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PREVIOUS BREEDER REACTOR SAFETY PROGRESS REPORTS" 
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ORNL/TM-5753 
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* 
Reported p r e v i o u s l y  as LMFBR S a f e t y  and Core Systems Program Prog- 

" ' Informat ion  on t h e  Breeder  Reac tor  P r o j e c t  f o r  1968 through August 

ress Reports .  

1972 i s  a v a i l a b l e  i n  ORNL Nuclear  S a f e t y  Research and Development Program 
Bimonthly P rogres s  Repor ts .  
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SUMMARY 

1. TASK 01 - ORNL LOA 2 TASKS: THORS PROGRAM 

J 

The THORS Rundle 9 Phase 2 Two-Phase Transient Test Plan has under- 

gone internal and external review and has been approved for operation. 

It is documented in this report. 

The l o s s  of heater-internal thermocouples during Bundle 9 fabrica- 

tion, assembly, and Phase 1 testing necessitated development of a method 

of determining dryout or near-dryout conditions in order to prevent bundle 

failure during Phase 2 (boiling) tests. This method is based on data from 

Bundle 6A boiling tests and relies on the response of wire-wrap thermo- 

couples in the simulated fission-gas plenum to indicate when dryout is 

imminent. 

Scoping calculations using SAS3D have indicated that the temperature- 

flow behavior of the central coolant channel in Bundle 9 is essentially 

independent of the influence of the duct wall inertial response, while 

coolant channel temperature-flow behavior in the outer regions of the sub- 

assembly are not independent of this e€fect. Thus, incorporation of a 

two-channel SAS model to represent intrasubassembly incoherence in two 

separate radial regions of Rundle 9 should be valid. 

Significant modifications to the SABRE-2 transient subchannel analy- 

sis code have been made, and results from this modified version have been 

compared with data from the Bundle 9 Phase 1 Test Program. Pretest analy- 

ses of two natural-convection-to-boiling tests in the Rundle 9 Phase 2 
Test Plan are included. 

The Rundle 9 Phase 1 Record of Experimental Data report has been com- 

pleted and has undergone coauthor and peer review. 

Installation of the EM pump and expansion tank in the THORS facility 

has been completed. A preliminary shakedown, including the EM pump accep- 

tance tests, has begun. Bundle 9 Phase 2 testing will be initiated fol- 

lowing checkout. 
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2. TASK 02 - ORNL LOA 3 TASKS: ,WALYTKCAI, 
MO n ELS FO K ENE RG E T  I C  S ACCOMMOD AT I O N  

An ad j o i n t  code € o r  t h e  s ingle-phase p o r t i o n  of MELT h a s  been com- 

p l e t e d  and v a l i d a t e d .  A siipplementary code,  SCG, i s  a v a i l a b l e  t o  ca l cu -  

l a t e  s e n s i t i v i t y  c o e f f i c i e n t s .  J o u r n a l  a r t i c l e s  d e s c r i b i n g  t h e  work a re  

soon t o  be pub l i shed .  

3 .  TASK 03 - ORNL LOA 4 TASKS: ENVIKONMENTAL 
ASSESSMENT OF ALTERNATE FRK FUELS 

Oxida t ion  experiments  w i t h  advanced a l t e r n a t e  FBR f u e l s  have d e t e r -  

inined t h a t  f i n e l y  powdered (Th,U)C i n  q u a n t i t i e s  as  small as 2 g w i l l  i g -  

n i t e  spon taneous ly  a t  room t e m p e r a t u r e  on exposure t o  e i t h e r  a i r  o r  a 21% 

02-Ar inixtiire. Uraniiim monocarbide samples ,  incll lded f o r  Comparison, show 

a s imi la r  behavior .  By c o n t r a s t ,  ThC powder must be  h e a t e d  t o  -250°C i n  

e i t h e r  of t h e s e  atmospheres b e f o r e  i g n i t i o n  occur s .  Alpha-spectrometry 

m e a s u r e m e n t s  of t h e  c o l l e c t o r  s l i d e s  i n  a cascade  impactor show t h a t  t he  

en t r a inmen t  oE p a r t i c l e s  i n  t h e  gaseous e f f l u e n t  d u r i n g  t h e  o x i d a t i o n  of 

t h e s e  f u e l s  i s  i n s i g n i f i c a n t  under t h e  c o n d i t i o n s  of t h e s e  experiments .  

Graphic a n a l y s i s  of t h e  time dependence of t h e  amount of f u e l  sample oxi- 

d i zed  i n d i c a t e s  t h a t  t h e  r a t e - c o n t r o l l i n g  p rocess  i s  t h e  n u c l e a t i n g  and 

growth of t h e  p roduc t s  of  o x i d a t i o n  upon t h e  o r i g i n a l  f u e l  p a r t i c l e s .  

Components f o r  a mass spec t romete r  were r ece ived  i n  two shipments d u r i n g  

t h e  l a t t e r  p a r t  of t h i s  q u a r t e r .  After  t h e  manufac tu re r ' s  r e p r e s e n t a -  

t i v e  has  demonstrated t h a t  t h e  in s t rumen t  meets purchase s p e c i f i c a t i o n  

requirements ,  i t  w i l l  be used t o  measure t h e  composi t ion of t h e  gaseous 

e f f l u e n t  r e s u l t i n g  from o x i d a t i o n  of FBR f u e l s .  Seve ra l  pape r s  o r  r e p o r t s  

were w r i t t e n  and p resen ted  o r  publ ished concerning the  environmental  im- 

pact  a t t e n d a n t  upon release o f  t r i t i u m .  A p rogres s  r e p o r t  w a s  r e c e i v e d  

from Colorado S t a t e  U n i v e r s i t y  d e s c r i b i n g  t h e i r  FY 1979 s u b c o n t r a c t  work 

on modeling the release o f  r a d i o a c t i v i t y  from a thorium o r e  p i l e .  A re- 

v i e w  o f  ORNL' s  work on LOA-4 t o p i c s  w a s  p re sen ted  on Janaury 16, 1980, 
t o  t h e  F a s t  Breeder Reactor  S a f e t y  Technology Management Center  S t a f f  

meeting a t  ORNL. Seve ra l  papers  and r e p o r t s  were prepared d e s c r i b i n g  

p r i m a r i l y  t h e  environmental  impact o f  t r i t i u m  release. A paper  e n t i t l e d  

t 
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"Environmental  Impact of Rad ioac t ive  Rei-eases from Recycle of Thorium- 

Based Fuel Using Current  Containment Technology" was p re sen ted  March 1 7  

a t  t h e  second USOOE Environmental Symposium. 

4.  TASK 04 - ORNL LOA 4 TASKS: MODEL EVALUATION 
OF BREEDER REACTOR R A D I O A C T I V I T Y  RELEASES 

A computer code i s  be ing  developed t o  implement t h e  p a r t i c l e - i n - c e l l  

a tmospher ic  d i s p e r s i o n  model a t  ORNL. Work 'is con t inu ing  on a comparison 

between Hanford-67 a tmospher ic  d i s p e r s i o n  d a t a  f o r  r e l e a s e s  of f l u o r e s c e i n  

p a r t i c l e s  from a h e i g h t  of 56 m and v a l u e s  of t h e  normal ized ,  ground- 

l e v e l ,  c e n t e r l i n e  a i r  c o n c e n t r a t t o n  c a l c u l a t e d  by t h e  computer code DWNWND. 

The computer program TEDPED h a s  been used t o  perform a s t a t i s t i c a l  ana ly-  

s i s  of v a l u e s  of t h e  Gaussian plume d i s p e r s i o n  parameters  ay and az based 

on short- term (<30  - min) a i r  c o n c e n t r a t i o n  measurements t aken  a t  Kar l s ruhe ,  

Fede ra l  Republ ic  of Germarly. An e v a l u a t i o n  of t h e  v a r i a b i l i t y  of t h r e e  

b i o l o g i c a l  f a c t o r s  i n  de te rmining  t h e  dose pe r  u n i t  i n t a k e  of i n g e s t e d  

1311 h a s  been performed f o r  several age  c a t e g o r i e s  us ing  Monte Car lo  tech- 

n ique  s. 

5. TASK 05 - ORNL LOA SUPPORT AND INTEGRATION: 
NUCLEAR SAFETY INFORMATION CENTER 

The N S I C  s e r v e s  t h e  n u c l e a r  community through c o l l e c t i o n ,  a n a l y s i s ,  

and d i s s e m i n a t i o n  of r e l e v a n t  s a f e t y  informat ion .  During t h e  r e p o r t  pe- 

r i o d  Janua ryMarch  1980, N S I C  processed  2821 documents, responded t o  198 

i n q u i r i e s ,  s e r v i c e d  396 SDI s u b s c r i b e r s ,  and provided a v a r i e t y  of o t h e r  

s e r v i c e s ,  as w e l l  as pursu ing  in-house work on s e v e r a l  r e p o r t s  and on t h e  

t e c h n i c a l  p rog res s  review,  Nuclear S a f e t y .  
t h e  q u a r t e r ,  and work i s  con t inu ing  o r  w a s  i n i t i a t e d  on s e v e r a l  o t h e r  re- 
p o r t s .  Work w a s  a l s o  under taken  on material  f o r  s e v e r a l  i s s u e s  of Nuctear 
Sa fe t y  as r e q u i r e d  by i t s  p u b l i c a t i o n  schedule .  

Two r e p o r t s  were i s sued  du r ing  
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6. TASK 06 - ORNL LOA SUPPORT AND INTEGRATION: BREEDER 
REACTOR R E L I A B I L I T Y  DATA ANALYSIS CENTER 

Data c o l l e c t i o n  e f f o r t s  a t  E B R - I 1  f o r  t h i s  q u a r t e r  i n c l u d e  complet- 

ing  t h e  "pedigree ing"  of seven of i t s  systems. In  a d d i t i o n ,  EBR-11 ' s  

c y c l i n g  h i s t o r y  through i t s  f i f t h  yea r  of o p e r a t i o n  h a s  been completed. 

The proposa l  t o  c o l l e c t  eng inee r ing  and even t  d a t a  through HEDL's FFTF 

P l a n t  U t i l i z a t i o n  Program has  been approved,  and i n i t i a l  d a t a  t a p e  t r a n s -  

f e r s  have been made. The s t r u c t u r e  of t h e  eng inee r ing ,  e v e n t ,  and ope ra t -  

ing  f i l e s  has  been changed i n t o  the  ADSEP form t o  make s t o r a g e  and search-  

ing  more e f f i c i e n t .  The f a i l u r e  ra te  program was modif ied t o  a c c e p t  t h e  

new f i l e  s t r u c t u r e .  

7. TASK 07 - ORNL LOA SUPPORT AND INTEGRATION: CENTRAL 
DATA BASE FOR BREEDER REACTOR SAFETY CODES 

Update in fo rma t ion  from NSMH has  been e n t e r e d  i n t o  t h e  d a t a  base  con- 

t i nuous ly .  

and programs were w r i t t e n  t o  a l low e n t r y  of t h i s  d a t a  i n t o  SACRD. S e v e r a l  

minor problems were encountered t h a t  w i l l  d e l a y  t h i s  work u n t i l  c o n t a c t s  

can be made wi th  ANL personnel .  

and updated. 

Severa l  examples of u n c e r t a i n t y  d a t a  have been prepared f o r  e n t r y  i n t o  t h e  

d a t a  base. 

A new ANL e v a l u a t i o n  of sodium p r o p e r t i e s  d a t a  was r e c e i v e d ,  

The SACRD mai l ing  l i s t  has  been reviewed 

Software has  been completed t o  a l l o w  remote d i s p l a y  of  p l o t s .  
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ORNL BREEDER REACTOR SAFETY - LOA 2 QUARTERLY TECHNICAL 
PROGRESS REPORT FOR JANUARY-MARCH 1980 

M. H. Fontana J. L. Wantland 

ABSTRACT 

The THORS Bundle 9 Phase 2 Two-Phase T r a n s i e n t  Test P lan  
has  undergone i n t e r n a l  and e x t e r n a l  review and h a s  been ap- 
proved f o r  ope ra t ion .  The complete document i s  inc luded  i n  
t h i s  r e p o r t .  

A method f o r  de te rmining  dryout  o r  near-dryout c o n d i t i o n s  
du r ing  Bundle 9 Phase 2 tests has  been developed ,  based on d a t a  
from wire-wrap thermocouples i n  t h e  s imula ted  f i s s i o n - g a s  ple- 
num r e g i o n  of Bundle 6A; t h i s  procedure w a s  n e c e s s i t a t e d  by t h e  
s e v e r e  a t t r i t i o n  of h e a t e r - i n t e r n a l  thermocouples exper ienced  
i n  Bundle 9. 

nes s  of  a two-channel SAS3D model t o  d e s c r i b e  in t rasubassembly  
b o i l i n g  incoherence  f o r  Bundle 9. 

w i t h  t r a n s i e n t  d a t a  from t h e  THORS Bundle 9 Phase 1 T e s t  Plan; 
t h e n  t h i s  code i s  used f o r  p r e t e s t  a n a l y s i s  of two n a t u r a l -  
convec t ion- to-boi l ing  tests i n  t h e  Phase 2 T e s t  Plan.  

The Bundle 9 Phase 1 Record of Experimental  Data r e p o r t  
has  been completed and has  undergone coauthor  and pee r  review. 

The p r e l i m i n a r y  checkout f o r  t h e  THORS f a c i l i t y  fo l lowing  
m o d i f i c a t i o n s  t o  i n s t a l l  t h e  EM pump and expans ion  t ank  has  
been i n i t i a t e d  p r i o r  t o  t h e  Phase 2 t e s t i n g  f o r  Bundle 9. 

du r ing  t h i s  q u a r t e r .  

Scoping c a l c u l a t i o n s  were made t o  de te rmine  t h e  e f f e c t i v e -  

R e s u l t s  from a modi f ied  v e r s i o n  of SABRE-2 are compared 

Four documents were i s sued  and f o u r  meet ings  were a t t e n d e d  
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INTRODUCTION 

Sodium b o i l i n g  tes ts  have been c a r r i e d  ou t  i n  f o u r  p rev ious  THORS 

bundles ;  i n  c h r o n o l o g i c a l  o r d e r  t h e y  were Bundles 5D, 3B, 6A and 3C. The 

most e x t e n s i v e  t e s t i n g  was done w i t h  Bundle 6A,1-3 a 19-pin bundle w i t h  

h a l f - s i z e  wire-wrap spacers between t h e  0.5-mm-thick (0.020-in.) d u c t  w a l l  
and t h e  edge p i n s .  Bundle 6A was des igned  w i t h  h a l f - s i z e  wire-wrap edge 

s p a c e r s  and a t h i n  duc t  w a l l  i n  o r d e r  t o  g i v e  a b e t t e r  thermal -hydraul ic  

s i m u l a t i o n  of t h e  i n t e r i o r  of a 217-pin subassembly. The the rma l  i n s u l a -  

t i o n  which backed t h e  t h i n  duc t  wall was soaked w i t h  sodium e a r l y  i n  t h e  

t es t  program, however, and t h e  r e s u l t i n g  r a d i a l  h e a t  t r a n s f e r  du r ing  t h e  

t r a n s i e n t  tests made t h e  development of t h e  b o i l i n g  r e g i o n  d e c i d e d l y  n o t  

one-dimensional. 

agreement ( i n  terms of  t i m e  between b o i l i n g  i n i t i a t i o n  and d r y o u t )  between 

t h e  one-dimensional SAS computer model and Bundle 6A expe r imen ta l  r e s u l t s .  

Bundle 9 is  a 61-pin bundle  and as such  has  two more rows of f u e l  p i n  

Th i s  i s  probably  t h e  r eason  f o r  t h e  g e n e r a l l y  poor 

s i m u l a t o r s  (FPSs) t han  d i d  t h e  19-pin Bundle 6A. Bundle 9 h a s  f u l l - s i z e  

wire-wrap edge s p a c e r s  and a l s o  a p r o t o t y p i c  3-mm-thick (0.120-in.) d u c t  

w a l l .  

Bundle 9 s i m u l a t e s  t h e  c o r r e c t  edge geometry,  b u t  has  fewer r i n g s  of sub- 

channels  i n  t h e  bundle i n t e r i o r  (Bundle 9 h a s  f o u r  r i n g s  of i n t e r i o r  sub- 

channels  wh i l e  a 217-pin subassembly has  e i g h t ) .  Approximately 35% of t h e  

f low area of Bundle 9 i s  made up by subchannels  a d j a c e n t  t o  t h e  d u c t  w a l l ,  

wh i l e  t h e  cor responding  number f o r  a f u l l  subassembly i s  20%. The s teady-  

state power/flow area r a t i o  f o r  a n  edge subchannel ( a d j a c e n t  t o  t h e  d u c t  

w a l l )  i s  on ly  50% t h a t  of  an i n t e r i o r  subchannel ,  which means t h a t  t h e  

s t e a d y - s t a t e  t empera tu re  i n  a n  edge subchannel is  s i g n i f i c a n t l y  less t h a n  

i n  a n  i n t e r i o r  subchannel.  

t u r e  rise rate  of t h e  sodium i n  a n  edge subchannel is  slowed by t h e  h e a t  

c a p a c i t y  of  t h e  a d j a c e n t  duc t  w a l l .  Thus bo th  s t e a d y - s t a t e  and t r a n s i e n t  

c o n s i d e r a t i o n s  i n d i c a t e  t h a t  t h e  sodium i n  t h e  edge subchannels  of bo th  a 
217-pin subassembly and a 61-pin bundle would be s i g n i f i c a n t l y  subcooled  

when b o i l i n g  beg ins  i n  t h e  bundle i n t e r i o r  - t h e  d i f f e r e n c e  be ing  t h a t  

b o i l i n g  would occupy a g r e a t e r  number of i n t e r i o r  subchannels  i n  t h e  217- 

p i n  subassembly. 

Thus, r a t h e r  t h a n  s i m u l a t i n g  t h e  i n t e r i o r  of a f u l l  subasembly, 

During a f low-reduct ion  t r a n s i e n t  t h e  tempera- 

c 

. 
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Th i s  comparison of t h e  expected behav io r  of Bundle 9 w i t h  a 217-pin 

subassembly i s  compromised by t h e  f a c t  t h a t ,  as i n  THORS Bundle 6 A ,  t h e  

thermal  i n s u l a t i o n  which backs t h e  d u c t  w a l l  w a s  a l s o  permeated wi th  so- 

dium b e f o r e  t h e  beginning of t h e  two-phase tes t  program. Th i s  w i l l  no t  

a f f e c t  expe r imen ta l  r e s u l t s  i n  Rundle 9 n e a r l y  as  much as i n  Bundle 6 A ,  

however, because t h e  the rma l  response of t h e  sodium i n  a Rundle 9 edge 

subchannel i s  a l r e a d y  slowed s i g n i f i c a n t l y  by t h e  h e a t  c a p a c i t y  o f  t h e  

p r o t o t y p i c  3-mm-thick d u c t  w a l l .  Although t h e  sodium-soaked i n s u l a t i o n  

p rov ides  a thermal  p a t h  t o  t h e  much l a r g e r  h e a t  c a p a c i t y  of t h e  bundle 

housing,  t h i s  h e a t  t r a n s f e r  w i l l  on ly  become s i g n i f i c a n t  d u r i n g  long 

t r a n s i e n t s .  

It  i s  expected t h a t  b o i l i n g  behav io r  i n  Rundle 9 w i l l  be much less  

a f f e c t e d  by t r a n s v e r s e  ( r a d i a l )  h e a t  t r a n s f e r  t h a n  i n  Bundle 6 A ,  bu t  i t  

i s  no t  p o s s i b l e  t o  p r e d i c t  beforehand how c l o s e l y  ( o r  under what condi- 

t i o n s )  t h e  b o i l i n g  behav io r  w i l l  approach p r e d i c t i o n s  of one-dimensional 

computer models. Two-phase tests i n  Bundle 6 A  were c h a r a c t e r i z e d  by rela- 

t i v e l y  long p e r i o d s  of s t a b l e  b o i l i n g ,  du r ing  which t h e  edge subchannels  

( coo led  by h e a t  t r a n s f e r  through t h e  sodium-soaked i n s u l a t i o n )  s lowly  ap- 

proached s a t u r a t i o n  c o n d i t i o n s .  One-dimensional models of t h e s e  tests 

p r e d i c t e d  much s h o r t e r  t i m e  i n t e r v a l s  between b o i l i n g  i n c e p t i o n  and d ryou t  

t h a n  were seen  expe r imen ta l ly .  The f a c t  t h a t  most of t h e  i n t e r i o r  sub- 

channe l s  i n  Rundle 9 w i l l  r each  s a t u r a t i o n  c o n d i t i o n s  s h o r t l y  a f t e r  b o i l -  

ing  i n c e p t i o n  (which h a s  been p r e d i c t e d  by s ingle-phase,  t r a n s i e n t  analy- 

s i s  w i t h  a modif ied v e r s i o n  of COBRA III-C4) i n d i c a t e s  a one-dimensional 

model may a p p l y ,  whereas t h e  f a c t  t h a t  sodium i n  t h e  edge subchannels  w i l l  

be h i g h l y  subcooled a t  b o i l i n g  i n c e p t i o n  i n d i c a t e s  t h a t  a two-dimensional 

c h a r a c t e r i z a t i o n  may be necessary.  

The a t t r i t i o n  ra te  of h e a t e r - i n t e r n a l  thermocouples b e f o r e  and dur- 

i n g  Phase 1 t e s t i n g  w a s ,  u n f o r t u n a t e l y ,  q u i t e  h i g h  (compare F i g s .  1.5a and 

1 . 5 b ) .  These thermocouples respond f a s t e r  t han  wire-wrap thermocouples 

t o  dryout  c o n d i t i o n s  on t h e  c l add ing  s u r f a c e  and are  t h e r e f o r e  impor t an t  

i n  p r o t e c t i n g  t h e  bundle  a g a i n s t  FPS f a i l u r e  due t o  e x c e s s i v e  tempera- 

t u re s .  I f  d ryou t  c o n d i t i o n s  were l o c a l i z e d  t o  a r e g i o n  w i t h  no h e a t e r  

i n t e r n a l  thermocouples,  bundle  f a i l u r e  could occur  b e f o r e  normal o r  auto-  

matic t e r m i n a t i o n  of t h e  tes t .  
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This  p o s s i b l e  l i m i t  t o  t h e  number of b o i l i n g  t r a n s i e n t s ,  coupled 

wi th  t h e  p r e s e n t l y  unknown n a t u r e  of b o i l i n g  i n  Bundle 9 ,  has r e s u l t e d  

i n  a two-part s t r a t e g y  f o r  t e s t  planning.  P a r t  A i s  designed t o  i n d i c a t e  

t h e  g e n e r a l  c h a r a c t e r  of  sodium b o i l i n g  i n  Bundle 9. Four tests w i l l  

cover  t h e  range of p i n  h e a t  f l u x  covered i n  t e s t i n g  w i t h  Bundle 6A*,  w i t h  

i n i t i a l  and t r a n s i e n t  boundary c o n d i t i o n s  similar t o  s p e c i f i c  r u n s  i n  Bun- 

d l e  6A. P a r t  B w i l l  be w r i t t e n  a f t e r  a p r e l i m i n a r y  a n a l y s i s  o f  t h e  re- 

s u l t s  of P a r t  A and w i l l  be i s s u e d  as a n  addendum t o  t h i s  t es t  p l an .  I f  

b o i l i n g  behav io r  i n  Bundle 9 does appea r  t o  be governed p r i m a r i l y  by one- 

dimensional  c o n s i d e r a t i o n s ,  P a r t  B w i l l  i n c l u d e  tests t o  de t e rmine  t h e  e f -  

f e c t s  of parameters  t o  which one-dimensional models are h i g h l y  s e n s i t i v e ,  

i n c l u d i n g  b y p a s s l t e s t  s e c t i o n  f low s p l i t ,  s u p e r h e a t  p r e c o n d i t i o n i n g ,  i n l e t  

v a l v e  p r e s s u r e  d r o p ,  and i n l e t  subcool ing.  I f  b o i l i n g  behav io r  does n o t  

appear  t o  be one-dimensional,  P a r t  R w i l l  i n c l u d e  t e s t s  w i t h  s lower  f low 

r e d u c t i o n  ramp ra tes  a n d / o r  h i g h e r  i n i t i a l  o u t l e t  t e m p e r a t u r e s ,  i n  o r d e r  

t o  de t e rmine  whether t h e  two-dimensional behav io r  i s  due t o  t r a n s i e n t  con- 

d i t i o n s  o r  t h e  i n h e r e n t  powerlflow area d i s t r i b u t i o n  i n  a 61-pin bundle.  

T f  t h e  l a t t e r  i s  t h e  case ( i . e . ,  s t a b l e  s t e a d y - s t a t e  b o i l i n g  i s  p o s s i b l e ) ,  

t h e  c o n d i t i o n s  of p in  h e a t  f l u x  and fo rced  i n l e t  f l ow under which t h a t  i s  

p o s s i b l e  w i l l  be c a r e f u l l y  mapped. Tests i n  P a r t  A are  o rde red  w i t h  the 

lower p i n  h e a t  f l u x  t es t s  f i r s t ,  because t h e s e  have a l o n g e r  p e r i o d  of 

time between dryout  and bundle f a i l u r e  d u r i n g  which manual o r  au tomat i c  

shutdown can be e f f e c t e d .  Tes ts  i n  P a r t  R w i l l  be o rde red  (based on t h e  

r e s u l t s  of  P a r t  A )  t o  maximize the  i n f o r m a t i o n  ob ta ined .  

Although t h e r e  a r e  p r e s e n t l y  no usab le  two- o r  three-dimensional  code 

model s of t r a n s i e n t  sodium b o i l i n g  a v a i l a b l e ,  c o n s i d e r a b l e  use h a s  been 

made of the  CORKA 1 I I -C4 and S A H K E - Z 6  t r a n s i e n t ,  s ingle-phase thermal- 

hydraulic.  silhchannel a n a l y s i s  codcs i n  t h e  planning of t h i s  t e s t  program. 

