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RESULTS AND CODE P R E D I C T I O N S  FOR ABCOVE AEROSOL 
CODE V A L I D A T I O N  WITH LOW CONCENTRATION NAOH 
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AND N A I  AEROSOL -- CSTF T E S T  A B 7  

R. K. H i l l i a r d  
J. D. McCormack 

L. D. M u h l e s t e i n  

ABSTRACT 

A program for aerosol behavior code validation and evaluation (ABCOVE) has 
been developed-in accordance w i t h  the LMFBR Safety Program Plan. 
program i s  a cooperative e f f o r t  between the USDOE, the U S N R C ,  and their 
contractor organizations currently involved i n  aerosol code development, 
testing or application. 
A B 7 ,  was performed i n  the 850-d CSTF vessel - w i t h  a two-species t e s t  
aerosol. Tne tes t  conditions involved the release o f  a simulated f i s s ion  
product aerosol, N a I ,  into the containment atmosphere a f ter  the end o f  a s m a l l  
sodium pool f i r e .  Four organizations made pretest predictions of aerosol 
behavior using f i v e  computer codes. 
were discrete, multiple species codes, while three (HAA-3, HAA-4, and HAARM-3) 
were log-normal codes whicn assume uniform coagglomeration o f  dif ferent 
aerosol species. 
code predictions for eight key aerosol behavior parameters. 

The A X O V E  

The t h i r d  large-scale t e s t  i n  the ABCOVE program, 

Two o f  the codes (QUICKM and C O N T A I N )  

Detailed tes t  results are presented and compared w i t h  the  

i i i  
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t 
I 

RESULTS AND CODE PREDICTIONS FOR ABCOVE 
AEROSOL CODE VALIDATION WITH LOW 

CONCENTRATION NaOH AND NaI AEROSOL -- CSTF TEST A67 

1 .o INTRODUCTION 

A program f o r  - aerosol  - behav io r  - -  code v a l i d a t i o n  and - e v a l u a t i o n  (ABCOVE) has 
been developed i n  accordance w i t h  t h e  LMFBR S a f e t y  Program Plan. 
program i s  a c o o p e r a t i v e  e f f o r t  between t h e  U.S. Department o f  Energy, t h e  
U.S. Nuclear  Regu la to ry  Commission, and t h e i r  c o n t r a c t o r s  c u r r e n t l y  i n v o l v e d  
i n  n u c l e a r  aerosol  code development, t e s t i n g  o r  a p p l i c a t i o n .  The purpose of 
t h e  ABCOVE program i s  t o  p r o v i d e  a b a s i s  f o r  j u d g i n g  t h e  adequacy o f  e x i s t i n g  
aeroso l  behav io r  computer codes t o  d e s c r i b e  i n h e r e n t  aerosol  a t t e n u a t i o n  i n  
containment b u i l d i n g s  d u r i n g  p o s t u l a t e d  acc idents .  
b o t h  a n a l y t i c a l  c a l c u l a t i o n s  b y  code developers and users  and l a r g e - s c a l e  
c o n f i r m a t o r y  t e s t s  i n  t h e  850-m containment vessel  o f  t h e  Containment 
Systems Test F a c i l i t y  (CSTF). 

a l l  code c a l c u l a t i o n s  a r e  made w i t h o u t  knowledge o f  t h e  exper imenta l  r e s u l t s  
and t h u s  g i v e  a t r u e  measure o f  t h e  code c a p a b i l i t i e s  w i t h o u t  b e n e f i t  o f  
p o s t - t e s t  f i t t i n g .  

