5 - 1 . 0  2.1 -.75 1.773 -0.5 1 4  -.25 1.4 0 .  1.31 
1 0 3 3 4 1  1 4  - 1 . 0  2 . i  -.75 1.50 -0.5 1.13 -.25 - 9 2  0. - 8 2 5  
1 0 3 0 5 1  1 S 5 0 .  .4 .25 .53 - 5  .625 .75 -80 I - 0  1.0 
1 0 3 0 6 1  1  6  5  0. - 9 2 5  .25  .7 4 - 5  - 3 1 5  . 75  .90 1.0 1.0 
1 0 3 0 7 1  1 7 5 -1.0 -1.d - .15 - 1 -  -.5 -.% -.25 .1 0. .4 
1 0 3 0 0 1 ,  1  b 5 - 1 0  - 1 . t  -.75 -1.72 -.5 -1.54 5 - 1 - 2 7 . 3 .  -.9 
1 0 3 0 9 1  2 1 5 0. .55 .2S .63 - 5  . 7 1  .75 - 3 6  1.0 1.0 



TABLE E-IV (contd.) 

. . e .  

1 0 3 1 0 1  2 2 5 0. -.55 .2 - . I 7 5  .4 .0 .75 .5 8 1.0 1.0 
1 3 3 1 1 1  2 3 5 - 1 . 0  1.77 -.75 .1.23 -.5 - 9 3  -.25 - 6 2  0. .55 
1 0 3 1 2 1  2 4 5 - 1 . 0  1.77 -.75 1.52 -.5 1.32 -.25 1.13 0. 1 .O 
1 0 3 1 3 1  2 5 ,  5 0. -.8 0.2 -.I375 0.5 -. 1 - 7 5  .15 1.0 .43 
1 0 3 1 4 1  2 6 5 0. 1 .O - 2 5  - 8 8  .5 .75 .75 - 6 1  1.0 .43 
1 0 3 1 5 1  Z 7 5 -1. -3.45 7 -2.75 -A50 -2.0 -.25 -1.375 0. -.8 
1 0 3 1 6 1  2 8 5 - 1  -3.45 -.75 -2.62 - 0  - 1 . 3  2 -1.15 0. -. 55 
*11XXX0 bALVE C4TA C . 4 1 ; C S .  
*CHAKGEC VALVE 1 T F I P  FFCM 4 TO b F O F  SMALL BLEAK 
110010.  '+ 0. 0 0. 0. 0. 0. 
1 1 0 0 1 0  6 0. 0 0 .  0. 0. 0. 
l l O 0 L O  5 0. 0 0. 0. 0. 0. 
1 1 0 0 2 0  5 2 0 0 .  0. 0. 0. 
1 1 0 0 3 0  - E  O .  0 0. 0. 0. 0. 
l l C 0 * 3 0  - 3  0. 0 0. C. 0. 0. 
1 1 0 3 4 0  - 3  0. 0 0. 0. 0. 0. 
* l LXXYY LEAK TARLE 3ATA CAPOS 
1 2 0 1 0 1  2 9 30. 3 1. 1000. 1. 
12010.1 -2 9 ?O. 3 1. 1000.  1. 
1 2 0 2 0 1  6 5 14.7 0. 1. 2.25 1. 2.5 .b67 i.75 .333 3. 0. 10030.  0. 
V13XXYY F I L L  T A b L t  DATA CAfiDS 
*3XX00  TAIP  TYPt PI;I.\ITS ICALC UNITS PORT HilRX 
1 3 0 1 0 0  2 1 . 4 1 LRS/SEC 1050. 401.11324 
1 3 0 1 0 1  C. 37d'.32 1. 878.32 4, il. 10000. i). 

1 3 3 1 0 1  0. 864.6676 15. 864.6576 16. 0. 1 ~ J 0 0 0 .  0. 
13010:  0. 664,6676 i .  t ib4.6076 4.0 0. 10J00 .  0. 
1 3 0 2 0 0  2 2 "4 3 LRS/SEC 54d. .999 
1 3 0 2 0 1  0. 0. 940. 0. 1000 .  -276.2246 3000 .  -276.2246 
1 3 0 2 0 1  0. 0.. 940. C. 1025.  -276.2246 3000.  -276..2246 
1 3 0 3 0 0  7 2 L 1 3 GAL/MIN 292. 9.0 
,130300 7 2 11 3 GAL/MlN 212. 0.0 
1 3 0 3 i ) l  0 .  151>3 .  > e .  1r2.10. 137. 12500. 178. 11550. 2 3 i .  9470. 268. 7576. 
13'0302 2dO. 5632. 287. 3.788. 297. 1894. 304. 0. 10000. 0. 
1 3 0 4 0 0  7 2 9 3 i A L / M I %  1 0. 
1 3 0 4 0 0  7 2 9 3 GaL/MrcJ 100. 0. 
1 .30401  17.6 4355. 23.7 4309. 26.1  4291. 41.2 4175.  42.4 4166. . . 

1 3 3 4 0 2 9 d .  3738-  102. 3672. 310. 0. 3000.  0. 
* l + O d J  K I h F T  ICS Cl?t<STAl4TS 
* 1 4 0 0 0 P W R  MUL .dIL RFC UOUF 
1 4 0 5 0 0  3 0 116. 0. 1. 0. 0. 0. 
* 1 4 1 J 0 1  SCHAY TABLE DATA CARCS 
1 4 1 0 0 i  - 8  4 0. 0. 0.4 0. 1.075 -.4 1 .b . -4 .  2.7 -10. 5.7 -28.1 8 .  -30. 10.  -30..  
* 1 Y 2 J 0 1  SENSITY RECGTIVITY DATA.  CARbS 
142C01  0 
1 4 2 0 6 1 - 1 3  . 2  1 . 3  -t5.830 - 4  -6 .690 . 5  -5.01 .6 -3.64 - 7  -2.51 
1 4 2 0 0 2  . d  -1.55 - 3  -0.73 1. 0. 1.1 0. 
* , i 4 3 o o i  D W P L E  R Tnr .L t  D A T A  C A W U S  
1 4 3 0 5 1  0 
1 4 3 0 0 1  -6  0. 1.35 1000. 0. 2200.  -1.71 3000.  -3'. 4000.  -4.28'  5000. -5.43 
*140XXO .<ECCTIVlTY Ci lEFFIC IChlT CATA CARDS 
1 4 0 0 1 0  1. L. U. 0 .  
Q15XXX HkP I >L&H UA lA  
*15AX1 VL VR G S A H H 4SUL ASUF , V ~ L  HDC POP HEDL HEDF C ~ L  CHR 
+ l > X X Z  Z D O T  ZTI2P 
* 2 3 4 5 6 7 8 9 0 1 i 3 4 5 6 7 8 5 0 1 2 : 4 5 6 7 8 Y 0 i ~ ~ 4 ~ 6 7 6 9 0 1 2 3 4 S 6 7 b 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 ~ 6 7 ~ 9 0 1 2 3 4 5 6 7 8 9 0  
1 5 0 0 1 1  5 5 2 0 0 3 0 0. 687.  422.  0. 0. 0. 0. 0. 0. 
-150012 C. C .  
1 5 0 0 2 1  3 2 2 3 0 0 O 0. 1368. . . 698.  0. 0. 0. 0. 0. 0. 
150022  0. 0. 
1 5 0 0 3 1  0 4 2 0 0 0 0 0. 1916. 977. 0. 0. ' 0. 0. 0. 0. 



TABLE E-IV (contd. ) 

' 150032 0. 0. 
150041  0 1 1  2 0 0 0 0 0  687. 385. 3 .  0. 0. 0. 0. 0 • 
150042 0. 0. 

' 150051 4 13 3 0 0 0 0 1355. 1355. 239. 0. 0. 0. 0. 0. 0. 
150052 0. 0. 
150061  1 2 4 0 0 0 0 2288. 2288. 286. 0.' 0. 0. 0. 0. 0. 
1 5 0 0 t 2  0. 0. 
150062 0. 10.42 
150071, 11 12 5 0 0 0 0 197. 197. 6 5 -  0. 0. 4. 0. 0. 0. 
150072 C. 0. 
1 5 0 0 8 1  12  1 5 0 0 0 0 94. 94. 31. 0. 0 -  0. 0. 0. 0. 
150082 0. 0. 
1 5 0 0 9 1  11 13  6 0 0 0 0 6884.. 6884. 95. 0. 0. 0. 0. 0. 0. 
150092 0. 17.1. 
1 5 0 1 0 1  0 1 1  7 0 0 0 0 0. 7.36. 46. 3. 0. 0. 0. 0. 0. 
150102 0. 0. 
150111  2 3 d 0 0 0 0 4380. 4380. 184. 0. 0. 0 .  0.. 0. 0. 
150112 0. ' 0. 
150121  0 5 4 0 0 0 0 0 450. 36. 0. 0. 0. 0. 0. 0. 
150122 0. 0. 
150131  0 d 9 0 0 0 0 0 .  4 5 U .  3hq 0. 0. 0. 6. 0. 0. 
150132 0. , 0. 
150141  0 7 S 0 0 0 0 0. 838. 6 7. 3.  0. 0. 0. 0. 0. 
150142 0. . 0. 
1 5 0 1 5 1  0 1 0  9 0 0 0 0 0. 838. . 67. 0. 0. 0. 0. 0. 0. 
150152 '  0. 0. 
1 5 0 1 6 1  12  1 3  1 0  0 0 0 0 4786.0 4786.0 112.01 0. 0. 0. 0. 12. 12. 0. 0. 
150171  0 12 1 0 0 0 0 0. 66220.5 776.9 0 .  - 048  0, .058R 6. 6 .  0. 0. 
* 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 ~ * 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 ? 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0  
*16040  CORE SECTION DATA . 
* 1 6 0 0 0 S L B  NODE C L A C  OFRAC 
160010 17 7 9 15 0. 1. 
*17YLYY SLAB GEOMETRY D A ~ A  CAPDS 
*7XXYY I G  NR M I  VPX XO W I D T H  POW 
i f 0 1 0 1  2 3 1 6 0.0 .020071 1.0 
170102 1 2 2 .000721 0. 

. 170103  0 3 8 .00267 0. . 
1 7 0 2 0 1  1 2 4 3 0.0 .4 0 I 
! Y O 2 0 2  0 5 1 .0208 0. 
170301  1 1 5 1 0. .17 0. 
1 7 0 4 0 1  1 1 5 1 0. .125 0. 
1 7 0 5 0 1  1 1 5 1 0. .33 0. 
170601  1 1 5 1 0. - 0138  0. 
170701  1 1 5 1 0. - 0625  0. 
1 7 0 8 0 1  1 1 5 1 0. .042 0. 
1 7 0 9 0 1  1 1 5 1' 3. .08 0. 
17100, l  1 1 5 1 0. , 0 2 3 4  Om 
* l8XXYY T H E R M A L  C O N D U C T I V I T Y  DATA CPkDS 
180100  -20  500. 3.341 650. 2 -971  R O O -  2.677 950. 2.439 1100. 2.242 
1 8 0 1 0 1  1250. 2.070 1400. 1.940 1550. 1 - 0 2 >  1'700. 1.724 1 8 5 0 -  1.639 
180102 2000. 1.568 2150. 1.507 2300. 1.457 2450. 1.415 2600. 1.382 
180103 3100. 1.323 3600. 1.333 C100. 1.406 4600. 1.538 5100. 1.730 . 
1 8 0 2 0 0  2 32. . 4156 i  5400. .41562 
l l i 0 3 0 0  18 32. 1.012 212.  7 . 9 9 2  392. 8. LOU 
180301  572. 0.784 752. 9.540 932. 10.404 
180302 11 12. 11.268 1292. 12.492 ' 1472. 13.176 
180303 1652. 13.968 1832. 14.796 2012. -. 16.128 
1 A0304 2192. 17.784 2372. 19.656 2552. 21.780 
180305  2 732-  24.046 3092. 20.908 . 3363. 33.120 
1 8 0 4 0 1  -5 32. 30. 2L2. 29.5 392. 28.3 572. 26.6 752. 24.7 . . 



TABLE E-IV (contd.)  

1 8 0 5 0 1  - 2  200. 8 - 3 3  1200. 12.92 
8 1 9 X X Y Y  VOLUMETRIC HEAT CAPACITY DATA CAiDS 
1 9 0 1 0 0  1 6  32. 34.45 122. 38.35 212. 40.95 
. C 9 0 l O l  392. 43.55 752. 46.4 2012. 51.35 
1 9 0 1 0 2  ~ 7 3 2 .  52.65 3 0 9 ~ -  50.55 3452. 63.05 
1 9 0 1 0 3  3612. 72.0 4352.  69.7 4532. 94.25 
1901"04 4712. 98.15 4892.  100.1 5144. 101.4 
1 9 0 1 0 5  8000. 101.4 
1 9 0 2 5 0  2 3 2. .000075 . 5400. - 0 0 0 0 7 5  
1 9 0 3 0 0  5 0.0 28.392 
1 9 0 3 0 1  1480.3 3 4 . 4 7 6  1675.0 85.176 
1 9 0 3 0 2  1787.5 34 .476  3530.0 34.476 
1 9 0 4 0 1  - 7  130. 56.9 350 .  60.8 45U. 62.3 530. 65.2 620. 67.2 710. 70.2 800. 77.5 
1 9 0 5 0 1  - 1 0  68.  52.8 200.  56.7 450. 61.6 630. 64. 830. 66.  1000.  - 6 7  
1 9 0 5 0 2  1200. 68.4 1400. 71.8 1606. 75.8 1803.  80.6 
+ZOXXYY LINEAR EXPANSION C O E F F I C  I E N T  LATA CARDS 
2 0 0 1 0 1  - 2  0. 3.71%-6 5300. 1.2653E-5 
2 0 0 2 0 1  - 2  0. 0. 5000.  0. 
2 0 0 3 0 1  -4  0. 3.094E-6 1652. 4.706E-6 1b53.  5.389F-6 5000. 5.389E-6 
2 0 0 4 0 1  - 2  0 -  0. 5000.  0, 
2 0 0 5 0 1  -2 0. 0. 5000 .  0. 
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APPENDIX E: 

SMALL COLD LEG BREAK - INEL SEMISCALE 

The INEL Semiscale MOD-1 system was modeled us ing  RELAP~/MOD~ t o  

r ep re sen t  a s m a l l  co ld  l e g  break ,  equiva len t  i n  terms o f . t h e  r a t i o  of 

break a r e a  t o  system,volume t o  a 6% break  i n  a l 'arge PWR: The Semiscale 

model used r ep resen ted  a s ingle-ended .co ld  l e g  break  a r e a  of 0.000156 
2 

f t wi th  a valved-off blowdown loop h o t  l e g .  While t h e  i n i t i a l  csn- 

d i t i o n s  chosen f o r  t h i s  model were r e p r e s e n t a t i v e  of a t y p i c a l  Semiscale 

smal l  break; ' this .model  was n o t  intended t o  r ep re sen t  any s p e c i f i c  t e s t .  

The system model and assumptions used, t h e  r e s u l t s ,  and t h e  conclusions 

drawn from t h i s  run  a r e  presented .  A s h o r t . d e s c r i p t i o n  of t h e  Semiscale 

f a c i l i t y  i s  included i n  Sec t ion  6 f o r  r e f e rence  purposes.  

2. SYSTEM MODEL AND ASSUMPTIONS 

Figure  F-1 shows t h e  15-volume n o d a l i z a t i o n ' u s e d .  Core h e a t e r  rods 

were.modeled by t h r e e  v e r t i c a l l y  s tacked  h e a t  s l a b s .  The volumes and 

f i l l  j unc t ions  used Tn t h e  model a r e  i d e n t i f i e d  i n  Table F-I. The 

downcomer and upper annulus were modeled wi th  a ' s i n g l e  volume. Junc t ions  

1, 2, 3 ,  4 ,  and 7 were modeled w i t h  v e r t i c a l  s l ip . ,  The R E W 4  bubble 

r i s e  model, us ing  a bubble r i s e  v e l o c i t y  (VBUB) of 3 f t / s e c ,  was used 

f o r  Volumes 2 ,  3, 4 ,  6,  7 ,  8, 9 , - a n d  14. A bubble r i s e  v e l o c i t y  of 10 
6 

f t / s e c  w a s  used f o r  Volumes 12 and 1 3  t o  o b t a i n  a complete s e p a r a t i o n  

of t h e  gas and l i q u i d  phases i n  t h e  accumulator v e s s e l s .  A v e l o c i t y  of 

4 0 ' f t / s e c  was chosen f o r  Volume 15 ,  s i n c e  t h i s  i s  the. minimum bubble 

v e l o c i t y  r equ i r ed  t o  t r a n s p o r t  energy through t h e  steam g e n e r a t a r -  



Breo k 

Fig. F-1 Nodalization for 6% break - semiscale. 



TABLE F-I 

VOLUME AND FILL JUNCTION IDENTIFICATION FOR SMALL BREAK - SEMISCALE 

Volume No. Description Fill Junction No. Description 

i Downcomer 15 Break 

Lower Plenum 

Core 

.Upper Plenum 

HPIS Intact Loop 

HPIS Broken Loop 

Steam Generator Inlet 

Hot Leg - Intact Loop 19 Steam Generator Outlet 

Steam Generator - Primary Inlet Side 2 0 Steam Generator Relief 
Valve 

Steam Generator - Primary Outlet Side 
Intact Loop Cold Leg - Pump Suction \ 

Pump Volume and Suction from Low Elev. 

Intact Loop Cold Leg - Pump Outlet 
Broken LOOF Cold Leg 

Accumulator - Intact Loop 
Accumulator - Broken Loop 
Pressurizer, 

steak Generator - Secondary Side 



, secondary at the rate that it is initially delivered to this volume. A 

bubble density gradient (ALPH) of 0.0 was used in all of the foregoing 

volumes. The IAMBLO parameter was used for Volumes 2, 3, and 8 to 

insure that all liquid would seek rh'e lowest volume in the stack. All 

junctions in the operating and blowdown loops were considered to be 

. vertically distributed, with the exception of Junctions 1, 2, and 3 

which were horizontal junctions. All junctions used Henry-Fauske , 
choking in the subcooled region with a multiplier of 0.9 and HEM choking 

in the saturated region with a multiplier of one. The mixture level 

crossing smoothing option was activated a f t e r  70 sec to facilitate 

junction crossing in the reactor vessel. Horizontal slip and downcomer 

penetration were not used in thie model. The system was modeled with an 

extended pump inlet as described in the Semiscale Design Description. [F-11 

The form loss coefficients used in the model were obtained from 

prerupture hydraulic resistance measurements taken during Semiscale Test 

S-02-3. These data yielded node-to-node frictional pressure differences 

which were combined with hydrostatic pressure differences and then 

entered in the form of nodal pressures. The code then calculated its 

own forward form'loss coefficients in the form of residuals needed to 

balance the system. Reverse form loss coefficients were generally 

determined from considerations of system symmetry. An initial core 

power of 1.6 MW was used in addition to an initial operating 3.anp mass 

flow rate of 17.25 lb/sec, pump speed of 2,629 rpm, lower plenum tem- 

perature of 544"F, and upper plenum outlet pressure of 2,262 psia. The 

Semiscale table for smal1;break power versus time was used to determine 

transient core power. 

The scram sequence was modeled to initiate on a low pressure trip 

. at 1,800 psia in the pressurizer. Tllf v trip, which occurred 8.6 sec 

after break opening, immediately reduced core power and cut off pump 

power. The steam generator secondary flows were shut o£f next, follow- 

ing a one second delay. HPIS flows into the operating and hlnwrlnwn 

loops began 25 sec after the scram trip. Accumulator flows were set to 

open when the cold leg pressures fell to 612 psia. The pressurizer was 



valved off from the system 65 sec after it emptied. This was done to 

reduce the use frequency of the zero flow crossing time step control so * 

as to reduce computer running time. 

A complete listing of input information is given in Section 7 of 

this appendix. 

3. RESULTS 

The problem ran quite rapidly from initiation of'blowdown until the 

accumulator emptied 273 sec later. The run was then terminated. The 

total CPU running time to 273 sec transient time was about 8.3 min ,on 

the CDC 76UO at Brookhaven National Laboratory. The significant data 

output traces are shown as Figures F-2 through F-13 in Section 5 of this 

appendix. Features of the blowdowp were: 

-(I) System depressurization during the first 5 sec after break 

brought most of the operating loop volumes close to 

saturation conditions and resulted in a core.heat transfer 

mode change which produced a higher heat transfer to core 

water. This produced a brief system pressure rise between 5 

and 15 sec as shown by Figure F-2. System depressurization 

after 15 sec was due.to core power reduction init5ated by the 

scram. 

(2) Core flow reversal at 45 sec, as seen in Figures F-3 and F-4, 

was caused by the loss of pump driven circulation. The core 

and upper plenum mixtukes found a lower resistance flow path 

through the downcomer to the break. It should also be noted 

from Figure F-5 that the upper plenum mixture level remained 

nearly constant at 6.9 ft during the period from 15 to 50 s'ec 

due to uncovering of the hot leg outlet from the upper plenum. 

This provided a vent path for the steam dome in the upper 

plenum. 