T h e s e  codcs h n v e  been uscjful i n  de t e rmin ing  ( 1 )  what combinat ions of  i n i -  

t i a l  and transient boundary c o n d i t i o n s  r e s u l t  i n  s a t u r a t i o n  c o n d i t i o n s  and 

( 2 )  t h e  shapc o f  t tw a x i a l  antl r a d i a l  t empera tu re  p r o f i l e s  a t  h o t l j n g  in- 

c e p t i o n .  T k t a i l c d  one-dimensional hea t  conduct ion model  s o f  ‘rHOKS boron 

n l  t r i r l f .  f r i c . 1  p i n  s imr i la tors  antl t lw s t r i i c t u r c  surrolindinf;  t h e  p i n  hlindle 
~_II____ I__.__ * Thr. romplvtr. Krindlr. 6 A  t e s t  plan is  g iven  i n  Kef. 1 .  
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have been added t o  COBRA 1 1 1 - C .  Cases s i m u l a t i n g  runs  of Test 2 power- 

o f f  t r a n s i e n t s  i n  t h e  Phase 1 t e s t i n g  a r e  i n  e x c e l l e n t  agreement wi th  

experimental  d a t a .  COBRA 1 1 1 - C  u t i l i z e s  a marching-type s o l u t i o n  algo-  

r i t h m ,  however, and r e q u i r e s  a ( p o s i t i v e )  i n l e t  f l ow t r a n s i e n t  boundary 

c o n d i t i o n ,  s o  i t  cannot  be used on c a s e s  i n  which n a t u r a l  convec t ion  e f -  

f e c t s  determine t h e  flow. SABRE-2 (which p r e s e n t l y  h a s  on ly  a s imple 

two-parameter subchannel s t r u c t u r a l  thermal  response model) can be used 

w i t h  e i t h e r  i n l e t  f low o r  p r e s s u r e  drop t r a n s i e n t  boundary c o n d i t i o n s .  

Th i s  code h a s  been u s e f u l  i n  planning Tests 202 and 203, i n  which t h e  E'f 

pump i s  tu rned  o f f  and a cold- leg s t a t i c - h e a d  pressure-drop boundary con- 

d i t i o n  de te rmines  t h e  t e s t  s e c t i o n  thermal-hydraul ic  response.  

* 

DESCRIPTION OF THORS FACILITY 

The THORS F a c i l i t y  i s  an  eng inee r ing - sca l e  sodium loop  f o r  t h e m a l -  

h y d r a u l i c  t e s t i n g  of s imula t ed  LNFBR subassembl i e s ,  An i s o m e t r i c  drawing 

o f  t h e  f a c i l i t y  i s  shown i n  Fig.  1.1. A f l o w  diagram schematic  of t he  

THORS F a c i l i t y  i s  shown i n  Fig.  1.2. An e l e c t r o m a g n e t i c  pump h a s  been 

added f o r  t h e  Phase 2 t e s t  program. This  new pump should be capab le  of 

d e l i v e r i n g  40  l i t e r s ' s - '  (600  gpm) a t  a p r e s s u r e  of 1.38 YPa (200  p s i g ) .  

A t r a n s f o r m e r  bank ( n o t  shown) can supply up t o  2.0 hfh' e l e c t r i c a l  power 

t o  t h e  t e s t  bundles  (because  of  l i m i t a t i o n s  i n  t h e  c u r r e n t - c a r r y i n g  capa- 

b i l i t y  of t h e  i n d i v i d u a l  c i r c u i t s ,  o n l y  1 . 2  MV can  be used by Bundle 9 ) .  

Heat i s  removed by an  a i r - coo led  h e a t  exchanger r a t e d  a t  2 W and shown 

a t  t h e  r i s h t  i n  t h e  i s o m e t r i c  drawing. The "old" t e s t - s e c t i o n  housing 

(used through Rundle 5 )  i s  shown on t h e  l e f t  s i d e .  A p o r t i o n  o f  t h e  c i r c u -  

l a t i n g  sodium i s  bypassed through an oxvgeu c o n t r o l  and i n d i c a t i n g  ( O C I )  

system which m a i n t a i n s  svstem oxygen c o n t e n t  a t  l e s s  than 10 ppm. For 

the t r a n s i e n t  b o i l i n g  t e s t s ,  a t e s t  s e c t i o n  bypass l i n e  and expansion 

tank wert '  i n s t a l l e d  t o  s i m u l a t e  ( h y d r a i i l i c a l l y )  t h e  o t h e r  c o r e  a s sembl i e s .  

Valves i n  t h e  p ip ing  system a l l o w  adjustment  of f low r e s i s t a n c e s  t o  simu- 

l a t e  r e a c t o r  c o n d i t i o n s .  Programmable pump c o n t r o l  and heater-power con- 

t r o l  s y s t e m s  a r e  a v a i l a h l e  so  t h a t  preprograinmed flow t r a n s i e n t s  and 

bundle-power t rans ien ts  can bc e f f e c t e d .  

* The Bundle 9 1'1i;ise 1 t e s t  p l a n  i s  g iven  i n  R e f .  5 .  



1-10 

O R N L - D W G  79~11583 

Fig. 1.1. I s o m e t r i c  drawing of  THORS F a c i l i t y  f o r  Phase 2 t e s t i n g .  

DESCRIPTION OF BUNDLE 9 

Bundle 9 i s  a 61-pin bundle of CRBR dimensions: 5.84-mm-diam (0.230- 

i n . )  p i n s  spaced by w i r e  wraps of 1.42 mm diam (0.056-in.) on a 305-mm 

(12-in.) h e l i c a l  p i t c h .  

3.05-mm-thick (0.120-in.) s t a i n l e s s  s t e e l  backed by (now sodium-soaked) 

thermal  i n s u l a t i o n .  The d u c t  t h i c k n e s s  i s  t y p i c a l  of FFTF and CRBR f u e l  

assemblies .  The hea ted  l e n g t h  i s  914 mm (36.0 i n . )  w i th  a 1.38 peak-to- 

mean chopped-cosine a x i a l  h e a t  f l u x .  

40 kW/pin bu t  are l i m i t e d  t o  20 kW/pin by t h e  a l l o w a b l e  c u r r e n t - c a r r y i n g  

c a p a b i l i t y  of t h e  e lec t r ica l  c i r c u i t r y .  

The bundle c o n t a i n e r  i s  a hexagonal d u c t  of 

The f u e l  p i n  s i m u l a t o r s  are  r a t e d  a t  

F igu re  1.3 i s  a c r o s s - s e c t i o n  

, 
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* 

drawing of Bundle 9 i n  t h e  t e s t  s e c t i o n  housing. F igu re  1 . 4  shows t h e  

c o n s t r u c t i o n  of a f u e l  p i n  s i m u l a t o r .  

F igu re  1 .5 (a )  shows t h e  l a y o u t  of o p e r a t i o n a l  thermocouple instrumen- 

t a t i o n  i n  t h e  hea ted  s e c t i o n .  F igu re  1.5(b) shows t h e  o r i g i n a l  planned 

hea ted  s e c t i o n  thermocouple l a y o u t .  Twenty-seven h e a t e r - i n t e r n a l  thermo- 

c o u p l e s ,  13 wire-wrap thermocouples,  and 23 duct-wal l  thermocouples f a i l e d  

d u r i n g  f a b r i c a t i o n ,  assembly,  and Phase 1 t e s t i n g .  Figure 1 .6 (a )  shows 

t h e  thermocouple l a y o u t  f o r  t h e  s imula t ed  f i s s i o n  g a s  plenum r e g i o n  down- 

stream of t h e  hea ted  s e c t i o n .  F igu re  1.6(b)  shows t h e  o r i g i n a l  planned 

l ayou t  i n  t h e  f i s s i o n - g a s  plenum. 

DATA ACQUISITION SYSTE?! 

Data are  recorded us ing  a Data A c q u i s i t i o n  System (DAS) c o n t r o l l e d  by 

a PDP-8E Computer. Data are logged a t  t h e  r a t e  of 10 ,000  p o i n t s  pe r  sec-  

ond and s t o r e d  on magnetic t ape  f o r  subsequent p rocess ing  and d i s p l a y .  

Data may be d i s p l a y e d  on a high-speed c h a r a c t e r  p r i n t e r  o r  on one of tb-o 

cathode-ray t u b e  (CRT) t e r m i n a l s  ( w i t h  g r a p h i c  and hard copy c a p a b i l i t y )  

a t  t h e  THORS o p e r a t i n g  conso le .  An a d d i t i o n a l  tape d r i v e  f o r  copying aag- 

n e t i c  d a t a  t a p e  i s  a l s o  a v a i l a b l e .  

Seve ra l  f l e x i b l e  o p e r a t i n g  and logging programs a r e  u t i l i z e d .  

1. Fas t  Scan Node - Data i n  a p r e s c r i b e d  sequence arr? con t inuous ly  log-  

ged o n t o  magnet ic  tape  a t  10,000 p o i n t s  pe r  second f o r  up t o  12 a i n  

d u r a t i o n .  .4 f l e s i b l e  svstem of h i s h  level-low l e v e l  s i g n a l  checking 

and tes t  t e n n i n a t i o n  i s  a v a i l a b l e  s o  t h a t  a t e s t  nay be a u t L m a t i c a l l y  

terminated i f  s e l e c t e d  s i s n a l s  e s c e e d  t h e  p r e s c r i b e J  l i i7its .  SiTul- 

t a n e o u s l v ,  eve ry  f i f t h  d a t a  p o i n t  i s  d i s p l a y e d  on the  conso le  I ‘ R I  f o r  

real-time inon i to r ins  d u r i u p  a t e s t .  

2 .  O p e r a t o r ’ s  Log - Ten sets of d : i t s  :ire t:aken, . ~ v e r . i ~ ~ d ,  .and <,>iiverted 

t o  e 11:: f nce r i 11s tin i t 5 ; nd t h e  s t :inti :1 rd de\‘ i :I t inn  i P z L > i : ? p ~  t eil . ??I even 

k r v  p i  r:iiiic t CTS , s t :inin rit dev i ;i t inn  , A I I ~  :3 t P S  t-bi1ilkl l e  11t.a t b;aI~i?ce 

art’ p r i n t c d  :it t h e  c o n s o l t ~ .  ?I;ipnetiz t;ipe stk>r:ast’ c > f  these  d : a t s  is  

l l ( ’ ) t  u t  i l  i z c c i .  
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Fig. 1.5(a).  Opera t iona l  i n s t r u m e n t a t i o n  i n  t h e  hea ted  s e c t i o n  of 
THORS Rundle 9 a f t e r  Phase 1 t e s t i n g .  



Fig.  1 .5(5) .  THORS Bundle 9 planned h e a t e r  rod bundle  i n s t r u m e n t a t i o n .  
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Fig .  1.6(a). Operational.  i n s t r u m e n t a t i o n  i n  t h e  s i r n u l ~ ~ t e d  f i s s i o n  
gas plenum of THORS Rundle 9 a f t e r  Phase 1 t e s t i n g .  
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- One se t  of  a l l  d a t a  s i g n a l s  i s  taken  and con- 

v e r t e d  t o  eng inee r ing  u n i t s .  The r e s u l t s  and a t e s t  bundle  h e a t  ba l -  

ance  are p r i n t e d  a t  t h e  console .  Magnetic t a p e  s t o r a g e  i s  n o t  u t i -  

l i z e d .  

I so the rma l  Log - (Done w i t h  no power t o  t h e  tes t  bundle ,  bu t  w i th  the  

loop  main ta ined  a t  i s o t h e r m a l  o p e r a t i n g  tempera ture  a t  t h e  beginning 

of each  day.) Ten sets of d a t a  are  t aken ,  averaged ,  and conver ted  

t o  eng inee r ing  u n i t s ;  and s t a n d a r d  d e v i a t i o n s  are computed. 

Slow Scan Mode - 1000 d a t a  p o i n t s  i n  a p r e s c r i b e d  sequence are  logged 

onto  magnet ic  t a p e  a t  a s p e c i f i e d  t i m e  i n t e r v a l .  The t i m e  i n t e r v a l  

may be v a r i e d  from 1.0 s t o  several minutes.  Th i s  mode of o p e r a t i o n  

proceeds i n  t h e  "foreground" s imul t aneous ly  wi th  normal program op- 

e ra t  ion.  

The DAS-generated d a t a  t a p e s  are copied t o  provide  a second copy of 

da t a .  One of  t h e s e  t a p e s  i s  used t o  g e n e r a t e  d a t a  tapes which are 

compat ib le  w i t h  t h e  ORNL IBM-360 computers.  

t o  process  these  IBM-compatible t a p e s  f o r  f u r t h e r  p r e s e n t a t i o n  of d a t a  i n  

t a b l e s  o r  p l o t s .  

d i a t e  p o s t t e s t  d a t a  p r e s e n t a t i o n s  a t  t h e  o p e r a t i n g  console .  

us ing  PDP-8 t a p e s  gene ra t ed  i n  t h e  f a s t  s can  mode ( I t em 1,  above) ,  t e n  

consecu t ive  sets  of d a t a  are averaged ,  and s t a n d a r d  d e v i a t i o n s  are com- 

puted. Output t a b l e s  ( s i m i l a r  t o  those  desc r ibed  i n  I t e m  3, above) can 

be d i s p l a y e d  on t h e  high-speed c h a r a c t e r  p r i n t e r  o r  on t h e  CRTs a t  t h e  

opera  t i ng console .  

Rout ines  have been prepared 

I n  a d d i t i o n ,  PDP-8 r o u t i n e s  have been prepared  f o r  i m m e -  

For example, 

P e r i p h e r a l  r o u t i n e s  have been prepared for r ea r r ang ing  t h e  i n t e r n a l  

s can  t a b l e s  (which c o n t r o l  t h e  sequencing of d a t a  a c q u i s i t i o n ) ,  changing 

c a l i b r a t i o n  c o e f f i c i e n t s ,  e tc .  

SUMMARY OF PART A 'TESTING 

Tests 1 and 2 are  i d e n t i c a l  t o  t h e i r  c o u n t e r p a r t s  i n  t h e  Phase 1 t e s t  

program. Test 1 i s  run  a t  s t e a d y - s t a t e  c o n d i t i o n s  of 15 kW pe r  p i n ,  7.4 

l i ters-s- l  i n l e t  f low,  and 370°C i n l e t  t empera tu re ,  as a benchmark com- 

p a r i s o n  p r i m a r i l y  f o r  documentat ion of changes i n  p i n  d i s t o r t i o n  du r ing  

t e s t i n g .  Test 2 i s  a power-off t r a n s i e n t ,  w i t h  i n i t i a l  c o n d i t i o n s  of 
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1.0 kW per  p i n ,  0.49 1iter.s-l i n l e t  f low,  and 3 7 O O C  i n l e t  t empera ture .  

Sodium leakage  i n t o  t h e  bundle  i n s u l a t i o n  w a s  d i scove red  by comparison of 

Runs 7 and 8 of T e s t  2 du r ing  t h e  Phase 1 tes t  program. Tests 1 and 2 

w i l l  be run a t  t h e  s t a r t  and a g a i n  a t  t h e  comple t ion  of t h e  P a r t  A tes t -  

ing .  

Test  200 i s  des igned  t o  de te rmine  t h e  maximum p o s s i b l e  b y p a s s / t e s t  

s e c t i o n  f low s p l i t  as a f u n c t i o n  of t e s t  s e c t i o n  flow. A l l  two-phase 

t e s t i n g  i n  P a r t  A w i l l  be run  a t  t h e  maximum b y p a s s / t e s t  s e c t i o n  f low 

s p l i t  o b t a i n a b l e  a t  t h e  i n i t i a l  t e s t  s e c t i o n  i n l e t  f low c o n d i t i o n s  of 

Test  205 (determined i n  Run 101, Test 2001, o r  10:1, whichever i s  lower.  

Test 201 i s  des igned  t o  g i v e  in fo rma t ion  on s e t t i n g  t h e  EM pump con- 

t r o l l e r  so t h a t  t h e  s p e c i f i e d  low f low of Tests 204 and 205 can  be ob- 

t a i n e d  i n  t h e  presence  of  buoyancy-induced flow. 

The c o n d i t i o n s  of Tests 202-205 a r e  summarized i n  Table  1.1. The 

i n i t i a l  c o n d i t i o n s  of Tests 202 and 203 a r e  such  t h a t  t h e  buoyancy-induced 

d i f f e r e n t i a l  s t a t i c  head ove r  t h e  e l e v a t i o n  d i f f e r e n c e  between t h e  begin- 

n ing  of t h e  hea ted  s e c t i o n  and t h e  i n l e t  t o  t h e  expans ion  t ank  i s  respon- 

s i b l e  f o r  a l a r g e  f r a c t i o n  of t h e  t e s t  s e c t i o n  flow. The two-phase t r a n -  

s i e n t  i s  induced by c u t t i n g  power t o  t h e  EM pump. T e s t  s e c t i o n  f low 

w i l l  dec rease  r a p i d l y  t o  some minimum v a l u e  (de te rmined  by t h e  i n i t i a l  

buoyancy-induced head)  and then  s lowly  i n c r e a s e  as t empera tu res  rise i n  

t h e  s imula t ed  f i s s i o n - g a s  plenum. 

The i n i t i a l  c o n d i t i o n s  of Tests  204 and 205 are such that the 

buoyancy-induced f low i s  a s m a l l e r  f r a c t i o n  of t h e  t o t a l  tes t  s e c t i o n  

flow. The two-phase t r a n s i e n t  is  induced by a programmed r e d u c t i o n  i n  

t h e  head provided by t h e  EM pump. R e f e r r i n g  t o  Fig.  1 .7 ,  t h e  EM pump con- 

t r o l l e r  i s  set  s o  t h a t  t h e  i n i t i a l  t es t  s e c t i o n  i n l e t  f low (F1)  i s  de- 

c r e a s e d  a t  a s p e c i f i e d  ramp ra te  (-0.41 

f low (F2) .  

t h e  t r a n s i e n t  is  ended by a programmed f low i n c r e a s e  o r  manual o r  auto-  

matic t e rmina t ion .  The t i m e  i n t e r v a l  between t h e  beginning  of t h e  pro- 

grammed f low d e c r e a s e  ( o r  pump c u t - o f f )  and t h e  t r ans i en t - end ing  f low in-  
crease f o r  each  of Tests 202 through 205 i s  roughly  i n v e r s e l y  p r o p o r t i o n a l  

t o  t h e  p i n  power i n  t h e  g i v e n  t e s t ,  so  t h a t  s t r u c t u r a l  components w i l l  

a c h i e v e  t h e  same approximat ion  t o  s t e a d y - s t a t e  t he rma l  c o n d i t i o n s .  

t o  a s p e c i f i e d  low 

The head produced by t h e  EM pump then  remains c o n s t a n t  u n t i l  

The 
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0 T a b l e  1.1. Summary of  P a r t  A Two-Phase T r a n s i e n t  Testi1;g 

P U M P  H E A D  R E M A I N S  
CONSTANT THROUGH 
B O I L I N G  T R A N S I E N T  -----t---- I 

I I 
I I 
I I I 

T r a n s i e n t  boundary Analagous run  Power I n i t i a l  f l o w  ( F , )  
T e s t  c o n d i t i o n s  i n  Rundle 6 A  

kW/pin w/cm2 L i t e r s - s - l  gpm 

202 3.1 18.4 0.55 8.7 Cut power to  EM 
pump, r e c o r d  d d t a  
f o r  5 min 

203  4.1 24.5 0.73 11.5 Cut power t o  EM 
pump, r e c o r d  d a t a  
f o r  L, min 

204 6.8 40.5 1.21 19.1 C o n t r o l l e d  f l o w  
r e d u c t i o n  t o  spec-  
i f i e d  minimum, 
r eco rd  d a t a  f o r  
2.5 min 

205 15.0 89.2 2.66 42.0 C o n t r o l l e d  f l o w  
r e d u c t i o n  t o  spec-  
i f i e d  minimum, 
r e c o r d  d a t a  f o r  
1.5 min 

T e s t  5 5 ,  1: 

101 (no b I _ -  

i r i  . - 
t rails l e n t  1 
T e b t  5 5 R ,  Run 
101 ( v i o l e n t  
b o i l i n g  ) 

T e s t  71H, Run 
101 i s  s imi l a r  
t o  Run 107 of 
t h i s  t e s t  
( d r y o u t )  

T e s t  73E, Run 
102A i s  similar 
t o  Run 104 o f  
t h i s  t e s t  
( d r y o u t )  

' I n i t i a l  c o n d i t i o n s  common t o  a l l  t r a n s i e n t  runs :  

1. i n l e t  t e m p e r a t u r e  of 390°C (730°F) ;  
2. o u t l e t  t e m p e r a t u r e  of 700°C (1300'F); 
3. t e s t  s e c t i o n  i n l e t  v a l v e  se t  t o  115% of  t es t  s e c t i o n  AP a t  a t e s t  s e c t i o n  

i n l e t  f l o w  o f  8.77 l i t e r s - s - '  (139 gpm) ( t h i s  f l o w  p roduces  t h e  same p i n  
bund le  sodium v e l o c i t y  a t  which t h e  i n l e t  v a l v e  was se t  i n  Rundle 6 A ) ;  

4. b y p a s s l t e s t  s e c t i o n  f l o w  s p l i t  de t e rmined  by T e s t  200, Run 101, o r  set  
t o  l O : l ,  whichever  i s  lower. 

Fig.  1.7. 

ORNL DWG 79 17084 ETD 

Cont ro l l ed  f low r e d u c t i o n  f o r  Phase 2 t r a n s i e n t  t e s t i n g .  
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tes t  w i l l  be  te rmina ted  i f  t empera tu res  exceed t h e  fo l lowing  l i m i t a t i o n s :  

h e a t e r - i n t e r n a l  thermocouples 1010°C (1850°F) 

wire-wrap thermocouples  982°C (1800°F) 

d u c t  w a l l  thermocouples  927°C (1700°F) 

T e s t  t e r m i n a t i o n  c o n s i s t s  of a n  i m m e d i a t e  c u t  i n  t h e  power t o  a l l  

f u e l  p i n  s i m u l a t o r s  and,  i n  t h e  case of Tests 202 and 203, a res tar t  of 

t h e  pump t o  i t s  i n i t i a l  fo rced  flow. 

A t  any p o i n t  i n  t h i s  t es t  p l a n  t h e  t e s t i n g  may be  t e rmina ted  o r  modi- 

f i e d ,  and t h e  sequence of runs  i n  any tes t  may be  a l t e r e d  by t h e  P r o j e c t  

Engineer  and t h e  Program Coordina tor .  
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T e s t  1 

Purpose: To de te rmine  t h e  r e p r o d u c i b i l i t y  of bundle t e m p e r a t u r e  p r o f i l e s  

throughout  t h e  t es t  program. The s t e a d y - s t a t e  t empera tu re  d i s -  

t r i b u t i o n  i n  t h e  bundle  i s  documented a t  v a r i o u s  times d u r i n g  

t h e  test  program by r eco rd ing  t h e  bundle  t empera tu res  f o r  60 s 

while  t h e  bundle  is  being ope ra t ed  a t  t h e  fo l lowing  c o n d i t i o n s .  

Procedure: 

1. Open tes t  s e c t i o n  i n l e t  valve.  

2. Close bypass l i n e  valve.  

3. Adjust i n l e t  t e m p e r a t u r e  t o  370°C (700"F),  t e s t - s e c t i o n  i n l e t  

f low t o  7.38 1iters.s-' (117 gpm), and h e a t e r  power t o  15  kW/pin. 

4.  E s t a b l i s h  s t e a d y - s t a t e  c o n d i t i o n s .  

5. E s t a b l i s h  a h e a t  ba l ance .  

6. Record 60 s of i n s t rumen t  r e sponses  on magnetic t ape  i n  f a s t  s can  

mode. 
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Test 2 

PurDose: To de te rmine  t h e  c o n d i t i o n  of t h e  thermal  i n s u l a t i o n  which in-  

s u l a t e s  t h e  p i n  bundle  from the tes t  s e c t i o n  housing. R e s u l t s  

of t h i s  t e s t  du r ing  t h e  Phase 1 t e s t  program showed t h a t  sodium 

had l eaked  i n t o  t h e  i n s u l a t i o n .  Any f u r t h e r  d e t e r i o r a t i o n  w i l l  

be e v i d e n t  by comparing r e s u l t s  of t h i s  tes t  run b e f o r e  and 

a f t e r  Phase 2 P a r t  A .  

Procedure:  

1. Open tes t  s e c t i o n  i n l e t  va lve .  

2. Close bypass l i n e  va lve .  

3. Adjust  h e a t e r  power t o  1.0 kW/pin, t es t  s e c t i o n  i n l e t  f l ow t o  

0.49 1 i t e r . s - I  ( 7 . 8  gpm), and tes t  s e c t i o n  i n l e t  t empera tu re  t o  

370°C ( 7 0 0 ° F ) .  

4 .  E s t a b l i s h  s t e a d y - s t a t e  c o n d i t i o n s .  

5. S t a r t  r eco rd ing  in s t rumen t  r e sponses  on magnetic t a p e  i n  f a s t  

scan mode. After 30 s a t  s t e a d y - s t a t e  c o n d i t i o n s ,  s h u t  o € f  

h e a t e r  powcr ( c o n t i n u e  r eco rd ing  d a t a  i n  f a s t  s c a n  mode). 

6. Two m i n u t e s  a f t e r  s h u t t i n g  o f f  hea te r  power, d € s c o n t i n u e  d a t a  

acqi i i s i  t i o n .  
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Test 200 

Purpose: I n  o r d e r  t o  s i m u l a t e  a c o n s t a n t  pressure-drop boundary c o n d i t i o n  

between t e s t  s e c t i o n  i n l e t  and o u t l e t ,  t r a n s i e n t  t e s t s  a r e  r u n  

w i t h  a p a r a l l e l  bypass l i n e .  This  t e s t  w i l l  d e t e n i n e  the  Taxi- 

mum b y p a s s / t e s t  s e c t i o n  f low s p l i t  p o s s i b l e  wi th  t h e  nev Ex! puzp 

f o r  t h e  i n i t i a l  f low c o n d i t i o n s  of T e s t s  2 0 2  through 205. 