The ABCOVE 

The program i n v o l v e s  

3 

A key element o f  t h e  ABCOVE program i s  t h a t  

Each ABCOVE t e s t  i s  c a r r i e d  o u t  i n  f o u r  stages: p lannn ing  and p r e t e s t  
computer code p r e d i c t i o n s ,  t e s t  performance and ana lys is ,  b l i n d  p o s t - t e s t  
computer code c a l c u l a t i o n s  based on a c t u a l  t e s t  c o n d i t i o n s  and comparison o f  
code p r e d i c t i o n s  w i t h  t h e  exper imenta l  measurements. D u r i n g  t h e  p l a n n i n g  
stage, t h e  t e s t  c o n d i t i o n s  (conta inment  geometry, thermal  c o n d i t i o n s ,  and 
aeroso l  source i n f o r m a t i o n )  a r e  s p e c i f i e d  as comple te ly  as p o s s i b l e  t o  
e l i m i n a t e  as many sources of d isc repanc ies  i n  t h e  code c a l c u l a t i o n s  as 
poss ib le .  However, code i n p u t  parameters r e g a r d i n g  aeroso l  behav io r  a r e  n o t  
spec i f ied ,  and each p a r t i c i p a n t  i s  f r e e  t o  e x c e r c i s e  h i s  own judgement as t o  
t h e  proper  values f o r  such parameters as shape f a c t o r s ,  c o l l i s i o n  e f f i c i e n c y ,  
and boundary l a y e r  t h i c k n e s s  f o r  d i f f u s i o n a l  d e p o s i t i o n .  Most p a r t i c i p a n t s  
s e l e c t e d  values f o r  t h e s e  parameters which gave good agreement w i t h  
a v a i l a b l e  t e s t  data,  
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Three ABCOVE t e s t s  have been performed i n  t h e  CSTF i o  date. The f i r s t  t e s t ,  ' 

s i n g l e - s p e c i e s  aerosol  was used i n  Test AB5, w i t h  t h e  aerosol  b e i n g  generated 
b y  spray ing  sodium a t  a h i g h  r a t e  i n t o  an a i r  atmosphere. 
f o r  t e s t  AB5 were conducive t o  h i g h  agglomerat ion and s e t t l i n g  r a t e s ,  a 
c o n d i t i o n  a p p l i c a b l e  f o r  severe LMFBR acc idents .  
and t h e  assoc ia ted  computer code c a l c u l a t i o n s  were encouraging i n  t h a t  
impor tan t  aspects o f  aeroso l  behavior ,  such as t o t a l  leaked mass and 
suspended c o n c e n t r a t i o n  d u r i n g  t h e  aerosol  source p e r i o d  were p r e d i c t e d  
reasonably  w e l l .  However, t h e r e  were s i g n i f i c a n t  d isc repanc ies  among t h e  
codes f o r  some of t h e  aeroso l  parameters, n o t a b l y  suspended c o n c e n t r a t i o n  
a f t e r  source c u t o f f  and p l a t e d  mass on v e r t i c a l  surfaces. 

AB5, was performed i n  September, 1982 and t h e  r e s u l t s  were repor ted .  ( l )  A 

The c o n d i t i o n s  

The r e s u l t s  of t e s t  A B 5  

( 2 )  The second t e s t  i n  t h e  ABCOVE ser ies ,  AB6, was performed J u l y  19, 1983 ., 
The p r i m a r y  purpose o f  t e s t  AB6 was t o  demonstrate coagglomerat ion behav io r  
o f  two d i f f e r e n t  aeroso l  species w i th  o v e r l a p p i n g  source per iods,  and t o  

determine t h e  c a p a b i l i t i e s  o f  e x i s t i n g  aerosol  behav io r  codes t o  p r e d i c t  t h e  
behav io r  o f  each species.  The exper imenta l  c o n d i t i o n s  s imu la ted  an a c c i d e n t  
environment i n  which a f i s s i o n  product ,  NaI, was r e l e a s e d  i n  t h e  presence of 
a sodium spray  f i r e .  
N a I  behav io r  d u r i n g  a severe sodium f i r e  a c c i d e n t  c o n d i t i o n ,  b u t  conc lus ions  
r e g a r d i n g  t h e  codes'  c a p a b i l i t i e s  t o  p r e d i c t  t h e  NaI behav io r  were c louded 
b y  t h e  p o s s i b l e  presence of unmodeled phenomena such as resuspension o f  

depos i ted  aeroso l  and decomposi t ion o f  N a I .  

Test A B 6  p r o v i d e d  u s e f u l  i n f o r m a t i o n  and i n s i g h t  i n t o  

The present  r e p o r t  descr ibes  t h e  t h i r d  and f i n a l  t e s t  i n  t h e  ABCOVE ser ies ,  
t e s t  AB7, and compares t h e  computer code p r e d i c t i o n s  w i t h  exper imenta l  
r e s u l t s .  The p r i m a r y  purpose o f  t e s t  A B 7  was s i m i l a r  t o  t h a t  o f  t e s t  AB6, 
b u t  t h e  thermal  c o n d i t i o n s  were much m i l d e r ,  t h e r e b y  reduc ing  resuspension 
and decomposi t ion processes t o  n e g l i g i b l e  e f f e c t s .  
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2.0 SUMMARY AND CONCL'USIONS 