Pump i n l e t  uncovering a t  73 s e c ,  a s  seen  i n  F igure  F-6, 

allowed steam t rapped  in '  t h e  upper plenum and t h e  steam 

gene ra to r  t o  escape through t h e  cold l e g .  The r e s u l t i n g  

inc reased  system depres su r i za t ion  r a t e  i s  shown by Figure  F-2 

f o r  t h e  per iod  between.73 and. 83 sec .  This  a l s o .  r e s u l t e d  i n  a 

b r i e f  r e t u r n  of co re  flow t o  i t s  normal d i r e c t i o n  dur ing  t h e  

t r a n s i e n t  time per iod  of 73 t o  84 sec .  Also accounted f o r  was 

t h e  upward excurs ion  of t h e  upper plenum mixture l e v e l  ,as  seen  

i n  F igure  F-5 f o r  t h e  per iod  between 74 and 88 s e c ,  when t h e  

c o r e  f low once more reversed .  

( 4 ) '  Break f low f l u i d  s a t u r a t i o n  occurred a t  101  s e c  and r e s u l t e d  

i n  a t r a n s i t i o n  from Henry-Fauske ;choking t o  HEM choking.. 

This  allowed t h e  r ap id  decrease  i n  break  flow shown i n  

F igure  F-7 f o r  t h e  t ime between 101  and 106 . sec .  

(5) Complete co re  ,volume uncovering a t  145 s e c  l e d  t o  co re  f l u i d  

superhea t ing  a s  seen  i n  F igure  F-8. The mid-core h e a t  s l a b  

(c ladding)  temperature seen  i n  F igure  F-9 a l s o  began a r a p i d  

upward r i s e  when t h i s  s l a b  w a s  uncovered by t h e  core  mixture 

l e v e l  a t  114 sec .  This  h'eat s l a b  temperature r o s e  t o  a maximum,. 

- .of 1,520°F a t  250 sec .  The downward temperature sp ikes  observed 

i n  both  t h e  average co re  and mid-core h e a t  s l a b  temperatures  

between 145 and 150 s e c  are due t o  t h e  b r i e f  upward mixture 

l e v e l  s u r g e  observed . .a t  t h i s  t ime i n  t h e  lower plenum and core  

(F igures  F-10 and F-11). This  b r i e f  su rge  was due t o  downcomer 

o u t l e t  uncovering which provided a low r e s i s t a n r e  pscap? path  

f o r  t h e ' s t e a m  dome i n  t h e  upper r e a c t o r  v e s s e l .  

(6) Accumulator f low i n i t i a t i o n  a t  232 s e c  caused r a p i d  subcooling 

of t h e  f l u i d  i s s u i n g  from t h e  break. This  r e s u l t e d  i n  t h e  
8 

i nc reased  b reak  f low r a t e  observed a f t e r  232 s e c  seen i n  

F igure  F-/. The lower plenum was r e f i l l e d  wi th  subcooled 

water  by 266 s e c ,  a s  seen  i n  F igures  F-10, F-12, and F-13. 



This  s a t i s f i e d  t h e  Volume 111, Sect ion  2 completion c r i t e r i o n  

of r e f i l l i n g  the ' l ower  plenum.to t h e  bottom of t h e  core .  

The o r i g i n a l  model had provided f o r  blowdown i n t o  a p re s su re  

suppress ion  tank. The break  modeled was a l e a k  due t o  unresolved 

d i sc repanc ie s  between hand-calculated and code-calculated va lues  of 

break mass f low r a t e  from t h e  Extended Henry-Fauske Tables.  

A r educ t ion  i n  t h e  minimum t ime s t e p  s i z e  was r equ i r ed  t o  accommo- 

d a t e  one of t h e  t h r e e  mixture l e v e l  c ros s ings  observed i n  t h e  problem. 

The problem w a s  normally run  wi th  a minimum time s t e p  of 0.001 s e c  and 

maximum t ime s t e p  of 0.2 s ec .  It was necessary  t o  b r i e f l y  reduce t h e  

minimum t o  0.0001 s e c  t o  a l low t h e  mixture l e v e l  t o  drop ou t  of t h e  

upper plenum. 

I n  gene ra l ,  t h e  code.was found ' to  run  q u i t e  smoothly. The problem 

r a n  r a p i d l y  from i n i t i a t i o n  of blowdown u n t i l  t h e  accumulator emptied 

273 s e c  l a t e r  when t h e  run  was terminated.  T o t a l  CPU running t i m e  ou t  

t o  273 s e c  problem t i m e  w a s  8.3 min. 

The o r i g i n a l  Semiscale model provided f o r  blowdown i n t o  a pressure-  

suppress ion  tank. Tr was derermined char t h e  break  should b e  modeled a s  

a l e a k  due t o  unresolved d i sc repanc ie s  between hand-calculated and code- 

c a l c u l a t e d  va lues  of break  mass f low r a t e  from t h e  Extended Henry-Fauske 

Tables.  This  gave good agreement w i th  t h e  t a b l e  va lues  , fo r  break  mass 

flow r a t e .  It was noted from examination of break  f low r a t e s ,  t h a t  

e x t r a p o l a t i o n  of t h e  Extended Henry-Fauske Tables  was sometimes r equ i r ed .  

The unresolved discrepancy i n  c r i t i c a l  flow d iscussed  above appears  

t o  occur  only  f o r  v e r y . 1 0 ~  subcooled break  flow rates.. The break  f low 

i n  Semiscale was- c a l c u l a t e d  t o  b e  a b o u t  3.. .lb/.sec when t h i s  problem ;was 

encountered., Theref o r e ,  f o r  s i t u a t i o n s  i n  which ve ry  low cub.ao:&%Zd - 



break  f low occurs  (on t h e  o rde r  of t e n s  t o  hundreds of pounds pe r  second),  

t h e  break  flow c a l c u l a t i o n s  should be thoroughly examined. I f  a problem 

i s  e v i d e n t ,  a l e a k  junc t ion  should be used a t  t h e  break.  This  c r i t i c a l  

f low d iscrepancy  was n o t  encountered i n  any of t h e  numerous o t h e r  check- 

o u t  problems. 

The problem was r u n  wi thout  any major d i f f i c u l t y ,  a s i d e  from t h e  

c r i t i c a l  flow d iscrepancy  d iscussed  above, and w i t h i n  t h e  e s t a b l i s h e d  

t i m e  l i m i t  of one hour on t h e  CDC-7600 computer. The completion c r i t e r i a  

l i s t e d  i n  Volume 111, Sec t ion  2 f o r  t h e  MOD5 checkout runs  were s a t i s f i e d .  

5 .  OUTPUT DATA 

The ou tpu t  d a t a  f o r  t h e  Semiscale sma i l  b reak  model a r e  shown as 

F igu res  F-2 through F-13 i n  t h i s  s e c t i o n .  



0 .  

0 .  25 .  50 .  75 .  100. 125. 150. 175. 250. 275 200. 225 .  , 

T R A N S I E N T  T I M E :  SECONDS 

Fig. F-2 Lower plenum pressure -.Semiscale (6% break). 

I .  25.  50 .  7 5 .  100. 125. 150. 175. 200. 225 .  250. $75 

T R A N S I E N T  T I M E :  SECONDS 

Fig. F-3 Core inlet mass flow rate - Semiscale (6%.break). 



0 . 0  

0 .  25 .  SO. 7%. 100. 125. 150. 7 200. 225. 250. 275. 

T R A N S I E N T  T I M E :  SECONDS 

F i g .  F-5 Upper plenum mixture  l e v e l  - Semisca le  (6Z'break) .  



0 .  25. SO. 75. 100. 125. 150. , 175. 200. 225. 250. 275. 

' T R A N S I E N T  T I M E :  SECONDS 

Fig. F-6 Pump suction l eg  mixture l e v e l  - Semiscale (6% break). 

0 .  25. SO. 75. 100. 125. 150. 175. 200. 225. 250. 275. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. F-7 Break mass flow rate Seniscale ,(6% break). 



3YO. 

0 .  25. 50 .  75. 100. 125. 150. 170. 200. 225. 250. 275 

T R A N S I E N T  T I M E :  SECONDS 

Fig. F-8 Average core volume temperature - Semiscale (6% break). 

T R A N S I E N T  T I M E :  SECONDS 

Fig .  F-9 Mid-core heat s lab (cladding) temperature - Semiscale (6% break). 



O.V?OAO 2 5 .  5 0 .  75 .  100. 125. 150. 175. 200. 225 .  25011 275 .  
. -. 

T R A N S I E N T  T I M E :  S E C O N D S  

Fig. F-10 Lower plenum mixture level - Semiscale ( 6 %  break). 

75.  150. 179. 200. 225 .  250 .  275. 0 .  100. 125. 

T R A N S I E N T  T I M E :  SECONDS . 

Fig.  F-11 Care mixture level - Semiscale (6% break). 



0. 25. 50. 75. 100. 125. 150. I .  200. 225. 250. 275. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. F-12 Average lower plenum quality - Semiscale (6% break). . . 

0. - 25. 50. 75. 100. 125. 150. 7 5  200. 225. 250. 275. 

T R A N S I E N T  T I M E :  SECONDS 

Fig. F-13 Lower plenum total mass - Semiscale ( 6 %  break). 



6. SEMISCALE TEST FACILITY 

The Semiscale Test Facility is shown in Figure F-13 for the 1-112 

Loop Mod-1 configuration modeled for this RELAP41MOD5 problem run. The 

Semiscale facility is an operating scale model that is used to simulate 

nuclear reactor plants, generally in Loss of Coolant Accident (LOCA) 

experiments. The Semiscale facility generates heat in the modeled 

reactor vessel through the use of electrically heated rods rather than 

fuel elements. It also has heat transfer by means of cooling water 

circulation through the steam generator secondary rather than by vapor 

generation. 

The operating loop (shown with pressurizer, steam generator, and 

primary coolant pump) is generally modeled to represent the intact loop 

or loops of a reactor coolant system. The broken loop is modeled with 

components that hydraulically simulate a steam generator and loop pump. 

The breaks are simulated by rupture assemblies having controlled 

characteristic quick opening values. The blowdown is discharged into a 

header that conducts the vapor and water mixture to a collection vessel.. 

This vessel has a controllable internal spray for vapor condensation. 

The combination of the header, vessel, and spray simulate the postulated 

backpressure of LOCA discharge into the containment of the plant modeled. 



Loop . 

ANC- B -4903  

Fig. F-14 Semiscale Facility 



7. INPUT LISTING 

An i n p u t  l i s t i n g  f o r  t h i s  run  i s  g i v e n  i n  Table  F-11, which fo l lows ,  



TABLE F - I 1  

INPUT LISTING 

=SMRK RUN 2A SEMIS:4LE .SYALL BREAK MODEL;'ISFR E YnP005 CHECKOUT 
0 1 0 0 0 1 - 2  9 1 7  15 3 0 2 0  1 4  2 . 4  1 2  3 4 3 0 0 
0 1 0 0 0 1 - 2  9 1 7 1 5  3 0 2 0  1 3  3 4 1 2  3 4 3 0 . 0  
0 1 0 0 0 2  1.6000 1.00 
0 2 0 0 0 0  , J W  159 JH 1 5 1  JC 15. 4P l l r  AP 1 4 1  PT 9, YL 41 AT 3 r  AP 2 
0 2 0 0 0 0  JW 1 5 1  JH 159  JC 15,  AP 1 1 9  ML 29 ML 3, *L 4, A 3 4 P . 2  
0 3 0 0 0 3  5 0  0.0 1000.  
0 3 0 0 0 4  5 0  70.0 
0 3 0 0 1 0  1 25  1 0 .2 .001 1000.  + T I q E  STEP 
0 4  0 0  1 0  1 1  0 0 10. 0.00 * EN) OF PROBLFM TIME TRIP  
0 4 0 0  1 0  1 1  0 0 400.0 0.03 * € 4 3  Oc PRgRLEM TlMF TRIO 
0 4 0 0 2 0  2 1 0 0 0.00 0.01 b BREAK UPFNIhC T R I P  
0 4 0 U 3 0  3 -4  1 4  \ 0 1.800.00 25.00 * HPIS  ST4RT T91P 
0 4 0 0 4 0  4 1 0 0 1000.00 0.00 . *  LO%$ D f L 4 Y  TQlP(CL'l5FO V4LJ 

, 0 4 0 0 5 0  5 + 4  1 5  0 1200.00 0.00 STEAM GFYFQATO? PRFSS TRIP 
0 4 0 0 6 0  6 1 0 0 60.00 0.00 * PRCSSU?IZFR CUT7FF T R I P  
0 4 0 0 7 0  7 - 4  1 4  0 1800.00 0.00 " + SCRAY &NO P!JqP-CUTnFF TR!o * S.G. SEC. INLET 4 V n  llllT!.FT FLnWS T a l P  ON S C R 4 1  W l  I'H 9 t ~ V L f  1N  1 SFC. DFLAY * kOl . t lMc INPUT DAT4 
*VOLUME * . BUBBLE * IRFAD * AVERAGE l AVERAGE * AVERAGF * COMMENTS 
*NUMBFR * INDEX TDVI .  + PRFSSU?F t TEIIPFRATU?E QU4LITY * J!JYrT H.S. 
0 5 0 0 1 1  0 0 2772.3246 544.0000 . -1 .O t 

0 5 0 0 2 1  1 0 . 2276.4749 544.0000 -3.1 t 
0 5 0 0 3 1  1 0 2270.4720 578.777 -0.1 L 

050031 i o 2270.6720 578'.396 ' -0.1 PI 

0 5 0 0 4 1  1 0 2265.3073 510.59400 -0.1 t 

0 5 0 0 4 1  1 0 2265.3073 509.82900 -0.1 ' * 
0 5 0 0 5 1  0 0 2261.750 6 1  0.59408 -3.1 a 

- 0 5 0 0 5 1  0 0 2261.750 609.82908 -0 .1 t 
0 5 0 0 6 1  1 0 2253.8904 595.0710 -0.1 * 
0 5 0 0 6 1  1 0 2253.8904 594.4840 -3.1 * 
0 5 0 0 7 1  1 0 2252.1380 5 6 1  .SO60 -0.1 
0 5 0 0 7 1  1 O - 2252.1380 561.3030 -0.1 * 
0 5 0 0 8 1  1 0 2249.3460 543.7360 -0.1 L 

0 5 0 0 9 1  1 0 2262.9930 543.7360 ' -0.1 t 
0 5 0 1 0 1  0 0 2274.9659 544.0000 -3. L .O 

0 5 0 1  11 0 0 2270.21 01, 944.0000 -0.1 (I 

0 5 0 1 2 1  2 0 612.000 85. 0.0 
0 5 0 1 3 1  2 0 612.000 85. 0.0 t 

0 5 0 1 4 1  1 0 2261.5192 -1 .O 0.0 L 

0 5 0 1 5 1  3 0 00.000 519.644 0.170 
* VOLUME DATA CA?D NUMBEP TWO ( 2 1  SEYISCALE I S E ?  SMALL RQE4K H09EL 
*VOLUME * VQLUME * V3LUME * MIXTURE *FRIC* FLOW * F7UIV. + 93TT7Y *VOLUME 
*NUMBER * CU.FT. *HEIGHT FT *LCVFL FT * IVDX*  AREA DI4YFTER * FLEVbTlON *RFLOW 
0 5 0 0 1 2  0.9460 1.41213+1 . l . b l Z l O + l  n 0.0574 0.09217 -1 .3610+1 b 
0 5 0 0 2 2  0.763 2.408 2.408 0 0.2393 0.5509 -15.008 3 
0 5 0 0 3 2  0.3875 7.2973 7.7977 0 0.0557 0.3403 -13.630 4 
0 9 0 0 4 2  0.8672 9.55770 9.65270 0 0.0612 0.0489 -6.3027 0 
0 5 0 0 5 2  0.41 3 0  0.69770 0.69770 0 0.0376 0.2188 0.5990 0 
0 5 0 0 6 2  0.72095 1.01983+1 1.01983+ 1 0 0.0476 0.0386 1.7967 0 
0 5 0 0 7 2  0.72095 1 .01983+1  1.01983+1 0 3.0476 0.0396 1.1967 n 
0 5 0 0 8 7  0.366 9a.477 9 . 4 7 2  0 0.037b 8.2185 -8.175 7 
, 0 5 0 0 9 2  0.491 8.4455 8.4455 0 0 .0468 0.01979 -8.1755 0 
0 5 0 1 0 2  0.3322 0.43780 0.43780 0 0.0378 0.2188 0.1094 0 
0 5 0 1 1 2  0.211 0.2188 0.2188 0 0.02423 0.15001 -0.2198 O*CZ 
0 5 0 1 2 2  2.9630 3.3380 2.1300 0 1 .0000 1.0000 0.0000 .O . 
0 5 0 1 3 2  0.9880 2.9650 1.8310 0 1.0000 1.0000 0.3030 0 
0 5 0 1 4 2  0.9780 3.83330 2 - 1 2  0 3.2551 O i 1 1 6 5 6  0.50'30 b 
0 5 0 1  92  1.0000 1 - 5 5 2 0 0 + 1  9.66000 0 0.0400 0.3420 2.4950 0 .  
0 6 0 0 1 1  0.0 3.0 
0 6 0 0 2 1  0.0 1.0+6 
0 6 0 0 3 1  0.0 40.0 



TABLE F- I1  -.(<contd.) 

* J U N C T I O N  INp!JT DATA CAP.@ ( O N E )  
*JUNC +VOL.*VOL.*PLIYP * V 4 L V E +  FLflW + FLOW *JUNCT. * J U N C T I O N  *FO*bd4RP*REVEPSE* 
+TION *FROY* T O  + I  V l E X * I N D F X *  RATE * AREA *ELFVAT.*  I WERTI A *LPSCOFF*LOSCnFF+ 
*NUMB.* I W l *  I W Z * I P J M P * I V A L V F *  WP .* AJUN *ZJUN * TVFRTA + F J U Y F  + FJUVP + 
O B O O l l  1 2 0 0 17.25 .04684 -13.61 0.0 1.0826971 -69551 
080021 2 3 3 0 17.25 -03142 -13.600 0.0 3.15134 3.15134 
080031 3 4 0 0 17.25 -0514 -6.3027 0.0 6.91625 6.91625 
080041 4 5 0 0 17.25 a.0205 .599 0.0 1.25644 1.6064. 
080051 5 6 0 0 17.25 .03755 1,2967 0.0 9.53112 10.32821 
080061 6 7 0 ' 0 . 17.25 -0476 11.372 0.0 .DO2727 .'002727 
080071 7 8 0 0 17.25 .0376 .  1 .2967.  0.0 10.32821 9.53112 
080081 8 9 -1 0 17.25 -03766 -8.0663 0.0 .I1091 . I1091 
080091 9 1 0  1 0 17.25 e0376 .2188 0.0 .I1334 .I1334 
080101 10 1 0 0 17.25 .0378 .2188 0.0 9.58567 9.58567 
080111 1 1 1  0 0 0.00 ,01964 -.LO94 0.0 9.5857 9.5857 
080121 12 1 0  0 2 0.00 -00499 e l094 8000. 211. 21 1. 
080131 13 1 1  $ 3 0.00 .003 0.0000 8000. 686. 686. 
080141 14 5 0 4 0.00 .00046 .6 38.5 . 8.8 8.8 
080141 14 5 0 1 0.00 .00046 .6 38.5,  8.8 8.8 

, 080151 11 16 0 1 0.00 e000156 - . lo00 0.0 0.0 0.0 
080151 11 0 3 0 0. .000156 -.1 182.5 1.446 1.446 
080161 0 1 0  1 0 0.00 .00499 .I094 0.0 . 0.7.52 0.39 
080171 0 11 Z . O  0.00 . .005 0.000 0.0 , 0.752 0.39 
080181 0 15 3 , 0 1.466 ,012 2.5 0.0 0.752 0.39 
080191 15 0 1 0 1.466 .021 ' '15.4000 0.3 1554..9 1564.9 
080201 0 1 5  4 0 0. .021 15.4 0 0. 0. 
080012 0 5 2 3 0.0 0.0 0 0 1.0 0 
080022 0 5 2 3 0.0 0.0 0 2 1.0 0 
080032 0 5 2 3 0.0 0.0 0 1 1.0 0 
080042 1 5 2 3 0.0 0.0 0 ,  0 1.0 0 
080.052 1 5 2 3 0.0 0.0 0 . 2  0.0 0 
080062 1 5 2 3 0.0 0.0 0 3 0.0 0 
080072 1 5 2 3 0.0 0.0 0 1 1.0 0 
080087 1 5 2 3 0.0 0.0 0 0 0.0 0 
080092 1 5 2 3 0 . 0 , O . O  0 0 0.0 0 
380102 1 5 2 3 0.0 0.0 0 0 0.0 0 
080112 1 5 2 3 0.0 0.0 0 0 0.0 0 
080122 1 5 0 3 0.0 0.0 0 0 0.0 0 
080132 1 5 0 3 0.0 0.0 0 0 0.0. 0 . 
080162 0 5 0 3 0.0 0.0 0 0 0.0 0 
080152 1 -5 3 0 0.0 0.0 0 0 O..O 0 ' 

080152 1 ' 5  0 0 0.0 0.0 0 0 0.0 0 
.OR0162 0 5 2 3 0.0 0.0 0 0 0.0 0 
080172 0 5 2 3 0.0 0.0 0 0 O.'O 0 
080182 0 5 2 3 0.0 0.0 0 0 0.0 0 
080192 0 5 2 3 O p O  0.0 0 0 0.0 0 
080202 0 0 2 0 0. 0. 0 0 0. 0 
082000 0 
082003 1.0 0.9 0.9 0.01 
090011 1 7 1 1 0 3560. .73835 180. 192. 34.8 38.3 .62.3 0. 0. 6.7 , 

091001 -11 0. 0. - 1  0. e l 5  .05 024 - 8  - 3  -96 ..4 -98 a6 097 - 8  -9 09 - 8  - 9 6  . 5 .  . . 
'091002 1. 0. 
092001 -9 0. e.17 .!I001 -.a17 -006 0. - 1  0. -15 -05 -24 -56 - 8  256 -96  - 4 5  1. 0. 
100000 16 0 0 16 
* PUMP H E A O  bND TORQUE M U L T I P L I E R  CURVES 



TABLE F-I1 (contd.)  