Procedure:  

1. S e t  t h e  t e s t  s e c t i o n  i n l e t  v a l v e  t o  1157 of t h e  t e s t  s e c t i o n  L p  

a t  a t e s t  s e c t i o n  i n l e t  f low of 8 . 7 7  l i t e r s ' s - 1  (139 gpn)  ( t h i s  

f low produces t h e  same p in  bundle sodium v e l o c i t y  a t  which the  

i n l e t  v a l v e  was s e t  i n  Bundle 6 A ) ,  i s o t h e m a l  cond iz ions  (39OoC 

o r  730'F). 

2. E s t a b l i s h  s t e a d y - s t a t e ,  i s o t h e m a l  c o n d i t i o n s  a t  39d"C (731)'F). 

3. Find t h e  maximum b y p a s s / t e s t  s e c t i o n  f l o w  s p l i t  p o s s i S l e  a t  s a c h  

o f  t h e  t es t  s e c t i o n  f l o w  c o n d i t i o n s  l i s t e d  below. 

4 .  Record d a t a .  

Te s t s e  c t i o n  
i n l e t  f low 

R U ~ I  [ l i t e r s - s - l  (gpm) I 

101 2 . 6 6  ( 4 2 . 0 )  
102 1.21 ( 1 Q . l )  

104 0 . 5 5  ( 8 . 7 )  

- 

103 0.73 (11.5)  
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Test 201 

Purpose: The EM pump c o n t r o l l e r  i s  set  t o  a c h i e v e  a s p e c i f i e d  low f low 

i n  o r d e r  t o  o b t a i n  s a t u r a t i o n  c o n d i t i o n s  i n  t h e  t e s t  s e c t i o n  i n  

Tests  204 and 205. P rev ious ly  t h e  pump c o n t r o l l e r  h a s  been s e t  

a t  i s o t h e r m a l  ( t e s t  s e c t i o n  i n l e t  t empera tu re )  c o n d i t i o n s .  For 

runs i n  which n a t u r a l  convec t ion  e f f e c t s  were r e s p o n s i b l e  f o r  

a s i g n i f i c a n t  f r a c t € o n  o f  t h e  t e s t  s e c t i o n  f low,  t h i s  method 

was no t  very a c c u r a t e .  Th i s  t e s t  w i l l  p rov ide  d a t a  which w i l l  

be  h e l p f u l  i n  de t e rmin ing  t h e  low-flow s e t t i n g  of  t h e  pump con- 

t r o l l e r  which w i l l  g i v e  a s p e c i f i e d  low f low,  w i t h  n a t u r a l  con- 

v e c t i o n  e f f e c t s  taken i n t o  account.  

Procedure: 

1. S e t  t h e  t e s t  s e c t i o n  i n l e t  v a l v e  t o  115% of t h e  t e s t  s e c t i o n  Ap 

a t  a t e s t  s e c t i o n  i n l e t  f low of  8.77 l i ters-s- '  (139 gpm) ( t h i s  

f low produces t h e  same p i n  bundle  sodium v e l o c i t y  a t  which t h e  

i n l e t  va lve  w a s  set  i n  Bundle 6A), i s o t h e r m a l  c o n d i t i o n s  (390°C 

o r  730'F). 

2. S e t  t h e  v a l v e  on t h e  bypass l i n e  t o  o b t a i n  t h e  b y p a s s l t e s t  sec- 

t i o n  flow s p l i t  determined i n  T e s t  200, Run 101, o r  l O : l ,  which- 

ever i s  lower.  

3. With a c o m m o n  tes t  s e c t i o n  i n l e t  t empera tu re  of 390'C ( 7 3 0 ° F ) ,  

o b t a i n  s t e a d y - s t a t e  c o n d i t i o n s  a t  each s e t  of powerlflow condi- 

t i o n s  l i s t e d  below. 

4. Record t h e  s e t t i n g  of t h e  pump c o n t r o l l e r  and t h e  r e s u l t i n g  test  

s e c t i o n  i n l e t  flow. 

T e s t  s e c t  i on  
i n l e t  f low 

Run [ l i t e r s ' s - l  (gprn) 1 

101 2.09 (33.2) 
102 1.52 (24 .1 )  
103 0.95 (15.0) 
104 0.69 (10.9) 
105 0.54 (8.6) 
106 0.38 (6.0) 

- 

Rundle power 

kW kW/pin 

72 1 11.8 
523 8.6 
326 5.3 
237 3.9 
187 3.1 
130 2.1 
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Test 202 

. 

* 

I 

Discuss ion:  The EM pump w i l l  be turned  o f f  a f t e r  s t e a d y - s t a t e  condi- 

t i o n s  are e s t a b l i s h e d  a t  a tes t  s e c t i o n  i n l e t  f low of 0.55 

and a p i n  power of 3.1 kW. This  test  i s  s i m i l a r  

t o  T e s t  55, Run 101, r u n  i n  Rundle 6A, i n  which sodium d i d  

no t  b o i l  i n  t h e  30  s b e f o r e  fo rced  f low was r e e s t a b l i s h e d .  

Ana lys i s  w i th  SABRE-2 i n d i c a t e s  t h a t  b o i l i n g  may n o t  occur  

h e r e ,  e i t h e r ,  b u t  t h a t  n a t u r a l  convec t ion  e f f e c t s  w i l l  in- 

crease t h e  tes t  s e c t i o n  f low as t h e  f i s s ion -gas  plenum h e a t s  

up, r each ing  a maximum tempera ture  ve ry  c l o s e  t o  s a t u r a t i o n  

c o n d i t i o n s .  

Procedure:  

1. S e t  test s e c t i o n  i n l e t  v a l v e  t o  115% of t h e  tes t  s e c t i o n  Ap a t  a 

t es t  s e c t i o n  i n l e t  f low of 8.77 l i t e rs -s - ’  (139 gpm) ( t h i s  f low 

produces t h e  same p i n  bundle  sodium v e l o c i t y  a t  which t h e  i n l e t  

va lve  w a s  se t  i n  Bundle 6A), i so the rma l  c o n d i t i o n s  (390°C o r  

730°F). 

S e t  v a l v e  on bypass l i n e  t o  o b t a i n  t h e  b y p a s s l t e s t  s e c t i o n  f low 

s p l i t  determined i n  T e s t  200, run  101, o r  l O : l ,  whichever i s  

lower. 

2. 

3. Obta in  s t e a d y - s t a t e  c o n d i t i o n s  of tes t  s e c t i o n  i n l e t  t empera ture ,  

o u t l e t  t empera ture ,  and t e s t  s e c t i o n  f low a t  t h e  fo l lowing  condi- 

t i o n s  f o r  a pe r iod  of a t  l ea s t  1 h: 

t e s t  s e c t i o n  i n l e t  t empera ture  390°C (730°F) 

tes t  s e c t i o n  i n l e t  f low 

t o t a l  bundle  power 189 kW 

0.55 liter’s-’ (8.7 gpm) 

4.  Record d a t a  i n  f a s t  s can  mode f o r  5 min, beginning 10 s b e f o r e  

c u t t i n g  power t o  t h e  EM pump. 

5. Cut power t o  EM pump. 

6. I f  d ryout  c o n d i t i o n s  do n o t  premature ly  t e r m i n a t e  t h e  t e s t ,  end 

tes t  by r e t u r n i n g  t o  i n i t i a l  f low c o n d i t i o n s  4.5 min a f t e r  cu t -  

t i n g  power t o  EM pump. 
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T e s t  203 

Discuss ion:  The EM pump w i  1 be turned  o f f  a f t e r  s t e a d y - s t a t e  condi- 

t i o n s  are  e s t a b l i s h e d  a t  a t es t  s e c t i o n  i n l e t  f low of 0.73 

l i t e r ' s - '  and a p i n  power of 4.1 kW. This  t e s t  i s  s imilar  

t o  Test 55A, Run 101, run  i n  bundle  6AY2 i n  which s a t u r a t i o n  

c o n d i t i o n s  were ob ta ined  -30 s a f t e r  t h e  pump run-down. 

Superhea t  c o n d i t i o n s  e x i s t e d  f o r  -15 s u n t i l  v i o l e n t  b o i l -  

ing  began, w i t h  no dryout  observed.  Analys is  w i th  SABRE-2 

i n d i c a t e s  t h a t  s a t u r a t i o n  c o n d i t i o n s  w i l l  be reached i n  Test  

203 -10 s a f t e r  power t o  t h e  EM pump i s  c u t .  

Procedure:  

1. 

2. 

3. 

4. 

5 .  

6. 

S e t  t es t  s e c t i o n  i n l e t  v a l v e  t o  115% of t h e  test  s e c t i o n  Ap a t  a 

tes t  s e c t i o n  i n l e t  f low of 8.77 liters's- '  (139 gpm) ( t h i s  f l ow 

produces t h e  same p i n  bundle  sodium v e l o c i t y  a t  which t h e  i n l e t  

va lve  was s e t  i n  Bundle 6A), i s o t h e r m a l  (390°C o r  730'F) condi- 

t ions .  

S e t  v a l v e  on bypass l i n e  t o  o b t a i n  t h e  b y p a s s / t e s t  s e c t i o n  f low 

s p l i t  determined i n  T e s t  200, Run 101, o r  l O : l ,  whichever i s  

lower. 

Obta in  s t e a d y - s t a t e  c o n d i t i o n s  of tes t  s e c t i o n  i n l e t  t empera tu re ,  

o u t l e t  t empera tu re ,  and tes t  s e c t i o n  f low a t  t h e  fo l lowing  condi- 

t i o n s  f o r  a pe r iod  of a t  l eas t  1 h:  

tes t  s e c t i o n  i n l e t  t empera ture  390°C (730OF) 

t e s t  s e c t i o n  i n l e t  f l ow 

t o t a l  bundle  power 250 kW 

0.73 1iter.s-l (11.5 gpm) 

Record d a t a  i n  f a s t  s c a n  mode f o r  4 min, beginning  10 s b e f o r e  

c u t t i n g  power t o  EM pump. 

Cut power t o  EM pump. 

I f  d ryou t  c o n d i t i o n s  do n o t  premature ly  t e r m i n a t e  t h e  t es t ,  end 

test by r e t u r n i n g  t o  i n i t i a l  f low c o n d i t i o n s  3.5 min a f t e r  c u t -  

t i n g  power t o  EM pump. 
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Test 204 

Discuss  i o n  : 

. Procedure:  

1.  

2. 

3. 

The EM pump c o n t r o l l e r  i s  set t o  ramp down t h e  i n i t i a l  tes t  

s e c t i o n  i n l e t  f low (F1)  a t  a rate of -0 .41  
gpm*s-l) t o  a low f low (F2) which i s  lower i n  subsequent  runs  

of t h i s  tes t .  The low f low i n  run 101 should  produce t e m -  

p e r a t u r e s  c l o s e  t o  bu t  no t  reaching  s a t u r a t i o n  c o n d i t i o n s ,  

while t h e  low f low i n  Run 102 should  produce s a t u r a t i o n  con- 

d i t i o n s  i n  t h e  bundle i n t e r i o r .  I f  d ryout  c o n d i t i o n s  are  n o t  

reached ( i t  i s  expected t h a t  they  w i l l  be) i n  p r i o r  r u n s ,  t h e  

r e s u l t s  of Run 107 may be compared d i r e c t l y  wi th  Test 7 1 H ,  

Run 101, run i n  Bundle 6 A . 2  

of COBRA 111-C i n d i c a t e s  t h a t  s a t u r a t i o n  c o n d i t i o n s  w i l l  be 

reached -5 s a f t e r  t h e  beginning of t h e  Run 107 f low t r a n -  

s i e n t  and t h a t  t h e  e n t i r e  bundle  c r o s s - s e c t i o n  i n t e r i o r  t o  

t h e  edge p ins  w i l l  be involved i n  b o i l i n g  s e v e r a l  seconds 

t h e r e a f t e r .  

( -6 .4  

Analys is  w i th  a modif ied v e r s i o n  

Se t  t h e  t e s t  s e c t i o n  i n l e t  v a l v e  t o  115% of t h e  test  s e c t i o n  Ap 

a t  a t es t  s e c t i o n  i n l e t  f low of 8.77 1iters.s-’ (139 gpm) ( t h i s  

f low produces t h e  same p i n  bundle  sodium v e l o c i t y  a t  which t h e  

i n l e t  v a l v e  was set i n  Bundle 6 A ) ,  i so the rma l  c o n d i t i o n s  (39OOC 

o r  730OF). 

S e t  t h e  v a l v e  on t h e  bypass l i n e  t o  o b t a i n  b y p a s s l t e s t  s e c t i o n  

f low s p l i t  determined i n  Test 200, Run 101, o r  l O : l ,  whichever i s  

lower. 

Obtain s t e a d y - s t a t e  c o n d i t i o n s  of  test s e c t i o n  i n l e t  t empera ture ,  

o u t l e t  t empera ture ,  and test s e c t i o n  f low a t  t h e  fo l lowing  condi- 

t i o n s  f o r  a pe r iod  of  a t  least  1 / 2  h. 

test s e c t i o n  i n l e t  t empera ture  

tes t  s e c t i o n  i n l e t  f low 1.21 liters’s-1 (19.1 gpm) 

t o t a l  bundle  power 415 kW 

390°C (730OF) 
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4. Record d a t a  i n  f a s t  s can  mode f o r  2.5 min, beginning  10 s b e f o r e  

t h e  programmed f low r e d u c t i o n  beg ins .  

Begin t h e  two-phase t r a n s i e n t  by s t a r t i n g  t h e  programmed f low re- 

d u c t i o n  t o  t h e  low f low (F2) g i v e n  below f o r  each run (pump 

s e t t i n g  determined i n  T e s t  201). 

I f  d ryou t  c o n d i t i o n s  do n o t  premature ly  t e r m i n a t e  t h e  tes t ,  end 

test by r e t u r n i n g  t o  i n i t i a l  f l ow c o n d i t i o n s  2 min a f t e r  t h e  be- 

g inning  of t h e  programmed f low reduc t ions .  

5. 

6. 

Run 

101 
102 
103 
104 
105 
106 
107 

- 
I n l e t  low f low (F2) 
[ I i t e r s * s - l  (gpm) 1 

0.95 (15.0) 
0.79 (12.6) 
0.69 (10.9) 
0.61 (9.6) 
0.54 (8.6) 
0.44 (7 .1 )  
0.38 (6.0)  

Average s t e a d y - s t a t e  
two-phase q u a l i t y  * a t  e x i t  

-0 .05 
-0.025 

0.0 
0.025 
0.05 
0.10 
0.15 

Useful  i n  p lanning  c o n d i t i o n s  s o  as t o  r u n  tests s y s t e m a t i c a l l y  * 
f u r t h e r  i n t o  t h e  b o i l i n g  regime. However, i t  should  be noted t h a t  b o i l i n g  
w i l l  no t  occur  under s t e a d y - s t a t e  c o n d i t i o n s ,  no r  i s  i t  w e l l  d e s c r i b e d  by 
bundle  average  parameters .  A s a t u r a t i o n  tempera ture  of 943°C (1730'F)  h a s  
been assumed. I f  t h e  a c t u a l  s a t u r a t i o n  tempera ture  i s  found t o  d i f f e r  by 
more than  20"C, t h e  low flows w i l l  be changed. 

. 
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T e s t  205 

Discu  ion :  As i n  Test 204 ,  t h e  EM pump c o n t r o l l e r  i s  set  t o  ramp down 

t h e  i n i t i a l  test s e c t i o n  i n l e t  f low (F1) a t  a ra te  of -0.41 

liter’s-’ (-6.4 gpm*s-l) t o  a low f low (F2) which i s  lower 

i n  subsequent  r u n s  of t h i s  test .  

should produce tempera tures  c l o s e  t o  bu t  n o t  reaching  s a t u r a -  

t i o n  c o n d i t i o n s ,  whi le  t h e  low f low i n  Run 102 should produce 

s a t u r a t i o n  c o n d i t i o n s  i n  t h e  bundle  i n t e r i o r .  I f  d ryout  con- 

d i t i o n s  are n o t  reached ( i t  i s  expected t h a t  t hey  w i l l  be)  i n  

p r i o r  runs ,  t h e  r e s u l t s  of Run 104 may b e  compared d i r e c t l y  

w i t h  Test 73E, Run 102A, run  i n  Bundle 6 A Y 2  i n  which dryout  

was observed 14 s a f t e r  b o i l i n g  i n i t i a t i o n .  Dryout should  be 

expected t o  occur  even sooner  i n  Run 104.  

- 

The low f low i n  Run 101 

Procedure:  

1.  

2. 

3.  

4. 

S e t  t h e  tes t  s e c t i o n  i n l e t  v a l v e  t o  115% of t h e  tes t  s e c t i o n  Ap 

a t  a test  s e c t i o n  i n l e t  fLow of  8.77 liters’s-’ (139 gpm) ( t h i s  

f low produces t h e  same p i n  bundle  sodium v e l o c i t y  a t  which t h e  

i n l e t  v a l v e  was set  i n  Rundle 6 A ) ,  i so the rma l  c o n d i t i o n s  (390°C 

o r  730°F). 

S e t  t h e  v a l v e  on t h e  bypass  l i n e  t o  o b t a i n  b y p a s s l t e s t  s e c t i o n  

f low s p l i t  determined i n  Test  200, Run 101, o r  l O : l ,  whichever i s  
lower . 
Obtain s t e a d y - s t a t e  c o n d i t i o n s  of  t e s t  s e c t i o n  i n l e t  t empera ture ,  

o u t l e t  t empera ture ,  and t e s t  s e c t i o n  f low a t  t h e  fo l lowing  condi- 

t i o n s  f o r  a per iod  of  a t  l eas t  112 h. 

t es t  s e c t i o n  i n l e t  t empera ture  390°C (730°F) 

tes t  s e c t i o n  i n l e t  f low 

t o t a l  bundle power 915 kW 

2.66 liters’s-’ (42.0 gpm) 

Record d a t a  f o r  1.5 min, beginning  10 s b e f o r e  t h e  programmed 

f low r e d u c t i o n  begins .  



1-32 

5. Begin t h e  two-phase t r a n s i e n t  by s t a r t i n g  t h e  programmed f low re- 

d u c t i o n  t o  t h e  low f low ( F 2 )  g iven  below f o r  each  run (pump 

s e t t i n g  determined i n  Test  201). 

I f  d ryou t  c o n d i t i o n s  do n o t  premature ly  t e r m i n a t e  t h e  t e s t ,  end 

t e s t  by r e t u r n i n g  t o  i n i t i a l  f low c o n d i t i o n s  1 min a f t e r  t h e  be- 

g i n n i n g  of  t h e  programmed f low reduc t ion .  

6. 

Average s t e a d y - s t a t e  
two-phase q u a l i t y  I n l e t  low f low (F2)  

Run [ l i t e r s ' s - '  (gpm)] a t  e x i t *  

101 2.09 (33.2) -0 .050  
102 1.76 (27.9) -0 .025  
103 1.52 (24.1) 0.0 
104 1.34 (21.2)  0.025 
105 1.19 (18.9) 0.050 

- -  - - 

* Useful  i n  p lanning  c o n d i t i o n s  s o  as t o  r u n  tests s y s t e m a t i c a l l y  
f u r t h e r  i n t o  t h e  b o i l i n g  regime. However, i t  should  be noted  t h a t  b o i l i n g  
w i l l  n o t  occur  under s t e a d y - s t a t e  c o n d i t i o n s ,  nor  i s  i t  w e l l  d e s c r i b e d  by 
bundle  average  parameters .  A s a t u r a t i o n  t empera tu re  of 943°C (1730°F) i s  
assumed. I f  t h e  a c t u a l  s a t u r a t i o n  t empera tu re  i s  found t o  d i f f e r  by more 
t h a n  20"C, t h e  low flows w i l l  be changed. 

t 



1-33 

1.1.2 De tec t ion  of dryout  i n  Bundle 9 Phase 2 tests 
(A. E. Levin) 

During t h e  f a b r i c a t i o n ,  assembly,  and Phase 1 tes ts  on THORS Bundle 

9 ,  a s i g n i f i c a n t  number of h e a t e r - i n t e r n a l  thermocouples were l o s t .  These 

thermocouples are impor tan t  because they  i n d i c a t e  most c l e a r l y  t h e  condi- 

t i o n s  on t h e  FPS s u r f a c e .  The Bundle 9 Phase 2 Test P lan  i n c l u d e s  a num- 

b e r  of t e s t s  i n  which t h e  bundle i s  t o  be run t o  dryout .  However, wi thout  

h e a t e r - i n t e r n a l  thermometry, i t  may be d i f f i c u l t  t o  d e t e c t  d ryout  i n  t i m e  

t o  prevent  bundle f a i l u r e .  The re fo re ,  a s tudy  was under taken  us ing  d a t a  

from Bundle 6A tests t o  de te rmine  whether any o t h e r  i n s t r u m e n t a t i o n  s t i l l  

a v a i l a b l e  on Bundle 9 might be h e l p f u l  i n  d e t e c t i n g  dryout .  

The c o n f i g u r a t i o n  of an  LMFBR bundle ,  w i th  a long ,  unheated f i s s i o n -  

g a s  plenum r e g i o n  above t h e  c o r e ,  h e l p s  t o  provide  t h e  means by which dry- 

o u t  may be d e t e c t e d  i n d i r e c t l y .  Boi l ing  i s  i n i t i a t e d  i n  THORS by reducing  

t h e  i n l e t  f low a t  c o n s t a n t  power. The coo lan t  above t h e  hea ted  s e c t i o n  

of t h e  bundle ,  i n  t h e  SFGP, thus  remains subcooled a t  b o i l i n g  incep t ion .  

I n  t u r n ,  a s u b s t a n t i a l  h e a t  s i n k  occur s  and promotes condensa t ion ,  which, 

a long  wi th  t h e  pumping a c t i o n  of f low o s c i l l a t i o n s ,  shown i n  Fig.  1.8, 

causes  t h e  c o o l a n t  t o  h e a t  up g r a d u a l l y .  A t  some p o i n t ,  t h e  f l u i d  i n  t h e  

SFGP becomes s a t u r a t e d .  When t h i s  occur s ,  condensa t ion  can no longe r  t a k e  

place, and t h e  voided r eg ion  caused by b o i l i n g  i n  t h e  hea ted  s e c t i o n  grows 

long enough t o  a l low t h e  FPSs t o  d r y  out .  The SFGP i s  h e a v i l y  i n s t r u -  

mented w i t h  wire-wrap thermocouples i n  Bundle 9 ,  as  i t  w a s  i n  Bundle 6A. 

De tec t ion  of t h i s  s a t u r a t i o n  f r o n t  i n  t h e  SFGP by t h e s e  wire-wrap thermo- 

coup les  p rov ides  an i n d i r e c t  means of de te rmining  when dryout  i s  about  t o  

occur .  

Seve ra l  traces of thermocouples from Bundle 6A b o i l i n g  tests are 

shown i n  F igs .  1.9 through 1.12. The f o u r  tes ts ,  a l l  d e s c r i b e d  as e i t h e r  

dryout  o r  v i o l e n t  b o i l i n g  r u n s ,  are T e s t  71F, Run 101; Test 7 1 G ,  Run 101; 

T e s t  7 1 H ,  Run 101; and T e s t  72B,  Run 101. Details of t h e s e  tests can  be 

found i n  Ref. 2. I n  a l l  of t h e  tests,  t h e  SFGP wire-wrap  thermocouples 

e x h i b i t e d  s t e e p  tempera ture  ramps p r i o r  t o  t h e  onse t  of dryout .  

t empera ture  o s c i l l a t i o n s  of t h e  h e a t e r - i n t e r n a l  thermocouples i n d i c a t e  

dryout .  

t h e  axial  p o s i t i o n  of t h e  wire-wrap thermocouples:  

The r a p i d  

The t iming  of t h e s e  ramps i n  t h e  SFGP r e g i o n  i s  dependent on 

t h e  thermocouple a t  
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Fig .  1.11. H e a t e r - i n t e r n a l ,  h e a t e r  wire-wrap, and SFGP wire-wrap 
thermocouple t empera tu res  d u r i n g  T e s t  71H,  Run 101, THORS Bundle 6A. 
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I 

s t a t i o n  4 5 ,  1.143 m ( 4 5  in . )  above the bottom of t h e  hea ted  s e c t i o n  in-  

creases f i r s t ,  followed by t h e  thermocouple a t  s t a t i o n  4 9  (1 .245  m); t h e  

thermocouple a t  s t a t i o n  57 (1 .448  m) i s  t h e  l a s t  t o  e x h i b i t  such behav io r  

and does so s h o r t l y  b e f o r e  d e t e c t i o n  o f  i n c i p i e n t  d ryou t  i n  t h e  hea ted  

p o r t i o n  of t h e  bundle. 

Based on t h e s e  d a t a ,  t h e  fo l lowing  recommendations have been made. 

1. strip chart recorders should be used t o  monitor several wire-wrap 
thermocouples near the inner ring of PPSs in the SFGP, a t  axial 
l eve ls  ranging from -1.143 t o  1.448 m ( 4 5  t o  57  in.). 

f a c i l i t a t e  real-time processing of thermocouple outputs. 
When behavior similar t o  tha t  noted i n  Bundle 6A boiling t e s t s  i s  
seen on these SFGP thermocouples, the operator should wait several 
seconds t o  see if the remaining heate+internal thermocouples will  
detect  dryout. 
#hen a specif ied high temperature l i m i t  i s  exceeded. 
period i s  dependent on the power of the bundle during the t e s t  - the 
higher the power, the shorter the waiting time. 
rf the bundle pozller i s  not cut h.q the D A S  within t h i s  waiting period, 
the t e s t  should he terminated manually. 

This will  

2.  

The data acquisit ion system w i l l  shut off FPS power 
The waiting 

3. 

This  procedure w i l l  be implemented du r ing  Rundle 9 Phase 2 t e s t i n g  

wi th  t h e  a i d  of t h e  I & C  Divis ion.  It should p rov ide  a means by which t o  

perform b o i l i n g  and d ryou t  tests wi thou t  causing t h e  bundle  t o  f a i l  pre-  

ma tu re ly  because o f  e x c e s s i v e l y  h igh  FPS t empera tu res  fo l lowing  d ryou t .  