The t h i r d  t e s t  i n  t h e  ABCOVE s e r i e s ,  AB7, was performed on September 25, 
1984, i n  t h e  850-m Containment Systems Tes t  F a c i l i t y  (CSTF) vessel .  The 
t e s t  c o n d i t i o n s  i n v o l v e d  t h e  r e l e a s e  o f  a s imu la ted  f i s s i o n  produc t  aeroso l ,  
sodium i o d i d e  (NaI ) ,  i n t o  t h e  containment vessel  atmosphere a f t e r  t h e  end of 
a smal l  sodium poo l  f i r e .  The q u a n t i t y  o f  sodium o x i d e  r e l e a s e d  d u r i n g  t h e  
sodium pool  f i r e  was so low t h a t  a l l  o f  i t  was r e a c t e d  t o  sodium hydrox ide,  
NaOH, aerosol  b y  m o i s t u r e  i n  t h e  containment atmosphere. The maximum 

3 

suspended mass c o n c e n t r a t i o n  o f  NaOH was 3 g/m', approx imate ly  10% o f  t h a t  
a t t a i n e d  i n  t e s t  AB6 and o n l y  approx imate ly  2% o f  t h e  maximum reached i n  
t e s t  AB5. Thus, t h e  agglomerat ion r a t e  was much lower  i n  t e s t  AB7 t h a n  i n  
p r e v i o u s  ABCOVE t e s t s .  
i n  t e s t  AB7 as was r e l e a s e d  i n  t e s t  AB6, g i v i n g  a maximum c o n c e n t r a t i o n  o f  
0.42 g/m 

Approx imate ly  t h e  same q u a n t i t y  of  NaI was r e l e a s e d  

3 i n  t h e  p r e s e n t  t e s t .  

The t i m i n g  o f  t h e  NaI  r e l e a s e  was c r i t i c a l l y  d i f f e r e n t  i n  t h e  two t e s t s .  
t e s t  AB6, t h e  NaI was r e l e a s e d  d u r i n g  t h e  sodium f i r e  and t h e  sodium f i r e  
was cont inued w e l l  p a s t  t h e  end o f  t h e  NaI source. 
NaI source p e r i o d  began a t  t h e  end of t h e  NaOH source per iod .  Coagglomera- 
t i o n  behav io r  was s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e  two t e s t s  due t o  t h e  r e l a -  
t i v e  t i m i n g  o f  t h e  NaI source per iods .  
aeroso l  source p e r i o d  was f r o m  0 t o  600 s ,  w h i l e  t h e  NaI source began a t  
600 s and ended a t  2400 s .  

I n  

I n  t h e  present  t e s t ,  t h e  - 

I n  t h e  p r e s e n t  t e s t ,  t h e  NaOH 

The thermal  c o n d i t i o n s  i n  t h e  containment vessel  were q u i t e  m i l d ,  w i t h  a 
maximum atmosphere temperature o f  34OC and abso lu te  p ressure  o f  122 kPa. 
N a t u r a l  convec t ion  was p r o b a b l y  min imal  d u r i n g  t h i s  t e s t ;  never the less,  mix -  
i n g  was good and u n i f o r m  aeroso l  c o n c e n t r a t i o n  was q u i c k l y  a t t a i n e d  th rough-  
o u t  t h e  atmosphere. 
g i b l e  due t o  t h e  low convec t ion  v e l o c i t i e s  and t h e  s t i c k y  n a t u r e  o f  t h e  
aeroso l  d e p o s i t  compared t o  t h a t  o f  t e s t  AB6. 

Resuspension e f f e c t s  were b e l i e v e d  t o  have been n e g l i -  

-. 
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The NaI aeroso l  was generated ex-containment b y  a v o l a t i l i z a t i o n -  
condensat ion processs and i n j e c t e d  i n t o  t h e  containment atmosphere w i t h  a 
n i t r o g e n  c a r r i e r  gas. The aerodynamic mass median d iameter  (AMMD) o f  t h e  
NaI source was 0.80 m, w i t h  a geometr ic s tandard  d e v i a t i o n ,  u of 1.60, 
w h i l e  t h e  NaOH aeroso l  AMMD was 2.05 pm w i t h  a u o f  1.63. 