101061 1 6 -5 0. -725 0.2 -725 a4 -8  - 6  1.025 1. 1.95 
101071 1 7 - 3  -1.0 0.175 -0.50 0.65 0.0 -975 ' 

101081 1 8 -5 -1.0 3.175 -0.75 -.I5 m.55 -0.3 - . 2 7 5  -94 0. -0.35 
101090 2 1 - 8  . 0. 0.54 0.2 0.59 0.4 0.65 0.60.77 0.80.95 
101091 0.9 0.98 0.95 0.96 1.0 0.87 
101100 2 2 -8 0. -0.15 0.2 0.02 0.4 0.22 0.6 0.46 0.8 0.71 
101101 0.9 0.81 0.95 0.85 1.0 0.87 
l O l l l O  2 3 -6 -1.0 0.62 -0.0 0.68 -0.6 0.53 -0.4 0.46 
101111 -0.2 0.49 0. 0.54 
101120 t 4 -6  -1.0 0.62 -0.8 0.53 -0.6 0.46 -0.4 0.42 
101121 . -0.2 0.39 0. 0.36 
101130 2 5 -7  .0.  -0.63 0.2 -0.51 0.4 -0-19 0 . 6  -0.;29 
101131 0.8 -0.20 0.9 -0.16 1.0 -0.13 ' 

101140 2 6 - 6 .  0. 0.36 0.2 0.32 0.4 0.27 0.6 0.18 
101141 0. 8 0.05 . 1.0 ,-0.13 
101150 2 7 -6 -1,O -1.44 -0.8 -1.25 -0.6 -1.08 
101151 -0.4 -0.92 -0.2 -0.77 . 0. -0.63 
101160 2 8 - 6  -1 - 0  -1.44 -0.8 -1.12 -0.6 -0.79 
101161 -0.4 -0.52 -0.2 -0.31 0. -0.15 
104011 1 1  7 0.,0. .1 .83 .2 1.09 .5 1.02 - 7  1.01 .9 .94 1. 1. J 

104021 1 .2 8 0. 0. - 1  -a04 -2  0. - 3  -1 - 4  - 2 1  - 8  - 6 7  a9 .08 ,  1. 1. 
104031 1 3 10  -1. -1.16 -.9 -1.24 -08 -1.77 -.7 -2.36 -96 -2.79 -.5 -2.91 
104032 -.4 -2.67 -.25 -1.69 -.I - 0 5  0. 0. 
104041 1 4 10  -1. -1.16 -.9 -.78 -.8 -.5 - 0 7  -.31 -.6 - e l 7  -.5 -.08 -a35 0. 
104042 -92 - 0 5  - a 1  - 08  0. e l 1  

104051 1 5 6 0. 0.0 - 2  -934 .4 -a65 - 6  -.93, .8 -1.19 1. -1.47 
104061 1 6 10 0. 011 - 1  - 1 3  - 2 5  -15 - 4  913 -5  007 - 6  -904 .7 -a23 . R  -.51 
104062 - 9  -.91 1. -1.47 
104071 1 7 2 -1. 0. 0. 0. 
104081 1 R 2 -1. 0. 6.  0. 
104090 2 1 - 8  . 0. 0.54 0.2 0.59 0.4 0.'65 0.6 0.77 0.8 0.95 
104091 0.9 0.98 0.95 0.96 1.0 0.87 
104100 2 2 ' - R  0. -0.15 0.2 0.02 0.4 0.22 0.6 0.46 0.8 0.71 
104101 0.9 0.81 0.95 0.85 1.0 0.87 
104110 2 3 - 6  -1 .O 0.62 -0.8 0.68 -0.6 0.53 -0.4 0.46 
1041 11 -0.2 0.49 0. 0.5,4 
104120 2 4 -6 -1.0 0.62 -0.8 0 - 5 1  -0.6 0.46 -0.4 0.42 
104121 -0.2 0.39 0.'0.36 
104130 2 5 - 7  0. -0.63 . 0.2 -0.51 0.4 -0.39 0.6 -0.29 
104131 0.8 -0.20 0.9 -0.16 1.0 -0.13 
104140 2 6 - 6  0. 0.36 0.2 0.32 0.4 0.27 0.6 0.18 
104141 0.8 0.05 1.0 -0.13 
104150 2 7 -6  -1.0 -1.44 -0.8 -1.25 -0.6 -1.08 

' 104.151 -0.'4 -0.92 -0.2 -0.77 0. -0.63 
104160 ? 8 -6  -1.0 - 1 - 4 4  -0 .8 -1.12 -0.6 -0.7'7 
104161 -0.4 -0.52 -0.2 -0.31 0. -0.15 
110010 -2 0 1 0 0  0. 0, 0. *PRFAK V L I  VF 
110010 6 2 0.0 0.0 0.0 0.0 . 0.0 *PRESSURTZFP ZUT-3FF VALVE 
110020 21 0 . 0 0.. 0. 1.0+20 1.0+20 *ACCUY CHECK VLLVF (ACTIVE) 
110030 21  0 0 0. 0. 1.0+20 l.Ot20 *htCUq C H F C *  VALVF ( INbCTIVFI  
120101 -4 2 0. ' 0. 1. 10. 1, 11. 0.0 600. 0.0 * S  G SEC LFAK 
120201 - 3  n6 0.0 0.0 1.0 - 1  0.8 10.0+4 0.0 QPR'S5  VALVC L E b r  TABLP 
120301 -G 2 43. 0- 0. -001 0. -002  1.0 1000. . 1. 
130100 3 1 2  3 GAL/MIN 85.0 0.0 * HPIS INJFCTIDV TABLF-FILL 
130101 0.0 101.803 1.0+4 101.803 H P I S  INJECTInY TbPLF-FILL 
130200 3 1 .  2 3 CbL/MIN  85.0 0.0 HPIS IYJFtT!2V TABIE-FILL 
130201 0.0 33.93 1.0+4 33.93 
130300 Z 1 4 4 LBS/SEC 900.0 440.0 0.0 * S . G . S F t .  INLFT-FII  C 
130301 0.0 162.25 10. 162.25 11. 0.0 1.0+3 0.0 
130400 5 2 15 4 LBS/SEC 50. 250. 

. I  . 



TABLE F-I1 (contd.) 

- - 

* ST GEN RLF - F I L L  
130401 1000. 0. 1230. 0. 1210. -5.714 1220. -17.143 1230. -34.286 1236: -48.0 5 
130402 1246.3 -65.714 1250. -69.524 1256.6 -80.952 1264. -89.048 1265. -91.905 
130403 1266.9 -92.381 1270. -93.810 1287.5 -103.810 1500. -171 -905 
140000 0 0.0 0.0 0.0 0.0 
141001 -19 7 0.0 1.0 1.0 -96 2.0 -928 3.0 -86 4.0 -81 
141002 6.0 .70 7.0 -625 9.0 -5 10.0 944 11.0 -39 
141003 12.0 .36 14.0 -25 15.0 .23 16.0 -2 18.0 -16 
141004 20.0 .13 24.0 .1 34.0 .075 500.0 .038 
* HEAT SLAB DATA CA?DS CARD R 1  

HFAT * VOL *PHYSICAL*  HEAT TQANSFER INFO. * VOLUME * 
* S L A B  *IV*IL*IC*I  S * I X *  rr* ~na ASUL c ASUR * VOLS * H D Y L * H D ~ R * D H F L * D H F R *  
*NUMBER*tL*SR*OM*B bL3*CL*CR*SQ. FEET*SQ. FEET*CU. FEET*  * 8 it * 
150011 0 3 1 0 . 2  0 0 0.0 8.1317 0.071448 0.0 a0161 0.0 0.0465 
150021 0 3 1 1 2 0 0 0.0 8.1317 0.071448 0.0 a0361 0.0 0.0465 
150031 0 3 1 1 2 0 0 0.0 8.1317 0.071448 0.0 -0361 0.0 0.0455 
150041 0 4 1 1 2 0 0 0.0 38.3920 0.337500 0.0 00361 0.0 0.0 
150051 5 0 2 0 0 0 0 7.5700 0.0 0.643600 0.0 0.0 0.0 0.0 
150061 6 15 2 0 3 0 0 47.8805 59.5528 0.219340 0.0 0.0 0.0 0.0 
150071 7 15 2 0 3 0 0 47.8805 59.5528 0.219340 0.0 0.0 0.0 0.0 
150081 8 0 2 0 1 0 0 12.330 0.0 1.040800 0.0 0.0 0.0 0.0 
150091 10 0 2 0 1 0 0 5.4400 0.0 0.463000 0.0 0.0 0.0 0.0 
150101 1 0 3 0 1 0 010.8750 0.0 1.464000 0.0 0.0 0.0 0.0 
150111 2 0 3 0 1 0 0 10.8750 0.0 1.464000 0.0 0.0 0.0 0.0 
150121- 11 0 2 0 1 0 0 6.9110 0.0 0.475700 0.0 0.0 0.0 0.0 
*HEAT S14B DATA CAR9S CARD #2 
*HFAT * LEFT  * R I S H T  * BOTTOM* TPP * 
*SLAB * LENGTH* lENGTH*ELEVAT.*ELEVAT.* 
*NUMBER* 'CHNL * t'4NR * ZBOT * ZTOP * 
150012 0.0 5.5202 1.7773 3.6173 
150022 0.0 5.5202 3.6173 5.4573 
150032 0.0 5.5202 5.4573 7.2972 
150042 0.0 0.0 0.0 0.0 
150052 8.0 0.0 0.0 0.0 
* JUNCTION OVER LAP OF 0.001 FEET SLAB CAY VOT RF I N  JUNCTION 
150062 8.998 8.998 0.001 8.998 
150072 8.998 8.998 0.001 8.998 
150082 0.0 0.0 0.0 0.0 
150092 7.0 0.0 0.0 0.0 
150102 0.0 0.0 0.0 0.0 
150112 0.0 0.0 0.0 0.0 
150122 0.0 0.0 0.0 0.0 
* CORE * *NODF VU'48ERS* CLAn * POWER * MODEPATOR * 
*SECTION* *FOP TEMP CAL*THICK * FRACTIOY*  H F 4 T I V G  * 
* D A T A  * l S L B *  NO71  * C L T I  * QFRAC *QPMOD*QDMqD* 
160010 1 2 6 10 0.0 0.36636 0.0 6.0 LPAFR CORF 
160020 2 2 6 10 0.0 0.47254 0.0 0.0 * Y 1 3  SnRE 
160030 3 2 6 10 0.0 0.16110 0.0 0.0 * JPPEP CORE 
* CORF SLABS: GEnC=l ,  M T R L = 1 . 2 * 3  
170101 2 4 1 1 0. .002917 0. 
170102 0 3 4 .007167 1. 

- 170103 0 1 4 .00425 0. 
170104 0 2 8 -00325 0. 
* SG SLABS: GFOP-29 YTPL=2  
170201 2 1 2 5 .01675 .004 0. 
170301 2 3 Z 3 0.2750 0.0104 0.0 
170302 o 4 a o.nn4 o.o 
170303 0 2 3 0.094 0.0 
180101 -7 500. 16.6 1000. 15.9 1500. 15.3 2000. 14.7 
18 01 02 2500. 14.1 3000. 13.5 3500. 12.8 *RORON N I  T  RATE 
180201 -3 100. 7.75 800. 11.0 1600. 14.3 *316L STAINLFSS 



TABLE F-I1 (contd.) 

/ - 2 0. 14.0 3000. 14.0 *CONSTANTAN 
-2 0.0 0.013 2000.0 0.05 

-7 400, 37.5 800. 48.3 .1200, 54.6 1600. 58.3 
20000 60.5 2400. 61.4 3400. 62.5 * 9090N N I T R A T E  

-4 400. 61.3 600. 64.6. 800- 67.1 2200. 82.9 * 31bL SS 
- 7 212. 56. 572, 61. 932. 67. 1472. 7'3. 

2192. 78. 2552. 84. 3000. 90. *CnNST4NTAN 
-2 0.0 0.2 2000.0 0.2 
1 4  0 0 0.0 0.0 1 0 0.0 0 
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APPENDIX G 

LARGE COLD LEG BREAK - INEL LOFT 

The LOFT system was modeled t o  r ep re sen t  a 200% o f f s e t  shear  break 

i n  t h e  blowdown loop cold l e g  p ip ing  between t h e  pump s imula to r  and t h e  

r e a c t o r  v e s s e l  i n l e t .  While t h e  i n i t i a l  condi t ions  chosen f o r  t h e  model 

were t y p i c a l  of planned LOFT test cond i t i ons ,  t h e  model w a s  n o t  intended 

t o  r ep re sen t  any s p e c i f i c  LOFT test. The system model and assumptions 

used,  t h e  c a l c u l a t e d  r e s u l t s ,  and t h e  conclusions drawn from t h i s  run  

a r e  presented.  Some i n t e r p r e t a t i o n  of t h e  r e s u l t s  is based on d i g i t a l  

d a t a  and p l o t s  which were too  voluminous t o  be  included i n  t h i s  appendix. 

The model presented  was used f o r  program checkout and should n o t  be  

considered a comprehensive s tudy  of t h e  LOCA response of t h e  LOFT 

p l a n t .  

2. SYSTEM MODEL AM> ASSUMPTIONS 

The REW4/MOD5 model used t o  d e s c r i b e  t h e  LOFT system is  shown i n  

F igure  G-1. It cons i s t ed  of 34 volumes, 40 junc t ions ,  and 19 h e a t  

s l a b s .  The volumes and f i l l  j unc t ions  shown i n  F igu re  G-1  a r e  i d e n t i f i e d  

i n  Table GI. The h e a t  s l a b s  shown i n  F igure  G-2 a r e  i n  t u r n  i d e n t i f i e d  

i n  Table G-11 .  



Fig. G-1 Nodalization for 200% cold'leg break - LOFT. 



TABLE C--I 

VOLUME AND FILL JUNCTION IDENTIFICATION FOR 200% BREAK - LOFT 

Volume No. Description Junction No. Description 

1 Lower Section of Core 38 Low Pressure Injection System 
2 Middle Section of Core 3 9 High Pressure Injection System 
3 Top Section of Core 4 0 Steam Generator Secondary Inlet 
4 Upper Plenum 36 Steam Generator Secondary Outlet 
5,11,13,14 Intact Loop Piping (Negative Fill) 
6 Steam Generator Inlet Plenum 37 Steam Generator Secondary Relief 
7,8,9 Steam Generator Primary Valve (Negative Fill) 
10 Steam Generator Outlet Plenum 
12 Pump Volume 
15 Upper Annulus and Downcomer 
16 Intact Loop Accumulator 

!+ 
\O 17 Steam Generator Secondary 
\O 18 Top Section of Lower Plenum 

19 Bottom Section ofglower Plenum 
20 Core Bypass 
21 Inactive Accumulator (Outlet 

Valve Closed) 
22,25,27,30,31 Blowdown Loop Piping 
23,24 Steam Generator Simulator 
2 6 Pump Simulator 
28,32 Suppression Tank Inlet Piping 
2 9 Suppression Tank 
33 Pressurizer 
3 4 Pressurizer Line 



Sham Generotor 

: @ - V O I ~ ~ O  

30 - Slab 

Reactor Vessel 

Fig. G-2 Heat slabs for 2002 break - LOFT. 



TABLE G - I 1  

HEAT SLAB IDENTIFICATION FOR 200% COLD LEG BREAK - LOFT 

Heat S lab  Adjacent Volume r a1 

No. L e f t  ' Right Heat Slab I d e n t i f i c a t i o n  

1 1 Fuel  Rods (lower 113) 

2 0 2 Fuel  Rods (middle 113) 

" 3 0 3 - Fuel  Rods ( top  113) 

4 .  9 17 Steam Generator Tubes ( o u t l e t )  ' 

5 7 17  Steam Generator Tubes ( i n l e t )  

Steam Generator Tubes (middle: 

Downcomer I n s i d e  Bar re l  

Reactor F i l l e r  

End Box 

Core Bypass 

Downcomer Outside B a r r e l  

Reactor F i l l e r  

Reactor F i l l e r  

Core Support S t r u c t u r e  

Upper Plenum Top and Sides  

Flow S k i r t  and Core F i l l e r  

S h e l l  and O u t l e t  Region 

Supports and Control  Rods 

19 0 18  Reactor Vessel  

For c y l i n d r i c a l  geometry, l e f t  i s  t h e  i n s i d e  s u r f a c e  and r i g h t  is  

t h e  o u t s i d e  su r f ace .  
I b  Zero r e p r e s e n t s  t h e  s u r f  ace  of Zero Heat Flux,  e .g. ,  i n s u l a t e d  

s u r f a c e  o r  c e n t e r  of s l a b s .  



Fill junctions were used for the high and low pressure injection 

systems and steam generator secondary side flows. Initial power was 

specified at 100%.of nominal power, or 55.7 MW(t). The major MOD5 

options used in the run are summarized as follows: 

(1) Downcomer Penetration Model Based on Battelle-Columbus Data: 

This model was turned on just prior to the accumulator valve 

opening. The downcomer and upper annulus were modeled as one 

volume to correspond to the noding required by the downcomer 

penetration model. 

(2) Vertical Slip: This model was specified at Junctions..l8 and 

20 (between the downcomer and lower plenum and between the two 

sections of the,lower plenum), 

(3) Vertical Stacking: This slip flow and vertical stack index 

option was used at Junction 20 only, to insure that Xiquid 

descended to the lowest volume. 
,.. . 

(4) ~enry-~auske/~EM critical Flow Model: This option was used 

with multipliers of 0.9 for ~inr~-Fauske and 1.0 ,for Horno- 

geneous Equilibrium Models (HEM), along with a transition 

quality. u1 0.01. The seagnation property option was not used. 

(5) Bubble Rise: The RELAP4 bubble rise model with a bubble rise 

velocity of 3 ft/sec was used in Volumes'4, 17, 18, 19, and 

33. A bubblc rise velocity of .lo6 ftlsec was used in the 

accumulator (Volume 16), inactive accumulator- (Volume 21), and 

suppression tank (Volume 29) in order to maintain continuous 

phase separation. 



3. RESULTS 
. -. 

RELAP~/MOD~ r a n  q u i t e  smoothly and had a reasonable  process ing  

time. The t r a n s i e n t  t ime from break  i n i t i a t i o n  t o  lower plenum r e f i l l  

was 35 s e c  and r equ i r ed  50 min of CPU t ime on t h e  CDC 7600 a t  Brookhaven 

Nat iona l  Laboratory. Although t h e  lower plenum was r e f i l l e d  a t  35 s e c ,  

t h e  problem was run  f o r  an  a d d i t i o n a l  5 s e c  t o  v e r i f y  t h a t  t h e  lower 

plenum remained f u l l .  An a d d i t i o n a l  11.8 min (61.8 min t o t a l )  of CPU 

time w a s  r equ i r ed  t o  extend t h e  t r a n s i e n t  from 35 t o  40 sec .  

The major events  t h a t  occurred dur ing  t h e  course  of t h e  t r a n s i e n t  

a r e  given i n  Table G-111 .  The d a t a  output  t r a c e s f o r  t h i s  problem run 

a r e  shown as Figures  G-3 through G-12 i n  Sec t ion  5 of t h i s  appendis.  A 

summary d i scuss ion  of t h e  t r a n s i e n t  is  a s . f o l l o w s .  

The break  p l ane  junc t ion  ( s i z i n g  o r i f i c e s )  and t h e i r  downstream 

junc t ions  choked immediately a f t e r  t h e  i n i t i a t i o n  of blowdown a t  0.010 

sec .  A l l  system volumes underwent a very  r a p i d  subcooled depressur i -  

z a t i o n  immediately a f t e r  t h e  opening of t h e  break.  The lower plenum 

depressur ized  from 2,260 p s i a  t o  1,600 p s i a  i n  l e s s  than  0.2 s e c  a s  

shown i n  F igure  6 3 .  The system volumes experienced a gradual ,  sa tu-  

r a t e d  d e p r e s s u r i z a t i o n  a f t e r  t h i s  r ap id ,  subcooled dep res su r i za t ion .  