1.1.3 SAS3D p r e d i c t i o n  of Bundle 9 i n t r a subassembly  b o i l i n g  
incoherence (K. Haga and G. A. K le in )  

Analysis .  A p r e l i m i n a r y  a n a l y s i s  of t h e  temperature-flow d i s t r i -  

b u t i o n  i n  Bundle 9 was made us ing  t h e  SAS3D code. The purpose of t h i s  

s t u d y  w a s  t o  i n v e s t i g a t e  t h e  importance of r a d i a l  incoherence of b o i l i n g  

w i t h i n  a subassembly i n  o r d e r  t o  determine whether t h e  expe r imen ta l  b o i l -  

i n g  r e s u l t s  are i n c o n s i s t e n t  wi th  s i n g l e - p i n  b o i l i n g  c a l c u l a t i o n s  u s i n g  

a mult inode,  r a d i a l  conduct ion model t o  p r e d i c t  t h e  temperature  d i s t r i b u -  

t i o n  through t h e  housing s t r u c t u r e  which has become degraded by sodium 

soaking of t h e  i n s u l a t i o n .  
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A SAS channel  c o n t a i n s  a f u e l  p i n  and i t s  a s s o c i a t e d  c o o l a n t  and 

s t r u c t u r e .  This channel  normal ly  r e p r e s e n t s  a n  ave rage  p i n  i n  a subas- 

sembly o r  group of subassembl ies ;  t h u s ,  r a d i a l  coherence of  impor t an t  

behavior  w i t h i n  a subassembly i s  sugges ted .  I d e a l l y ,  a mul t ip l e -p in ,  

mu l t ip l e -coo lan t  subchannel  model should  p rov ide  f o r  h e a t ,  c o o l a n t  mass, 

and moinentum t r a n s f e r  between SAS channe l s  a t  a l l  a x i a l  l o c a t i o n s ,  bu t  

t hese  cannot  a l l  be provided f o r  by t h e  SAS3D code. However, F. E. Dunn 

of ANL developed an  i n t e r m e d i a t e  SAS3D model t o  d e s c r i b e  in t r a subassembly  

b o i l i n g  incoherence  which i n c l u d e s  many o f  t h e  most impor t an t  channel-to- 

channel  coupl ing   effect^.^ The e x i s t i n g  SAS code can  b e  used by employing 

a v e r y  s imple  m u l t i p i n  model t h a t  n e g l e c t s  a l l  r a d i a l  communication w i t h i n  

a subassembly and u s e s  i s o l a t e d ,  uncoupled SAS channe l s  t o  r e p r e s e n t  v a r i -  

ous p a r t s  of t h e  subassembly. The a p p l i c a b i l i t y  of  t h i s  t ype  of model t o  

r e p r e s e n t  t h e  tempera ture  f low d i s t r i b u t i o n  i n  two s e p a r a t e  r a d i a l  r e g i o n s  

of t h e  p i n  bundle  w a s  examined f o r  Rundle 9. I d e a l l y ,  t h i s  model can be  

r e p r e s e n t e d  by c o n c e n t r i c  r i n g s  of c o o l a n t  subchannels  and f u e l  p i n s ,  

s t a r t i n g  wi th  channel  1 on t h e  o u t s i d e  and working inward,  as shown i n  

Fig.  1.13. Because t h e  SAS i n l e t  plenum t r e a t m e n t  a l lows  cross - f low be- 

tween channe l s ,  t h i s  model a l lows  l i q u i d  cross-f low a t  t h e  bottom of t h e  

p i n s  but  n o t  i n  t h e  p i n  s e c t i o n  i t s e l f .  Also,  i n  t h e  SAS b o i l i n g  model, 

vapor  f low i s  e q u i v a l e n t  t o  h e a t  f low i n  a voided r e g i o n ,  and channel- 

to-channel h e a t  f low between voided channe l s  i s  e q u i v a l e n t  t o  channel-to- 

channel  vapor  flow. The s t r u c t u r e  in channel  1 r e p r e s e n t s  t h e  subassembly 

duc t  w a l l ,  w i th  a small a d d i t i o n  f o r  spacer wires. I n  t h e  c e n t r a l  chan- 

n e l  o r  channe l s ,  t h e  s t r u c t u r e  r e p r e s e n t s  o n l y  t h e  space r  wires. I n  chan- 

n e l  1 ,  h e a t  added t o  t h e  c l a d  w i l l  make i t s  way t o  t h e  c o o l a n t  more rap- 

i d l y  than  h e a t  added t o  t h e  s t r u c t u r e ,  because t h e  channel  1 s t r u c t u r e  

r e p r e s e n t s  a t h i c k  d u c t  w a l l .  I n  t h e  c e n t r a l  channe l s ,  t h e  s t r u c t u r e  is  

t h i n ,  and any h e a t  added t o  t h e  s t r u c t u r e  w i l l  q u i c k l y  make i t s  way t o  

t h e  coo lan t .  

A s  a f i r s t  approximat ion  t o  de te rmine  t h e  v a l i d i t y  o f  t h i s  t ype  of 

model f o r  r e p r e s e n t i n g  Rundle 9 ,  t h e  c e n t r a l  channel  s t r u c t u r e  was assumed 

t o  have a t h i c k n e s s  of 1 x c m ,  which e s s e n t i a l l y  approximates  a n  

a d i a b a t i c  c o n d i t i o n  f o r  t h e  s t r u c t u r e  o r  no h e a t  f low between t h e  two ad- 

j a c e n t  r a d i a l  channels .  That i s ,  t h e  SAS channel  r e p r e s e n t i n g  t h e  c e n t r a l  

. 
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channel  r e g i o n  w a s  modeled t o  behave as i f  i t  were n o t  i n f luenced  by t h e  

r a d i a l  t empera ture  d i s t r i b u t i o n  p r e s e n t  a long  t h e  bundle  o u t e r  channels .  

Th i s  assumption w i l l  be examined f u r t h e r .  

I n  a d d i t i o n ,  a d e t a i l e d  r e p r e s e n t a t i o n  f o r  t h e  i n e r t i a l  response  of 

t h e  s t r u c t u r e  was inc luded  i n  t h e  SAS r e p r e s e n t a t i o n  f o r  channel  1. This  

was accomplished by coupl ing  t h e  SAS3D model of  an  e q u i v a l e n t  f u e l  p i n  and 

i t s  a s s o c i a t e d  c o o l a n t  ( r e p r e s e n t i n g  t h e  c o n c e n t r i c  r i n g  of o u t e r  c o o l a n t  

subchannels  and f u e l  p i n s )  t o  t h e  mult inode r a d i a l  conduct ion  model de- 

veloped by J. F. Dearing t o  d e s c r i b e  t h e  s t r u c t u r e ' s  i n e r t i a l  response  t o  

l o c a l  c o o l a n t  tempera ture  changes w i t h i n  t h e  channel  a t  each  a x i a l  loca-  

t i o n .  8 

Very c rude  "scoping" c a l c u l a t i o n s  were made wi th  t h e  b a s i c  s i n g l e -  

channel  SAS f u e l  p i n  model t o  de te rmine  i f  t h e  type  of mul t i channe l  ap- 

proximation mentioned above can  prove v a l i d  as a f i r s t - a p p r o a c h  r ep re -  

s e n t a t i o n  f o r  Bundle 9. The e f f e c t i v e n e s s  of a two-channel model was 

determined by comparing t h e  program's s ing le-channel  p r e d i c t i o n s  w i t h  t h e  

Bundle 9 Phase 1 Test 2 ,  Run 8 exper imenta l  d a t a  a s s o c i a t e d  w i t h  t h e  two 

r e g i o n s  mentioned above. For t h i s  t e s t ,  t h e  bundle  i n l e t  f low w a s  main- 

t a i n e d  c o n s t a n t  a t  0.41 m/s whi le  t h e  h e a t e r  p in  power w a s  c u t  from a n  

i n i t i a l  p in  power of 1.0 kW/pin t o  a zero  power c o n d i t i o n .  

R e s u l t s .  The measured tempera ture  changes f o r  two r e g i o n s  of t h e  

bundle  were compared wi th  t h e  SAS3A code p r e d i c t i o n s  f o r  a n  e q u i v a l e n t  

r e p r e s e n t a t i o n  of a t y p i c a l  Bundle 9 c o o l a n t  channe l ,  and a p r e l i m i n a r y  

assessment  w a s  made of t h e  i n f l u e n c e  of t h e  s t r u c t u r e ' s  thermal  i n e r t i a  

on t h e  c o o l a n t  response of each  reg ion .  A s  a f i r s t  approach,  t h e  s t r u c -  
t u r e  f o r  a SAS channel  t h a t  would normally r e s i d e  w i t h i n  r e g i o n  2 can  be  

r e p r e s e n t e d  by t h e  wrapper wire's i n e r t i a l  response  p lus  a n  a r b i t r a r i l y  

small a d d i t i o n  t o  t h i s  s t r u c t u r e  t o  r e p r e s e n t  t h a t  p o r t i o n  of  t h e  hous- 

i n g ' s  i n e r t i a l  response  which would u l t i m a t e l y  i n f l u e n c e  t h e  f low o f  h e a t  

t r a n s p o r t e d  from t h i s  c e n t r a l  r e g i o n  by t h e  c o o l a n t  from t h e  r e g i o n  bor- 

d e r i n g  t h e  d u c t  w a l l .  

f low w i l l  u l t i m a t e l y  have t o  be inc luded  as  d e p i c t e d  i n  t h e  m u l t i r e g i o n  

model of Dunn. 

The i n f l u e n c e  of t h i s  a d d i t i o n a l  nega t ive  h e a t  

The c o o l a n t  f low area f o r  t h e  c o o l a n t  channel  a s s o c i a t e d  wi th  an 

e q u i v a l e n t  channel  f u e l  p i n  would roughly r e p r e s e n t  1/61 of t h e  t o t a l  
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f low area f o r  Bundle 9. Likewise,  t h e  degraded s t r u c t u r e  a s s o c i a t e d  wi th  

t h i s  f u e l  p i n  should  r e p r e s e n t  1 /61  of  t h e  t o t a l  s t r u c t u r e  f o r  Bundle 9. 

For  t h e  r easons  o u t l i n e d ,  t h e  f r a c t i o n  of t h i s  s t r u c t u r e ' s  i n e r t i a l  re- 

sponse f o r  e q u i v a l e n t  SAS channe l s  assumed t o  r e s i d e  w i t h i n  t h e  c e n t r a l  

and t h e  o u t e r  channel  r e g i o n s  of t h e  bundle  w i l l  be  v a r i e d  t o  de te rmine  

i t s  i n f l u e n c e  on t h e  p r e d i c t e d  tempera ture  d i s t r i b u t i o n  a s s o c i a t e d  wi th  

a n  e q u i v a l e n t  f low channel  l o c a t e d  w i t h i n  t h e  c e n t r a l ,  r a t h e r  t han  o u t e r ,  

r eg ion  of t h e  bundle .  

Coolant  tempera tures  f o r  Bundle 9 T e s t  2 ,  Run 8 were measured by 

wire-wrap thermocouples l o c a t e d  i n  t h e  t h i r d - r i n g  subchannels  and d u c t  

wal l  as shown i n  Fig.  1.14. F igure  1.14(a and b) shows t h e  exper imenta l  

d a t a  and c a l c u l a t i o n a l  r e s u l t s  ob ta ined  from t h e  SAS3A code f o r  bo th  

s t e a d y - s t a t e  c o n d i t i o n s  and c o n d i t i o n s  corresponding t o  20 s a f t e r  re- 

d u c t i o n  of t h e  p i n  power t o  0 kW/pin, 

As shown i n  Fig.  l . l 4 ( a ) ,  t h e  r e s u l t s  of t h i s  s tudy  v e r i f y  t h e  hy- 

p o t h e s i s  t h a t  t h e  temperature-f low behavior  of t h e  c e n t r a l  c o o l a n t  chan- 

n e l  i s  e s s e n t i a l l y  independent  of any i n f l u e n c e  of t h e  i n e r t i a l  response  

of t h e  d u c t  w a l l .  I n  Fig.  1 .14(b) ,  t h e  p r e d i c t e d  d u c t  w a l l  t empera ture  

r e s u l t s  from t h e  i d e n t i c a l  SAS s ingle-channel  f u e l  p i n  model mentioned 

p rev ious ly  were compared wi th  t h e  measured Bundle 9 T e s t  2 ,  Run 8 d u c t  

w a l l  t empera tures .  Again, t h e  f r a c t i o n  of t h e  housing w a l l  s t r u c t u r e ' s  

i n e r t i a l  response  w a s  v a r i e d  t o  de te rmine  i t s  i n f l u e n c e  on t h e  p r e d i c t e d  

d u c t  w a l l  t empera ture  d i s t r i b u t i o n .  A t  20 s beyond t h e  s t a r t  of t h e  

t r a n s i e n t ,  t h e  p r e d i c t e d  r e s u l t s  appear  t o  a g r e e  b e s t  w i th  t h e  measured 

d a t a  i f  one assumes t h e  sodium had soaked -50% of the housing w a l l  in- 

s u l a t i o n ' s  a v a i l a b l e  pores .  

Conclusions.  A two-pin, two-region c o o l a n t  subchannel  model similar 

t o  t h e  one proposed by Dunn a p p a r e n t l y  can  be used t o  d e s c r i b e  t h e  i n t r a -  

subassembly b o i l i n g  incoherence  t h a t  would be p r e s e n t  i n  t h e  two-phase 

tests t o  be  conducted i n  THORS Bundle 9. P re l imina ry  scoping c a l c u l a t i o n s  

have i n d i c a t e d  t h a t  t h e  temperature-f low behavior  of t h e  c e n t r a l  c o o l a n t  

channel  i s  e s s e n t i a l l y  independent  of t h e  i n f l u e n c e  of t h e  duc t  w a l l  i n e r -  

t i a l  response.  On t h e  o t h e r  hand, w i t h i n  t h e  o u t e r  r e g i o n  of t h e  bundle ,  

t h e  p r e d i c t e d  d u c t  w a l l  t empera ture  r e s u l t s  a g r e e  b e s t  w i t h  t h e  measured 
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Fig. 1.14. Comparison between expe r imen ta l  d a t a  and c a l c u l a t i o n s  
u s i n g  SAS3D for ( a )  a x i a l  f l u i d  and ( b )  duc t -wal l  t empera ture  d i s t r i b u -  
t i o n s  i n  Bundle 9 dur ing  Phase 1 T e s t  2 ,  Run 8. 
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data i f  one assumes t h a t  t h e  sodium had soaked -50% of t h e  housing w a l l  

i n s u l a t i o n ' s  a v a i l a b l e  pores.  

Fu tu re  c a l c u l a t i o n s  w i l l  i n c l u d e  coupl ing  t h e s e  two i s o l a t e d  chan- 

n e l s  th rough t h e  SAS i n l e t  plenum, wh i l e  s t i l l  assuming no h e a t  and f l u i d  

c ross - f low between channel one and channel two. These c a l c u l a t i o n s  w i l l  

be followed by i n c o r p o r a t i o n  of a model similar t o  Dunn's t o  i n c l u d e  

channel-to-channel h e a t  f low between t h e  two voided r eg ions .  

1.1.4 P r e t e s t  a n a l y s i s  f o r  Bundle 9 Phase 2 ,  P a r t  A t e s t i n g  
(J. F. Dear ing)  

Modi f i ca t ions  t o  SABRE-2 ( v e r s i o n  da ted  June  1 ,  1978) f o r  modeling 

THORS Bundle 9 T r a n s i e n t  Tests. The fo l lowing  changes have been made t o  

t h e  SABRE-2 (Ref. 6 )  coding t o  a l l o w  a c c u r a t e  r e p r e s e n t a t i o n  of THORS 

Bundle 9 t r a n s i e n t  t e s t i n g :  

1. A KpV2-type r e p r e s e n t a t i o n  of f r i c t i o n a l  l o s s  i n  t h e  t es t  s e c t i o n  

i n l e t  v a l v e  has  been inc luded  i n  t h e  f i r s t  a x i a l  node [V i s  t h e  i n -  

l e t  subchannel sodium a x i a l  v e l o c i t y  and a v a l u e  of K = 12 s i m u l a t e s  

t h e  v a l v e  s e t t i n g  d e s c r i b e d  i n  t h e  Phase 2 ,  P a r t  A Test P lan  (Sec t .  

1.1.1)]. I n c l u s i o n  of t h i s  term i s  n e c e s s a r y  t o  g i v e  proper  system 

re sponse  f o r  n a t u r a l  convec t ion  t r a n s i e n t s  w i t h  c o n s t a n t  co ld- leg  

s t a t i c -head  pressure-drop  boundary c o n d i t i o n s .  

2. Subrou t ine  B9SRC (Bundle - -- 9 S t r u c t u r a l  - R a d i a l  - Conduction) has  been 

coupled t o  SABRE-2 t o  r e p r e s e n t  t r a n s i e n t  h e a t  t r a n s f e r  from t h e  edge 

subchannels  t o  t h e  duc t  w a l l  and sur rounding  s t r u c t u r e .  A volume- 

averaged t empera tu re  of t h e  edge subchannels  is  used as a boundary 

c o n d i t i o n  f o r  t h e  one-dimensional ( r a d i a l )  i m p l i c i t  f i n i t e - d i f f e r e n c e  

r e p r e s e n t a t i o n  of conduct ion  h e a t  t r a n s f e r  i n  t h e  s t r u c t u r e .  The 

B9SRC r o u t i n e  u s e s  t h e  t r i d i a g o n a l  form of Gauss e l imina t ion -back-  

s u b s t i t u t i o n  t o  s o l v e  f o r  new s t r u c t u r a l  t empera tu res  and t h e n  cal- 

c u l a t e s  t h e  l i n e a r  h e a t  t r a n s f e r  (W/m) from t h e  s t r u c t u r e  t o  t h e  edge 

subchannels ,  which r e c e i v e  equa l  vo lumet r i c  power d e n s i t y .  

The t o t a l  subchannel h e a t  s o u r c e  term SI (W/m3) is  formed as t h e  sum 

of t h e  h e a t  s o u r c e  from t h e  i n t e r n a l  s t r u c t u r e  ( s t i l l  c a l c u l a t e d  by 

3 .  
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t h e  o r i g i n a l  two-parameter model) and t h e  h e a t  sou rce  from t h e  ex- 

t e r n a l  s t r u c t u r e  (provided  by B9SRC f o r  edge subchannels ,  z e r o  else- 

where). The e x p r e s s i o n  f o r  a X / a t  (Eq. 4.3.1, Ref. 6)  i s  no longe r  

v a l i d  - a X / a t  i s  now c a l c u l a t e d  as a f i n i t e  d i f f e r e n c e .  

4. Transverse  thermal  conduct ion  through t h e  boron n i t r i d e  FPSs i s  mod- 

e l e d  u s i n g  t h e  r e s u l t s  of t h e  a n a l y s i s  p re sen ted  i n  Ref. 9. S p e c i f i -  

c a l l y ,  t h e  laminar  component of r (Eq. 7.10, Ref. 10) i s  m u l t i p l i e d  by 

a n  a p p r o p r i a t e  "shape conduct ion  f a c t o r "  (2 .3  f o r  t h e  hea ted  s e c t i o n ,  

1.5 i n  t h e  SFGP). This  c o r r e c t i o n  i s  impor t an t  f o r  t h e  low-flow tests 

ana lyzed  h e r e ,  because thermal  conduct ion  dominates  t r a n s v e r s e  ( r a -  

d i a l )  h e a t  t r a n s f e r  . 
Comparison of SABRE-2 r e s u l t s  w i th  Bundle 9 Phase 1 da ta .  The one- 

t w e l f t h - s e c t i o n  model of Bundle 9 used i n  t h e  SABRE-2 a n a l y s i s  i s  shown 

i n  Fig. 1.15. The SABRE-2 code c a l c u l a t e s  t h e  t r a n s i e n t  th ree-d imens iona l  

p i n  bundle  thermal  h y d r a u l i c s ,  wh i l e  s u b r o u t i n e  B9SRC c a l c u l a t e s  r a d i a l  

conduct ion  h e a t  t r a n s f e r  i n  t h e  s t r u c t u r e  sur rounding  t h e  p i n  bundle  ( r a -  

d i a l  nodes F 1 6 ) .  Node 9 r e p r e s e n t s  t h e  3.03111-thick s t a i n l e s s  s t ee l  d u c t  

ORNL-DWG 80-4914 ETD 

Fig. 1.15. One-twelf th-sect ion model of  THORS Bundle 9 showing 
r a d i a l  n o d a l i z a t i o n  used f o r  r a d i a l  t empera ture  p r o f i l e s .  
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, 

w a l l ;  nodes 10, 11, 12,  t h e  thermal  i n s u l a t i o n  ( p o s s i b l y  sodium-soaked); 

node 13, t h e  s t a i n l e s s  s t e e l  containment;  nodes 14 and 15,  t h e  sodium- 

f i l l e d  annulus ;  and node 16,  t h e  H a s t e l l o y  o u t e r  housing.  

The e f f e c t s  of w i r e  wraps are modeled by making average  c o r r e c t i o n s  

t o  subchannel  areas and wet ted  pe r ime te r s  and by us ing  a v a l u e  of 10 ( a s  

exp la ined  subsequen t ly )  f o r  t h e  SABRE t u r b u l e n t  mixing m u l t i p l i e r  "FMIX." 

De fau l t  v a l u e s  of a l l  o t h e r  c o r r e l a t i o n  parameters  are used. 

F igu re  1.16 i s  a c r o s s  s e c t i o n  of  t h e  hea ted  s e c t i o n  of Bundle 9 show- 

ing  t h e  l o c a t i o n  of two d i a m e t r a l  t r a v e r s e s  a long  which d a t a  are p l o t t e d .  

THORS wire-wrap thermocouple d a t a  and SABRE-2 r e s u l t s  are p l o t t e d  i n  Fig.  

1.17 a long  t h e s e  t r a v e r s e s  a t  t h r e e  a x i a l  l o c a t i o n s ,  f o r  t h e  s t e a d y - s t a t e  

p o r t i o n  of Test 2, Run 8 ( p i n  power = 1.0 kW, i n l e t  v e l o c i t y  = 0.41 m s - l ,  

i n l e t  t empera ture  = 390°C).5 

bundle  c e n t e r ,  o f  cour se ,  because a one- twel f th  s e c t i o n  w a s  used. The ex- 

c e l l e n t  comparison between code and d a t a  a t  t h e s e  low f low c o n d i t i o n s  (-5% 

nominal) w a s  made p o s s i b l e  by inc lud ing  t h e  t r a n s v e r s e  thermal  conduct ion  

shape f a c t o r s  d i s c u s s e d  i n  t h e  p rev ious  s e c t i o n .  

The SABRE r e s u l t s  are symmetric about  t h e  

F igure  1.18 i s  s imilar  t o  Fig.  1.17 except  f o r  t h e  nominal f low con- 

d i t i o n s  of Test 12 Run 101 ( p i n  power = 20 kW, i n l e t  v e l o c i t y  = 7.6 m s - l ,  

i n l e t  t empera ture  = 361°C).5 

i n g  parameter  FMIX was determined by comparison of code r e s u l t s  and wire- 

wrap thermocouple d a t a  f o r  t h i s  run. The r a d i a l  and a x i a l  t empera ture  

p r o f i l e s  c a l c u l a t e d  by SABRE-2 a re  r e l a t i v e l y  i n s e n s i t i v e  t o  l a r g e  v a r i a -  

t i o n s  i n  FMIX, p robably  because t h e  coded c o r r e l a t i o n  f o r  t u r b u l e n t  t h e r -  

A v a l u e  of 10 f o r  t h e  t u r b u l e n t  thermal  mix- 

m a l  mixing g i v e s  r e s u l t s  which are  much t o o  small f o r  a wire-wrapped p i n  

bundle.  The v a l u e  of FMIX used h e r e  is a " b e s t  estimate," which could  be 

decreased  o r  i nc reased  by a f a c t o r  of 5 wi thou t  s i g n i f i c a n t  d e t e r i o r a t i o n  

of  t h e  comparison shown i n  Fig. 1.18. 

Af t e r  s t e a d y - s t a t e  c o n d i t i o n s  were e s t a b l i s h e d  i n  T e s t  2 ,  Run 8, t h e  

power t o  t h e  FPSs was c u t  and d a t a  were t aken  f o r  -70 s. Test 2 was de- 

s igned  t o  i n d i c a t e  t h e  presence  of sodium i n  t h e  thermal  i n s u l a t i o n  back- 

ing  t h e  duc t  w a l l  by r eco rd ing  t h e  change i n  response  of p i n  bundle  t h e r -  

mocouple i n s t r u m e n t a t i o n  du r ing  a power-cut t r a n s i e n t .  This  change was 

f i r s t  noted i n  Run 8. I n  t h e  SABRE-2 model t h e  power w a s  ramped t o  ze ro  
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Fig. 1.16. Cross  s e c t i o n  of THORS Bundle 9 showing l o c a t i o n s  of 
d i a m e t r a l  t r a v e r s e s  [ in s t rumen t  s t a t i o n s  are i d e n t i f i e d  by i n t e g e r s  de- 
n o t i n g  d i s t a n c e  from beginning  of h e a t e d  s e c t i o n  i n  mm ( i n . ) ] .  

. 
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Fig. 1.17. Comparison of wire-wrap thermocouple d a t a  and SABRE-2 re- 
s u l t s  a t  t h r e e  d i a m e t r a l  t r a v e r s e s  f o r  T e s t  2 ,  Run 8 ( p i n  power = 1.0 kW, 
t e s t  s e c t i o n  i n l e t  v e l o c i t y  = 0.41 m * s - l ,  tes t  s e c t i o n  i n l e t  tempera- 
t u r e  = 39OoC), THORS Bundle 9 Phase 1 T e s t  Plan.  

i n  t h e  f i r s t  second,  and a c o n s t a n t  pressure-drop boundary c o n d i t i o n  of 

25.2 kPa w a s  app l i ed .  I n i t i a l l y ,  n a t u r a l  convec t ion  i s  r e s p o n s i b l e  f o r  

a s i g n i f i c a n t  f r a c t i o n  (-10%) of t h e  test s e c t i o n  flow; as t h e  test sec- 

t i o n  c o o l s  o f f ,  t h i s  f r a c t i o n  d e c r e a s e s ,  as shown by bo th  i n l e t  f lowmeter 

d a t a  and SABRE-2 i n  Fig.  1.19 (power t o  FPSs c u t  a t  28.5 s) .  
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Fig. 1.18. Comparison of wire-wrap thermocouple d a t a  and SABRE-2 re- 
s u l t s  a t  t h r e e  d i a m e t r a l  t r a v e r s e s  f o r  T e s t  12 ,  Run 101 ( p i n  power = 20 kW, 
test s e c t i o n  i n l e t  v e l o c i t y  = 7.6 m*s-’), t e s t  s e c t i o n  i n l e t  t empera ture  = 
36loC) ,  THORS Bundle 9 Phase 1 Test Plan.  

Axial tempera ture  p r o f i l e s  a t  t i m e  ze ro  ( s t e a d y - s t a t e )  and 20 s i n t o  

t h e  T e s t  2 ,  Run 8 power-cut t r a n s i e n t  are  shown i n  Fig.  1.20. Wire-wrap 

thermocouple d a t a  from t h e  t h i r d  subchannel  r i n g  are compared wi th  SABRE-2 

r e s u l t s  i n  r a d i a l  node 4 ( s e e  Fig.  1.15). The e f f e c t i v e  thermal  conduc- 

t i v i t y  of t h e  sodium-soaked i n s u l a t i o n  w a s  a d j u s t e d  t o  40% t h a t  of pure  
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Fig. 1.19. Comparison of measured and computed tes t  s e c t i o n  i n l e t  
f low f o r  Test 2 ,  Run 8 (power-cut t r a n s i e n t ) ,  THORS Bundle 9 Phase 1 T e s t  
Plan.  

sodium t o  g i v e  t h e  agreement shown here .  (The v a l u e  of 40% w a s  a l s o  de- 

termined us ing  t h e  B92D two-dimensional model d e s c r i b e d  i n  Ref. l l . )  

P r e t e s t  a n a l y s i s  of n a t u r a l  convec t ion  Tests 202 and 203, THORS Bun- 

d l e  9 Phase 2 Test Plan.  Test 202, w i t h  a p i n  power of 3.1 kW, i s  t h e  

lowest-power tes t  t o  be  run i n  Phase 2 P a r t  A. The sodium-soaked in su la -  

t i o n  i s  expected t o  have i t s  l a r g e s t  e f f e c t  here .  I n i t i a l  c o n d i t i o n s  are  

as fo l lows:  i n l e t  t empera ture ,  388OC; bulk  o u t l e t  t empera ture ,  704°C; and 

i n l e t  f low,  0.55 l i teres- ' .  In  t h e  

SABRE-2 model a c o n s t a n t  co ld- leg  ( e l e v a t i o n  2.63 m) s t a t i c -head  p r e s s u r e  

d rop  of 22.16 kPa i s  then  a p p l i e d  f o r  t h e  t r a n s i e n t .  

A t  t = 0 s t h e  EM pump i s  turned  o f f .  

F igure  1.21 shows t h e  SABRE-calculated i n l e t  f low t r a n s i e n t  f o r  cases 

of  d r y  and sodium-soaked i n s u l a t i o n .  The f low r a p i d l y  f a l l s  t o  -50% of 

i t s  i n i t i a l  v a l u e  i n  -1 s ,  t h e n  s lowly  i n c r e a s e s  as  t h e  test s e c t i o n  h e a t s  

up. Note t h e  change i n  t i m e  scale a t  10 s. 
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Fig. 1.21. T e s t  s e c t i o n  i n l e t  f low computed by SABRE-2 f o r  Test 202, 
THORS Rundle 9 Phase 2 Tes t  Plan.  

F igure  1.22 shows r a d i a l  t e m p e r a t u r e  p r o f i l e s  a t  40 s a t  t h e  end of 

t h e  hea ted  s e c t i o n .  Both t h e  "good" and "degraded" i n s u l a t i o n  c a s e s  

s l i g h t l y  exceed expected s a t u r a t i o n  c o n d i t i o n s  near  t h e  c e n t e r  of t he  p i n  

bundle.  

F igu re  1.23 (see Fig.  1.15 f o r  l o c a t i o n  of r a d i a l  nodes) shows t h e  

t r a n s i e n t  response  of node 1 (bundle  c e n t e r )  a t  t h e  end of t h e  hea ted  secC 

t i o n ,  a g a i n  f o r  both i n s u l a t i o n  cases. 

a t  -30 s ,  t h e n  f a l l  o f f  s lowly  as t h e  i n l e t  f low i n c r e a s e s .  

Both r each  a maximum t e m p e r a t u r e  

F igu re  1.24 shows a x i a l  t empera ture  p r o f i l e s  of node 1 a t  0 s and 

40 s ;  t h e  degraded i n s u l a t i o n  case i s  lagging  by-50°C a t  t h e  end of the  

f i s s i o n - g a s  plenum. 

F igure  1.25 shows subchannel  axial  f low r e d i s t r i b u t i o n  caused by 

n a t u r a l  convec t ion  a t  20 s a t  t h e  end of t h e  hea ted  s e c t i o n .  The f low 

i n  t h e  c e n t r a l  subchannels  has  decreased  by on ly  70% of t h e  dec rease  i n  

t h e  edge subchannels .  

These f i g u r e s  i n d i c a t e  t h a t  t h e  p i n  power i n  T e s t  202 (3.1 kW/pin) 

i s  c l o s e  t o  t h e  lower l i m i t  t h a t  w i l l  produce b o i l i n g  under n a t u r a l  con- 

v e c t i o n  c o n d i t i o n s  i n  Bundle 9 ( f o r  t h e  g iven  i n i t i a l  c o n d i t i o n s  of t es t  
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Fig. 1.22. R a d i a l  t empera tu re  p r o f i l e s  a t  end of hea ted  s e c t i o n  a t  
0 and 40 s i n  T e s t  202, THORS Bundle 9 Phase 2 T e s t  P l a n  ( c a l c u l a t e d  by 
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subchannel  f o r  T e s t  2 0 2 ,  THORS Rundle 9 Phase 2 Test P l a n  ( c a l c u l a t e d  by 
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Fig. 1.25. Subchannel a x i a l  f low r e d i s t r i b u t i o n  a t  end of h e a t e d  
s e c t i o n  20 s i n t o  T e s t  202,  THORS Bundle 9 Phase 2 Test  P l a n  ( c a l c u l a t e d  
by SABRE 2 ) .  
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s e c t i o n  i n l e t  v a l v e  s e t t i n g ,  tes t  s e c t i o n  i n l e t  t empera ture ,  and bu lk  test  

s e c t i o n  t e m p e r a t u r e  r i s e . )  Depending on supe rhea t  and l o c a l  s a t u r a t i o n  

c o n d i t i o n s ,  b o i l i n g  may n o t  occur  i n  Test 202. I f  i t  does,  t h e  b o i l i n g  

w i l l  probably be l i m i t e d  t o  a small r e g i o n  nea r  t h e  c e n t e r  of t h e  bundle.  

The c o n d i t i o n  of t h e  thermal  i n s u l a t i o n  does n o t  a f f e c t  c o n d i t i o n s  nea r  

t h e  expected b o i l i n g  r eg ion  ve ry  much, bu t  i t  does a f f e c t  t h e  degree  of 

subcool ing i n  t h e  edge subchannels  and i n  t h e  f i s s i o n - g a s  plenum. The 

dynamic behavior  of t h e  b o i l i n g  r e g i o n  is,. of cour se ,  a f f e c t e d  by t h i s  

degree  of subcool ing.  

T e s t  203 i s  t h e  o t h e r  n a t u r a l  convec t ion  t r a n s i e n t  t o  be run i n  Phase 

2 Par t  A. I n i t i a l  c o n d i t i o n s  are similar t o  Test 202,  excep t  t h a t  t h e  p i n  

power of 4.1 kW r e q u i r e s  a tes t  s e c t i o n  i n l e t  f low of 0.73 liter 's- '  t o  

o b t a i n  t h e  same bu lk  o u t l e t  t empera ture  (704°C). 

Test s e c t i o n  o u t l e t  f low and tempera ture  a t  t h e  end of t h e  hea ted  

s e c t i o n  ( a t  t h e  bundle  c e n t e r  and edge) a r e  shown i n  Fig.  1.26 as a func- 

t i o n  of t i m e  from t h e  power c u t  t o  t h e  EM pump. SABRE-2 p r e d i c t s  t h a t  

t h e  f low w i l l  d rop  r a p i d l y  t o  -40% of i t s  i n i t i a l  va lue  and then  s lowly  

r ecove r  as t h e  tes t  s e c t i o n  h e a t s .  S a t u r a t i o n  c o n d i t i o n s  should be 

reached nea r  t h e  c e n t e r  of t h e  p i n  bundle a t  -10 s. The c o n d i t i o n  of 

t h e  bundle i n s u l a t i o n  makes on ly  a small d i f f e r e n c e  i n  t h e  tempera ture  

of t h e  edge subchannels  a t  t h a t  t ime. 

F igure  1 .27  shows r a d i a l  t empera ture  p r o f i l e s  a t  t h e  end of t h e  

hea ted  s e c t i o n  a t  0 ,  10, and 20 s a f t e r  t h e  power c u t  t o  t h e  EM pump i n  

Test 203. By 20 s ,  b o i l i n g  should be occur r ing  i n  most of t h e  i n t e r i o r  

subchannels  and should be much more v i o l e n t  than  b o i l i n g  i n  T e s t  202. 

R e s u l t s  from t h i s  s ing le-phase  model become less meaningful  as t h e  void- 

i ng  dynamics a l t e r  t h e  subchannel  f low d i s t r i b u t i o n ,  as they  c e r t a i n l y  

w i l l  between 10 and 20 s. 

1.1.5 Bundle 9 Phase 1 reco rd  of exper imenta l  d a t a  (R. H. Morr i s  
and W. R. Nelson) 

The Bundle 9 Phase 1 Record of Experimental  Data r e p o r t  h a s  under- 

gone coauthor  and pee r  review and i s  i n  t h e  f i n a l  s t a g e s  of p repa ra t ion .  

8 

. 
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Fig.  1.26. Test s e c t i o n  i n l e t  f low and t empera tu res  i n  a c e n t r a l  and 
a n  edge subchannel  a t  end of hea ted  s e c t i o n  as a f u n c t i o n  of t i m e  f o r  T e s t  
203, THORS Bundle 9 Phase 2 Test P l a n  ( c a l c u l a t e d  by SABRE-2). 
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Fig. 1.27. Rad ia l  t empera tu re  p r o f i l e s  a t  0 ,  10,  and 20 s a t  end of 
hea ted  s e c t i o n  f o r  T e s t  203,  THORS Rundle 9 Phase 2 T e s t  Plan ( c a l c u l a t e d  
by SABRE-2). 

1.1.6 Bundle 9 bypass  f low s p l i t  a n a l y s i s  (G. A. K le in ,  K. Haga, and 
P. W. Ga r r i son )  

Because t h e  LMFBR c o o l a n t  i n l e t  p l ena  are c l o s e d ,  vo id ing  i n  t h e  c o r e  

can  l e a d  t o  c o u n t e r a c t i n g  p r e s s u r e  bu i ldup  i n  t h e  i n l e t  plenum, which re- 

t a r d s  t h e  rate a t  which vo id ing  p rogres ses  downward through t h e  core .  An- 

o t h e r  r e s u l t  of t h i s  p r e s s u r e  bui ldup  i n  one group of subassembl ies  i s  a n  

i n c r e a s e  i n  c o o l a n t  f lows through t h e  nonvoiding subassembl ies ,  o r  th rough 

t h e  bypass assembl ies .  The PRIMAR-2 module h a s  been w r i t t e n  f o r  t h e  SAS3A 

and SAS3D LMFBR a c c i d e n t  a n a l y s i s  code t o  t rea t  t h e s e  i n l e t  plenum hydrau- 

l i c  coupl ing  e f f e c t s .  
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The model used i n  PRIMAR-2 i s  i l l u s t r a t e d  i n  Fig.  1.28. A s i n g l e  

e q u i v a l e n t  loop  i s  t r e a t e d .  The loop c o n t a i n s  p i p e s ,  a pump, and an  in-  

t e rmed ia t e  h e a t  exchanger (IHX). The tes t  s e c t i o n  and bypass have a com- 

mon i n l e t  plenum and a common o u t l e t  plenum. The i n i t i a l  e x i t  p r e s s u r e ,  

p,(t = 0) i s  s p e c i f i e d  by t h e  u s e r ,  who a l s o  s p e c i f i e s  t h e  i n i t i a l  coo lan t  

f lows Gc(t  = 0) f o r  t h e  hea ted  c o r e  channel  and t h e  f r a c t i o n  f c  of t h e  

t o t a l  f low t h a t  goes through t h e  c o r e  channels .  The rest  of t h e  f low goes  

through t h e  bypass channel :  

I COVER GAS ----------- 

UPPER I PLENUM 

---- 
I 
1 :  
I v  
I o  
1 L  5 I K  
I 

0 

[r 

---- 

LOWER 
PLENUM 

ORNL-DWG 80-4927 ETD 

I NTE RM E DI ATE 
HEAT 
EXCHANGER 

1 
Fig. 1.28. Primary coo lan t  loop model used i n  t h e  PRIMAR-2 module 

( w r i t t e n  f o r  t h e  SAS LMFBR a c c i d e n t  code). 
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With t h e  s i m p l e  pump t r ea tmen t  used i n  PRIMAR-2,  t h e  re la t ive loca-  

t i o n  of t h e  pump i n  t h e  loop  is  i r r e l e v a n t ,  and t h e  on ly  r e l e v a n t  a s p e c t  

of t h e  l o c a t i o n  of t h e  I H X  i s  t h e  h e i g h t  ZIHX of  i t s  thermal  c e n t e r .  The 

s t e a d y - s t a t e  c o o l a n t  dynamics module c a l c u l a t e s  t h e  i n l e t  plenum p r e s s u r e  

p in( t  = 0 )  from t h e  e x i t  p r e s s u r e  and c o r e  channel  f lows. 

f i c e  c o e f f i c i e n t  kbp i s  a d j u s t e d  t o  make t h e  s t e a d y - s t a t e  bypass  channel  

p r e s s u r e  drop  equa l  t o  t h e  c o r e  channel  p r e s s u r e  drop. The loop  f low i s  

s e t  t o  t h e  sum of t h e  c o r e  f low p l u s  bypass  flow. The pump head term i s  

c a l c u l a t e d  a t  s t e a d y  s t a t e  from a ba lance  between t h e  loop  and test  sec- 

t i o n  pressure-drop terms. 

The bypass o r i -  

The time-dependence of t h i s  term, APp(t) = 

f ( t ) ,  v a r i e s  approximate ly  as t h e  squa re  of t h e  normalized c o o l a n t  ApPo P 
f lows [ f P ( t ) u { [ ~ ( t ) l / [ h ( t  = O ) ] ) ~ s ] ,  and t h e  f u n c t i o n  f p ( t )  i s  obta ined  

from a user -suppl ied  t a b l e .  

Using t h e  above SAS coolant-dynamics model, t h e  i n f l u e n c e s  of v a r i a -  

t i o n s  i n  t h e  bypass- to- tes t - sec t ion  f low r a t i o s  were examined. I n  a n t i c i -  

p a t i o n  of t h e  r e s u l t s  of t h i s  s t u d y ,  a l a r g e  bypass i n  para l le l  w i t h  t h e  

tes t  s e c t i o n  would be expected t o  behave hydrodynamical ly  as  i f  a f i x e d  

pressure-drop boundary c o n d i t i o n  were imposed a c r o s s  t h e  hea ted  t e s t  sec- 

t i o n .  A s  t h e  bypass- to- tes t - sec t ion  f low r a t i o  d e c r e a s e s ,  t h i s  s i t u a t i o n  

would correspond t o  a flow-vs-time boundary c o n d i t i o n  a c r o s s  t h e  test  sec- 

t i o n ,  wi th  an expected cor responding  dec rease  i n  t h e  p r e d i c t e d  ampl i tude  

of t h e  f low o s c i l l a t i o n s .  This  type  of behavior  was observed experimen- 

t a l l y  i n  a comparison of 5 : l  and 1 O : l  f l ow-sp l i t  tests performed f o r  Bun- 

d l e  6 A . 2  

e r a t i n g  c o n d i t i o n s  f o r  t h e s e  two tests are shown i n  Table 1.2. Table  1.3 

shows a comparison of t h e  ampl i tude  and per iod  of t h e  f low o s c i l l a t i o n s  

f o r  each  of  t h e s e  two t e s t  cases .  

t r e n d s ,  t h e  ampl i tude  of t h e  f low o s c i l l a t i o n s  appea r s  t o  dec rease  wi th  

a dec rease  i n  t h e  bypass- to- tes t - sec t ion  f low r a t i o ,  whi le  t h e  pe r iod  re- 

mains unchanged. 

T e s t  7 1 H ,  Run 101 cor responds  t o  a 5: l  f l ow s p l i t .  The op- 

I n  agreement wi th  t h e s e  expected 

A r e d u c t i o n  i n  t h e  ampl i tude  of t h e  f low o s c i l l a t i o n s  i s  p h y s i c a l l y  

s i g n i f i c a n t .  Following t h e  o n s e t  of  v o i d i n g ,  a t h i n  l i q u i d  f i l m  is  as- 

sumed t o  be l e f t  cover ing  t h e  v e r t i c a l  s u r f a c e s .  For l a r g e  v o i d s  i n  a n  

annu la r  f low regime, t h e  f i l m  i s  assumed t o  move i n  an  ax ia l  d i r e c t i o n ;  

. 
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T a b l e  1.2. Comparison of  5: l  and  1O:l f l o w - s p l i t  tests 

, 

. 

~~ 

C o n d i t i o n  

R e s u l t s  

Comparison 61A-101 71H-101 
5: 1 10: 1 

Power,  kW 
Flow a t  b o i l i n g  i n c e p t i o n ,  
l i t e r l s  

T e s t  s e c t i o n  i n l e t  t empera-  
t u r e ,  'C 

T i m e  a t  s tar t  of t r a n s i e n t ,  s 
Time a t  b o i l i n g  i n c e p t i o n ,  s 
Time a t  p a r t i a l  d r y o u t ,  s 

Time a t  power-f low scram, s 
Time a t  normal  f l o w  i n c r e a s e ,  s 

129 
0.11 

383 387 

0.0 0.0 
11.0 11.0 Same 
34.8 26.8 T i m e  t o  p a r t i a l  d r y o u t  i s  

8 s f a s t e r  f o r  1O:l 
36.8 

38.0 

T a b l e  1.3. 5: 1 vs 10: 1 r e s u l t s  

5:1 1O:l Compar ison  

F r e q u e n c y ,  c / s  
11-16 s 
16-21 s 
21-26 s 
26-31 s 
31-36 s 

T e s t  s e c t i o n  f l o w  o s c i l l a t i o n s  

2.8' 2.6' Note :  F r e q u e n c i e s  a p p r o x i m a t e l y  
1.9 1.8 same a t  b o i l i n g  i n c e p t i o n  and  
1.4 1.3b a t  p a r t i a l  d r y o u t .  
1.2 1.3 
1.2h 1.9 

Ampl i tude  (peak- to -peak)  , gpm 

11-16 s 4.0' 7.6' Note :  Ampl i tude  f o r  10:1 i s  
16-21 s 4.8 6.8 c o n s i s t e n t l y  h i g h e r  a t  b o i l -  
21-26 s 3.2 4.3b i n g  i n c e p t i o n  and a t  p a r t i a l  
26-31 s 2.5b 1.9 d r y o u t .  
31-36 s 1.5 3.4 

Bypass  f l o w  o s c i l l a t i o n s  

F requency :  Same as f o r  test 
s e c t i o n  f l o w  

Ampl i tude ,  gpm 

11-16 s 
16-21 s 
21-26 s 
26-31 s 
31-36 s 

3.7a 6.0a Note :  Bypass f l o w  o s c i l l a t i o n  
3.7 5.1 a m p l i t u d e s  h a v e  c o n s i s t e n t l y  
3.7 2.0b l o w e r  m a g n i t u d e s  t h a n  test  
2.0b 1.3 s e c t i o n  f l o w  a m p l i t u d e s .  
0.8 2.5 

a B o i l i n g  i n c e p t i o n .  

b P a r t i a l  d r y o u t .  
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t h u s ,  t h e  l i q u i d  f i l m  can be removed bo th  by e v a p o r a t i o n  and by f i l m  mo- 

t i o n  dominated by t h e  s h e a r  stress g e n e r a t e d  a t  t h e  l i q u i d  vapor  i n t e r -  

f ace .  A s  t h e  s l u g  r e t u r n s ,  i t s  l i q u i d  mass i s  d e p o s i t e d  as f i l m  on t h e  

p i n  s u r f a c e  wi th  which i t  comes i n  c o n t a c t .  Upon f u r t h e r  f i l m  motion,  

t h i s  newly d e p o s i t e d  l i q u i d  f i l m  can t h e n  r e p l e n i s h  t h e  l i q u i d  f i l m  i n  

t h e  ne ighbor ing  downstream region .  The deepe r  t h e  p e n e t r a t i o n  of  t h e  re- 

e n t e r i n g  upper  and lower l i q u i d  s l u g s  i n t o  t h e  voided r e g i o n ,  t h e  g r e a t e r  

w i l l  be  t h e  d e p o s i t i o n  of  l i q u i d  f i l m  on t h e  p i n  s u r f a c e ,  and t h i s  is  ex- 

pec ted  t o  r e s u l t  i n  a d e l a y  i n  t h e  t i m e  t o  dryout .  Thus, as  t h e  ampl i tude  

of t h e  f low o s c i l l a t i o n s  i n c r e a s e s ,  w i t h  a n  i n c r e a s e  i n  t h e  bypass  f low 

r a t i o  between T e s t  71H, Run 101 and T e s t  61A, Run 101, a d e l a y  i n  t h e  t i m e  

t o  dryout  would be expected.  This  t r end  i s  no t  e x h i b i t e d  i n  t h e  measured 

dryout  t i m e s  of t h e  two tes ts ,  i n d i c a t e d  i n  Table  1.2.  The r eason  f o r  

t h i s  d i sc repancy  appea r s  t o  be t h a t  i d e n t i c a l  s t e a d y - s t a t e  c o n d i t i o n s  were 

n o t  achieved  throughout  t h e  e n t i r e  r a d i a l  e x t e n t  of t h e  sodium-soaked in- 

s u l a t i o n  sur rounding  t h e  duc t  w a l l .  Thus, t h e  i n e r t i a l  r e sponses  of  t h e  

duc t  walls were d i f f e r e n t  f o r  t h e  two tests. T e s t  71H, Run 101 e x h i b i t e d  

a much more r a p i d  duc t  w a l l  response  t h a n  d i d  T e s t  61A, Run 101, as shown 

i n  F igs .  1.29(a and b) .  The r e s u l t  w a s  a n  i n c r e a s e  i n  t h e  measured t i m e  

t o  dryout  f o r  T e s t  71H, Run 101 and a n  i n c o n s i s t e n c y  i n  t h e  expec ted  re- 

s u l t s .  

I n  performing t h e  f l o w - s p l i t  tests o u t l i n e d  i n  Table  1.2, t h e  bypass  

va lve  w a s  se t  t o  a c h i e v e  t h e  d e s i r e d  f low s p l i t  p r i o r  t o  coastdown of t h e  

p re sc r ibed  i n i t i a l  f low. An examinat ion of  t h e  i s o t h e r m a l  and h e a t e d - t e s t  

d a t a  f o r  bo th  t h e  5 : l  and 1 O : l  f l o w - s p l i t  tests i n d i c a t e s  t h a t  t h e  f low 

s p l i t  does  n o t  remain c o n s t a n t  th roughout  t h e  t r a n s i e n t ,  b u t  t e n d s  t o  re- 

d i s t r i b u t e  i t s e l f  i n  t h e  fo l lowing  manner. For t h e  i so the rma l  f low tests, 

t h e  bypass- to- tes t - sec t ion  f low r a t i o  i n c r e a s e s  s u b s t a n t i a l l y  as shown i n  

Table  1.4; however, f o r  t h e  hea ted  tes ts ,  t h i s  r a t i o  remains f a i r l y  con- 

s t a n t ,  i n c r e a s i n g  s l i g h t l y  f o r  T e s t  61A, Run 101, wh i l e  dec reas ing  s l i g h t l y  

f o r  Test 71H, Run 101. Because t h e  magnitude of t h i s  f low s p l i t  may b e  
d i f f e r e n t  i n  t h e  Bundle 6A and Bundle 9 tes t  r e s u l t s ,  t h e  SAS3A program 

w a s  used t o  examine t h e  n a t u r e  of t h i s  f low s p l i t  f o r  t h e  Bundle 9 tes t  

f low c o n d i t i o n s .  Two i so the rma l  runs  r e p r e s e n t i n g  a 5 : l  and a 1 O : l  f l ow 

s p l i t  were made wi th  t h e  SAS3A program. The r e s u l t s  of t h e  s t u d y  f o r  t h e  
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Table 1.4. F low-spl i t  d a t a  as measured i n  THORS 

. 
Power GTS Wbypass- 1, R la ( l i t e r s  +TS Os-1 ( l i t e r s ' s  WbYPass-l b 

Test (kW) ( l i t e r s ' s - ' )  ( l j * - - - - -  . L e L S - S  J minimum) minimum) 

6 1A-100 0 0.36 2.21 6.2 0.07 0.69 10 
6 1A-10 1 130 0.38 2.13 5.6 0.11 0.68 6.4 
7 1-1 00 0 0.32 3.34 10.6 0.06 1.02 16 
7 1H-10 1 130 0.39 4.04 10.4 0.11 0.96 8.9 
7 1-1 OOA 0 0.28 3.12 11.0 0.07 1.01 14.6 

aR1 = maximum f low v a l u e  

, 

wbi:;ss I minimum f low v a l u e  R 2  = b 
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i so the rma l  case i n d i c a t e  a 16.5% i n c r e a s e  i n  t h e  bypass f low r a t i o  a t  

b o i l i n g  i n c e p t i o n  f o r  t h e  5 : l  i n i t i a l  b y p a s s / t e s t  s e c t i o n  test  case and 

a 17.5% i n c r e a s e  i n  t h e  bypass  f low r a t i o  a t  b o i l i n g  i n c e p t i o n  f o r  t h e  

1 O : l  i n i t i a l  b y p a s s / t e s t  s e c t i o n  tes t  case. 

ment w i th  t h e  measured t r e n d s  f o r  t h e  Bundle 6A d a t a .  The above a n a l y s i s  

w a s  r epea ted  f o r  t h e  hea ted  test c o n d i t i o n s  o u t l i n e d  i n  t h e  Bundle 9 t es t  

p l a n  f o r  Tes t  204 (analogous t o  Bundle 6A Test 7 1 H ,  Run 101 power f low 

c o n d i t i o n s )  f o r  f o u r  d i f f e r e n t  bypass  f low r a t i o s :  l O : l ,  5:1, 1.5:1, 

0.25: 1. In  a l l  cases, t h e  r a t i o  of bypass- to- tes t - sec t ion  f low decreased  

by -10%. The r e su l t s  of t h i s  a n a l y s i s  a r e  shown i n  Fig.  1.30(a).  Because 

the magnitude of t h e  f low s p l i t  j u s t  p r i o r  t o  b o i l i n g  i n c e p t i o n  i s  ex- 
pected t o  have a d e f i n i t e  i n f l u e n c e  on t h e  ampli tude of t h e  f low o s c i l l a -  

t i o n s  and measured t i m e  t o  d r y o u t ,  i n  modeling t h e  Bundle 9 two-phase f low 

t r a n s i e n t s  t h e  f low s p l i t  must be p rope r ly  s a t i s f i e d  a t  t h e  low-flow t e s t  

c o n d i t i o n  j u s t  p r i o r  t o  b o i l i n g  incep t ion .  