The d i g i t a l  d a t a  output  showed t h a t  t h e  p r e s s u r i z e r  l i n e  flow 

choked a t  3 s e c  and remained choked u n t i l  9 sec .  The acc.umu~ator flow 

s t a r t e d  a t  14 sec .  This  i n j e c t e d  90.OF water i n t o  t h e  intact-1,oop 

volumes, having a n  i n i t i a l  temperature of 488OF and a p re s su re  'of 612 

p s i a .  The i n j e c t i o n  of t h i s  subcooled .water  caused condensat ion of t h e  

s a t u r a t e d  vapor i n  t h e  i n t a c t  loop. - T h i s  i n j e c t i o n  of subcooled water  

i n t o  volumes conta in ing  a s a t u r a t e d  mixture,  introduced t r a n s i e n t  e f f e c t s  

noted i n  t h e  d i g i t a l  ou tput  and which l e d  t o  sma l l e r  t ime s t e p  requi re -  

ments.. These caused a marked i n c r e a s e  i n  computer running time. 



TABLE G-I11 

MAJOR EVENTS SUMMARY FOR 200% BREAK - LOFT 

Time (sec) . Event 

O:O Start of run 

0.01 Blowdown started, valves to suppression tank opened, scram 
began, and valves in steam generator secondary line began 
to close / 

0.06 Pump power shut off and pump began coastdown 

10.29 Valves in steam generator secondary line closed completely 

13.0 Peak cladding temperature of 1,185OF reached in mid-core 
cladding 

Accumulator valve opened and accumulator flow began 

25.01 High Pressure Injection System (HPIS) and Low .Pres.sure 
Injection System (LPIS) started injection into intact 
loop cold leg 

35.0 , Lower plenum  full‘^ of water and refill completed 

End of problem run 



The d i g i t a l  d a t a  output  showed tha.t flow from .the pump and v e s s e l  

s i d e s  of t h e  break  unchoked a t  19 and 28 s e c ,  r e s p e c t i v e l y ,  and remained 

unchoked f o r  t h e  du ra t ion  of t h e  t r a n s i e n t .  Break flow r a t e s  a r e  shown 

i n  F igures  G-4 and G-5. The pump s i d e  of t h e  break unchoked f i r s t ,  due 

t o  lower p re s su res  on t h e  pump s i d e  than  on t h e  v e s s e l  s i d e  of t h e  

break. These 1ower .pressures  on t h e  pump s i d e  were caused by t h e  p re s su re  

drop a s s o c i a t e d  wi th  t h e  . f low r e s i s t a n c e  of t h e  steam genera tor  s imula tor  

and pump s imula to r  i n  t h e  h o t  l e g  of t h e  blowdown loop.  The p re s su re  i n  

t he . suppres s ion  tank  reached a  maximum va lue  of 65 ,ps ia  a t  28 s e c  when 

t h e  v e s s e l  s i d e  of t h e  break  unchoked. 

LPIS and HPIS began i n j e c t i n g  water  i n t o  t h e  i n t a c t  loop cold l e g  

25 s e c  a f t e r  t h e  i n i t i a t i o n  of blowdown. This  de lay  time of 25 s e c  

corresponds t o  t h e  t ime requi red  f o r  a  t y p i c a l  p l a n t  standby e l e c t r i c a l  

genera tor  t o  come on-l ine i n  t h e  event  t h a t  l o s s  of e l e c t r i c a l  power 

were concurrent  wi th  i n i t i a t i o n  of t h e  break.  

Core i n l e t  and o u t l e t  mass flow r a t e s  a r e  shown i n  ~ i ~ u r e s '  G-6 and 

G-7, res ,pec t ive ly .  These f i g u r e s  show t h e  immediate core  flow r e v e r s a l  

a t  b reak  i n i t i a t i o n  which i s  c h a r a c t e r i s t i c  of l a r g e  cold l e g  breaks,. 

This  was followed by t h e  expected rise t o  a  r e l a t i v e l y  smal l  p o s i t i v e  

co re  flow as t h e  pumps took over .  Accumulator ECC i n j e c t i o n  occurred a t  

14 s e c  and l e d  t o  o s c i l l a t i o n s  i n  co re  flow, p a r t i c u l a r l y  i n  t h e  i n l e t  

flow which began a t  approximately 15  s e c  e lapsed  .time. These.osci-lJ- 

a t i o n s  pe r s i sked  f o r  t h e  d u r a t i o n  of t h e  t r a n s i e n t .  

F igures  G-8, G-9, and G-10 show cladding temperature i n  t h e  t h r e e  

core.volumes. Peak c ladding  temperatures  reached i n  t h e  lower,  middle,  

and upper co re  r eg ions  were.985°F, .1 ,1850F,  and- 640°F, r e s p e c t i v e l y .  The 

shapes of t h e  c ladding  temperature p l o t s ,  p a r t i c u l a r l y  t h a t  of t h e  lower 

co re  volume, can b e  c o r r e l a t e d  wi th  t h e  core  flow behavior  shown i n  

F igures  G-$ and G-7; The increased  flows noted i n  G-t5 and G-7 have 

corresponding decreased temperatures  . in  G-8. 



Figures  G - 1 1  and G-12, r e s p e c t i v e l y ,  show t h e  mass q u a n t i t y  i n  t h e  

upper and lower s e c t i o n s  of t h e  lower plenum. Large o s c i l l a t i o n s  i n  

t o t a l  mass were seen  t o  occur a f t e r  14 s e c  when accumulator i n j e c t i o n  

began. The lower volume remained £ i l l e d  wi th  water  a f t e r  33 s e c  elapsed 

t ime  and f i l l i n g  of t h e . u p p e r  volume followed a t  34 sec .  This terminated 

t h e '  r e f  ill phase of t h e  t r a n s i e n t  and met' t h e  program c r i t e r i o n  f o r  

cortlpletion of t h e  problem run. The c a l c u l a t i o n  was continued t o  40 s e c  

e l apsed  time, however, t o  v e r i f y  t h a t  t h e  lower plenum remained f u l l  

a f t e r  34 se'c e lapsed  time. A f u r t h e r  p e r t u r b a t i o n  a t  39 s e c  is  shown i n  

F i g u r e s  G-4and G-12. The increased  flow and mass l o s s  i s  attr2b11ted t o  

bubble formation and co l l apse .  The mass i n  t h e  I I ~ ~ P Y  s e c t i o n  of t h c  

lower pleuum ( ~ i g u r e  G-11) was only s l i g h t l y  a f f e c t e d  by t h i s .  - 

4. CONCLUSIONS 

The.LOFT l a r g e  break  was run  t o  completion without  any major d i f f i -  

' c u l t y  and w i t h i n  t h e  e s t a b l i s h e d  time l i m i t  of one hour on t h e  CDC-7600 

computer. The completion c r i t e r i a  f o r  t h e  MOD 5 checkout runs l i s t e d  i n  

Volume 111, Sect ion  7 . 2  were sa t i s f ied . ' .  

5. OUTPUT DATA 

The output  d a t a  t r a c e s  a r e  shown a s  F igures  G-3 through G-12 i n  

t h i s  s e c t i o n .  



0 . 0  5 . 0  10.0 15.0 20.0 25.0 SO. 0  35.0  YO. 0  
T R A N S I E N T  T I M E :  SECONDS 

Fig. G - 3  Lower Plenum p re s su re  - LOFT (200% break) .  

n o .  

0 . 0  . 5 .0  10.0 15.0 20.0  25.0 30.0 35.0 YO. 0 
' T R A N S I E N T  T I M E :  ' SECONDS 

Fig.  G - 4  Vessel s i d e  break mass flow r a t e  - LOFT (200% break). 



'loo. 

0.0 1.0 10.0 15.0. 20: 0 25.0 30.0 35.0 90.0 

T R A N S I E N T  T I M E :  S F C O N D S  

Fig .  G-5 Pump s i d e  break mass f low r a t e  - LOFT (200% break).  

0.0 5.0 10.0 lS.0 20.0 25.0 30.0 35.0 '40.0 

T R A N S I E N T  T I M E :  S E C O N D S  

F i g .  G-6 Core i n l e t  mass f low r a t e  - LOFT (200% break).  



F i g .  G-7 Core o u t l e t  mass flow ra te  - LOFT (200% break). 

wo. 

T R A N S I E N T  T I M E :  S E C O N D S  

F i g .  G-8 Lower core cladding temperature - LOFT (200% break),  



580. 

0 . 0  5 .0  10.0 15.0 20.0  25.0  30.0 35.0 YO. 0  - . . - - - - 
T R A N S I E N T  T I M E :  SECOND? 

Fig. G-9 Mid core cladding temperature - LOFT (200% break). 

290. 

0 .0  5 .0 '  10.0 15.0 20.0 25.0  30.0 35.0 YO. 0  - - .  
T R A N S I E N T  T I M E :  SECONDS 

Fig. G-10 Upper core cladding temperature - LOFT (200% break). 
. . 



0 .  

0 . 0  5 . 0  10 .0  15 .0  2 0 . 0  2 5 . 0  S O .  0  3 5 . 0  110.0 

T R A N S I E N T  T I M E :  SECONDS 

Fig. G - 1 1  Top of lower plenum t o t a l  mass - LOFT (200% break) .  

0 . 0  5 . 0  ,I 5 . 0  2 0 . 0  2 5 . 0 ,  .30.0 3 5 . 0  " 0 . 0  10 .0  

T R A N S I E N T  T I M E :  SECONDS 

Fig. G-12 Rnttom of lower plenum t o t a l  mass - LOFT (200% break) .  



6. INPUT LISTING 

An input l i s t i n g  for  t h i s  run i s  given i n  Table G-IV which fol lows.  



T A B L E  G - I V  

INPUT LISTING ' 

=ISEELOFT 2O0z CGLP L E G  BFE46 
* TYIS '40nEL HPS A CPYRINEO UF'PCR ANNULUS AN0 013HNCOMER 
*** THIS CECK YnDELs L O W  R E S I S T A N C E  IN THE I N T A C T  L.DOP S T F A M  G F N E R A T ~ R  "$4 
010001 -2 '4 4 7 34 2 0 40 1 3 0 5 19 13 4 3 0 0 . 
OlOOU2 55.7 1.0 
020000 SQ 1 SR 2 5 7  3 JU 16 JW 3 JW 28 JW 32 JW 43 JW 3 6 -  
* I WATER PACKING FOITS STAPT ..PF W P START OF CHOKIVG-SYIOTMIVG OPTI(I\I 
030003 5 9 0.0 0.0 
030004 50 0.001 4 MIXTURE LEVEL CROSSING FROM AROVE CAPrl 
030010 13 50 1 0 .DO05 .00001 0.5 
030020 1 25 1 0 0.010 '0.001 l t O  
030030 4 50 1 ,O 0.010 .0005 17. 
030040 20 '50 1 0 0.002 0.0001 90. 
040010 1 1 0 0 40. 0. *TR IP--ENC OF PROBLEM 
040020 2 1 0 0 - 01001  0 *TP IP--SCRAM AN@ BLOWOOWN 
040030 3 1 0 0 .010Ol 0.050 *TPIP--PUMP StIUTOFF 
040040 4 1 0 O .01001 25.0 *TRIP-.-LPIS AND HPIS F I L L  
040050 5 - 4  14 0 612. 0 *TP.I P--ACCUMULA TOR VALVE 
040060 6 1 0 0 20005. 0. * TRIP-ACCUMULATOR 9 VALVE 
04007.0 7 1 0 0 0. 0. *TRIP - FILLS 3.4, AND 5 (S.G. INLET,R.VALVEIPUTLETI * RUB PRESSURE TEMP. QUAL VOLUME VPL HT M I X  tiT 
050011 0 0 2259.6530 558.72 -1.. 3.426791323 .1.333250000 1.833250000 
050021 0 0 2258.4RSO 589.26 -1. 3.4267.91323 1.833250030 1 .R33250000 
050031 S 0 2257.4160 609.503 -1. 3.426791323 1.833250000 1.933250000 
050041 1 0 2253.5910 610.12 -1. 19,.92535578 - 11.60240000 11.60240000 
050051 0 0 2251.4806 610.12 -1. 14.21976010 2.421562792 2.421562792 
050061 0 0 2249.0637 610.12 -1. 11.18238868 2.500000000 2.500000000 
050071 0 0 2246.7341 591.444 -1. 10.91690000 6.750200000 6.750200000 
050081 0 0, 2244.6652 568.288 -1. 5.447800000 2.005208333 2.005208333 ' 

050091 0 0 2245.3506 554.995 -1. 10.97689826 6.750000000 6.750000000 
050101 0 0 2246.4774 544.4 -1. 11.18238868 2.500000000 2.500000000 
050111 0- 0 2243.2786 544.4 -1. 6.445269620 5.806213563 5.806213563 

. 050121  0 0 2.254.3169 544.4 -1. 12.06467722 4.650220200 4.650220200 
050131 0 0 2264.3022 544.4 -1. 8.877680774 0.932337333' 0.932337333 . 
0501'41 il 0 2263.5772 544.4 -1. -3.228619939 0.932333333 0.932333333 
050151 0 0 2261.63 544.4 -1. 24.51627458 15.04691 15.04691 
050161 2 0 610.5 90.4 0.0 108.5 9.3054 5.9606 
050171 1 0 742.7000 -1.0 0.0 281.6000000 16.46390000 5 ~ 4 0 4 0 0 0 0 0 0  
050181 1 0 2262.9487 544.4 - -1. 7.9127007,BO 2.113833310 2.113833310 
050191 L 0 2264.2486 544.4 -1. 15.22925692 2.031266690 2.031266690 
050251 0 '  0 2258.740 544.400 -1. 1.772410000 11.78980000 11.78Y80000 
050211 2 0 6.12.5 90.0 0.0 145.700 10.53450000 7.93160 
050221 0 0 '2254.9200 609.990 -1. 11.37971608 2.997416667 2.997416667 
050231 0 0 2253.5500 605.000 -1. 9.890080000 11.06970833 11.06970833 
050241 0 0 2253.2900 602.0 -1. 9.600427300 8.629583333 8.629583333 
050251 0 0 2254.8508 544.383 -1. 0.408918058 4.541666667 4:541666667 
050261 0 0 2255.9524 544.388 -1. 1.709604034 2.174500000 2.174500000 
O502Tl  0 0 2255.5035 5 4 ' 1 . 3 8 6  -1 - fl.57Rh67409 4.31775000 4.31 7750000 
050281 0 0 2254.9443 544.384 -1. 3.276254839 0.841145833 0.841145833 
050291 2 0 43.000000 271.600 0.0 3693.454946 16,09374999 9.420000000 
050301 0 0 2260.8300 544.400 -1. .14.04450000 2.997'116667 2.997616667 
050311 0 0 2261.1754 544.400 -1. 0.817513000 0.567750000 0.567750000 
050321 0 0 2261.17 544.400 -1. 3.276254800 .8411458333 -8411458333 
050331 1 J 2253.34954 -1.0 ..I026779 34.75215344 6.713541667 6.713541667 
050341 0 0 2254.5566 610.500 - -1. 3.362365918 4.035000000.4.035000000- 
* FRIC bR EP F C  OIAM ELEVATION ' I4HBLO 
050012 J 1.7h560000J 1.51798 -12.25600 0 
050022 0 1. 765800000 ,1.51798 -10.42275 0 
050032 0 1.765600000 1.51 IY8  -8.589900 0 
050042 0 2.191870000 1.13960 -6.756250 0 
050052 0 0.725780000 0.87590 -0.533917 0 
050062 3 /.Y41L46 101 1.4615 0.3121933633 0 
050072 0 1.626207149 0.0335 2.812193363 0 
050082 0 ' 1.6202071C9 0.0335 3.562193363 0 
050092 0 1.62h207 149 0.,0335 2.812193363 0 
050102 3 7.941243101 1.4615 0.3121933630 0 
050112 0 0.781772939 0.9976894 -4.296103533 0 
050122 0 1.167714621 0.8622008 -4.296103533 0 
050132 3 0.682703 776 0.83907886 -0.4661667 0 
050142 0 , 0.692703776 0.932333 -0.466166667 0 
050152 1) 1.527163095 0.?3333 -13.9636 0 



TABLE G-IV (contd.)  

~- - 

050162 .  0 11.66 1 3.8532 
050172 0 1 I .  1042 4. h667 
050182 0 3.743294 584 2.183142 
050192 o ~ . 4 9 7 % a o 2 s h  3.089674 
050202 0 1.214 0.0312 

.' 050212 0 13.8307 4.1964 
050222 0 0.682703 7757 1.1284 
050232 3 . 1.08321 0.00661 
055242 0 1-.I1317 1.2011 
050252 0 9.003700370-02 0.33858 
050262 1 0.692703 7757 0.932333 
050272 '0 9.003700370-02 0.33858 
050282 0 0.5556898667 0.841 14 
050292 0 9.621127503 3.500000 
G50302 0 0.6fl27U3 1 / 3 1  1.1284 
050312 5 0.2531653 0.56775 
050322 0 0.55569 0.932333 
0503.32 0 6.007260513 2.7656 
050342 0 0.155S91790-01 0.14075 * DOWNCOMER PENETRATION MODEL 
060004 14 18 1 15 16 18 14 2 

*CARQ Ob0005 NOT IlSFn --= ALL 
o b o o i l  0.8 3..0 
060021  0. - 1.E6 
* VOL-IN OUT PMP VAL FLOW lLB/SECl 
080011 1 2 0 0 565.996 

,080021 2 3 0 0 565.996 
080031  3 4 0 0 565.996 ' 

080041  4 5 0 . 0 597.2222222 . 
080051 5 6 0 0 597.2222222 

.080061 6 7 0 0 597.2222222 
088071 7 8 0 0 597.2222222 
080081  8 9 0 0 597.2222222 
080091 9 10 0 0 597.2222222 
080101 10 11. 0 0 597.2222222 
0 8 0 L l l  1.1 12 1 0 597..2222222 
080121  ,123 13 1 0 597.2222222 
060131  13 14 0 0 597.2222222 
080141 .14  15 0 0 597.2222222 
080151  2 1  27  0 3 ,O.O 
080161 18 1 0 0 565.996 
OR0171 16 14 0 2 0.0 
080181 15 10 0 0 597,2222222. 
080191 18 2 0  0 0 31.2261 ' 

080201  19 .18 0 0 0.0 
080211  20 4 0 0 31.2261 
080221  22 23 0 0 0.0 
080231  23 24 0 0 0.0 
080241  24 25 0 0 0.0 
080251 25 26 tJ 0 0.0 
080261  26 27  0 o n.o 
080271  27 28 0. 0 0.0 
080281 28  ?'.I 0 1 0.0 
08029'1 15  30 0 0 0.0 
080301. 31l  31  0 3 0.0 
080311  31  32 0 0 0.0 
'0110321 32 20 0 1 .0.0 
080331  33 34 0 0 0.0 
0130341 3 4  5 lJ 0 .0.0 
oeo351 4 22  o o n.n 
080361 0 15 4 3 -64.5 
Od0371 i? 17 5 0 0. 
080381  0 14 1 0 0.0 
080391 0 14 2 3 0.0 
080401 3 17 3 3 64.5 
* INFQTA FORM LOSS-FOR 
080012 1.013 0.8422 
08002< 1.013 0.7217 
080032 4.911 2.505 
080042 21.12478 0.7529580722 
080052 7.3993 1.6648 
080062 2.16404 1222 0.357 
080072 3.105385439 0.0 
085082 3.105385439 0.056 

0.46617 0 
1.99 0 
-14.36903331 0 . 
-'16.4011' . 18  
-12.2560 0 
-.0389 0 
-.0.46617 0 

-0.16929.2 0 
.2.27083 0 
-2.270833330 0 
-'4.445333330 . 0 
-4.148458 0 
-.400572917 0 
-13.5104 0 '. 
-0.4661 7 0 .. 

-0.283875 0 
-0.42057 0 
4.501167 0 
0.466167 0 .  

. I  RATTELLE,COLUMRUSl REF: SRF-8-75 
614.0 0.3333 +CCF DEFAULT 

DEFAULT. 

JUN FLOW AREA 
1.055973311 
1.055973311 
1.055973311 
0.6827037757 
0.6385 
1.626207149 
1.626207149 
1.626207149 
1.626207149 
0.6385 
0.662703776 
0.788126 
0.6608871601 
0.6A27037757 
0.64470000-01 
1.05597331 
0.644700000-01 
1,304940072 
0.1214 
7.466736705 
0.1095960738 
0.9003700370-01 
0.2060339789 
0.9003700370-01 
O ~ ~ ~ I O ~ ~ O O ~ ~ D - O L  
0.9003 730370-01 
0.900370037D-01 
0.9556898667 
0.6827537757 
0.9110370'35'10-31 
0.2531653 
0.5556R98667 
0. 1555LJ179n-01 
0.155591790-01 
0.6827037757 
0.540876 
0.229765757 
0.644700OOD-01 
0.644700OOC-01 
O,OH7266463 

FORM L.OSS-REV 
0.8422 
o. 121 r 
2.446 
1.9666 , 

1.6428 
0.6312 
0.0 
0.056 

ELEVATION 
-10.42275 
-8.58750 
-6.756250000 

.o.o 
1.510110030 
2.812193363 
9.562193363 
9. 5621,93363 
21 812193363 
1.510110030 
-3. azs936er  
0.0 
0.0 
0.0 -. 0088 
-12.256 
0.4661666667 
-13r  96358330 
-1.2.2560000 
-14.36983331 
-.4663 .' 
0.0 
6.85 
2.270833333 
..2ai!7003993 
-3.97916h67 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.501166667 
0.4661666667 
0. il 
16.0671 
16.0671 
0.4661666667 
0.4611666667 
12 -72916667 

VJUN JCH JCAL R V M I X  
0 5 0 0 ,  
0 5 0 0  
0 5 0 3  
1 5  0 3 
1 5 0 0  
0 5 0 '  0 
0 5 0 0  
0 5 0 0  



TABLE G-IV (contd.) 

080092 2.164041222 
080102 0. 
080 112 18.29256484 
080122 8.027384985 
080132 0. 
080142 0. 
080152 810.4 
080162 0. 
080172 3079.6 
080182 0. 
080192 0. 
080202 0. 
080212 55.84 
080222 40.257 
080232 11.518 
080242 0. 
080252 27.05511RSI 

' 080262 37.52486243 
080272 40.99582315 
080282 25.25554003 
080292 0. 
080302 8.8497 
080312 11.682553 
080322 25.256 
080332 748.8990673 
080342 753.2990961 
080352' 9.57 

-080362 0 .  
080372 0. 
080382 3.464 
080392'3.464 
C80402 0. * O I A M J  
080013 1.51799 
080023 1.51799 
080033 1.51799 
080043 5.9323333333 
080053 0. 755072 
080063 1.438941017 
080073 1.439941017 
080083 1.4389*1017 
080093 1.438941017 
C80103 0.932333333 
OROl'13 0.9323333333 
060123 1.001734607 
080133 0.9323333333 
080143' 0.952333333 
nR0'153 0.2Pb5061~1QL 
080163 1..26557 
080.173 0.2d6f 061141 
0801 83 1.2UU992755 
080193 0.5511 
083203 3C0R33333333 
080213 0.43 . 
080223 0.35941'1 
080233 0.527319 
080243 0.359417 
080253 0.3594 166667 
080263 0.359G166667 
080273 0.3594166667, 
080283 0.843833333 
080293 0.932333333 
080303 0.354417 
080313 0.56775 
OR0323 0.843833333 
080333 0.140750000 
080343 0.140750000 
OR0353 0.0323.33333 
080363 0.829858 
080373 0.540876 
080383 0.286506114L 
o 8 o j V j  6.2865061 141 
C8040.3 0: 3333333333 

0.6312 
1.402 
2.1986 
1.6093 
0.3109 
2.2 
11.70 
3.7673 
29.9 
1.717 
9.641 
0.0 
14.105 
1.3587 
14.4669 
1.2414 
7.856 
'7.465 
1.5445 
1.037 
0.9055 
0.80584 
0.8379 
1.037 
0.5 
2.1 
0.41 
468.505 
0. 
1.0 
1 .o 
0. 

L.FAK CON CO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 . 
0.0 
0.0 
0.0 . 
J.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0' 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
J.0 

,0.0 
11.0 
0.0 
0.0 
0.0 
0.0 
0.0. 
0.0' 
0.0 
0.0 
0.0' 

',O.O 
0'..02.' 

0.357 
10,424 , 
1.7002 
0.985 

'0.3109 
2.0 
11.70 
3.7673 
29.9 
1.719 
9.641 " 
0.0 
14.105 
1.4315 
14.4669 
1.1687 
8.369. 
7.615 
1.4815 
0.537 
1.4317 
1.04358 
0.4119 
0.537 
1 .o 
2.6 
0;5737 
$68.585 
0. 
1 .o 
1.0 
0. 

I C H O K E  I H Q  S R C 0 4  
0 3 0.0 
0 3 0.0 
0 1 0.0 
0 0 0.0. 
0 0 0.0 
0 Z 0.0 
0 3 0.0 
0 ' 3  0.0 
0 I 0.0 
0 0 0.0 
0 0 0.0 
0 0 0.0 
0 0 0.0 
0 0 0.0 

' 0  0 0.0 
0 Z 0.0, 
0 0 0.0 
0 0 1 :o 
0 0 0 . 0 .  

0 0 1.0 
0 0 0.0 
0 0 OS.O 
0 0 0.0 
0 0 0.0 , 

0 .o o..o 
0 0 0.0 
0 0 0.0 
0 0 0.0 
0 0 0.0 
0 0 0.0 

. 0 0 0.0 
. 0 0 0.0 

0 0 -  0.0 
0 .  0 0.0. 

. 0 0 0.0 
0 0 0.0 

. . 0 . 0 0.0,- 
0 0 ozo  

. -0 0 0.0: 
o\. 0. 0-.o: 



TABLE G-IV (contd . ). 
* STAGNATILIR PRDPERTlES O=NON-USE: !=USE 'FflR YACH.GT. 0.3 . . 
OR2000 0 * CRITICAL FLOW MODEL -- HENRY-FAUSKE--HER REF: KIT-18-75 
082003 1. 0.9 0.9 0.01 ****REQUIRES JCHOKE-5; ICHOKE=AMY 
090011  1 3 0 1 0 3530. 0.526 10000. 330.'930. 768. 38.75 0 0 0. *PUMP 1 
095011  0.0 0.0 0.0 
100000 16 0 0 16 
o PUMP HEAD AN0 -TORQUE MULTIPLlER CURVES 
091001  -11 0 ,  0. -1 0. -15  - 0 5  .24 . 8  - 5  - 9 6  -4. .98 i 6  - 97  .8 .9 .9 .8 .96 - 5  
091002 1. 0. 
092001  -9. 0. - . I7  - 0 0 0 1  - e l 7  -006 0. - 1  D. -15 an5 - 2 4  - 5 6  -6 a56 .91i'-45 1. 0. 
101011 1 1 A 0 . .  1.4036 .19061 1.3636 -38963 1.3185 * PUMP-HD 
101012 -59396 1.2328 .7902 1.1336 \. 1.0078 * PUMP-HO 
. l o1021  1 2 B O .  -.67 .2 -. 5 -4. -.25 ' PUMP-HD 
1'01022 .57554 ' 0 .  -74432 ,2583 -77348 -3778 * PUMP=HD, 
1010.?3 ' -86315. -6326 1. 1.0078 * PUMP-HD 
101091  1 3 b -1. 2.4722 -a80574 2.0474 -.bob9 1.831 * PUMP-HO 
101032 . -.40683 1.624 -.200171 1.470.5 0. 1.4036 * PUMP-HD 
101041 1 4 8 -1. 2.4722 -.82297 1.9968 -.63332 1.5897 * PUMP-HD 
101042 . 7.45534 1.3279 -.27109 1.1949 ,1.17716, 1.0605 * PUMP-HD. 
101043 -.09073 1.0156 '0. .934279 * PUMP-HD 
101051  1 5 7 0. .25 .2 -28  .4  .34 * PUMP-HD 
101052 . 41 lB  -2768 -59763 -4584  -793467 -6992 PUMP-PD 
101053 1. .9465 * PUMP-HD 

. 1 0 1 0 6 l  , 1 6 1 0  0. -934279.  .091099 .9229 .,186509 -13963 * PUMP-HD 
101062 .271762 .875 -455872 -8433 -574406 -8355 * PUMP-HD 

'101063 . -740576 .a466 -766619 .a469 .871471 -8838 - * PUMP-HO 
101064 .1 .9465 * PUMP-HD 
101071 1 7 6 -1. -1. -.8 ' -. 63 - -6 3 * PUMP-HD: 
101072 -.4 -.05 - - 2  a *  5 0. .25 * PUMP-HD ' 

l Q l O d l  1 8 6 -1. -1. -.8 -.97 -.6 -.95 * PUMP-HD 
101082 ' -.4 -.a8 -. 2 -. 8 0. -.67 * PUMP-HD 
101091 2 .  1 6 0. .6032 . I 930  .6325 .393 .7369 + FUMP-TQ 
101092 -59552 .8331 -79782 .9229 1. -9672 * PUMP-TQ 
101101 2 ' 2 .  7 0. -.67 .4 -. 25 .5 .15 + PUMP-TQ 
101102 -737295 .526586 .768049 .606594 .a6723 , 743hh  9 PlbMfl-TO 
1011 03 A .  a9672 + PIIMP-TO 
101111 2 3 L ;I. 1.9843 -.BOO96 1..394 -.60638 1.0975 * PUMP-TO 
1 0 ~ 1 1 ~  - . c o ~ H ~  -822 - . l ~ w a  .ti646 0. -6032 * PUMP-TQ 
101121 2 4 8 -1.. 1.9343 -.a2234 1.8308 -.63371 1.6824 * PIlMP-TQ 
1 0 1 1 2 ~  -.45a53 1.557 -.267023 1.43.62 -. 176107 1.3879 * PIINP-TO 
101123 -.08Y31 1.3401 0. 1.23361 * P.UMP-.TO 
101131 z 5 4 0. -.45 .4 -. 25 .5 0. * POMP-TQ 
101132 i .  . 3 5 b Y  * PUMP-TQ 
101141 5 6 1 0  0. 1.23361 -090643 1.1965 -1385'69 l.109h * PLIMP-TO 
10 11  42 ,27347 1.04.16 ,458669 .895R -57449,  .7807 * PIIMP=TI:I 
l o l l  'I? . 5 1 f i l h  .613'1 570852 .5849 .870057 -4877 * PIJMP-TO 
101144 1.. .3569 * PIJHP-TQ 
101151  2 7 4 -1 .  -1. -. 3 --. 9 -. i - .5 * PIJMP-TO 
101152 0. -.45 * PIIMP-TQ 
101161 2 8 4 -1. -1. -.25 -.9 -.08 -. 8 * PUFP-TO 
10 11.62 0. -.67 * PUMP-TQ 
104011 1 1 7 0. 0. .1  .83 .2 1 -09  .5 1.02 . 7  1.01 - 9  .94 1. 1. 

*. 
104021 1 2 '8 0. 0. .l -.04 - 2  0. - 3  .1 .4..21 - 8  tb7 r ?  .A 1 .  1. 
106031 1 3 10, -1. -1 , lb  -.9 -1.24 -.8 -1.77 -.7 -2.36 -.6 -2.79 -.5 -2.91 
104032 -a4 -2.67' -.,25 -1.69 -.1 -'.5 0. 0. 
104041  1 4 10 -1. -1.16 -.9 -.78 -.8 - 0 5  -a7 -.31 -a6 - . I7  - .5 -.OR -.35 0. 
104342 -.2 - 05  -.I -08  0. - 1 1  
1 0 4 0 5 1 , l  5 6 0. 0. - 2  -.34 - 4  -.b5 .6 -.93 - 8  -1.19 1. -1.47 . 
104061  1 6 10 0. . I 1  .l .13 .25 .15 .4 - 1 3  - 5  i 0 7  .6 -.04 .7 -.23 .8 -.51 
104062 - 9  -.91 1. -1.47 
104071 1 7 2 -1.. 0. 0.  0. 
104081  1 8 2 -1. 0. 0. 0. 
104091 2 1 h 0. -6032 . I 930  .6325 - 3 9 3  .7369 * PUFP-TO 

. 1040 92 .59552 .d331 .79782 .9229 1. -9672 * PIIHP-TQ 



TABLE G-IV (contd .) 

104101 2- 2 7 0. -.67 .4 -.25 .5 -15 * PUMP-TO 
104102 .737255 .526586 .768049 .606594 .a6723 .74366 * PUMP-TO 
1041 03 1. .9672 * PUMP-TO 
104111 2 3 6 -1. 1.9843 -.a0096 1.394 -.60638 1.0975 * PUMP-TO 
1041 12 -.40686 .822 -.I9928 -6648 0. .6032 * PIIMP-TQ 
104121 2 4 8 -1. 1.9843 -.a2234 1.8308 -.63371 1.6826 * PUMP-TO 
1041 22 -.45853 1.557 -.267023 1.4362 -.176107 1.3879 * PUMP-TO 
104123 -.08931 1.3481 0. 1.23361 * PIIMP-TO 
104131 2 5 4 0. -.45 .4 -. 25 .5 0. * PUMP-TO 
104132 1. .3569 * PUMP-TO 
104141 i 6 1 0  0. 1.23361 .090643 1.1965 .I88569 1.1096 * PUMP-TO 
104142 -27347 1.0416 -458669 -8958 .57448 -7807 * PUMP-TO 
104143 -73816 .6134 .76852 . .5849 .870057 -4877 * PUMP-TO 
104144 1. .3569 PUMP-TO 
104151 2 7 4 -1. -1. -.3 -.9 -. 1 -.5 * PUMP-TQ 
1641 52 0. -.45 * PUMP-TQ 
104161 2 8 4 -1. -1. -.25 -.9 -.08 -. 8 * PUMP-TO 
104162 0. -.67 * PUMP-TO 
110010 -2 0 0 0 0 0 0 * BLOWDOWN 
110020 -5 0 0 0 0 0 0 * ACCUHIJLATOR 
110030 -6 0 0 0 0 0 O*ACCUMULATOR 8 V A L V E  
130100 4 2 12 4 ' G A L / M l N '  12. 90. * L P I S  F l L L  
130101 0.1 1971.220 12.7 1774.098 
130102 50.5 1576.976 86.0 1379.854 . 116.0 1182.732 
130103 141.0 985.61 160.0 788.488 173 .O 591.366 
130104. 184.0 394.244 191.5 197..12> 194.0 0.0 2000. 0.0 
130200 4 2 2 4 ' G A L f M I N "  12. 90. * H P I S  F I L L  
130201 0.1 266.0 2000.1 266.0 
* S T E P 9  GENERATOR F I L L S  3 AND 4 ASSUME BLDWOOWN A T  .01001 SECONDS - I F  n T H E R W l S E  
* C H A V 5 E  T H E - F I L L  T A B L E S .  THE CLOSURE R A T E  FOP T H F  S.G. SFCONOARY I S  A 10.2796 
* SECOND RAMP TO ZFRO 4 F T F R  START OF BLOWDOWN. 
130300 7 1 4 4 ' L B S / S E C 1  300. 407. 
13b30r  0. 739.116 0.01001 739.116 10.2897 0. 10000. 0. 
130400 7 1 4 4 ' L B S / S E C '  300. 510. 
130401 0. -11Y.251 3.01001 -119.251 10.2897 0. 10000. 0.- 
130500 7 2 6 1 ' 1  B S l S E C '  742.7 544.656 
130501 0. 0. 106-0. 0. 1080. -54.40323294 1100. -163.2096988 
130502 1120. -217.6179318 4030. -217.6129318 

'LkOJOU 2 0 371.875 0. 1.0 0.93001 0. 0. *REACTOR K I 'JET I C S  
140010 .3948351237 -3548351231 0 0.0 * CORE R E G # 1  U T  FACTORS (ViJL#: I  
140020 .53jJ75938 .533075938 0 0.0 * CORE R E G # 2  WT FACTOPS ( V n L w 2 1  
140030 .172J8d9382 .3723889382 0 0.0 * CORE- R E G e 3  HT FACTOR< ( V # 3  1 
141001 20  2 0. 0. 0.1 - . I 10  0.2 -.249 * SCRAM 
141'002 0.3 -.551 0.4 -.964 0.5 -1.722 *SCRAM 
141003 0.b -3.582 0.7 -5.373. 0.8 -8.266 *' SCRAM- 
141004, 0.9 -10.594 1.0 -13.363- 1.1 -15.9RO * SCRAM 
141005 1.2 -18.047 1.3 -1'9.080 1.4 -1Y.YUI * S C U A M  
141005 1.5 -20.388 2.0 -21.003 2.5 -21.577 * S C 8 4 M  



TABLE G-IV (contd.)  

150062 0. 0. 3.35 3.35 7.572193370 9.5774000 
150071 15 0 4, 0 0 2 2 112.4798 0.0 118.1764 3.08333 0. 
150072 0. 0. 11,612 0.0 0. '11.611 
150081 19 0 5 0 0 2 2 25.1284 0.0 12.4000636 4.07306 0.0 

2.03125002 150082 0. 0. 2.40142 0.0 0. 
"150091 0 18 6 1 2 2 2 0. 35. 1.363755 0. 1.74358 
150092 0. 0. 0. 1.74358 0. 0.87179 
150101 20 0 7 0 0 2 2 111.565 0.0 6.86351 2.48042 0.0 
150102 0. 0. 14.3170 0. 0. 11.7898 
1501110 1 5 3 0 0 2 2  0.0 100.3197 2.78365 0.0 2.75 
150112 0. 0. 0. 11.612 -0. 11.611 
150121 0 15 10 0 0.2 2 0. 29,6763 0.864152 0.0 2.75 ' 

150122 0. 0. 0. 3.435 11.612 15.046 
150131 I 5 0  9 0 0 2  2 39.1335 U.U 34.95857 3.2557 0.0 
150132 0. 0. 3.435 0. 11.612 15.046 
150141 0 ,19'6 0 2 2 2' 0. 35. 1.363755 0.' 1.74358 

' 150142 0 .  0. .O . 1.74358 1.15946 2.03125 
150151 4 3 11 0 0 2 2 35.1674, 0.0 53.5556 2.55108 0.0 
150152 0. . 0. . 4.388 0.0 7.2144 11.6024 
150161 4 0 12 0 0 2 2 44.6609 0.0 -90879 2.ZhO06 0.0 
13UlbL 0. 0 - 6.2901 n.n 0. 6.2RZOL7 
150171 4 0 13 0 0 2 2 6.83192 0.0 0.256867 2.332.5 0.0 
150172 0. . 0. 0.932333 0. 6.282067 7.2144 
15018.1 4 0 3 0 0 2 2 950.4525 0.0 9.90054 2.9026 0.0 
150182 0. 0. ' 11.61 0.0 0. 11.6 
150191 0 18 5 1 0 2. 2 0. 5.59984 2.77225539 0.. .4.07306 
150192 0. i~. .O. 2.40142 0. 0.37016998 
160010 1 7 9 0 0 .382153742 8 * ' C O R E  SECTIONUl ( V # l I  
160020 2 7 9 0 n -47,766777 + C 3 P E  S E C T l O N U Z  ( V Y Z )  

' 160030 3 7 9 0 0 .1396784872 * CORE S E C T I O N Y 3  ( V # 3 1  , 

170101 2 4 1 6 0 'i01524585 1.0 * CORE H E A T  SLAB GEOMETRY.  F U E L  P I N  
170102 1 , 2  7 .00031250 0 * COdE H E A T  S L A R  GEOMETRY*  .r*4P 

170103 0, 3 5 ..00135 0 8 CORE H E A T  SI .AR GEOMFTRY.  C L A O  
170104 0 . 3  5 .500675 0 * CORE H E A T  SLAR GEOMETRYv C L A D  
170201 2 1 ,  '+ b -01675 ..0040033 0.0- * ST C E N  H T  SLAO G € n H  

170301 1 2 4 6 0.0 0.00520R3 0.0 ' 

170302 0 4 6 0.0052083 0.0 . 
170COl 2 2 4 6 1.541667 0.414096 0.0 
170402 0, 4 6 0.414096 0.0 
170501 2 2 4 6 2.036528 .22391 0.0 
175502 0 4 6 0.22091 n.0 
170bUl 1. 2 4 h 0.0 U.O1')'1tl22 .0.0 
170602 0 4 6 0.0 194822 0.0 
170701 2 2 4 6 1.240208 .030033 0.0 . 
110702 0 4 6 -030033 0.0 
170801 2 2 4 6 1.375 0-014016 0.0 
170802 0 4 6 0.014016 0.0 
170901 2 2 4 6 1.627851 .39948 Q.0 
'170902 0 4 6 -39948 0.0 
171001 Z 2 4 6 1.375 .01472 0.0 
171002 0 4 b -01472 0.0 , 

171101 2 2 4 6 1.275539 .53611 0.0 
171102 0 4 b i53611 0.0 
171201 2 2 4 6 1.130032 .0100843 '0.0 
171202 0 4 6 .0100843 0.0 
171301 2 2 4 6 1.16625 -018505 0.0 
171302 3 4 b .018505 0.0 
180101 18 32. 5.596 212. 4.302 392. 3.636 * I I ~ Z  r 
lfl(llfI7 572. 3.15 1 5 2 -  2.7612 932. '2.4624 
100133 1112. 2.2212 1292. 2.0304 1472. 1.872 
180104 1832. 1,6344 2192. 1.4688 2552. 1.3572 
180105 2912. 1.2852 3272. 1.2492 3632. 1.2456 
180106 3992. 1.26727 4532. 1.3500 . 5144. 1.5156 
180200 2 32. -46872 5400. .46872 * GAP K 
180301 18 32. 7.812 212. 7.992 392. 8..208 * C L A D  K 
180302 572. 8.784 752. 9.540 032. lO.'rOC 
100303 1112. 11.268 1292. 12.492 1472. 13.176 
180304 1652. 13.968 1832. 14.796 2012. 16.128 
180305 2 192. 17.784 2372. 19.656 2552. 21.780 
180306 2732. 24.04.8 3092. 28.908 3360. 33.120 
180401 -2 . * 55304 THERMAL C O N D U t T I . V I T Y  
180402 212. 9.574 2372.. 19.294 



TABLE G-IB (contd.) 