These r e s u l t s  are i n  agree-  

The i n f l u e n c e  of t h e s e  v a r i a t i o n s  i n  t h e  bypass- to- tes t - sec t ion  flow 

r a t i o s  were examined f u r t h e r  us ing  t h e  SAS c o o l a n t  dynamics model. 

s u r e  t h a t  on ly  t h e  i n f l u e n c e  of t h e  magnitude of t h e  bypass f low r a t i o  on 

t h e  t i m e  t o  dryout  was being examined i n  t h i s  s t u d y ,  t h e  f low t r a n s i e n t  

p r i o r  t o  b o i l i n g ,  which was p r e d i c t e d  t o  occur  a t  t h e  i n l e t  t o  t h e  test 

s e c t i o n ,  w a s  r e q u i r e d  t o  be  approximate ly  t h e  same f o r  a l l  cases examined, 

as shown i n  Fig.  1.30(b). This  w a s  c o n s i s t e n t  w i th  t h e  requirement  t h a t  

t h e  t i m e  t o  b o i l i n g  i n c e p t i o n  be i d e n t i c a l  upon change i n  t h e  bypass f low 

r a t i o .  

pass and t h e  voided tes t  s e c t i o n ,  l e a d i n g  t o  changes i n  t h e  p r e s s u r e  

bui ldup  i n  t h e  i n l e t  plenurn wi th  r e s u l t a n t  enhancement o r  d e l a y  i n  t h e  

void ing  p r o c e s s ,  can  be examined. A s  shown i n  Fig. 1.31, no d e t e c t a b l e  

t r end  appea r s  i n  t h e  p r e d i c t e d  per iod  of t h e  f low o s c i l l a t i o n s ;  t h u s ,  t h e  

pe r iod  of t h e  f low o s c i l l a t i o n s  e s s e n t i a l l y  seems t o  remain unchanged, i n  

agreement wi th  t h e  measured r e s u l t s  from t h e  Bundle 6A f low-sp l i t  tests. 

F igu re  1.32, however, i n d i c a t e s  a dec rease  i n  t h e  p r e d i c t e d  ampl i tude  of 

t h e  f low o s c i l l a t i o n s  w i t h  a dec rease  i n  t h e  bypass  f low r a t i o .  This de- 

crease becomes s i g n i f i c a n t  f o r  f low r a t i o s  less than  -4.5:l. 

To en- 

When t h e s e  c o n d i t i o n s  are p r e s e n t ,  t h e  i n t e r a c t i o n  between t h e  by- 

A s  p r e v i o u s l y  i n d i c a t e d ,  t h e  g r e a t e r  t h e  ampl i tude  of t h e  f low os- 

c i l l a t i o n s ,  t h e  deeper  t h e  p e n e t r a t i o n  of t h e  r e e n t e r i n g  upper and lower 
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liquid slugs into the voided region. This correlation can be seen in 

Figs. 1.33 and Fig. 1.34, which show the bubble axial interface locations 

with time since the start of vapor formation for bypass/test section flow 

ratios of 10.0/1.0 and 0.25/1.0 respectively. The liquid film will thus 

be replenished further into the voided zone, in accordance with the bypass 

flow ratio, with a resulting delay in time to dryout. Figure 1.35 shows 

both the time to boiling and time to dryout minus time to boiling for 

each of the bypass flow ratios examined. The plotted results on this 

figure are consistent with the trends outlined above. A s  the bypass flow 

ratio decreases beyond a value of -4.5:1, the time to dryout consistently 

decreases. Thus, ensuring flow ratios greater than this value in the Bun- 

dle 9 test series would be preferable. For part A of the two-phase flow 

test series, this bypass ratio limit apparently cannot be attained. To 

ORNL-DWG 80-4932 ETD 

T I M E  SINCE STFIST OF VRPOR FORMFITION ( SEC 1 

Fig.  1.33. Bubble axial interface locations with time since start of 
vapor formation for bypass-to-test-section f l o w  ratio of 1O:l. 
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Fig.  1.34. Bubble a x i a l  i n t e r f a c e  l o c a t i o n s  wi th  t ime s i n c e  s t a r t  of 
vapor format ion  f o r  bypass- to- tes t - sec t ion  f low r a t i o  of 0.25:l. 

determine what impact  t h i s  has  on t h e  measured d a t a ,  a bypass  f low r a t i o  

of 3:1 w i l l  be examined. The r e s u l t s  of Fig.  1.35 i n d i c a t e  t h a t  t h i s  re- 
duc t ion  i n  t h e  f low s p l i t  w i l l  i n c r e a s e  t h e  time t o  dryout  anywhere from 

0.4 t o  1.2 s. 

over  2 s i n  t h e  p r e d i c t e d  t i m e  t o  dryout  occurs .  

A s  t h e  bypass f low r a t i o  drops  t o  1.5:1, a n  i n c r e a s e  of 

With a n  i n c r e a s e  i n  bypass f low r a t i o ,  t h e  per iod  of t h e  f low o s c i l -  

l a t i o n s  remains unchanged, bu t  t h e  ampl i tude  of t h e  f low o s c i l l a t i o n s  de- 

creases s h a r p l y  wi th  a dec reas ing  r a t i o ,  f o r  va lues  of t h e  t e s t - s e c t i o n -  

to-bypass f low r a t i o  less than  -4.5:l. 

t ime t o  dryout  minus t h e  t i m e  t o  b o i l i n g  d e c r e a s e s  r a p i d l y  f o r  bypass f low 

r a t i o s  less t h a n  t h e  above v a l u e ,  f o r  t h e  Bundle 9 geometry. Thus, it 

would have been p r e f e r a b l e  f o r  t h e  THORS loop  t o  ma in ta in  a bypass r a t i o  

g r e a t e r  t han  5:1, which cor responds  t o  t h e  low f low p o r t i o n  of a hea ted  

t r a n s i e n t ,  t o  produce measured r e s u l t s  c o n s i s t e n t  w i th  a n  i n f i n i t e  bypass  

I n  keeping wi th  t h i s  t r e n d ,  t h e  
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in p a r a l l e l  w i th  t h e  hea ted  test  s e c t i o n .  

f low s p l i t  of 3 : l  appears t o  be an  i n c r e a s e  i n  t h e  t i m e  t o  dryout  ranging  

from 0.4 t o  1.2 s .  

However, t h e  on ly  r e s u l t  of a 

1.2 THORS F a b r i c a t i o n  and Opera t ion  

B. H. Montgomery 

1.2.1 Test f a c i l i t y  o p e r a t i o n  

The THOKS f a c i l i t y  was s h u t  down fo l lowing  complet ion of t h e  Bundle 9 

Phase 1 Test Program f o r  i n s t a l l a t i o n  of t h e  EM pump and expansion tank.  

This  m o d i f i c a t i o n  has  been completed,  and i n i t i a l  checkout  h a s  begun. The 

f a c i l i t y  has  opera ted  f o r  a t o t a l  of 29,359 h ,  w i th  2,423 h a t  vary ing  

l e v e l s  of power up t o  1.2 MW. 

i s  summarized i n  Table  1.5. 

The o p e r a t i n g  h i s t o r y  of t h e  THORS f a c i l i t y  

1.2.2 T e s t  bundle  

Bundle 9 ,  a 61-pin f u l l  CRBR-length bundle ,  i s  now i n s t a l l e d  i n  t h e  

This  i s  t h e  l a r g e s t  bundle  t e s t e d  t o  d a t e  i n  t h e  THORS f a c i l -  f a c i l i t y .  

i t y ;  i t s  d e s i g n  i s  d i scussed  i n  Ref. 1 2 ,  and p i c t u r e s  of t h e  bundle  as- 

sembly are  shown i n  Refs.  13  and 14. 
The test  program f o r  t h i s  bundle  h a s  been d i v i d e d  i n t o  two p a r t s :  

Phase 1, s ing le-phase  thermal -hydraul ic  tests,  and Phase 2 ,  b o i l i n g  tests 

wi th  t r a n s i e n t  f low and power. The Phase 1 T e s t  Program h a s  been com- 

p l e t e d .  In p r e p a r a t i o n  f o r  Phase 2 t e s t i n g ,  m o d i f i c a t i o n s  t o  t h e  f a c i l i t y  

were requ i r ed .  

A new expansion tank  has  been i n s t a l l e d  i n  t h e  system t o  s i m u l a t e  

t h e  upper r e a c t o r  plenum dur ing  t h e  b o i l i n g  tests. Because of o p e r a t i n g  

problems t h a t  would be caused by t h e  presence  of two l iqu id -gas  i n t e r f a c e s  

i n  t h e  Phase 2 THORS p ip ing  c o n f i g u r a t i o n ,  a n  EM pump capab le  of supply- 

ing  40 liters's-' (600 gpm) a t  1.4 MPa ( 2 0 0  p s i )  head has  been i n s t a l l e d  

i n  para l le l  w i t h  t h e  c e n t r i f u g a l  sodium pump, which w i l l  be valved ou t  of 

t h e  system when t h e  EM pump i s  i n  use.  F igure  1.36 i s  a schemat ic  diagram 

of t h e  f a c i l i t y ,  and Fig.  1.37 i s  an  i s o m e t r i c  drawing of t h e  f a c i l i t y  f o r  

t h e  Phase 2 b o i l i n g  tests. 
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T a b l e  1.5. THORS o p e r a t i n g  e x p e r i e n c e  

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

1 A  

2.4 

2 B  

1B 

3A 

3B"J 

5A, 5 B ,  SC 

5D" 
d 6A 

3ce 

9 

Duct c o n f i g u r a t i o n  

S c a l l o p e d  ( b a r e  edge  r o d )  

Hex ( f u l l - s i z e  edge  g a p s )  

Hex ( f u l l - s i z e  edge  g a p s )  

S c a l l o p e d  ( b a r e  edge  r o d )  

S c a l l o p e d  (wrapped edge  r o d s )  

S c a l l o p e d  (wrapped edge  r o d s )  

Hex ( h a l f - s i z e  edge  g a p s )  

Hex ( h a l f - s i z e  edge  g a p s )  

Hex ( h a l f - s i z e  edge  g a p s )  

S c a l l o p e d  (wrapped edge  r o d s )  

Hex ( f u l l - s i z e  edge  g a p s )  
b 

I s o t h e r m a l  O p e r a t i o n  

( h )  ( h )  
Heated F i s s i o n  g a s  o p e r a t i o n  w i t h  power 

Number o f  
h e a t e d  Blockage  

c o n f i g u r a t i o n  l e n g t h  s i m u l a t o r s  
p i n s  (mm) 

19  

1 9  

19 

19 

1 9  

19 

19 

19 

19 

3 lf 

61  

No ne  

None 

13  a n d  24 chan- 
n e l  i n l e t  

No ne  

6 c h a n n e l  i n  
h e a t e d  zone  

6 c h a n n e l  i n  
h e a t e d  z o n e  

12 c h a n n e l C  
edge  g a p  

No ne 

None 

6 c h a n n e l  i n  
h e a t e d  zone  

None 

610  No 

533 No 

610 No 

533 No 

533 No 

457 No 

457 NO 

914 FFTF l e n g t h  

533  FFTF l e n g t h  

914 CRBR l e n g t h  

1 , 3 0 0  

3 ,010  

894 

3 ,039  

537 

3 ,252  

2 ,827  

7 ,864  

3 ,666  

2 ,970  

29 ,359  

200 

4 70 

350 

151 

51 

39 1 
I--' 

I 
4 

97 W 

380 

190 

143 

2 ,423  

" B o i l i n g  tests ( w i t h  and w i t h o u t  g a s  i n j e c t i o n ) .  

'Bo i l ing  tes ts  i n c l u d e d  4.5 s w i t h  f u l l  b u n d l e  ( h e a t e r  7 opened d u r i n g  b o i l i n g  t e s t  w i t h  g a s  i n j e c t i o n )  and 11  min ,  15  s 

'A 12-channel  edge  b l o c k a g e  f l u s h  w i t h  d u c t  f o r  Bundle  5A, f l u s h  f o l l o w e d  by 0.36-mm d i s p l a c e m e n t  f o r  58, removed 

d T h i r t y - e i g h t  tests were r u n  i n  which  b o i l i n g  o c c u r r e d ;  f i v e  of  t h e s e  r u n s  were t o  d r y o u t  ( u n s t a b l e )  c o n d i t i o n s ;  t o t a l  

eTwenty- four  tests were run  in which b o i l i n g  o c c u r r e d ;  t o t a l  b o i l i n g  t i m e  f o r  t h e  b u n d l e  was -10 min. 

f A  major m o d i f i c a t i o n  of Bundle  3B,  t h i s  was a 19-p in  b u n d l e  s u r r o u n d e d  by 12 h e a t e d  edge  p i n s  r e p l a c i n g  t h e  s c a l l o p e d  

w i t h  r o d  7 i n o p e r a t i v e ;  10 min, 1 6  s of t h i s  t i m e  was c o n t i n u o u s  ( w i t h o u t  g a s  i n j e c t i o n ) .  

f o r  5C.  

b o i l i n g  time f o r  t h e  bund le  was -11.5 min. 

d u c t  c o n f i g u r a t i o n  of  Bundle  38.  
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Fig. 1.37. I s o m e t r i c  drawing of THORS f a c i l i t y  f o r  Bundle 9 f low 
t r a n s i e n t  and b o i l i n g  tests. 

A bypass  l i n e  w i t h  a 13-mm (1/2-in.)  f lowmeter h a s  been added a t  t h e  

tes t  s e c t i o n  i n l e t  t o  permi t  more a c c u r a t e  measurement of lower tes t  sec- 

t i o n  i n l e t  f lows.  With t h e  bypass  l i n e  i n  o p e r a t i o n ,  t h e  89-mm (3.5-in.) 

f lowmeter w i l l  be  va lved  o u t  of t h e  system. 

An a d d i t i o n a l  manual ly  ope ra t ed  damper h a s  been added t o  t h e  2-MW 

h e a t  exchanger o u t l e t  a i r  duc t  t o  a i d  i n  f i n e r  c o n t r o l  of  c o o l i n g  a i r  f low 

under n a t u r a l  convec t ion  c o n d i t i o n s .  The h y d r a u l i c  o p e r a t o r  f o r  t h e  vanes  

i n  t h e  i n l e t  a i r  duc t  h a s  been r ep laced  wi th  a n  e lec t r ic  d r i v e  u n i t  t o  en- 

a b l e  more p r e c i s e  p o s i t i o n i n g .  



1-76 

The system h a s  been charged wi th  sodium, and a p re l imina ry  shakedown 

h a s  begun. The EM pump accep tance  tests were completed du r ing  t h i s  i n i -  

t i a l  shakedown, and t h e  pump f low and head proved t o  be more than  adequate  

f o r  t h e  f a c i l i t y  requi rements .  Rundle 9 Phase 2 t e s t i n g  w i l l  beg in  f o l -  

lowing t h i s  checkout .  

1.3 Repor t s  and Major Correspondence I s s u e d  

THORS Rundle 9 Phase 1 Data T r a n s m i t t a l  ( t o  WARD). 

J. F. Dear ing ,  Analysis of Steady-State Data from a 184% Internal ly  
Guard Heated Simulated LMFBR Fuel Assembly (THORS Bundle 3C)  Using the 
COBRA and SABRE Subchannel Analysis Codes, ORNL/TM-6963, February  1980. 

R. J. Ribando, "Comparison of Numerical R e s u l t s  w i t h  Experimental  
Data f o r  Single-phase Na tu ra l  Convection i n  a n  Experimental  Sodium Loop," 
S p e c i a l i s t s '  Meeting on Decay Heat Removal and Na tu ra l  Convect ion i n  FBRs, 
Upton, Long I s l a n d ,  NY, Feb. 28-29, 1980. 

M. H. Fontana,  Let ter  t o  D. E. Ferguson, FRSTMC, "THORS SHRS T e s t  
Program - Opt ions ,"  February 20, 1980. 

1.4 Impor tan t  Meetings 

THORS s t a f f  members a t t e n d e d  a FRSTMC Top ica l  Meeting on Shutdown 
Heat Removal Systems he ld  a t  ORNL on Janua ry  15, 1980. 

Breeder  Reac tor  S a f e t y  Program p r i n c i p a l  i n v e s t i g a t o r s  m e t  w i th  
Char l e s  Larson (GE) Jan.  17, 1980, i n  p r e p a r a t i o n  f o r  h i s  ass ignment  as 
U.S. LMFBR R e p r e s e n t a t i v e  t o  Japan. 

Decay Heat Removal and Na tu ra l  Convect ion i n  FBRs, Upton, Long I s l a n d ,  N Y ,  
Feb. 28-29, 1980. 

Phoenix,  Ar iz . ,  Mar. 17-21, 1980. 

P. W. Ga r r i son  and G. A. K l e i n  a t t e n d e d  t h e  S p e c i a l i s t s '  Meeting on 

R. H. Morr i s  a t t e n d e d  a Measurement Systems Dynamics S h o r t  Course,  
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AR S TRACT 

F i n a l  work on a n  a d j o i n t  code f o r  t h e  s ing le-phase  p o r t i o n  
of MELT i s  complete ,  and documentat ion i s  nea r  complet ion.  

2. TASK 02 - ORNL LOA 3 TASKS: ANALYTICAL MODELS 
FOR ENERGETICS ACCOMMODATION 

G. F. Flanagan C. V. Parks  
P. J. Maudlin 

The purposes  of t h i s  p r o j e c t  a re  t o  deve lop  and t o  v a l i d a t e  t h e  tech- 

nology base  of a n a l y t i c a l  t o o l s  r e q u i r e d  t o  ach ieve  LOA-3 g o a l s  f o r  pre- 

d i c t i n g  t h e  p r o b a b i l i t y  of containment-damaging e n e r g e t i c s  from p o s t u l a t e d  

c o r e  meltdown a c c i d e n t s  th rough t h e  use of  g e n e r a l i z e d  p e r t u r b a t i o n  meth- 

ods  f o r  a s s e s s i n g  s a f e t y  c a l c u l a t i o n  s e n s i t i v i t i e s  t o  i n p u t  parameters .  

During January ,  t h e  f i n a l  d i s c r e p a n c i e s  between t h e  a d j o i n t  s e n s i t i v -  

i t y  c o e f f i c i e n t s  and t h e  forward per turbed  c o e f f i c i e n t s  were r e so lved .  

These d i s c r e p a n c i e s  a r o s e  from an  inadequate  handl ing  of t h e  p r e s s u r e  cou- 

p l i n g  t h a t  e x i s t s  between t h e  r e a c t o r  channe l s  i n  loop  flow. Proper  hand- 

l i n g  of t h i s  coupl ing  i n  MELTADJ r e s u l t e d  i n  a channel  coupl ing  i n  t h e  ad- 

j o i n t  h y d r a u l i c s .  A l l  s e n s i t i v i t y  c o e f f i c i e n t s  f o r  t h e  power trace sample 

problem now show two-digi t  agreement wi th  t h o s e  ob ta ined  from p e r t u r b i n g  

t h e  forward code. A summary which p r e s e n t s  t h e  a d j o i n t  coupled thermal- 

h y d r a u l i c  e q u a t i o n s  and t h e  s e n s i t i v i t y  c o e f f i c i e n t s  f o r  t h e  power trace 

problem h a s  been submi t ted  f o r  t h e  ANS meet ing i n  Las Vegas. 

During v a l i d a t i o n  of t h e  coupled neutronic/thermal-hydraulic problem, 

a change i n  t h e  module used f o r  so lv ing  t h e  a d j o i n t  p o i n t  k i n e t i c s  equa- 

t i o n s  became necessary .  

problems caused by t h e  time-dependent sou rce  term. A s t a n d a r d  o r d i n a r y  

d i f f e r e n t i a l  e q u a t i o n  s o l v e r  t h a t  u ses  Gear's method has  now been incor -  

po ra t ed  i n t o  MELTADJ and has  p re sen ted  no numerical  problems. 

The QXCHIP  module be ing  used was having numer ica l  
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Work i s  nea r  complet ion on two j o u r n a l  a r t i c l e s  t h a t  w i l l  thoroughly  

d e s c r i b e  t h e  MELT a d j o i n t  work and i t s  s i g n i € i c a n c e  i n  h e a t  t r a n s f e r  and 

r e a c t o r  a n a l y s i s .  One paper ,  t o  be submi t ted  t o  Nuclear Techno%ogy, de- 

s c r i b e s  t h e  work wi th  MELT. The o t h e r  pape r ,  t o  be submi t ted  t o  t h e  ASME 

Journal of Heat Transfer, prov ides  a n  a d j o i n t  s e n s i t i v i t y  t h e o r y  f o r  t h e  

g e n e r a l  th ree-d imens iona l ,  t ime-dependent,  n o n l i n e a r  thermal -hydraul ic  

equa t ions .  

Work w i t h  t h e  a d j o i n t  s t e a d y - s t a t e  p o r t i o n  of MELT h a s  a l s o  been com- 

p l e t e d ,  and documentat ion i s  being w r i t t e n .  
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ABSTRACT 

Add i t iona l  expe r imen ta l  d a t a  were ob ta ined  f o r  t h e  oxida-  
t i o n  behav io r  of a l t e r n a t e  advanced FBR f u e l s .  F i n e l y  powdered 
(Th,U)C and UC i g n i t e d  spon taneous ly  on exposure t o  a i r ,  but  ThC 
d i d  not .  N e g l i g i b l e  en t r a inmen t  of s o l i d  o x i d a t i o n  products  i n  
t h e  combustion g a s e s  occur red  f o r  t h e  expe r imen ta l  c o n d i t i o n s  
used. 
ce ived .  P r e p a r a t i o n s  were completed f o r  p u b l i c a t i o n  of a re- 
p o r t  on t h e  envi ronmenta l  e f f e c t s  of  t r i t i u m  releases. A prog- 
ress r e p o r t  reviewing accomplishments on a s u b c o n t r a c t  du r ing  
FY 1979 on modeling release of r a d i o a c t i v i t y  from a thorium o r e  
p i l e  was r ece ived  from Colorado S t a t e  Un ive r s i ty .  

A mass spec t romete r  f o r  combustion-gas a n a l y s i s  w a s  re- 

3. TASK 03 - ORNL LOA 4 TASKS: ENVIRONMENTAL 
ASSESSMENT OF ALTERNATE FBR FUELS 

V. J. Tennery H. R. Meyer 
E. S. Bomar P. S. Rohwer 
R. G. Donnelly J. E. T i l l  

Experiments t o  de te rmine  t h e  o x i d a t i o n  c h a r a c t e r i s t i c s  of t h e  ThC- 

based FBR f u e l s  were n e a r l y  completed du r ing  t h i s  q u a r t e r .  

i ng  -40 mg were ox id ized  i n  two tempera ture  modes, i s o t h e r m a l l y  and a t  a 

c o n s t a n t  h e a t i n g  ra te ,  whi le  t h e  sample mass was measured (thermogravimet- 

r i c  a n a l y s i s ) .  A second series of samples weighing -2 g each was ox id ized  

i n  a small t u b e  f u r n a c e  w h i l e  being hea ted  a t  e s s e n t i a l l y  a c o n s t a n t  hea t -  
i ng  rate.  Informat ion  sought  i n  t h e s e  exper iments  i nc luded  (1) o x i d a t i o n  

r a t e  as a f u n c t i o n  of tempera ture ,  composi t ion  of t h e  atmosphere,  and sam- 

p l e  p a r t i c l e  s i z e ;  ( 2 )  p roducts  of o x i d a t i o n ;  (3) s u s c e p t i b i l i t y  of t h e  

f u e l  t o  spontaneous i g n i t i o n ;  and ( 4 )  e x t e n t  of p a r t i c l e  en t ra inment  i n  

t h e  exhaus t  gases .  In  a d d i t i o n  t o  t h e  a l t e r n a t e  FBR f u e l s  ThC and (Th,U)C, 

samples  of UC were a l s o  ox id ized  f o r  comparison. 