190104 4712. 98.15 4892. 100.10 5144. 101.40 
190200 2 32. .000075 5400.\ .000075 * GAP C 
190331 9 32. 25.92 212. 28.755 392. 33.375 572. 31.59 * CLAD C 
190302 932. 33.615 1292. 35.235 1742. 36.855 1743. 35.235 
190303 3360. 35.235 
190401  -13 * 55304 HEAT CAPACITY 
190402 170. 44.46081 250. 44.32964 400. 64.48722 
190403 600. 45.39201 800. 46.90938 1000. 48.84151 
190404 1200. 50.99056 1400. 53.15869 1600. 55.14808 
190405 1830. 56..76090 2000. 57.79932 2200. 58.06550 
190406 2400. 57.36161 
+ LINEAR tXP6KSIOY CnEFFlClENT DATA 
2001.01 -2 .*U02 COEF. OF LINEAR EXPAkSIOV 
2001 02 32. 3.7752-6 6000. 1.4440-5 
200201 -2 *GAP COEF. OF 'LINFAR EXPANSlflN 
ZOO202 32. 0.0 6000. 0.0 
200301 -4 *ZP4 COEF. OF LINFAP EXPANS'ION 
200302 77. 3.171rl-6 1472. 4.5051-6 1473. 5.3900-6 
200303 5000. 5.3900-6 
200401 -2  0. 0. 5000. 0. 









APPENDTX .il 

LARGE COLD LEG BREAK (TEST S-02-9) - INEL SEMISCALE 

The Mod-1 Semiscale System Tes t  S-02-9 was modeled us ing  t h e  

RELAP~/MOD~ computer code. This  test w a s  a 200% double-ended co ld  l e g  

break  s imu la t ion  from i n i t i a l  cond i t i ons  of 100% r a t e d  power and 100% 

r a t e d  flow. Emergency co re  coo lan t  (ECC) i n j e c t i o n  (accumulator and low 

p res su re  i n j e c t i o n  system) i n  bo th  t h e  i n t a c t  loop and broken loop pump 

d i scha rge  l e g s  w a s  included.  Thirty-seven e l e c t r i c a l l y  hea ted  rods were 

contained i n  t h e  Semiscale core .  A f l a t  r a d i a l  power p r o f i l e  was imple 

mented f o r  t h e  h e a t e r  rods  i n  Tes t  S-02-9. The peak power d e n s i t y  f o r  

each of t h e  37 h e a t e r  rods  was 11.84 kW/ft. 

This  appendix con ta ins  a comparison of Tes t  S-02-9 experimental  

d a t a  w i th  r e s u l t s  c a l c u l a t e d  us ing  RELAP~/MoD~. A b r i e f  d e s c r i p t i o n  of 

t h e  Semiscale f a c i l i t y  i s  provided i n  Sec t ion  6. Some i n t e r p r e t a t i o n  of 

t h e  r e s u l t s  i s  based on d i g i t a l  and d a t a  t r a c e  output  which were too  

voluminous t o  b e  inc luded  i n  t h i s  appendix. This  a p p l i c a t i o n  of MOD5 

d i f f e r s  from t h e  e i g h t  o t h e r  checkout runs ,  r epo r t ed  i n  t h i s  volume of 

t h e  RELAP4/MOD5 User ' s  Manual, i n  t h a t  comparisons have been made t o  

a c t u a l  experimental  da t a .  

2. SYSTEM MODEL AND ASSuFfPTIONS 

The RELAP4 model of t h e  Semiscale f a c i l i t y  included 37 c o n t r o l  

volumes and 43 junc t ions  a s  shown i n  F igure  H-1. Three c o n t r o l  volumes 

were used t o  model t h e  s imula ted  c o r e  and t h e  lower plenum of t h e  

primary v e s s e l .  Thi r ty-seven 'hea ter  p i n s  , in  t h e  s imulated co re  were 



Notes : It ' 

(Sl Denotes Vertical Slip. 
[ 1 bnates ' Bubble Velociiy If Other ' Than Zero . . 

Fig. H-1 NodalLzation f o r  200% break - Semiscale. 



TABLE H-I 

Volume No. ~escri~ticn Volume'ho. Description 

1 Upper Annula 2 1 Steam Generator Primary - Intact Loop 
2 Lower Plenum Bottom Volume 2 2 Steam Generator Primary - Intact Loop 
3 Downcomer 2 3 Steam Generator Primary - Intact Loop 
4 Mixing Box 24 Steam Generator Outlet Plenum - Intact 
5 Lower 113 of Core Loop 
6 Middle 113 of Core 2 5 Steam Generator Outlet Piping to Low 
7 Upper 113 of Core Elevation - Intact Loop 
8 Upper Plenum 26 Coolant Pump - intact' Loop 
9 Hot Leg - Broken Loop 27 Pump Outlet Piping - Intact Loop 
10 Simulated Steam :enerator - 28 Vessel Inlet Piping - Intact Loop 

Broken Loop 29 Accumulator - Broken Loop 
11 Simulated Steam Generator - 30 Accumulator - Intact Loop 

Broken Loop 3 1 Surge Line Between Pressurizer and 
12 Loop Closure - Broken Loop Hot Leg - Intact Loop 
13 Simulated Pump - Broken Loop 32 Pressurizer 
14 Cold Leg Volume Adjacent to 33 Steam Generator Secondary Side - Intact 

Simulated Pump - Broken Loop Loop 
15 Volume in Cold Leg of Broken 34 Pressure Suppression Vessel - Broken 

Loop - Donor Volnme for Hot Leg Loop Discharge 
Break 3 5 Lower Plenum Middle Volume 

16 Donor Volume for Cold Leg Break - 36 Lower Plenum Top Volume 
Broken Loop 3 7 I Inlet Header to the Pressure Suppressi~n 

17 Cold Leg Volume - Broken Loop Vessel - Broken Loop Discharge 
18 Cold Leg Volume - Broken Loop 

Adjacent to Vessel 
19 Hot Leg - Intact Loop 
20 Steam Generator lnlet Plenum - 

Intact Loop 



modeled. Two of the 39 rods normally used were inoperable for Test 

S-02-9. One volume represented the combined upper head and upper plenum. 

The downcomer was represented by a single volume as was the upper annulus. 

Table H-I lists the volumes used in the model. Homogeneous fluid con- 

ditions were assumed in all volumes except in the upper plenum, the.two 

volumes immediately below the simulated. core, the accumulators, the 

pressurizer, and the steam generator secondary. Bubble rise parameters 

were used for these volumes as shown in Table H-11. Note that the slope 

(bubble gradient) was zero for all volumes, which eliminated the quality 

discontinuity in.vertically stacked control volumes. A bubble rise 
6 velocity of 10 .was used to simulate complete fluid separation. 

Thrcc fill oyctems were used and are shown in TahJe H-TTT. The hot' 

leg fill was modeled but not turned on. Steam generator relief was 

represented as a leak junction and was modeled with a one-second delay 

followed by a one-second. valve closing time. 

A total of 29 heat slabs was used in the model to represent heat 
I 

transfer in.the simulated core, the intact loop steam generator, and the 

vessel and piping. Three vertically stacked slabs were used to repre-' 

sent the average core, while six slabs were used to simulate a hot 

channel in.the core. Four slabs'were used to simulate the steam gener- 

ator tubes. The remaining 16 slabs were used to simulate heat addition 

from the piping and reactor vessel. The slabs and adjacent .fluid control 

volumes are defined in Table H-IV. The hot channel heater pins in the 

RELAP4 model were set at the average axial power distribution used in ' 

Test S-02-9. 

Vertical slip was used with the default coefficients in the down- 

comer and lower plenum junctions as denoted by 's' on Figure H-1. 

Downcomer penetration modeling was attempted, but did not show the ECC 

bypass indicted by the test data. The downcomer penetration model . 

accordingly was not used for.the final K E W 4  model. Critical flow 

modeling used the ~enr~-~auske Model with a multiplier of 0.9 in the 

subcooled region, transition at. a fluid quality of 0.01, and the 



BUBBLE RISE PARAMETERS FOR 200% BREAK (TEST S-02-9) - SEMISCALE 

Volunie 'No. . Description Gradient Bubble Veloci.ty . 
4 Mixing Box , 0.0 3.0 

8 Upper Plenum 0.0 3.0 

29 Accumulator - Broken. 
Loop 0.0 

3 0 Accumulator - Intact 
Loop 0.0 lo6 

32 Pressurizer 0.0 lo6 

33 Steam Generator Sec- 
ondary - Intact Loop 0.0 

Lower Plenum Top Volume 0.0 3.0 

TABLE H-111 

FILL JUNCTION IDENTIFICATION FOR 200% BREAK (TEST S-02-9) - SEMISCALE 
. . . . . . . . . .  . . . . .  

Fill - o r  'Leak 'No. 'Junction No. Description 

1 / 40. , Pumped ECC - Intact Loop Cold Leg 
39 Pumped ECC - Intact Loop Hot Leg (Note 

that this fill was modeled but'not , 

turned on). 

Outlet (Leak) - Intact Loop Steam 
- Generator 

2 4 1 Pumped ECC - Broken Loop Cold Leg 

3 42 Feed - Intact Loop Steam Ccnsrat,or 
. . . . . . . . . . . .  



' TABLE. ' H- TV 

HEAT SLAB IDENTIFICATION FOR 200% BREAK - SEMISCALE 

Slab.  
No. 

Adjacent :Colitrol :.Volume 
'Le f t  ' R i g h t  Descript ion 

0 5 Lower . l /3  of Average Core 

0 . 6 Middle 1 / 3  of Average Co!re 

0. , 7 ,  Upper 1 / 3  of Average Core 

' 0 8 Rod Extensipns , . 
1 / 6  of.  ~ o t  Channel, Bottom-most Slab 

, 1/6 of Hot Ch.anne1, above Slab 5 

1 / 6  of Hot Channel, above Slab 6 

1 / 6  of Hot Channel, above Slab *7 

I f 6  of Hot Channel, above Slab 8 . 

1 / 6  of Hot Channel, 'above Slab 9 
I 

Rod Extensions 1 

Steam   en era tor (SG) Tubes, 2/3, of 
Up Flow .Tube. Sect ion 

SG.Tubes, 1 / 3  of Up Flow and 1 /2  u1 
. U-bend 

23 33' SG .Tubes, Lower 213 of Down Flow 
Tube . Se.c tions 

2 2 33 SO 'lubes, Upper 1 / 3  of Down Flow 
, , Tubes and k/2 of U-bend 

19  0 Hot.Leg Piping,  Operating Loop 

25 0 Loop Closure i ' iping, OperaTing Loop 

2 8 0. Cold Leg Piping,  Operating Loop 

9 0 Hot-Leg Plping,  Broken Loop 

1 Q 0 SG Piping,  Broken Loop 



TABLE H-IV (contd.) 

HEAT SLAB IDENTIFICATION. FOR 200% BREAK - SEMISCALE 

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

Slab  ' AdjaCenf 'Cont ro l  Volume 
. No. L e f t  ' ' ' 'Right  Descr ip t ion  

. . -.- 

2 1 11 0 SG pip ing ,  Broken Loop 

2 2 1 2  0 .  Loop Closure,  Broken Loop 

23 14  0 Cold Leg Pip ing ,  Broken Loop 
C 

24 1 5  0. Cold Leg Pip ing ,  Broken Loop 

25 16 '  0 Cold Leg Pip ing ,  Broken. Loop 

26 1 7  0 Cold'.Geg- P ip ing ,  Broken Loop, 

2 7 '1 8 0 Cold Leg Pip ing ,  Broken, Loop 

28 3 0 1 / 2  of Simulated Reactor  Vessel  S h e l l  

29 3 0 112 of Simulated Reactor  Vessel  S h e l l  



homogeneous equ i l i b r ium (HEM) c r i t i c a l  flow model beyond t h i s  t r a n s i t i o n .  

Mixture  l e v e l  c r o s s i n g  smoothing was r equ i r ed  beyond 30 sec .  

3. .RESULTS AND COMPARISON WITH .EXPERlNXNTAL DATA 

R e s u l t s  from t h e  RELAP4 run  of t h e  model a r e  shown i n  F igures  H-2 

through H-13 i n  Sec t ion  5 of t h i s  appendix. Most d a t a  compares favorably  

w i t h  t h e  exper imenta l  r e s u l t s  of Tes t  S-02-9. Experimental d a t a  a r e  

denoted by 'x' and RELAP d a t a  by ' 6 '  i n  t h e  comparison p l o t s .  The 

RELAP4-predicted t imes of major events  shown i n  Table H-V were equal  t o  

o r  e a r l i e r  than  those  experienced dur ing  t h e  t e s t  w i th  t h e  except ion of 

t h e  t i m e  t h a t  t h e  p r e s s u r i z e r  emptied. 

The, i n i t i a l  dep res su r i za t ion .  ag rees  favorably  wi th  t h e  experimental  

d a t a  t o  about  10 s e c ,  a s  shown i n  F igure  H-2. This  agreement i n d i c a t e s  

t h a t  t h e  f l u i d  energy a d d i t i o n ,  t h e  break  f low,  t h e  f l u i d  mass, and t h e  

f l u i d  thermodynamic cond i t i ons  were a l l  reasonably w e l l  p red ic t ed .  The 

small t i m e  d e v i a t i o n , o f  t h e  upper plenum p res su re  beyond 10 s e c  w a s  

t y p i c a l  of prev ious  semisca le  d a t a  comparisons. E f f e c t s  t h a t  could 

p o s s i b l y  e x p l a i n  t h i s  d e v i a t i o n ,  inc lude :  

(1) The computed b reak  flow w a s  s i g n i f i c a n t l y  l a r g e r  than  in-  

d i c a t e d  by t h e  experimental  d a t a  

(2) The computed energy t r a n s f e r r e d  t o  t h e  f l u i d  was less than  

i n d i c a t e d  by t h e  experimental  da t a .  

Flow from t h e  co ld  l e g  s i d e  of t h e  break  i s  shown i n  Figure  H-3 t o  

b e  i n  good'agreement w i t h  t h e  experimental  r e s u l t  (drag d i s c  measurement) 

throughout t h e  t r a n s i e n t .  The c a l c u l a t e d  f low i s  w i t h i n  14% of t h e  

measured' f low a t  t r a n s i t i o n ,  which was c o r r e c t l y  p red ic t ed  a t  approximately 

3 . 7  sec .  F igure  H-4 shows t h e  computed h o t  l e g  break  f low t o  be somewhat 

less than  t h a t  measured dur ing  t h e  experiment.  The c a l c u l a t e d  t o t a l  

b reak  f low is ,  t h e r e f o r e ,  somewhat l e s s  than  t h e  experimental  da t a .  The 

more r a p i d  d e p r e s s u r i z a t i o n  noted i n  F igure  H-2 accord ingly  i s  n o t  . 



TABLE H-V 

MAJOR EVENTS SUMMARY 
FOR 200% COLD LEG BRJMK (TEST S-02-9) - SEMISCALE 

-- 

Time (sec) Event 

RELAF'4 TEST S-02-9 

0.0 0.0 Break opened, 

Steam generator heat transfer 
reversed 

Intact loop accumulator 
injection started 

Broken loop accumulator 
injection started 

14.0 11.0 Pressurizer emptied 

42:.  0' 5 L.0 Ref ill completed 



expla ined  by inc reased  b reak  flow. The l a r g e  s p i k e  i n  t h e  break  flow 
,' 

d a t a  occu r r ing  between approximately 3.7 and 5.5 s e c  i n  F igure  H-4 is  a 

d i r e c t  r e s u l t .  of t h e  d e n s i t y  s p i k e  appearing i n  F igure  H-5. The source  

of t h e  d e n s i t y  s p i k e  h a s  n o t  been f u l l y  explained.  

The d e v i a t i o n  i n  b reak  f low . in  F igure  H-4 i s  l a r g e l y  caused 'by t h e  

d e v i a t i o n  between c a l c u l a t e d  and measured h o t  l e g  f l u i d  d e n s i t i e s ,  as 

shown in. F igu re  H-5. The good correspondence between c a l c u l a t e d  and 

measured co ld  l e g  d e n s i t i e s  i n  t h e  broken loop (Figure H-6) is  worthy of 

no te .  

The l a r g e  o s c i l l a t i o n s  i n  measured cold l e g  d e n s i t y  i n  t h e  broken 

loop  (r'igure H-6) bryu~ld  aLuuL 25 sic should bc a loo  notad.  lL'h4~4 

o s c i l l a t i o n s  a r e  a p a r t  of t h e  condensation dynamics r e s u l t i n g  from ECC 

i n j e c t i o n .  

. Energy t r a n s f e r r e d  t o  and from the ' secondary  f l u i d  of t h e  ope ra t ing  

steam is compared i n  F igure  H-7 (hand p l o t t e d  from d i g i t a l -  

d a t a )  w i t h  t h a t  c a l c u l a t e d  from experimental  da t a .  This  comparison 

i n d i c a t e s  t h a t  t h e  p red ic t ed  energy transfer i s  f11 accryLaLle agreement 

up t o  8 s e c  i n t o  t h e  t r a n s i e n t .  Beyond 8 s e c ,  t h e  computed r e s u l t  i s  

n e a r l y  100% low. The d iscrepancy  noted i s  be l ieved  t o  have been caused 

by t h e  h e a t  t r a n s f e r  modeling w i t h i n  RELAP41MOD5 where a  minimum h e a t  
2 0 t r a n s f e r  c o e f f i c i e n t  of 5  B tu lh r - f t  F was used i n  l i e u  of a  c a l c u l a t e d  

c o e f f i c i e n t  i n  t h e  n a t u r a l  convect ion region.  The increased  depressur- 

j z g t i n n  r a t e  noted i n  ~ i g u r e  H-2 i s - c o n s i d e r e d  t o  b e  p a r t l y  expla ined  by 
. . 

t h e  decreased secondary t o  primary h e a t  t r a n s f e r  used i n  t h e  RELAP 

model. 

F l u i d  d e n s i t y  i n  t h e  topmost c o n t r o l  volume (volume 36) of t h e  

lower plenum i s  noted i n  F igu re  H-8 t o  i n c r e a s e  suddenly a t  37 s e c  and 

reach  a p l a t e a u  a t  39 s e c  which i s  i n d i c a t i v e  t h a t  , r e f i l l . h a s  been - 
completed. The comparison .of r e f i l l  t ime wi th  t h e  experimental  data i s  

shown i n  F igure  H79 (hand p10,tted from d i g i t a l  d a t a ) ,  wh.ich shows t h e  

average  d e n s i t y  i n  t h e  t h r e e  volumes r ep re sen t ing  theelower plenum and 

t h e  measured average d e n s i t y  i n  t h e  lower plenum. The experimental  d a t a  



used for this comparison is from a gamma densitometer oriented at an 

angle of 15.7" with the vertical. The early refill is attributed to the 

response of the fluid in the pressure suppression system. The pressure 

suppression vessel was vented by 18 sec, .as indicated in Figure H-10, 

by the pressure turnover. This relief rate is 'not measured or' defined 

and hence was not modeled. An improved refill time .could possibly be 

obtained by modeling the pressure suppression vessel (Volume 34) as a 

time-dependent volume with appropriate fluid response parameter inputs. 

The discrepancy shown, in Figure H-10, for the calculated and the 

measured pressurization rates between time zero and the pressure peaks, 

is attributed to condensation effects in the pressure suppression 

vessel. That is, the equilibrium assumption on which RELAP4 is based, 

leads to equilibrium steam condensation in the pressure suppression 

vessel. The pressure suppression volume in the experiment is not 

instantaneously equilibriated. Thus, the measured pressure tends to be 

greater than the calculated pressure. The initial decrease in measured 

pressure is attributed to condensation effects in the volume above the 

initially quiescent pool water level. The water surface is broken into 

droplets upon vent clearing and thrown into the upper volume of the 

vessel. 

Core flow reversal occurred within 0.01 sec. Negative flow was 

maintained until about 39 sec (Figure H-11) when flow oscillations 

occurred which were caused by the rapid density changes in the volumes 

immediately below the simulated core during the refill phase. Refill 

was indicated as being complete by the positive core flow established 

after 41 sec as shown in Figure H-11. 

Computed cladding temperatures are compared with measured cladding 

temperatures in Figure H-12; Temperature traces 1, 2, and 3 in Figure H-12 

were measured at locations 25, 29, and 29 in., respectively, above the 

bottom of the core. The RELAP4 temperature trace corresponds to a 

position approximately 27-112 in. above the bottom of the core. In 

addition, the Semiscale experiment'temperatures were measured by a 



thermocouple in a groove between two clad layers approximately 27 mils 

beneath the clad surface while the RELAP'calculation was modeled at the 

clad surface. The standard deviation of the RELAP4 results based on the 

experimental data out to 30 sec is about 150°F. The maximum difference 

of approximately 330°F was noted at 1.5 sec when pin rewetting was 

calculated. 

The pressurizer- pressure shown in Figure H-13 agrees favorably with 
2. 3 

the experimental data. A resistance of 11,000 sec /in2-ft was calcu- 

lated from the experimental surge line flow rate prior to the time the 
..- 

pressurizer emptied. This resistance value was used in.the.RELAP4 

c.alculations. Half of the value was.applied..to each junction connecting 

to the surge line. 

4. CONCLUSIONS 

RELAP~/MOD~ predicts the observed- Semiscale Test S-02-9 experimental 

results reasonably well. Approximately 30 sec into the transient, mass 

and energy depletion problems were encountered in the RELAP4 control 

volumes immediately below rhe slulula~ed care." Mi~cture level smooth;iilg 

and' decreased time steps were, therefore, required beyond 30 sec. 

kunning time significantly increased beyond that point. The problem ran 

through refill and .into reflood. 

Use of the domcomer penetration modcl based on the Eattelle- 

Columbus Laboratory data (Volume I, Subsection 3.6.4) and use of vertical 

~ 1 i . p  only to calculate ECC Bypass were compared against experimental - 
data for Semiscale Test 502-9. The downcomer penetration model was 

found to predict significantly premature liquid penetration of the 

downcomer--approximately 25 sec into the transicnt rather than the 

50 sec indicated by the experiment. Use of the vertical slip only 

modeling gave better agreement by predicting downcomer penetration at 

41 sec. Based on this comparison with experimental data, use of vertical 



slip only modeling is rec~mme~ded until further evaluation of the .down- 

comer penetration model is performed. 

5. OUTPUT DATA 

The output data traces for the Semiscale Cold Leg Break (Test S-02-9) 

are included within this section as Figures H-2 through H-13. Experi- 

mental data is denoted by a "X" and RELAP data by a "*" 



T R A N S I E N T  T I M E :  SECONDS 

Fig .  H-2 Upper plenum pressure h i s tory  - semisca le  (200% break).  
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0 . 0  10 .0  2 0 . 0  3 0 . 0  

T R A N S I E N T  T I M E :  SECONDS 

F i g .  H-3 Cold l e g  break flow h i s t o r y  - Semiscale (200% break).  
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T R A N S I E N T  T I M E :  SECONDS 

Fig. H-4 ~ o t  leg break flow history - Semiscale (200% break). 

Fig. H-5 Hot leg density history - Semiscale (200% break). 
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TRANSIENT TIME: SECONDS 

. Fig. H-6 Cold leg density history - Semiscale (200% break). 
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Fig. H-7 Steam generator heat transfer rate history - Semiscale (200% break). 

1 - \ 
\ 
\ 

- 
\ 
\ 
\ 
'a 

- 

2 800- 
' 

m 

- 
Hnnt Transfer Ra e Calculated from RELAW 
Run U s l l ~ y  s 0 i i 1 ~  harimeters a3 U3cd tor 

c Experimental Data - 

4  - 6  14 ' 16 



Fig. H-8 Density history, top-mo~t volume in lower plenum - Semiscale 
(200% break). 

Fig. .H-9 Average fluid density in lower plenum - Semiscale (200%. 
break). 
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T R A N S T E N T  T I M E :  SECONDS 

Fig.  H-10 Pressure h i s t o r y ,  suppression v e s s e l  - Semiscale (200% break). 
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T R A N S I E N T  TIME: SECONDS 

Fig. H-11 Core i n l e t  flow h i s tory  - Semiscale (200% break). 
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Fig. H-12 Cladding temperature history - Semiscale (200% break). 
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Fig. H-13 Pressurizer pressure history - Semiscale (200% break). 



6. SEMISCALE TEST FACILITY 

The Semiscale Test Facility is shown in Figure H-14 for the 1-112 

Loop Mod-1 configuration modeled for this RELAP~IMOD~ problem run.. The 

Semiscale facility is an operating scale model that is used to simulate 

nuclear reactor plants, generally in Loss of Coolant Accident (LOCA) 

experiments. The Semiscale installation generates heat in the modeled 

reactor vessel through the use of electrically heated rods rather than 

fuel elements. It also accomplishes heat transfer by means of cooling 

water circulation through the Steam generAtor secondary rather than by 

vapor generation. 

The operating loop (shown with pressurizer, steam generator, and 

primary coolant pump) is generally modeled to represent the intact loop 

or-loops of a reactor coolant system. The broken loop is modeled with 

components that hydraulically simulate a steam generator and loop pump. 

The breaks are simulated by rupture'assemblies having controlled- charac- 

teristic quick opening valves. The blowdown is discharged into a header 

that conducts the vapor and water mixture to a collection vessel. This 

vesselhas a controllable internal spray for vapor condensation. The 
/ 

combination of the header, vessel, and spray simulates the postulated 

backpressuke of LOCA discharge into the containment of the plant modeled. 



b Steam Generator 
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ANC- 8-4903 

Fig. H-14 1-112 loop .Mod-1 system - Semiscale Facility. 



7 .  INPUT LISTING 

-. 

An input l i s t i n g  'for t h i s  run i s  given i n  Table H-VI which fol lows.  



TABLE H-VI -- 

INPUT LISTING 

=RUN 014: SEMISCALE HODEL* 37X43X29 SINGLE 0.C. & ANN. * HEM DIAL = 1-01 621 C V  MODEL* 
* U(BUBI=3.0 IN NODES 4&36* BROKEN LEG ECC INTO NODE 15 I 

K t  SURGE LINE 10972. PER S-0-29 TEST DATA * TlBRKN ECC) SET TO 298. 
010001 0 0 6 4 3 7 2 0 4 3  1 5 1 3 2 9 3 4 9 0 0  
G l O O O l  -2 0 '6 4 37 2 0 43 1 5 1 3 29 3 4 9 0 0 
010002 1.51685 1.0 
C30003 50 
030004 50 30.0 
030010 5 2 0 0  0.005 0.0005 0.01 
030020 10 10 0 0 0.0005 .00001 0.100 
030030 25 2 0 0 0.002 .00005 0.50 
030040 20 5 LO 0 0.005 -0001 6.00 
030050 40 5 5 0 0005 .00005 20.0 
030060 20 5 5 0 -010 -00005 90.0 
040010 1 1 0 0 30.00 0.0 *END TIME 
040010 1 1 0 0 50.00 0.0 *END TIME 
040020 2 1 0 0 0.0 0.00010 *BREAK OPENING 
040030 3 -4 28 0 150.0 O t O  *PUMPED S I  START 
040040 4 1 0 0 1-0+3 0.0 *LONG T I  ME (FOR CLOSE0 VALVES J 
050011 0 0 2267.317 540. -1. 
050021 0 0 2270.62 540. -0.1 
050031 0 0 2268.942 540. -0.1 
050041 1 0 2270.314 540. -0.1 
050051 0 0 2269.525 548.63 -0-1 
050061 0 0 2268.716 579. -0.1 
050071 0 0 2267.929 599.68 -0.1 
050081 1 0 2265.863 611.994 -0.1 
050091 0 0 2262.3 595. -0- 1 
CSOlOl 0 0 2261.3 591. -0.1 I 

050111 0 0 2261.3 586. -0.1 
050121 0 0 2263- 58 1. -0.1 
050131 0 0 2263.6 566. -0.1 
050141 0 0 2263. 566. -0.1 
050151 0 0 2262.4 563. -0.1 
050161 0 0 2266. 536. -0.1 
050171 0 0 2266. 539. -0.1 , 

050181 0 0 22669 540. -0.1 
050191 0 0 2261.75 611.994 -0-1 
850201 0 0 2259.+56 611.994 -0.1 
050211 0 0 2255.720 593. -0.1 
050221 0 0 2253.645 569.6 -0.1 
050231 0 0 2254.439 544.6 -0.1 
050241 0 0 2253.287 540. -0.1 
050251 0 0 2251.711 540. -0.1 
050261 0 0 2261.710 540- -0.1 
050271 0 0 2271.150 5400 -0.1 
050281 0 0 2269.010 540- -0.1 
050291 2 o  no. 85, 0.0 
050291 2 0 600. 298. 0.0 
050301 2 0 600. 85. 0.0 
050311 0 0 2262.951 611. -0.1 
050321 2 0 2262.72L -1. 0.0 
050331 1 0 0.0 525. 0.0170 
050341 0 0 27.4 -1.0 0.0 
050351 0 0 2270.29 540.0 -0.1 
050361 0 0 2271.044 540. -0-1 
050361 1 0 2270.871 540. -0v.r 
050371 0 0 27.4 -1.0 1 • 0 

- 



TABLE H-VI (contd.) 



TABLE H-VI (contd .) 



TABLE H-VI (contd. ) 
- - -- 

.. .. 
080312 0 5 2 3 0.24 0.0 0 0 1.0 0 . 
0 8 0 3 2 2 ' 0  5 2 0 0 . 0 ,  0.0 0 0 0 .0  0 
080332 0 ' . 5  2 0 0 . 0  0.0 0 0 0.0 0 
080342 1 5 2 0 0.0797 0 .0  0 0 0.0 0 
080352 0 5 2 0 0.0797 0.0 0 0 0.0 0 

.O'803t2 1 5 2 0 5.7750-2 0 .0  0 0 0.0 0 . 
080372 1 5 2 0 0.0583 0.0 0 0 0.0 0 
080382 0 5 3 3 0.0 0.0 0 0 1.0 00 

, 080392 0 5 2 3 0.0797 0 .0  0 0 0.0 
C80402 0 5 2 3 0.0797 0.0 0 0 0 .0  
080412 0 5 2 3 0.0800 0.0 0 0 0 . 0  
080422 .O 5 2 3' 0.1250 0.0 0 .  0 0.0 
060432 0 5 2 . 0 6.1804-2 0 .0  0 0 0 .0  
0820CO 0 
C82003 1.0 0.9 0.9 0.01 
C020P4 . 0 i  6 

. 090011 L 2 1 1 /O 3560. e6537 180.' 192. 34.8 38.3 62.3 0 .  0 .  .6..1 
091001 -11 0 .  00 - 1  0. -15 -05  024 - 8  - 3  .96 - 4  -98 - 6  -97 - 8  - 9  09 - 8  -96 -5 
091002 1. 0. 
092001 - 9  0. - . I7  -0001 - e l 7  -006  0- - 1  0. -15 -05 .24 -56 - 8  -56 -96 -45 1. 0. 
I O 0 0 0 0 ~  16 0 0 16 

PUMP H E A O  A N D  TOROUE MULTIPLIER CURVES 
101011 1 1 -2 0. 1.2 1 .  1. 
101021 1 2 -5 0. -0.35 0.3 -0.2 0.5 0.0 0.8 0.545 1.0 1.0 
101031 1 3 -5 -1. 1.5 -.8 1.275 -.6 1.375 -.4 1.375 0. Lo2 
101041 1 4 -6 -1, 1 - 5  - - 8  1.15 -0.6 0.95 -0.4 0.83.-0.2 0.775 0.0 0.725 
101051 1 5 -3 0. -975 0.5 1.35 1. 1.95 
101061,.1 6 -5 0. -725 0.2 -725 -4  - 8  -6  1.025 1. 1-95 
101071 1 . 7  -3'-1.0 0.175 -C.50 0.65 0.0 .975 
101081 1 8 -5 -1.0 0 .175 -0.75 - e l 5  -a55 -0.3 -.275 -.4 0.' -0.35 
101090 2 1 - 8  0. C.54 0.2 0.59 0.4 0.65 0.6 0.77 0.8 0.95 
101091 0.9 0.98 0.95 0.96 1.0 0.87 
101100 2 2 -8  0. -0.15 0.2 0.02 0.4 0.22 0.,6 0.46 0.8 0.71 
101101 0 . 9  0-81 0.95 0.85 1-0 0.87 
101110 2 3 -6  -1.0 0 .62 -0.8 0.68 -0.6 0.53 -0.4 0.46 . ' 

101111 -0.2 0.49 0. 0.54 
101120 2 4 -6  -1.0 0.62 -0.8 0.53 -0.6 0.46 -0.4 0.42 
101121 -0 .2  0.39 0.  0.36 ' ' 

101130 2 5 -7  0. -0.63 0.2 -0.51 0.4 -0.39 0.6 -0.29 
101131 0.8 -0.20 0.9 -0.16 1.0 -0.13 
101140 2 6 -6 0. 0.36 0.2 0.32 0.4 0.27 0.6 0.18 
101141 0.8 '0.05 1.0 -0.13 
101150 .2 7 -6  -1.0, -1.44 -0.8 -1.25 -0.6 -1.08. 
10115E -0.4 -0.92 -0.2 -0.'17 0. -0.63 
101160 2 8 -6  -1 .0  -1.44 -0.8 - 1 . 1 2 .  -0.6 -0.79 
101161 -0.4 -0.52 -0.2 -0.31 0 .  -0.15 
104Pll  1 1 7 0 .  0. - 1  -83 .2 1.09 -5  1.02 - 7  1.01 -9  .94 1. 1. 
104.021 1 2 '8 0. 0. . l  -.04 - 2  0. - 3  - 1  - 4  -21  . 8  -67 . 9  - 8 . 1 .  1. 
104031 1 3 10 -1. -1.16 -.9 -1.24 f .8  -1.'77 -.7 -2.36 -.6 -2.79 -.5 -2.91 
104032 -.4 -2.67 -.25 -1.69 -.I.  -.5 0. 0.  
104041 1 4 10 -1. -1.16 - .9  -078 -.8 -.5 -a7 -.31 .--6 --17 -.5 -008 -a35 0. 
104042 e.2 -05 - .1  -08 02 -11  
104051 1 5 6 0. 0. - 2  . - -34  - 4  -065 - 6  -.93 - 8  -1.19 1. -1.47 
1 0 4 0 t l  1 6 10 0. -11 - 1  -13 -25 -15 - 4  -13 - 5  -07 -6  - .04 - 7  -023 - 8  -.51 
104062,  - 9  - .91 1. -1.47 
104071 1 7 2 71. 0. 0 .  0. . ' 

104081 1 8 2 -1- 0. 0. 0.  
104090 2 1 -8  . O .  0.54 0.2 0.59 0.4 0.65 0.6 0.77 0.8 '0.95 
LO4091 O,.Q 0.98 0.05 0 .96 1.0 4.87 
104100 2 2 - 8  . . 0. -0.15 0.2 0,02 0.4 0.22 6 .6  0.46 0.8 0 . 7 1  
104101 - 0 - 9 0 . 8 1  0 . 9 5 0 . 8 5  1 .0-0.87 
104110 2 3 -6  -1 .0  0.62 -0.8 0.68 -0.6 0.53 -0.4 0.46 
104111 -0.2 0.49 0. 0.54 

. 104120 2 4 -6  -1 .0  0.62 -0.8 0.53 -0 .6  0.46 -0.4 0 .42 . 
, 104121 -0.2 0.39 0 .  0.36 

104130 2 5 -7  0 -  -0-63 0.2 -0.51 0 .4  '0.39 0.6 -0.29 
104131 0.8 -U.20 U.9 -0.16 1.0 -0.13 
104140 2 6 -6  0 -  0 .36 .O-2 0.32 0.4 0.27 0.6 0.18 
104141 0.8  0.05 1.0 -0.13 
104150 2 7 -6 -1 -0  -1.44 10.8 -1.25 -0.6 -1.08 
104151 -0.4 -0.92 -0.2. -0.77 . O .  -0.63 

. 104160 2 8 -6  -1.0 -1.44 -0.8 -1.12 -0.6 -0;79 
l04!6& -0.4 -0.52 -0.2 -0.31 0 .  -0.15 



TABLE H-VI (contd . ) 



TABLE H-VI ( c o n t d . )  

.150252 4.0 0.0 0.0 0.u 
150261 17 0 2 0 1 0 0 1.821 0.0 0.0776 0.0 .0.0 .0.0 0.0 
150262 0.0 0.0 0.0 0.0 
150271 18 0 2 0 . 1  0 0 1.220 0.0 0.0520 0.0 0.0 0.0 0,O 
150272 U.U U-U 0.u 0.0 
l s o z e i  3 6 3 o I o u l u . s i i "  q.0 l r+640  0.0 0.0 0.0 oic n.n 
150282 0.0 0.0 0.0 0.0 
150291 3 , O  3 0 1 0 0 10.8750 0.0 1.4640 0.0 '0.0 0.0 0.0 ' 

150292 0.0 0.0 0.0 0.0 
* CORE POWER: 37 ACTIVE RODS (40.99585 KW/ROD)* 4 OF WHICH MODEL HOT CHANNEL 

HOT CHANNEL SLABS(5 TtRU 10) HAVE AVG CHANNEL POWER 
160010 1 2 6 10 0.0 0.32676 0.0 0.0 
160020 .2 2 6 10 0.0 0.42145 0.0 0.0 
160030 3 2 6 10 0.0 0.14368 0.0 0.0 
i60040  5 2 .  6 10 0.0 0.01413 .0.0 0.0 
160050 6 2 6 10 0.0 0.02548 0.0 0.0 
160060 7 2 6 10 0.0 0.02828 0.0 0.0 
160070 8 2 , 6 10 0.0 0.02280 0.0 0.0 
160080 9 2 6 10 0.0 0.01330 0.0 0.0 
160090.  10 2 6 10 0.0 0.00912 0.0 0.0 , 

CORE SLABS: GEOM=lt MTRL01*2.3, 
170101 2 4 1. 1 0. -002917 0. 
170102 0 3 4 .007167 1. , 

170103 0 1 4 ,00425 0. 
'170104 0 2 8 -00325 0. 
* SG SLAB58 EEOM-21 MTPL-Z 
P7OZOl 2 1 1 5 .OlbT9 eC04 0. 
170301 Z 3 .  2 3 0.2750 0..0104 0.0 
170302 0 4 .  2 0.004 0.0 
170303 0 2 3 .0.094 0.0 
180101 -7  500. 16.6 1000. 15.9. 1500. 15.3 2.000. 14.7 
180102 2500. 14.1 3000. 13.5'  3500. 12.8 *BORON NITRATE 
180201 -3  100. 7.75 800. 11.0 1600. 14.3 *316L STAINLESS 
180301 -2 0. 14.0 3000. 14.0 *CONSTANT AN 
180401 -2 0.0 0.013 2000.0 0.05 
190101 -7 400. 37.5 800. 48.3 1200. 54.6 1600. 58.3 . 
190102 2000. 60.5 -2400. 61.4 3400. bL .5  + BORON NITRATE' 
190201 - 4  400. 61.3 600. 64.6 800. 67.1 2200. 82.9 316L SS 
19030 i  -7 212. 56. 512 .  bl. '332. 67. 1472, 73. 
190302 . 2192. 78. 2552. 84. 3000. 90. *CONSTANT AN 
190401 -2 0.0 0.2 2COO.O 0.2 
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APPENDIX I 

RELAP 4/MOD5, UPDATE 2 

. 1. INTRODUCTION 

RELAP4/MOD5, Update 1 was r e l e a s e d  t o  t h e  Nuclear Regula to ry  

Commission i n  January  1976. S i x  months o f  e x t e n s i v e  u s e  of Update 1 h a s  

l e d  t o  t h e  i d e n t i f i c a t i o n  and c o r r e c t i o n  of a number o f  e r r o r s  i n  t h e  

code;  a s  w e l l  a s  some l o g i c  changes ,  a d d i t i o n a l  E v a l u a t i o n  Model (EM) 

checks ,  and one model r e v i s i o n .  These changes have culminated i n  t h e  

r e l e a s e  of an  improved code i d e n t i f i e d  a s  RELAP4/MOD5., Update 2. The 

fo l lowing  two s e c t i o n s  o f  Appendix I d i s c u s s  t h e  major  d i f f e r e n c e s  

between Updates 1 and 2 and t h e  checkout of Update 2. The U s e r ' s  Manual 

i s  w r i t t e n  i n  accordance w i t h  Update 2. 



2. DIFFERENCES BETWEEN UPDATE 1 AND UPDATE 2  

The d i f f e r e n c e s  between Updates 1. and 2, of MOD5 a r e  made up of 

e r r o r  c o r r e c t i o n s , ' l o g i c  changes, a d d i t i o n a l  EM (Evalua t ion  Model) 

checks,  a d d i t i o n a l  op t ions ,  and one model r e v i s i o n  (modified momentum 

choking model). The e r r o r  c o r r e c t i o n s  .have been made over t he  course of 

s i x  months of  ex t ens ive  use  of MOD5, Update 1. The major d i f f e r e n c e s  

between Updates 1 and 2  a r e  i temized below. Minor e r r o r  c o r r e c t i o n s  not  

i nvo lv ing  problem input  o r  modeling consideration are n e i t h e r  l i 3 t e d  nor 

d i scussed .  

2.1 Heat T rans fe r  

The h e a t  t r a n s f e r  c o r r e l a t i o n s  d iscussed  i n  Volume I, Subsect ion 

3 . 4 . 6  were modif ied a s  fol lows:  

(1)  I n  hea t  t r a n s f e r  mode 4 ,  i f  t h e  c a l c u l a t e d  h e a t  f l ux  exceeds 

t h e  c r i t i c a l  h e a t  f l u x  (CHF), t h e  wa l l  temperature i s  Fecal- 

cu l a t ed  a s  t h a t  temperature a t  which t h e  conduction equat ion  

equals  CHF be fo re  t h e  f lux  i s  s e t  equal  t u  CHF.  This i s  

r e s t r i c t e d  t o  r i g h t  s l a b  su r f aces .  This  was an i n t e r n a l  change 

i n  t he  code and requi red  no change i n  problem inpu t  da t a .  

( 2 )  Changes were made t o  t h e  h e a t  s l a b  l e f t  h e a t  t r a n s f e r  s u r f a c e  

c a l c u l a t i o n  dur ing  t h e  t r a n s i e n t .  On t he  l e f t  s i d e  of the  

s l a b ,  sub rou t ine  HRTC i s  used only t o  g e t  a  h e a t  t r a n s f e r  

c o e f f i c i e n t ,  and t h e  temperature i s ' n o t  c a l c u l a t e d  i n  sub- 

r o u t i n e  qUUT (both subrout ines  a r e  descr ibed  i n  Volume 11, 

Subsect ion 5.1.2) .  When the  f l u i d  i s  s.ubcooled, t h e  l a s t  time 

s t e p  temperature TOLD i s  g r e a t e r  than TSAT, and t h e  l a s t  time 

s t e p  h e a t  t r a n s f e r  mode i s  1 o r  2 .  The. t e s t  t o  choose be- 

tween t h e  new h e a t  t r a n s f e r  modes 1 and 2  i s  i n v a l i d .  