Samples weigh- 

A g r a p h i c  a n a l y s i s  of  t h e  d a t a  ob ta ined  from t h e  thermogravimet r ic  

a n a l y s i s  exper iments  shows t h a t  t h e  time-dependence of t h e  f r a c t i o n  of 

sample ox id ized  i s  b e s t  d e s c r i b e d  by a model i n  which t h e  k i n e t i c s  are 
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c o n t r o l l e d  by n u c l e a t i n g  and growth of t h e  o x i d a t i o n  product  on t h e  o r i g i -  

n a l  f u e l .  F u r t h e r  d a t a  from some a d d i t i o n a l  exper iments  were r e q u i r e d  t o  

complete t h e  a n a l y s e s ,  and t h e s e  exper iments  are be ing  completed.  After-  

ward, t h e  a c t i v a t i o n  energy f o r  t h e  o x i d a t i o n  p rocess  f o r  each  f u e l  w i l l  

be  obta ined .  

Add i t iona l  exper iments  wi th  2-g samples of UC and ThC showed l i t t l e  

d i f f e r e n c e  i n  t h e  behav io r  of -325 mesh powders on exposure  t o  a i r  as 

compared wi th  21% O y i l r .  Uranium c a r b i d e  and (Th,U)C i g n i t e  spontaneous ly  

on exposure  t o  e i t h e r  of t h e s e  atmospheres ,  whereas t h e  T h C  must be  hea ted  

t o  n e a r l y  25OOC b e f o r e  i g n i t i o n  occurs .  

Attempts  t o  r ecove r  in fo rma t ion  about  t h e  amount of  e n t r a i n e d  p a r t i -  

cles from t h e  o x i d a t i o n  p rocess  by means of s l i d e s  t aken  from t h e  cascade  

impactor  were unsuccess fu l .  

w i th  a microbalance  because of  nonreproducib le  r e s i d u a l  e l e c t r o s t a t i c  

charge  on t h e  g l a s s  s l i d e s .  Alpha spec t romet ry  w a s  used as a n  a l t e r n a t i v e  

method of ana lyz ing  t h e  d e p o s i t s  on s e v e r a l  s l i d e s  removed from t h e  impac- 

t o r .  Less t h a n  1 ug of thorium o r  1 ug of uranium w a s  c a r r i e d  over  and 

d e p o s i t e d  on i n d i v i d u a l  s l i d e s  a t  a g a s  f low r a t e  of 0.017 l i t e r / s  through 

t h e  o x i d a t i o n  furnace .  Th i s  i s  t h e  l i m i t i n g  f low ra te  through t h e  i m -  

p a c t o r  f o r  a f u r n a c e  atmosphere p r e s s u r e  of 0.101 MPa. Depos i t s  on f i l -  

ter  papers  p o s i t i o n e d  below t h e  l a s t  s t a g e  of t h e  impactor  a l s o  con ta ined  

-1 ug of thorium o r  uranium. 

Reproducible  we igh t s  could  n o t  b e  ob ta ined  

The long-delayed mass spec t romete r ,  which w a s  purchased f o r  u se  i n  

measuring t h e  real-time composi t ion  of  gaseous  f u e l  combustion p roduc t s  

r e s u l t i n g  from o x i d a t i o n  of t h e  advanced FBR f u e l s ,  was r e c e i v e d  i n  Feb- 

ruary .  However, p r i o r  t o  shipment ,  t h e  d i g i t a l - d i s p l a y  mass i d e n t i f i e r  

module had mal func t ioned  and had been removed f o r  r e p a i r .  The r e p a i r e d  

module w a s  r e c e i v e d  March 24.  Checkout of t h e  spec t romete r  by t h e  manu- 

f a c t u r e r ' s  r e p r e s e n t a t i v e ,  t o  e n s u r e  t h a t  i t  meets s p e c i f i c a t i o n s ,  must 

be completed b e f o r e  t h e  in s t rumen t  can be p laced  i n  s e r v i c e .  

A major  e f f o r t  t h i s  q u a r t e r  w a s  a p p l i e d  t o  f i n a l  p r e p a r a t i o n  f o r  pub- 

l i c a t i o n  of t h e  r e p o r t  e n t i t l e d  T r i t i u m  - AnaZy6is of Key Environmental 
and Dosimetric Questions, by J .  E. T i l l  e t  a l . ,  ORNL/TM-6990. Review 

comments have been addressed .  The r e p o r t  w i l l  be  pub l i shed  i n  A p r i l  1980. 
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Seve ra l  papers  were submi t ted  f o r  o r a l  p r e s e n t a t i o n  o r  p u b l i c a t i o n .  

1. An a b s t r a c t  o f  a paper  e n t i t l e d  "Tr i t ium - P o t e n t i a l  Impacts of Nu- 

c lear  Fuel  Cycle Releases," by H. R. Meyer, J. E. T i l l ,  and E. T. 

E t n i e r ,  w a s  accepted  f o r  p r e s e n t a t i o n  a t  t h e  25th  Annual Heal th  Phys- 

ics  S o c i e t y  Meeting i n  Sea t t le ,  J u l y  20-25, 1980. 

An a b s t r a c t  o f  a paper  e n t i t l e d  "Updating o f  T r i t i um Qua l i ty  Fac to r ,  

The Argument f o r  Conservat ism,"  by J. E. T i l l ,  E. L. E t n i e r ,  and H. R. 

Meyer, was accep ted  f o r  p r e s e n t a t i o n  a t  t h e  ANS Topica l  Meeting, Day- 

t o n ,  Ohio, Apr. 2 H a y  1, 1980. A l onge r  v e r s i o n  of  t h i s  paper  w i l l  

appear  i n  t h e  Proceedings of t h e  Meeting. 

2. 

3. A paper  e n t i t l e d  "Es t imat ion  of Dose t o  Man from Environmental  T r i -  

t ium,"  by P. S. Rohwer and E. T. E t n i e r ,  was a l s o  accepted  f o r  pre- 

s e n t a t i o n  and p u b l i c a t i o n  a t  t h e  ANS Top ica l  Meeting. 

A paper  e n t i t l e d  "A Review of Nethodologies  f o r  C a l c u l a t i n g  Doses from 

Environmental  Releases of T r i t i u m , "  by J. E, T i l l ,  E. L. E t n i e r ,  and 

H, R. Meyer, h a s  been w r i t t e n  f o r  submission t o  t h e  j o u r n a l  NucZear 

Safe ty .  

4 .  

5 .  A paper  e n t i t l e d  " S i g n i f i c a n c e  of Inco rpora t ing  Age-Dependent Data 

i n t o  Popu la t ion  Dose Estimates," by E. T. E t n i e r  and J. E. T i l l ,  was 

publ i shed  i n  t h e  December 1979 i s s u e  of t h e  j o u r n a l  Health Physics. 
A paper  e n t i t l e d  "Reevalua t ion  of t h e  Dose Equiva len t  per  Unit  In t ake  

of 232Th,'' by H. R. Meyer and D. E. Dunning, was publ i shed  i n  t h e  Oc- 

t obe r  i s s u e  of t h e  j o u r n a l  Health Phyys~cs. 

6 .  

7. A paper  e n t i t l e d  "Environmental  Impact of Rad ioac t ive  Releases from 

Recycle o f  Thorium-Based Fuel Using Current  Containment Technology" 

w a s  p re sen ted  by V. J. Tennery on Mar. 17, 1980, a t  t h e  Second US DOE 

Environmental  Cont ro l  Symposium, Reston, Va.  It w i l l  be publ i shed  i n  

t h e  proceedings  of t h i s  symposium. 

An a n a l y s i s  i s  be ing  made of t h e  a d a p t a b i l i t y  of t h e  AIRDOS-EPA a t -  
mospheric t r a n s p o r t  code t o  c a l c u l a t i n g  doses  t h a t  would r e s u l t  from LOA-4 

t r a n s i e n t  releases. 
A p rogres s  r e p o r t  was rece ived  cover ing  t h e  pe r iod  from May 1 t o  

Sept.  30, 1979, f o r  t h e  s u b c o n t r a c t  work a t  Colorado S t a t e  U n i v e r s i t y  t o  
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model release of r a d i o a c t i v i t y  from a thorium o r e  p i l e .  The r e p o r t ,  en- 

t i t l e d  "Gaseous and P a r t i c u l a t e  Source T e r m s  f o r  a Thorium Ore P i l e , "  w a s  

prepared by W. J. Smith,  F. W. Wicker, and J. H. Smith,  Department of Ra- 

d io logy  and Rad ia t ion  Biology. 

A review of LOA-4 (4.2 At t enua t ion  i n  t h e  Environment) work a t  ORNL 

was presented  a t  ORNL on Jan. 16,  1980, t o  t h e  F a s t  Breeder Reactor  Sa fe ty  

Technology Management Center  S t a f f .  
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ORNL BREEDER REACTOR SAFETY - LOA 4 
QUARTERLY TECHNICAL PROGRESS REPORT 

FOR JANUARY-ARCH 1980 

ABSTRACT 

An e v a l u a t i o n  o f  the v a r i a b i l i t y  of t h r e e  b i o l o g i c a l  f ac -  
t o r s  involved i n  determining t h e  dose p e r  u n i t  i n t a k e  of in- 
g e s t e d  I 3 l I  h a s  been performed f o r  several age c a t e g o r i e s  u s ing  
Monte C a r l o  techniques.  

4. TASK 04 - ORNL LOA 4 TASKS: MODEL EVALUATION OF 
BREEDER REACTOR RADIOACTIVITY RELEASES 

R. 0. Ches t e r  C. W. Miller 

4.1 Comprehensive T e s t i n g  of S e l e c t e d  Models 

4.1.1 P a r t i c l e - i n - c e l l  model 

One of t h e  models s e l e c t e d  f o r  f u r t h e r  examinat ion i n  t h e  p r o j e c t  

i s  t h e  P I C  numerical  method f o r  e s t i m a t i n g  atmospheric  d i s p e r s i o n  of aero-  

s o l s .  This  i s  a three-dimensional d i s p e r s i o n  t echn ique  i n  which Lagrang- 

i a n  " p a r t i c l e s "  o r  " p a r c e l s "  are used t o  r e p r e s e n t  an  ensemble o f  real  

p a r t i c l e s  o r  a q u a n t i t y  of some substance.  Because PIC models are  gener- 

a l l y  ve ry  complex and r e q u i r e  l a r g e  amounts of i n p u t  d a t a ,  computer space ,  

and computer t i m e ,  t h e y  are n o t  l i k e l y  t o  come i n t o  wide use f o r  r o u t i n e  

assessment  purposes  i n  the nea r  f u t u r e .  However, P I C  models may prove 

u s e f u l  f o r  s p e c i a l  c o n d i t i o n s  such as low wind speed c o n d i t i o n s ,  complex 

t e r r a i n ,  and plumes i n v o l v i n g  complex chemical i n t e r a c t i o n s  l i k e  sodium 

a e r o s o l s  i n  a i r .  We w i l l  a t t empt  i n  t h i s  p r o j e c t  t o  d e l i n e a t e  more spe- 

c i f i c a l l y  t h e  a p p l i c a t i o n s  f o r  which t h e  P I C  t echn ique  i s  a p p r o p r i a t e .  

A computer code,  NEXUS, i s  being developed t o  implement t h e  PIC 

model a t  ORNL. T h i s  development i s  necessa ry  because no n o n p r o p r i e t a r y  

PIC code ex i s t s  t h a t  can be r e a d i l y  implemented on t h e  ORNL computing sys- 

t e m .  T h i s  code w i l l  be used i n  an  a t t e m p t  t o  s i m u l a t e  t h e  r e s u l t s  of t h e  

sodium a e r o s o l  release tes ts  conducted a t  INEL by NOAA and A I .  



4-4 

4.1.2 Hanford-67 d a t a  comparisons 

Work i s  con t inu ing  on a comparat ive a n a l y s i s  of Hanford-67 atmo- 

s p h e r i c  d i s p e r s i o n  d a t a  f o r  releases of f l u o r e s c e i n  p a r t i c l e s  from a 

h e i g h t  of 56 m and v a l u e s  of  t h e  normal ized ,  ground- leve l ,  c e n t e r l i n e  a i r  

c o n c e n t r a t i o n  c a l c u l a t e d  by t h e  computer code DWNWND. Comparisons are 

being made f o r  p r e d i c t i o n s  based on two d i f f e r e n t  sets of Gaussian plume 

d i s p e r i s o n  pa rame te r s ,  t h e  PG se t  and BNL set .  Comparisons are a l s o  be ing  

made f o r  two d i f f e r e n t  methods of  e s t i m a t i n g - a t m o s p h e r i c  s t a b i l i t y ,  one 

based on t h e  v e r t i c a l  t empera ture  g r a d i e n t  AT/AZ and one based on t h e  

s t a n d a r d  d e v i a t i o n  of t h e  wind d i r e c t i o n  n e a r  t h e  p o i n t  of release 00. 
R a t i o s  of p r e d i c t e d  a i r  c o n c e n t r a t i o n  t o  observed a i r  c o n c e n t r a t i o n  have 

been c a l c u l a t e d  f o r  each  of  t h e s e  comparisons.  Median v a l u e s  of t h i s  ra- 

t i o  as a f u n c t i o n  of downwind d i s t a n c e  are  shown i n  Table  4.1. I n  gen- 

e r a l ,  a l l  methods tend  t o  u n d e r p r e d i c t  nea r  t h e  sou rce  and t o  o v e r p r e d i c t  

f a r t h e r  from t h e  source .  The PG v a l u e s ,  however, t end  t o  approach t h e  

d e s i r e d  v a l u e  of 1 sooner  and t o  o v e r p r e d i c t  t h e r e a f t e r  less t h a n  t h e  BNT, 

Table  4.1. Median v a l u e s  of t h e  r a t i o  p r e d i c t e d  a i r  con- 
c e n t r a t i o n  t o  observed a i r  c o n c e n t r a t i o n  f o r  two 

methods of e s t i m a t i n g  a tmospher ic  s t a b i l i t y  
and two sets of d i s p e r s i o n  parameters  

Pasqu i l l -G i f fo rd  Bro o khaven 
parameters  parameters  Downwind d i s t a n c e  

( m >  AT 
AZ 0 0  - AT 

Az 0 0  - 

I 

400 
80 0 

1,600 

3,200 
5,000 
7,000 

12,800 
Overall 

1,200 

2,200 

4.0E-07a 1.2E-04 
1.2E-02 9.OE-02 
1.2E-01 3.6E-0 1 
3.6E-01 6.9E-01 
1.2 1.5 
1.5 1.5 
4.5 3.3 
3.9 2.5 
7.3 4.2 
0.139 0.365 

1.23-33 
1.9E-12 
8.2E-07 
1.7E-04 
1.4E-02 
1.8E-01 
2.4 
3.9 

10.7 
4.6E-07 

3.4E-23 
3.4E-09 
4.5E-05 
2.2E-03 
3.9E-02 
2.7E-01 
1.9 
2.3 
6.5 
3.7E-05 

~~ 

a ~ . o E - o ~  = 4 10-7. 
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* 

* 

v a l u e s  f o r  t h e  same method of de te rmining  s t a b i l i t y .  

of de te rmining  s t a b i l i t y  seems t o  perform b e t t e r  o v e r a l l  t han  does t h e  

AT/AZ method. 

Also, t h e  5 8  method 

4.1.3 ReDort ORNL-5573 

Comments were rece ived  by te lephone  from George Sherwood, DOE, con- 

cern ing  h i s  review of ORNL-5573, The Evaluation of Models Used f o r  the 
Assessment of Radionuel ide Releases t o  the Environment, a Swnmary of Docu- 
mentation f o r  the Period of A p r i l  1976 through J u l y  1979. These comments 

have been inco rpora t ed  i n t o  t h e  manuscr ip t ,  and i t  has  been s e n t  t o  Labo- 

r a t o r y  Records f o r  f i n a l  review and p r i n t i n g .  

4.2 Recommendations of Models and Parameters  Best 
S u i t e d  t o  Breeder  Reac tor  Assessments 

Report  ORNL-5529, Recommendations Concerning Models and Parameters 
Rest Suited t o  Breeder Reactor Environmental Radiological Assessments, 

w a s  reviewed w i t h i n  t h e  Hea l th  and S a f e t y  Research Div i s ion ,  and c o p i e s  

were s e n t  t o  George Sherwood, DOE, and Jack Van d e r  Hoven, NOAA, f o r  t h e i r  

review. The i r  comments were r ece ived  by t e l ephone  and are c u r r e n t l y  be ing  

inco rpora t ed  i n t o  t h e  manuscr ip t  be fo re  t h e  r e p o r t  i s  p r i n t e d .  

4.3 E v a l u a t i o n  of U n c e r t a i n t i e s  Assoc ia ted  
wi th  C a l c u l a t i o n a l  Models 

4.3.1 Atmospheric d i s p e r s i o n  parameters  

Two c r i t i c a l  parameters  i n  t h e  Gaussian plume a tmospher ic  d i s p e r s i o n  

model are  t h e  crosswind and v e r t i c a l  s t anda rd  d e v i a t i o n s  of t h e  concentra-  

t i o n s  i n  t h e  plume, oy and C I ~ ,  r e s p e c t i v e l y .  

h a s  been used t o  perform a s t a t i s t i c a l  a n a l y s i s  of a l i m i t e d  number of 

v a l u e s  of ay and b 2 ,  based on short- term (<30 - min) a i r  c o n c e n t r a t i o n  

measurements t aken  a t  Kar l s ruhe ,  Fede ra l  Republ ic  of Germany. The prob- 

a b i l i t y  d i s t r i b u t i o n s  a s s o c i a t e d  wi th  t h e s e  parameters  were assumed t o  be 

lognormal. 

v a l u e s  cons idered  i n  t h i s  s tudy  is  shown i n  Table  4.2. 

The computer program TEDPED 

A summary of r e s u l t s  of the s ta t is t ical  a n a l y s i s  f o r  t h e  Qz 

A range  of v a l u e s ,  
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Tab le  4.2. Summary of a s t a t i s t i c a l  a n a l y s i s  of s e l e c t e d  Uz 
v a l u e s  f o r  HTO r e l e a s e d  from a h e i g h t  of 100 m a t  

K a r l s r u h e ,  Fede ra l  Republ ic  of Germany 

Logarithms Range of 
measured Downwind Number R a t i o  

of d i s t ance  
S tanda rd  v a l u e s  
d e v i a t i o n  (m) 

v a l u e s  Mean (m) 
ca tegory  

A 30 0 
500 

1000 

B 500 
1000 
2000 

C 700 
1000 
2000 

D 700 
1000 
1500 

4 4.21 0.25 
4 4.91 0.23 
4 5.87 0.36 

6 4.07 0.11 
6 5.04 0.46 
3 6.72 0.18 

11 5.07 1.01 
11 5.23 1.11 
24 5.54 1.02 

7 4.98 0.57 
7 4.79 0.10 

12 5.10 0.69 

4 6 9 9  
10 7-2 00 
188-520 

52-69 
79-276 

6 1 7 9 6 9  

44-1533 
52-2 0 7 7 
59-3749 

66-268 
105-141 

59-499 

2.2 
1.9 
2.8 

1.3 
3.5 
1.6 

35 
40 
64 

4.1 
1.3 
8.5 

r a t h e r  t h a n  a s i n g l e  v a l u e ,  i s  a s s o c i a t e d  w i t h  each s t a b i l i t y  c a t e g o r y  and 

downwind d i s t a n c e .  The r a t i o  of h igh  t o  low v a l u e s  f o r  each  combinat ion 

i s  most o f t e n  nea r  2 o r  less. For a l l  t h r e e  d i s t a n c e s  i n  s t a b i l i t y  cate- 

gory  C ,  however, t h i s  r a t i o  i s  over  10 i n  va lue .  Also ,  any s e p a r a t i o n  of 

t h e  az v a l u e s  on t h e  b a s i s  of s t a b i l i t y  c a t e g o r y  i s  n o t  l a r g e  f o r  t h e  

downwind d i s t a n c e s  cons ide red  here .  The  ranges  of t h e  v a l u e s  a t  one down- 

wind d i s t a n c e  common t o  a l l  s t a b i l i t y  c a t e g o r i e s ,  1000 m,  o v e r l a p  between 

c a t e g o r i e s .  The mean v a l u e s  of t h e  loga r i thms  a t  t h i s  1000-m d i s t a n c e  

a l s o  do n o t  un i formly  d e c r e a s e  i n  t h e  p r o g r e s s i o n  from A s t a b i l i t y  t o  D 

s t a b i l i t y .  These f i n d i n g s  i n d i c a t e  t h a t  i t  i s  p o s s i b l e  t o  have some of 

t h e  same v a l u e s  of az i n  a l l  f o u r  s t a b i l i t y  c a t e g o r i e s  r ep resen ted .  

S i m i l a r  r e s u l t s  were found f o r  t h e  0 a n a l y s i s .  Y 

4.3.2 Dose due t o  1311 

Unce r t a in ty  i s  p r e s e n t  i n  estimates of dose because of a number of 

f a c t o r s ,  i n c l u d i n g  v a r i a b i l i t y  i n  human p h y s i o l o g i c a l  and me tabo l i c  char -  

ac te r i s t ics .  The importance of t h e  v a r i a b i l i t y  i n  human-related charac-  

t e r i s t ics  h a s  been reemphasized by a r e c e n t  s tudy  i n  which t h e  v a r i a b i l i t y  

, 
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i n  t h o s e  parameters  c o n t r i b u t e d  most t o  t h e  o v e r a l l  imprec i s ion  i n  dose 

t o  i n f a n t s .  To s u b s t a n t i a t e  t h i s  r e s u l t ,  a n  e v a l u a t i o n  of v a r i a b i l i t y  of 

t h e  t h r e e  p r i n c i p a l  b i o l o g i c a l  f a c t o r s  ( t h y r o i d  mass, t h y r o i d  uptake ,  and 

b i o l o g i c a l  h a l f - l i f e )  on de te rmining  t h e  dose per  u n i t  i n t a k e  of i n g e s t e d  

l3lI h a s  been performed f o r  s e v e r a l  age  c a t e g o r i e s .  

i n  p r e d i c t e d  t h y r o i d  dose was es t ima ted  us ing  Monte Car lo  techniques .  

Resu l t ing  imprec i s ion  

The b e s t  estimates of  t h e  d i s t r i b u t i o n s  f o r  t h e  p r i n c i p a l  parameters  

involved  were made f o r  a d u l t s .  There i s  s u f f i c i e n t  ev idence  t h a t  a l l  

t h e s e  parameters  resemble a lognormal d i s t r i b u t i o n  wi th  t r u n c a t i o n s  a t  a 

c e r t a i n  minirnum/maximum l e v e l .  The r e s u l t i n g  imprec i s ion  i n  dose per  u n i t  

i n t a k e  f o r  i n g e s t i o n  i s  g iven  i n  Fig.  4.1, which r e p r e s e n t s  t h e  f requency  

d i s t r i b u t i o n  of  dose f o r  a n  a d u l t .  The 95th  and 99th  p e r c e n t i l e s  of t h e  

d i s t r i b u t i o n ,  r e s p e c t i v e l y ,  a re  -2.2 and -3.2 t imes t h e  mean va lue  (X). 
S i m i l a r  v a l u e s  were observed f o r  o t h e r  age  groups and a r e  c o n s i s t e n t  w i th  

prev ious  a t t e m p t s  t o  q u a n t i f y  t h e  imprec is ion  i n  dose.  

, 

ORNL- DWG 80- 9209 

I I 

NRC-VALUE: 1.95 rem/pCi (83%) 
xrn 
; I  z 

... ... 
I 1  I I I I I I I I  

0.2 0.6 1.0 4.4 1.8 2.2 2.6 3.0 3.4 3.8 4.5 6.0 
DOSE EQUIVALENT COMMITMENT PER UNIT INTAKE (rem/pCi ) 

1311 
Fig. 4.1. Thyroid dose commitment pe r  u n i t  i n t a k e  of i n g e s t e d  

f o r  a d u l t s .  
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4.4 Meetinns 

On Jan. 16,  1980, P. S. Rohwer, R. 0. Ches t e r ,  J. T. Holdeman, and 

C. W. Miller p a r t i c i p a t e d  i n  t h e  F a s t  Reac tor  S a f e t y  Technology Management 

Center  Environmental  A t t enua t ion  Top ica l  Meeting a t  ORNL. 

C. W. Miller a t t e n d e d  t h e  Second J o i n t  Conference on A p p l i c a t i o n s  

of  A i r  P o l l u t i o n  Meteorology, Mar. 24-27, 1980, i n  New Or leans ,  La. H e  

p re sen ted  a paper  coauthored w i t h  C. A. L i t t l e  and S. J. C o t t e r  e n t i t l e d  

"Comparison of Observed and P red ic t ed  Normalized A i r  Concent ra t ions  f o r  

56-M Releases of F l u o r e s c e i n  P a r t i c l e s . "  

c 
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ORNL BREEDER REACTOR SAFETY - L O A  SUPPORT 
QUARTERLY TECHNICAL PROGRESS REPORT 

FOR JANUARY--MARCH 1980 

5. TASK 05 - ORNL LOA SUPPORT AND INTEGRATION: 
NUCLEAR SAFETY INFORMATION CENTER 

W. B. C o t t r e l l  J. R. Buchanan 

I n  1963, t h e  N S I C  was e s t a b l i s h e d  by t h e  USAEC as a f o c a l  p o i n t  f o r  

c o l l e c t i n g ,  a n a l y z i n g ,  and d i s semina t ing  in fo rma t ion  f o r  t h e  b e n e f i t  of 

t h e  n u c l e a r  community. 

o p e r a t i o n  of n u c l e a r  f a c i l i t i e s  by p rov id ing  and/or  i d e n t i f y i n g  r e l e v a n t  

i n fo rma t ion  on t h e i r  n u c l e a r  s a f e t y  problems. This  may be  done d i r e c t l y  

( a s  th rough s p e c i a l  s e a r c h e s ,  SDI, and c o n s u l t a t i o n )  o r  i n d i r e c t l y  ( a s  

through t h e  p u b l i c a t i o n  of r e p o r t s ,  b i b l i o g r a p h i e s ,  and t h e  t e c h n i c a l  

p rog res s  review,  Nuclear Sa fe t y ) .  In  a d d i t i o n ,  t h e  c e n t e r ' s  s t a f f  par t ic i -  

p a t e s  i n  v a r i o u s  s p e c i a l  s t u d i e s  and e v a l u a t i o n s .  

sponsored by NRC and DOE. 