This  i s  because t h e  two temperatures  bo th  equa l  TOLD, and t h e  

c u r r e n t  l o g i c  w i l l  always s e l e c t  mode 1. The c o r r e c t i o n  

causes  t h e  choice  between modes 1 and 2 i n  t h i s  s i t u a t i o n  t o  

be based on f l u x e s ,  r a t h e r  than temperatures .  These were 

i n t e r n a l  changes and requi red  no change i n  problem input  da t a .  

2 .2  Water Packing 

The water  packing op t ion  d iscussed  i n  Volume I, Subsec t ion  3 . 6 . 7  

was modified a s  fo l lows:  

(1)  The water  packing f i x  was o r i g i n a l l y  coded .to never a l low i t s  

a p p l i c a t i o n  through a  pump volume. This  was changed i n  

Update 2 t o  a l low water packing through t h e  pump volume when- 

ever  i t  i s  t h e  on iy  a v a i l a b l e  compressible  volume. This  i s  an 

. i n t e r n a l - m o d i f i c a t i o n  of t h e  c.ode and r equ i r ed  no change i n  

problem inpu t  d a t a .  

2 . 3  C r i t i c a l  Flow 

The c r i t i c a l  f low models d i s cus sed  i n  Volume I, Subsec t ion  3 . 6 . 8  

were modified ex t ens ive ly .  Some of t h e  mod i f i ca t i ons  a f f e c t e d  d a t a  

shown on Tables V and X I .  The mod i f i ca t i ons  t o  t h e  C r i t i c a l  Flow 

Models were a s  fol lows:  

(1)  I n  ca se  t h e  es t imated  junc t ion  flow i s  oppos i t e  i n  s i g n  t o  t h e  

o ld  flow, t h e  volume en tha lpy  from t h e  es t imated  flow d i r ec -  
> 

t i o n  i s  now used a s  i npu t  t o  t h e  c r i t i c a l  f low t a b l e s .  Also, 

t h e  s a t u r a t e d  l i q u i d  en tha lpy  from t h e  es t imated  flow d i r ec -  

t i o n  i s  now used t o  check t h e  phase f o r  t h e  cho ice  of c r i t i c a l  

flow t a b l e s .  This  was an i n t e r n a l  mod i f i ca t i on  of t h e  code 

and requi red  no change i n  problem inpu t  d a t a .  



( 2 )  I n  t h e  modif ied momentum homogenous equ i l i b r ium choking model, 

a  check a g a i n s t  t h e  i n e r t i a l  f low was added f o r  subcooled 

cond i t i ons .  The i n e r t i a l ' f l o w  va lue  i s  used i f  i t  i s  l e s s  

t han  t h e  modif ied momentum va lue .  This  was an i n t e r n a l  modi- 

f i c a t i o n  and requi . red 'no change i n  problem inpu t  d a t a .  

( 3 )  Changes: were made t o  t h e  modified momentum c r i t i c a l  .flow. 

model, a s  fol lows:  

( a )  The Be rnou l l i  form of  t h e  momentum equa t ion  i s  now used 

t o  c a l c u l a t e  mass flow. 

(b )  The s t i p u l a t i o n  t h a t  t h e  c a l c u l a t e d  back p re s su re  must 

n o t  be allowed t o  i nc rease  was removed.. 

( c )  The c a l c u l a t e d  "back pressure"  i n  t h e  modif ied momentum 

model i s  now app l i ed  t o  t h e  volume upstream, r a t h e r  than 

downstream, of t h e  flow junc t ion  under cons ide ra t i on .  

2.4 J e t  P u m ~  Model 

The j e t  pump model d i scussed  i n  Volume I, Subsect ion 3.6.11 was 

modif ied a s  fo l lows:  

(1)  Changes were made t o  t h e  BWR j e t  pump model (momentum mixing 

model) coding t o  ' cor rec t  e r r o r s  existent i n  Update 1. The 

e r r o r s  i n  Update 1 were due t o  t h e  use  of p a r t i a l  j unc t ion  

p r o p e r t i e s  : ( d e n s i t y ,  en tha lpy ,  v e l o c i t y ,  and mass flow of  t h e  

l i q i j i d  gnd gas)  r a t h e r  than  homou&nous junc t ion  p r o p e r t i e s ,  

These mod i f i ca t i ons  ,were i n t e r n a l  and r equ i r ed  no change i n  

problem inpu t  d a t a .  



2.5 Entha lpy  T r a n s p o r t  

The f u n c t i o n i n g  of t h e  e n t h a l p y  t r a n s p o r t  model d i s c u s s e d  i n  

Volume T, S1.1bsection 3.6.14 was modi f i ed  a s  f o l l o w s :  

(1 )  An o p t i o n  was added t o  a l l o w  t u r n i n g  o f f  t h e  e n t h a l p y  t r a n s -  

p o r t  c a l c u l a t i o n  a t  any t r a n s i e n t  t ime.  T h i s  o p t i o n  i s  ac- 

cessed  by e n t e r i n g  t h e  s t a r t i n g  t ime  f o r  xOPTON(4) a t  W4-R on 

t h e  p a t e r  Packing,  Choking Smoothing, and '  En tha lpy  T r a n s p o r t  

Card o u t l i ' e d  i n  Volume 11, S u b s e c t i o n  4 .2 .2  ( 8 ) .  D e f a u l t  was 

programmed t o  e q u a l  1E6. T h i s  o p t i o n  i s  i n t e n d e d  t o  be used 

f o r  r e s t a r t i n g  jobs  which have encountered e n t h a l p y  t r a n s p o r t  

problems l a t e  i n  t h e  t r a n s i e n t .  

2.6 Time S t e p  C o n t r o l  

The t ime s t e p  c o n t r o l  d i s c u s s e d  i n  Volume I,  S u b s e c t i o n  3.8.2 was 

modi f i ed  a s  f o l l d w s :  

(1 )  The s a t u r a t i o n  l i n e  c r o s s i n g  t ime s t e p  c o n t r o l  i s  now t u r n e d  

o f f  f o r  time-dependent volumes e n t e r e d  on t h e  Time'Dependent 

Volume Data Cards d e s c r i b e d  i n  Volume 11, S u b s e c t i o n  

4.2.2 ( 1 9 ) .  T h i s  was an  i n t e r n a l  m o d i f i c a t i o n  of t h e  code 

and r e q u i r e d  no change i n  problem i n p u t  d a t a .  

;2.7 D i a l s  

The c r i t i c a l  f low d i a l  u s e  o u t l i n e d  i n  Volume I,  S e c t i o n  3 .9  h a s  

been extended a s  fo l lows :  

(1 )  D i a l s  were added t o  t h e  c r i t i c a l  f low d e r i v a t i v e  c a l c u l a t i o n  

f o r  u s e  i n  t h e  l e a k  j u n c t i o n  c a l c u l a t i o n .  The u s e  o f , t h e s e  

d i a l s  was an i n t e r n a l  m o d i f i c a t i o n  and r e q u i r e d  no change i n  

i n p u t  d a t a  o t h e r  t h a n  e n t e r i n g  s p e c i f i c  v a l u e s  f o r  t h e  re -  

q u i r e d  dia1.s i f  d e f a u l t  v a l u e s  a r e  n o t  d e s i r e d .  



2.8 E v a l u a t i o n  Model 

The changes t o  t h e  E v a l u a t i o n  Model d e s c r i b e d  i n  Volume I, Sec- 

t i o n  3.10 p rov ided  f o r  t h e  fo l lowing  a d d i t i o n a l  r equ i rements  and /or  

e l i m i n a t i o n s .  

( 1 )  Downcomer and lower plenum e n t r a i n m e n t  models a r e  n o t  al lowed. 

( 2 )  D i a l s  a r e  not .  a l lowed.  

( 3 )  Subcooled v o i d i n g  c r e d i t  i s  n o t  al lowed i n  t h e  r e a c t o r  k i n e t -  

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

( 4 )  The pump o p t i o n  f o r  t h e  s ing le -phase  minus two-phase d i f f e r -  

ence c u r v e s  i s  r e q u i r e d .  

(5) The s t a g n a t i o n  p r e s s u r e  o p t i o n  i s  ' r equ i red .  

( 6 )  The two-phase f r i c t i o n  m u l t i p l i e r  i s  r e q u i r e d .  

These were i n t e r n a l  m o d i f i c a t i o n s  and r e q u i r e d  no change i n  program 

i n p u t  d a t a .  

2.9 S u b r o u t i n e s  FLOSRH and PREW 

A number of m o d i f i c a t i o n s  and c o r r e c t i o n s  were made t o  t h e  ICHOKE- 

JCHOKE l o g i c  i n  s u b r o u t i n e s  FLOSRH and PREW d e s c r i b e d  i n  Volume 11, Sub- 

s e c t i o n  5.1.2 t o  improvc c n l c u l n t i o n a l  accuracy.  These a f f e c t  t h e  

program h a n d l i n g  of ICHOKE-JCHOKE v a l u e s  e n t e r e d  a s  provided i n  t h e  

r e v i s i o n s  d e s c r i b e d  i n  Paragraph  2.2 p receed ing  . The m o d i f i c a t i o n s  were 

i n t e r n a l ,  however,  and r e q u i r e d  no changes i n  i n p u t  d a t a - o t h e r  t h a n  

t h o s e  p r e v i o u s l y  accounted  f o r .  



3. CHECKOUT OF RELAP~/MOD~, UPDATE 2. 

A l a r g e  number of s h o r t  checkout  r u n s  were made on t h e  IBM 360 and 

t h e  CDC-7600 computers d u r i n g  t h e  e v a l u a t i o n  of Update 2. These were 

made t o  v e r i f y  t h e  f u n c t i o n i n g  of changes b e i n g  made t o  RELAP4/MOD5 f o r  

Update 2. Two s h o r t  checkout  problems were added t o  t h e  28 r e p o r t e d  i n  

Volume 111, S e c t i o n  7.1 i n  o r d e r  t o  f u r t h e r  ver i . fy .  t h a t  cod ing  changes 

t o  one p a r t  o f  t h e  program were n o t  a d v e r s e l y  a f f e c t i n g  o t h e r  p a r t s  and 

t h a t  a r e a s o n a b l e  comparison of r e s u l t s  between t h e  IBM and t h e  CDC 

v e r s i o n s  o f  t h e  code cou ld  s t i l l  be o b t a i n e d .  

Three complete  p l a n t  models were s e l e c t e d  from t h e  e i g h t  r e p o r t e d  

i n  Volume I11 and r e r u n  u s i n g  Up,date 2. These were: 

( 1 )  T r o j a n  (Westinghouse) 6% Cold Leg Break - Appendix B 

( 2 )  C a l v e r t  C l i f f s  (Combustion Engineer ing)  1 - f t 2  Cold Leg Break 

( E v a l u a t i o n  Model Opt ion)  - Appendix C 

( 3 )  Hope Creek (Genera l  E l e c t r i c )  200% R e c i r c u l a t i o n  L ine  Break - 
Appendix D . 

A s  i n  t h e  c a s e  of Update 1, checkout  was l i m i t e d  t o  t h e  blowdown and 

r e f i l l  phases  o f  t h e  t r a n s i e - n t .  

A l l  of  t h e  f o r e g o i n g  checkout  problems and r u n s  were s u c c ~ s s f u l l y  

completed.  Some d i f f e r e n c e s  were no ted  between r u n s  made on Updates 1 

and 2. These d i f f e r e n c e s  a r e  c o n s i d e r e d  t o  be e x p l a i n e d  i n  terms o f  t h e  

d i f f c r c n c e s  between t h e  two code Updates.  



3.1 Tro jan  6% Cold Leg Break 

This  run  was modif ied f o r  Update 2  t o  remove some c o n f l i c t i n g  

o p t i o n s  used i n  t he  Update 1 a n a l y s i s .  I n  p a r t i c u l a r ,  s imultaneous use 

o f  t h e  bubble  r i s e  model i n  a  volume and v e r t i c a l  s l i p  i n  an ad jacent  

j u n c t i o n  a s  was done i n  t he  Update 1 modeling i s  a  c o n f l i c t  i n  t h a t  each 

model c a l c u l a t e s  i t s  own s l i p  v e l o c i t y .  The r ev i sed  modeling used i n  

, u p d a t e - 2  cons i s t ed  of removing t h e - b u b b l e  r i s e  model from t h e  r e a c t o r  

v e s s e l  and t h e  i n t a c t  and broken loops of t h e  o r i g i n a l  Update 1 model. 

Bubble r i s e  was used i n  t h e  accumulators ,  p r e s s u r i z e r ,  and steam gen- 

( e r a t o r  secondar ies  i n  both Updaees 1 and 2.  

The r e s u l t s  o f  t h e  Update 2 a n a l y s i s  d i f f e L e d  from thoce  ,obtained 

u s i n g  Update 1. The r e s u l t s  o f  ana lyses  us ing  Updates 1 and 2  w i th  no  

bubble  r ise  i n  t he  loops o r  r e a c t o r  v e s s e l  were n e a r l y  i d e n t i c a l ,  

however. Also,  no d i f f i c u l t y  was encountered i n  making t h e  runs  w i th -ou t -  

en tha lpy  t r a n s p o r t  and without  bubble  r i s e  i n  t h e  loops.  Removal of t h e  

bubble  r i s e  model from volumes connected by v e r t i c a l  s l i p  j unc t ions  

decreased  t h e  running time by a  f a c t o r , o f ,  approximately t h r e e  f o r  t he se  

t u n s .  

- Although no obvious e r r o r s  i n  Update 2 were uncovered Ly t h i s  

a n a l y s i s ,  c e r t a i n  conc lus ions  were drawn r e g a r d i n g . t h e  use' of some of 

t h e  models. These conc lus ions ,  a r e  presented i n  Sec t ion  3.4 of t h i s  

appendix. 

2  3.2 C a l v e r t  C l i f f s  1 f t  Cold Leg Break 

The Model f e a t u r e s  of  t h e  RELAP~IMOD~, Update 2  run d u p l i c a t e  those 

o f  t h e  corresponding run performed during t h e  checkout of  Update 1. The 

on ly  change f o r  t h i s  run  was t h e  i n c l u s i o n  of t h e  s t a g n a t i o n  p r o p e r t i e s  

s u b r o u t i n e  f o r  t h e  choked flow c a l c u l a t i o n s ,  which has  become an Eval- 

u a t i o n  Model requirement s i n c e  t h e  checkout of Update 1. The gene ra l  

t r e n d s  of  t h e  t r a n s i e n t s  c a l c u l a t e d  wi th  Updates 1 and 2  compare c lose-  

l y .  Smal.1. d i f f e r e n c e s  a r e  apparen t  i n  t h e  t iming of 'some f e a t u r e s :  



(1 )  End-of-bypass and lower plenum r e f i l l  a r e  r e t a rded  1 sec  

(2 )  Upper plenum dumping i n t o  t h e  core  began 2  s e c  e a r l i e r  in* t h e  

Update 2 c a l c u l a t i o n s .  

Use of t h e  s t a g n a t i o n  p re s su re  op t ion  d id  no t  s i g n i f i c a n t l y  a f f e c t  

t h e  c a l c u l a t e d  break flow because of t h e  r e l a t i v e l y  smal l  break s i z e .  

Update 2 d i sp layed  cons iderab le  s e n s i t i v i t y  t o  use  of t h e  en tha lpy  
. 

t r a n s p o r t  op t ion .  This  s e n s i t i v i t y  was most apparent  .during t h e  .period 

from 40 t o  55 s e c ,  which was t h e  time of t h e  f i r s t  c o r e  flow r e v e r s a l .  

S ince  o t h e r  s t u d i e s  have a l s o  demonstrated t h e  s e n s i t i v i t y  of  en tha lpy  

t r a n s p o r t  dur ing  flow r e v e r s a l s ,  t h e  Calver t  C l i f f s  c a l c u l a t i o n  was 

cont inued a f t e r  38  sec  without  use of t h e  en tha lpy  t r a n s p o r t  op t ion .  

The run was completed ( lower plenum r e f i l l e d )  a t  102 s e c  a f t e r  

rup tu re .  Update 2  r equ i r ed  t h e  same t o t a l  CPU t i m e  (48  min) a s  d id  

Update 1. It was d i scovered ,  however, t h a t  RELAP4 was s e l e c t i n g  t h e  
w 

Compressible S ing le  Stream Flow wi th  Momentum Flux Equat ion a s  would be 

normal f o r  e n t r y  o f  MVMIX=O on t h e J ~ u n c t i o n  Data Card (080021). This  

was i n c o n s i s t e n t  wi th  t h e  Evalua t ion  Model C r i t e r i a  which r e q u i r e s  t h e  

use  of t h e  Incompressible  Mechanical Energy Balance Equation along wi th  

t h e  Henry-Fauske ( subcoo led ) /~oody  ( s a t u r a t e d )  d i scharge  model. Proper 

o p e r a t i o n  of t h e  code would provide t h i s  l a t t e r  form of t h e  momentum 

equat ion  when MVMIX'O, lLHUKE=ll, and JCHOKE=O. Two source  ca rds  

w i t h i n  Subrout ine PREW were co r r ec t ed  p r i o r  t o  t h e  r e l e a s e  of Update 2 

i n  order  t o  provide t h e  proper  func t ion  s e l e c t i o n  f o r  t h e  Evalua t ion  

Model. 



3.3 Hope Creek 200%. R e c i r c u l a t i o n  Line Break 

The r e s u l t s  p r ed i c t ed  by Updates 1 and 2 matched f a i r l y  c l o s e l y  i n  

g e n e r a l  f o r  t h i s  s tudy.  The most s i g n i f i c a n t  d i f f e r e n c e  i n  c a l c u l a t e d  

r e s u l t s  between Updates 1 and 2  was i n  p r e d i c t i o n  of c o r e  c e n t e r l i n e  

tempera ture .  The reason  f o r  t h e  t empera tu re -d i f f e r ence  can .be t r aced  t o  

c o r r e c t i o n  o £  an e r r o r  i n  t h e  Update 1 flow mixing model which i s  used 

i n  t h e  j e t  pump f low c a l c u l a t i o n s .  The j e t  pump flow d i f f e r e n c e  l eads  
:.y 

t o  break flow, and co re  flow d i f f e r e n c e s ,  which u l t i m a t e l y  

r e s u l t  i n  a  d i f f e r e n c e  i n  c o r e  temperature.  Because of co r . r ec t i on  of 

t h e  flow miking model, Update 2  i s  a  d e f i n i t e  improvement over  Update 1 

f o r  ana lyz ing  p o s t u l a t e d  BWR acc iden t s .  

No d i f f i c u l t y  was encountered i n  running t h e  BWR 200% r e c i r c u l a t i o n  

l i n e  break  problem t o  completion. It was run  t o  170 s e c  t r a n s i e n t  time 

i n  33.1 min of CPU time on t h e  CDC-7600. The problem r a n  approximately 

3 min (10X). f a s t e r  on Update 2 t han  on Update 1. 

Conclusions and Recommendations 

, Running of t h e  t h r e e  checkout problems on Update 2,  a s  w e l l  a s  

o t h e r  runs  made s i n c e  Update 1 was r e l e a s e d ,  h a s  r e s u l t e d  i n  t h e  fo l -  

lowing conc lus ions  and recommendations: 

(1)  Use of t h e  bubble  r i s e  moctel'in volumes. ad j acen t  t o  v e r t i c a l  

s l i p  j unc t ions  can lead t o  ope ra t i ona l  problems with t h e  code. 

I f  t h e s e  two'models a r e  used t o g e t h e r ,  p a r t i c u l a r l y  c l o s e  

a t ten t inn  m r m t  h c  paid t o  f l u i d  behavior  i n  those volumes. A 

mixture l e v e l  c ros s ing  a  v e r t i c a l  s l i p  j unc t ion  from below can 

s t i l l  be a  problem i n  Update 2, p a r t i c u l a r l y . d u r i n g  slow 

t r a n s i e n t s .  I f  problems a r e  encountered,  i t  i s  recommended 

t h a t  t h e  bubble r i s e  model be replaced.  wi th  t h e  homogeneous 

op t ion .  Use of t h e  homogeneous o p t i o n  normally r e s u l t s  i n  a  

s u b s t a n t i a l  t i m e  sav ing ,  thereby  al lowing t h e  use of more 

c o n t r o l ~ v o l u m e s ,  i f  requi red .  



( 2 )  The en tha lpy  t r a n s p o r t  op t ion  should no t  be used during 

per iods  of flow r e v e r s a l  occuring a t  low flows. I f  problems.. 

a r e  i nd i ca t ed  ,under cond i t i ons  wherein en tha lpy  t r a n s p o r t *  i s  

being. us,ed and flow r e v e r s a l s  a t  low flows 5A t o  -10% of i n i -  

t i a l  f low a r e  encountered,  i t  i s  recommended t h a t  t h e  enthal-py 

t r a n s p o r t  op t ion  be turned o f f  and t h e  problem r e s t a r t e d .  

Update 2 w i l l  au toma t i ca l l y  t u r n  o f f  en tha lpy  t r a n s p o r t  once- a  

q u a l i t y  v a l u e  exceedi.ng. ze ro  i s  obsezved a t  a ,  v e r t i c a l  s . l i p  

junc t ion .  
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