It a i d s  t h o s e  concerned wi th  a n a l y s i s ,  d e s i g n ,  and 

The NSIC i s  j o i n t l y  

The c a p a b i l i t i e s  of NSIC's t e c h n i c a l  s t a f f  are  augmented by a com- 

p u t e r  f i l e  t h a t  c o n t a i n s  100-word a b s t r a c t s  and complete  b i b l i o g r a p h i c  

d a t a  on ove r  150,000 n u c l e a r  s a f e t y  documents and is  i n c r e a s i n g  a t  t h e  

ra te  of 12,000 documents per  year .  

t r i e v a b l e  from t h e  computer t o  meet a number of requi rements .  

are f r e q u e n t l y  q u e r i e d  f o r  r e t r o s p e c t i v e  b i b l i o g r a p h i e s  t o  a i d  t h e  s t a f f  

i n  answering t e c h n i c a l  i n q u i r i e s .  

du r ing  p r e p a r a t i o n  of NSIC reports and review articles f o r  t h e  bimonthly 

j o u r n a l ,  Nuclear Safe ty .  
s t o r a g e  f i l e s  i s  a biweekly SDI program t h a t  selects r e f e r e n c e s  acco rd ing  

t o  i n d i v i d u a l  u s e r  requi rements .  NSIC's computer ized c a p a b i l i t y  h a s  been 

extended by i n c l u d i n g  t h e  N S I C  f i l e  on t h e  DOE-RECON system, where i t  may 

be  accessed  by t h e  RECON network. 

P e r t i n e n t  a b s t r a c t s  are r e a d i l y  re- 
These f i l e s  

The f i l e s  are a l s o  used e x t e n s i v e l y  

A r o u t i n e  form of r e f e r e n c e  ou tpu t  from t h e  

P r i n c i p a l  a c t i v i t i e s  of t h e  Center  from Jan.  1 t o  Mar. 31, 1980, a r e  

summarized. S ince  mid-1975 t h e  Center  has  ope ra t ed  under  t h e  DOE Infor -  

mat ion  Center  P r i c i n g  P o l i c y ,  which w a s  implemented on J u l y  1, 1975, f o r  

c e r t a i n  NSIC s e r v i c e s  and w a s  subsequen t ly  extended t o  a p p l y  t o  SDI  ( w i t h  

biweekly m a i l i n g s ) .  This  expe r i ence  i s  r e p o r t e d ,  as  w e l l  as t h e  more 
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customary Center  a c t i v i t i e s ,  i n c l u d i n g  t h e  p r e p a r a t i o n  of r e p o r t s  and t h e  

jou rna l .  

5.1 Rout ine  S e r v i c e s  

During t h e  months of January ,  February ,  and March 1980, t h e  s t a f f  of 

NSIC ( 1 )  e n t e r e d  2821 documents, ( 2 )  responded t o  198 i n q u i r i e s  (of  which 

142 involved  t e c h n i c a l  s t a f f ) ,  ( 3 )  made 54 computer s e a r c h e s  (of which 8 

were f o r  paying cus tomers) ,  ( 4 )  provided SDI t o  396 s u b s c r i b e r s  ( i n c l u d i n g  

47 paying s u b s c r i b e r s ) ,  (5) r e c e i v e d  26 v i s i t o r s ,  ( 6 )  a t t e n d e d  13 meet- 

i n g s ,  and ( 7 )  i s s u e d  2 r e p o r t s .  

on t h e  RECON system f o r  t h e  pe r iod  Feb. 4 ,  1980, t o  Feb. 29, 1980, i s  

p resen ted  i n  Table  5.1. 

d a t a  b a s e s  on RECON. 

The DOE r e p o r t  on  use  of t h e  d a t a  b a s e s  

The N S I C  i s  t h e  f i f t h  most wide ly  used  of t h e  

I n  accordance w i t h  t h e  DOE In fo rma t ion  Center  P r i c i n g  P o l i c y ,  which 

h a s  been a p p l i c a b l e  t o  NSIC, t h o s e  o r g a n i z a t i o n s  o r  persons  o t h e r  t han  

Tab le  5.1. RECON d a t a  b a s e  a c t i v i t y  from Feb. 4 t o  Feb. 29, 1980 ( 1 7  o p e r a t i n g  d a y s )  

S u p p o r t i n g  Number of  Number of C i t a t i o n s  
i n s t a l l a t i o n  s e s s t o n s  expands  p r i n t e d  Data b a s e  Data b a s e  

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

E DB 
NSA 
W RA 
EM I 
NSC 
R I P  
GAP 
F E D  
ES I 
ET I 
E I A  
WRE 
E IS  
ERG 
API 
RS I 
PRD 
C I M  
N B I  
NRC 
NE S 
NER 
TUL 
NS R 
RSC 
MF 

DOE Energy  Da tabase  
Nuc lea r  S c i e n c e  A h s t r a c  t s  
Water Resources  A h s t r a c t s  
Env ironmen t a l  % t a g e n s  In f  o rma t ion 
Nuclea r  S a f e t y  I n f o r m a t i o n  Cen te r  
Energy Resea rch  i n  P r o g r e s s  
C e n e r a l  and  P r a c t i c a l  I n f o r m a t i o n  
F e d e r a l  Energy Data 1,idex 
Env i ronmen ta l  S c i e n c e  Index  
Env i ronmen ta l  T e r a t o l o g y  
Energy I n f o r m a t i o n  A b s t r a c t s  
Water  Resource  Resea rch  
Epidemiology I n f o r m a t i o n  System 
Enhanced O i l  and  Gas Recovery 
American Pe t ro l eum Data Base 
R a d i a t i o n  S h i e l d i n g  I n f o r m a t i o n  
Power R e a c t o r  Dockets  
C e n t r a l  I n v e n t o r y  of Yodels  
N a t i o n a l  B iomoni to r ing  I n v e n t o r y  
N a t i o n a l  R e f e r r a l  C e n t e r  
N a t i o n a l  Energy Sof tware  
N a t i o n a l  Energy  R e f e r r a l  
T u l s a  Data Base 
Nuc lea r  S t r u c t u r e  Refe rence  
R a d i a t i o n  S h i e l d i n g  Codes 
Agent R e g i s t r y  File 

' r I c  
TIC 
W R S I C  
EP11 C 
NS I C  

DOE 
DOEIFIA 
E IC 
ETZC 
E IC 
WRSIC 
TIRC 
BERC 
AP I 
RS IC 

DOE 
N B I C  
LC 
NESC 
E I C  
U. T u l s a  
N D P  
RS I C  
EMIC/ E T I C  

n m  

T I C / N R C  

3115 
528 
291 
193 
1 4 8  
148 
124 

99 
93  
8 9  
81 
44 
37 
28 
27 
24 
2 3  
22 
1 9  
19 
1 8  
15  
1 5  
I 1  

9 
7 

128,981 4544 

1012 18 ,576  
288 9,156 
298 1 2 , 2 2 3  
226 1 ,037  
170 972 
159 1 ,367  
149 618 
99 2 ,129  

1 I O  497 
107 1 , 5 0 2  

38  42 
35 313  

16  1 ,056  
16 827 
36 9 
13 
43 
11 95 
16 
42 240 
16 53 
10  69 

98 5 7 ,947  

47 1 , 5 2 8  

3 

I 
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sponsor s  and t h e i r  d i r e c t  s u b c o n t r a c t o r s  must pay f o r  the services they  

r e c e i v e .  A s  noted p r e v i o u s l y ,  NSIC performed 8 pa id  searches d u r i n g  t h e  

q u a r t e r  and a t  the end of the q u a r t e r  had 47 p a i d  SDI s u b s c r i p t i o n s .  How- 

e v e r ,  these f u n d s  are n o t  r e c e i v e d  by u s  b u t  i n  accordance w i t h  DOE p o l i c ;  

are c o l l e c t e d  by the N a t i o n a l  Techn ica l  In fo rma t ion  S e r v i c e  - s e r v i n g  as 

o u r  b i l l i n g  agen t  - and t h e n  c r e d i t e d  t o  the DOE General Fund. 

5.2 ORNL-NSIC ReDorts 

Work was concluded,  con t inued ,  o r  i n i t i a t e d  on s e v e r a l  r e p o r t s  as 

f o l l o w s :  

ORNL/NUREG/NSIC-160, Annotated Bibliography on Safequards Against 
Proliferation of Nuclear Materials ( i n  p r e p a r a t i o n ) .  

ORNL/NUREG/NSIC-161, Nuclear Power and Radiation in Perspective ( i n  
p r e p a r a t i o n ) .  

ORNL/NUREG/NSLC-166, Breeder Reactor Safety - Review of Current Is- 
sues and Bibliography of 1978 Literature ( Janua ry  1980). 

ORNL/NUREG/NSIC-167, Role of Probability in Risk and Safety Analysis 
( i n  p r e p a r a t i o n ) .  

ORNL/NUREG/NSIC-168, Annotated Bibliography on the Transportation and 
Handling of Radioactive Materials ( i n  p r e p a r a t i o n ) .  

ORNL/NUREG/NSIC-169, Bibliography of Reports on Research Sponsored by 
the NRC Office of Nuclear Regulatory Research ( i s s u e d ) .  

ORNL/NUREG/NSIC-172, Annotated BibZiography on Fires and Fire Protec- 
tion in Nuclear Facilities ( i n  preparation). 

ORNL/NUREG/NSIC-175, Index to Nuclear Safety, Vol .  11 through V o l .  20 
( i n  p r e p a r a t i o n ) .  

ORNL/NLJREG/NSIC-176, Description of Selected Incidents Which Have Oc- 
curred in Nuclear Facilities ( i n  p r e p a r a t i o n ) .  

ORNL/NUREG/NSIC-178, Summary and Bibliography of Safety-Related 
Events at Boiling Water Nuclear Power Plants as Reported in 1979 ( i n  
p r e p a r a t i o n ) .  

ORNL/NUREG/NSIC-179, Summary and Bibliography of Safety-Retated 
Events at Pressurized Water Nuclear Power Plants as Reported in 1979 ( i n  
p r e p a r a t i o n ) .  
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5.3 J o u r n a l  of Nuclear Safety 

P r e p a r a t i o n  and review of material f o r  t h e  t e c h n i c a l  p r o g r e s s  re- 

view, Nuclear Safety, con t inued  apace w i t h  t h e  r equ i r emen t s  of i t s  b i -  

monthly p u b l i c a t i o n  schedule .  

2 1 ( 4 )  were completed and mailed t o  NRC, DOE, and TIC on March 21. The 

" c u r r e n t  even t s "  material  ( cove r ing  e v e n t s  which occur red  i n  January  and 

February)  f o r  Nuctear Safety 21(3)  w a s  completed by March 1 7  ( excep t  f o r  

d a t a  on o p e r a t i n g  power r e a c t o r s  t h a t  were n o t  y e t  a v a i l a b l e  from NRC). 

Most t e c h n i c a l  a r t i c l e s  f o r  Nuclear Safety 21(5 )  have been r e c e i v e d  and 

a re  i n  v a r i o u s  s t a g e s  of p r e p a r a t i o n .  

21(2) were r ece ived  from t h e  p r i n t e r  on March 19. 

Nuclear Safety s t a f f  meet ings  were h e l d  February 6 and March 26. 

of t h o s e  meet ings  and t e n t a t i v e  o u t l i n e s  f o r  t h e  nex t  s e v e r a l  i s s u e s  of 

Nuclear Safety were r e c e i v e d  and d i s t r i b u t e d  s h o r t l y  a f t e r  b o t h  meet ings .  

A l l  t e c h n i c a l  a r t i c l e s  f o r  Wuclear SafQty 

F i n a l  c o p i e s  of Nuclear Safety 
The r e g u l a r  bimonthly 

Minutes 

I 
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ORM; BREEDER REACTOR SAFETY - LOA SUPPORT 
QUARTERLY TECHNICAL PROGRESS REPORT 

FOR JANUARY-MARCH 1980 

ABSTRACT 

Continued progress on development of a centralized data 
base and supporting organization for collection, analysis, and 
dissemination of breeder component reliability data is reported. 
Historic engineering and event data are the primary emphasis of 
data collection at EBR-11. Engineering data collection efforts 
at FFTF have been initiated through HEDL's FFTF Plant Utiliza- 
tion Program, and data tapes have been received by CREDO. 

6. TASK 06 - ORNL LOA SUPPORT AND INTEGRATION: BREEDER 
REACTOR RELIABILITY DATA ANALYSIS CENTER 

G. F. Flanagan P. M. Haas 
G. W. Cunningham S. D. Hudson 
N. M. Greene H. E. Knee 

J. J. Manning 

6.1 Initial Data Collection and Evaluation 

Engineering data collection, review, and transcription to CREDO for- 

mat were completed for seven systems at EBR-11: 

1 .  primary sodium storage and purification system, 

2. 

3 .  secondary sodium vent system, 

4. secondary sodium monitoring system, 

5. primary cold trap NaK cooling system, 

6. secondary Dowtherm cooling system, 

7. secondary sodium components evaluation system. 

secondary sodium storage and purification system, 

Detailed EBR I1 cycling histories for the first five years of the 

facility's operation were gathered, and historic event data collection was 

initiated for the following systems: (1) primary reactor heat transport, 

(2) sodium pressure relief, and ( 3 )  secondary sodium storage and process- 

ing. 



6- 4 

A s t u d y  of E B R - 1 1 ' s  unscheduled outages  w a s  i n i t i a t e d .  Data on un- 

scheduled outages  i s  being c o l l e c t e d  and c a t e g o r i z e d  accord ing  t o  cause ,  

t o t a l  downtime, and o t h e r  f a c t o r s  i n  o r d e r  t o  i d e n t i f y  g e n e r i c  and spe- 

c i f i c  reasons  f o r  t h e  apparent  i n c r e a s e  i n  EBR-11's  a v a i l a b i l i t y  wi th  in-  

c reased  o p e r a t i n g  exper ience .  

Data c o l l e c t i o n  a t  FFTF was i n i t i a t e d  on t h e  primary h e a t  t r a n s f e r  

system. Approximately 25% of a l l  components have been "pedigreed" i n  

t h i s  sys tem.  A subcon t rac t  t o  HEDL's FFTF P l a n t  U t i l i z a t i o n  Program w a s  

i n i t i a t e d  t o  provide  a s s i s t a n c e  t o  CREDO i n  c o l l e c t i n g  FFTF da ta .  Com- 

p u t e r  tapes f o r  t h e  trace h e a t e r  eng inee r ing  index and f o r  t h e  ins t rument  

c a l i b r a t i o n  and maintenance system d a t a  were r eques t ed  through t h e  P l a n t  

U t i l i z a t i o n  Program. The l a t t e r  t a p e  has  been r ece ived  and i s  being 

t r a n s f e r r e d  t o  I B M  format .  The t r a c e  h e a t e r  t a p e  has  n o t  y e t  been re- 

ce ived ;  however, programming has  been i n i t i a t e d  f o r  conve r t ing  d a t a  from 

bo th  t a p e s  i n t o  CREDO format .  

6.2 Development of t h e  Data Base Management System 

The DBMS e v e n t ,  eng inee r ing ,  and o p e r a t i n g  f i l e s  were r e s t r u c t u r e d  

i n t o  ADSEP form. Res t ruc tu r ing  t h e s e  f i l e s  provided a more e f f i c i e n t  

means of s t o r i n g  t h e  d a t a  as w e l l  as accommodating changes i n  t h e  CREDO 

inpu t  forms. 

newly s t r u c t u r e d  f i l e s  was i n i t i a t e d .  

Modi f i ca t ion  of t h e  f a i l u r e  ra te  program t o  accept t h e s e  

6 . 3  I n t e r f a c e  and Coordina t ion  

The proposed c o l l e c t i o n  of eng inee r ing  d a t a  a t  FFTF through i t s  P l a n t  

U t i l i z a t i o n  Program w a s  accepted.  

r e q u e s t s  f o r  d a t a  and background material ,  making c o n t a c t  w i th  a p p r o p r i a t e  

HEDL and FFTF P r o j e c t  O f f i c e  personnel  as necessary .  

J. Z i f f  w i l l  be c o o r d i n a t i n g  a l l  CREDO 

Two d a t a  r e q u e s t s  were r ece ived  by CREDO. F a i l u r e  d a t a  f o r  interme- 

d i a t e  h e a t  exchangers  and d a t a  on ba l l - type  check v a l v e s  were compiled,  

and informal  r e p o r t s  were made t o  t h e  r e q u e s t i n g  p a r t i e s .  

Pre l iminary  p l ans  were made f o r  t h e  Second Annual S t e e r i n g  Committee 

Meeting t o  be h e l d  a t  ORNL. A t e n t a t i v e  d a t e  of June 4 ,  1980, was set. 
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6.4 R e D O r t S  and Maior CorresDondence I s sued  

A paper  by CREDO s t a f f  members e n t i t l e d  "The Development of t h e  Cen- 

t r a l i z e d  R e l i a b i l i t y  Data Organiza t ion"  was accepted  f o r  p r e s e n t a t i o n  a t  

t h e  J o i n t  Conference: S i x t h  Advances i n  R e l i a b i l i t y  Technology Symposium 

and a t  t h e  Thi rd  European R e l i a b i l i t y  Data Bank Seminar t o  be h e l d  a t  t h e  

Un ive r s i ty  of Bradford,  Bradford,  United Kingdom, on A p r i l  8 through 11. 

6.5 Important  Meetings 

Two CREDO s t a f f  members m e t  w i th  E r i c  Green of t h e  Na t iona l  Centre  

of Systems R e l i a b i l i t y  (United Kingdom) du r ing  h i s  v i s i t  t o  t h i s  coun t ry  

i n  January.  I n t e r a c t i o n  w i t h  f o r e i g n  d a t a  banks w a s  d i scussed ,  and sev- 

e r a l  sugges t ions  were made by M r .  Green f o r  p o s s i b l e  c o n t a c t s ,  which w i l l  

be  made dur ing  a proposed t r i p  t o  t h e  United Kingdom i n  Apr i l .  

A member of t h e  CREDO s t a f f  m e t  w i th  Charles Larson (GE) t o  d i s c u s s  

t h e  CREDO e f f o r t .  A p r e s e n t a t i o n  of CREDO h i s t o r y ,  development,  and cur-  

r e n t  s t a t u s  w a s  made i n  p r e p a r a t i o n  f o r  h i s  assignment as U.S. LMFBR Pro- 

gram Represen ta t ive  t o  Japan. 

The FRSTMC review of CREDO was he ld  i n  Chicago on March 10. Progress  

t o  d a t e ,  m i l e s t o n e s ,  funding ,  and f u t u r e  p l a n s  were t h e  major t o p i c s  d i s -  

cus  sed. 
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ABSTRACT 

Work cont inued  on e n t e r i n g  NSMH upda te  in fo rma t ion  i n t o  
SACRD. 
Software h a s  been completed which makes p o s s i b l e  remote d i s -  
p l a y  p l o t s .  

The SACRD m a i l i n g  l i s t  h a s  been reviewed and updated. 

7. TASK 07 - ORNL SUPPORT AND INTEGRATION: CENTRAL 
DATA BASE FOR BREEDER REACTOR SAFETY CODES 

G. F. Flanagan F. M. Forsberg 
J. W. Arwood N. M. Greene 

G. B. Ra i ford  

Work con t inues  on e n t e r i n g  NSMH update  in fo rma t ion  i n t o  SACRD. The 

NSMH upda te  package No. 19 was r ece ived  l a t e  i n  t h e  quarter j u s t  as pack- 

age No. 18 had been f i n i s h e d .  Programs were w r i t t e n  t o  t a k e  t h e  new sa tu -  

r a t e d  sodium p r o p e r t i e s  d a t a ,  r ece ived  l a s t  q u a r t e r  from ANL, from mag- 

n e t i c  t a p e  i n  p r e p a r a t i o n  f o r  e n t r y  i n t o  t h e  d a t a  base.  Minor problems 

have delayed t h i s  work u n t i l  c o n t a c t s  can be  made wi th  a p p r o p r i a t e  ANL 

personnel .  A special  i n t e r a c t i v e  program was w r i t t e n  f o r  u s e  with t h e  

new i n h a l a t i o n  uptake f r a c t i o n  f i l e  e n t e r e d  i n t o  SACRD las t  q u a r t e r .  

The SACRD mai l ing  l i s t  h a s  been e x t e n s i v e l y  reviewed, and a n  updated 

l i s t i n g  has  been prepared.  

Software h a s  been completed t o  make p o s s i b l e  remote d i s p l a y  of p l o t s  

on a Tekt ron ix  t e rmina l .  

A v a r i a t i o n  of t h e  normal SACRD d a t a  e d i t i n g  program, which r e q u i r e s  

a separate r e q u e s t  f o r  eve ry  s i n g l e  p r o p e r t y  t o  be e d i t e d ,  w a s  p repared  

t o  a l l o w  g l o b a l  r e q u e s t s  t o  be made by d a t a  f i l e .  Output from t h i s  pro- 

gram i s  s o r t e d  accord ing  t o  mater ia l ,  p r o p e r t y ,  and ve r s ion .  

Seve ra l  examples of u n c e r t a i n t y  d a t a  were prepared  f o r  e n t r y  i n t o  

SACRD; t h e s e  examples i l l u s t r a t e  t h e  v a r i e t y  of fo rma t s  encountered  i n  

t h e  d a t a  sou rces  of SACRD da ta .  
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Files are being prepared to augment the present dosimetry data files. 

These new files will identify the sources of these data and will also be 

used to mark any corrections and/or modifications to the files, and they 

will be accessible with the interactive software used with the dosimetry 

data. 



ORNL/TM-7348 
D i s t .  Category UC-79, 

-79e, -79p 

I n t e r n a l  D i s t r i b u t i o n  

1. A. H. Anderson 
2. S. I. Auerbach 
3. M. Bender 
4. E. S. Bomar 
5. R. S. Booth 
6. J. R. Buchanan 
7. R. G. Chenoweth, Jr. 
8. R. 0. Ches te r  
9. N. E. Clapp 

10. J. T. Cockburn 
11. C. W. C o l l i n s  
12. W. B. C o t t r e l l  
13. G. W. Cunningham 
14. J. F. Dearing 
15. R. G. Donnelly 
16. H. K. Fa lkenbe r ry  
17. G. F. Flanagan 

23. P. W. Ga r r i son  
24. U. Gat 
25. P. A. Gnadt 
26. N. M. Greene 
27. A. G. G r i n d e l l  
28. P. M. Haas 
29. K. Haga 
30. T. J. Hannatty 
31. W. 0. H a r m s  
32. F. 0. Hoffman 
33. H. W. Hoffman 
34. S. D. Hudson 
35. A. F. Johnson 
36. J. E. Jones ,  Jr. 
37. P. R. Kasten 
38. S .  V. b y e  
39. G. A. K l e i n  
40. H. E. Knee 
41. T. S. Kress 
42. A. E. Levin 
43. L. F. L i sche r  
44. C. A. L i t t l e  

18-22. M. H. Fontana 

45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 

61-62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 

78-82. 
83. 
84. 
85. 
86. 

89. 
87-88. 

R. E. MacPherson 
F. C. Maienschein 
J. J. Manning 
P. J. Maudlin 
H. R. Meyer 
R. W. McCulloch 
C. W. Miller 
B. H. Montgomery 
R. H. Morris 
F. R. Mynatt 
F. H. Neil1 
W. R, Nelson 
L. C. Oakes 
E. M, Oblow 
C. V. Parks 
P. Patriarca 
J. L. Rich 
P. S. Rohwer 
S. D. Rose 
M. W. Rosentha l  
R. L. Rudman 
J. P. Sanders 
D. L. Shae f fe r  
M. J. Skinner 
I. Spiewak 
R. D. S t u l t i n g  
V. J. Tennery 
D. G. Thomas 
J. E. T i l l  
E. T. Tomlinson 
H. E. T r a m m e l 1  
D. B. Trauger 
J. L. Wantland 
J. R. Weir 
G. D. Whitman 
C e n t r a l  Research L i b r a r y  
Y-12 Document Reference Sec t ion  
Labora to ry  Records Department 
Labora tory  Records (RC) 



E x t e r n a l  D i s t r i b u t i o n  

90. 

91. 

92. 

93. 

94. 

95. 

96. 

97. 

98. 

99-277. 

A s s i s t a n t  Admin i s t r a to r  f o r  Nuclear Energy, DOE, Washington, DC 
20545 
D i r e c t o r ,  D i v i s i o n  of Reac tor  Research  and Technology, DOE, 
Washington, DC 20545 
D i r e c t o r ,  D i v i s i o n  of Nuclear Power Development, DOE, Washing- 
ton ,  DC 20545 
Chief  , S a f e t y  and Phys ic s  Branch, D i v i s i o n  of Reactor  Research 
and Technology, DOE, Washington, DC 20545 
Ch ie f ,  S a f e t y  S e c t i o n ,  D i v i s i o n  of Reactor  Research and Tech- 
nology,  DOE, Washington, DC 20545 
O f f i c e  of A s s i s t a n t  Manager f o r  Energy Research and Development , 
DOE, ORO, Oak Ridge, TN 37830 
Deputy A s s i s t a n t  Manager f o r  Energy Research  and Development , 
DOE, ORO, Oak Ridge, TN 37830 
D i r e c t o r ,  Nuclear Research and Development D l v i s i o n ,  DOE, ORO, 
Oak Ridge, TN 37830 
D i r e c t o r  , F a s t  S a f e t y  Technology Management Center  , Argonne 
Na t iona l  Labora tory ,  9700 S. Cass Ave., Argonne, I L  60439 
For d i s t r i b u t i o n  as shown in DOE/TIC-4500 under  c a t e g o r i e s  
UC-79, -79e, -79p 

sr U.S. GOVERNMENT PRINTING OFFICE: 1980-64@245/229 