9 
9 

P r e t e s t  computer code c a l c u l a t i o n s  were made b y  a l l  p a r t i c i p a n t s ,  based on 
t h e  i n i t i a l l y  in tended t e s t  c o n d i t i o n s .  Due t o  equipment ma l func t i on ,  t h e  
c o n d i t i o n s  under which t e s t  A67 was a c t u a l l y  performed v a r i e d  c o n s i d e r a b l y  
f rom t h e  t e s t  p l a n  s p e c i f i c a t i o n s .  
p r e d i c t i o n s  a r e  n o t  r e p o r t e d  i n  t h i s  document. The a c t u a l  t e s t  c o n d i t i o n s  
were p rov ided  t o  t h e  ABCOVE p a r t i c i p a n t s  and f o u r  o f  them performed " b l i n d "  
p o s t - t e s t  c a l c u l a t i o n s .  The b l i n d  p o s t - t e s t  p r e d i c t i o n s  were made w i t h o u t  
knowledge (except f o r  t h e  HEDL p a r t i c i p a n t )  o f  t h e  t e s t  measurements of 
aeroso l  behav io r .  No e f f o r t  was made t o  improve t h e  agreement of  code and 
t e s t  r e s u l t s  by  p o s t - t e s t  adjustment o f  i n p u t  parameters, such as p a r t i c l e  
shape f a c t o r s  and source p a r t i c - l e  s i z e .  

For  t h i s  reason, t h e  p r e t e s t  code 

- 

F i v e  codes were used i n  t h e  b l i n d  p o s t - t e s t  c a l c u l a t i o n s .  
HAA-3(3), HAA-4(4), HAARM-3(5), CONTAIN(6) and QUICKM( 7 ) .  
has unique d i f f e r e n c e s  i n  i t s  model ing of p h y s i c a l  processes, approach used 
f o r  s o l u t i o n  o f  t h e  i n t e g r o - d i f f e r e n t i a l  aeroso l  agglomerat ion equat ion,  
c a p a b i l i t y  of account ing  f o r  m u l t i p l e  ae roso l  species, and s tage  o f  develop- 
ment. The f i r s t  t h r e e  l i s t e d  
above a r e  " log-normal"  codes, so c a l l e d  because t h e y  assume t h e  aeroso l  s i z e  
d i s t r i b u t i o n  t o  be log-normal a t  a l l  t imes. 
above a r e  "d i sc re te , "  i.e., t h e  aeroso l  s i z e  d i s t r i b u t i o n  i s  d i v i d e d  i n t o  a 

They were 
Each o f  t h e  codes 

Each code has i t s  advantages and l i m i t a t i o n s .  

The l a s t  two o f  t h e  codes l i s t e d  

number of d i s c r e t e  s i z e  groups. Treatment o f  m u l t i p l e  aeroso l  species i s  
handled d i f f e r e n t l y  b y  each o f  t h e  two c lasses  o f  codes. 
codes assume t h a t  p a r t i c l e  compos i t ion  i s  independent of  s i ze ,  i.e., t h a t  
t h e  aeroso l  i s  u n i f o r m l y  coagglomerated. The d i s c r e t e  codes assume t h a t  t h e  
p a r t i c l e s  w i th in  each d i s c r e t e  s i z e  group have un i fo rm chemical composi t ion,  
b u t  a l l o w  t h e  compos i t ion  t o  v a r y  between s i z e  groups. 

The log-normal 
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Each code user  r e p o r t e d  t h e  p r e d i c t e d  magnitude o f  e i g h t  o u t p u t  parameters 
t h a t  d e s c r i b e  aeroso l  behavior .  The r e p o r t e d  parameters i nc lude :  suspended 
mass concen t ra t i on ,  aerodynamic mass median d iameter  o f  suspended aeroso l  , 
geometr ic  s tandard  d e v i a t i o n  o f  p a r t i c l e  s i z e  d i s t r i b u t i o n ,  aerodynamic s e t -  
t l i n g  mean d iameter ,  leaked mass, s e t t l e d  mass, p l a t e d  mass, and i n s t a n t a -  
neous combined removal r a t e .  
b o t h  aeroso l  spec ies.  A l l  code r e s u l t s  were r e p o r t e d  i n  d i g i t a l  fo rmat  a t  
12 s p e c i f i e d  t imes  t o  f a c i l i t a t e  compar is ions.  

Most o f  t hese  parameters were r e p o r t e d  f o r  

S p e c i f i c  conc lus ions  and summary s tatements suppor ted b y  t h e  r e p o r t e d  work 
a r e  as f o l l o w s :  

( 1  1 The t e s t  measurements show t h a t  t h e  aeroso l  was n o t  u n i f o r m l y  
coaggl omerated, as evidenced b y  ' the v a r y i n g  chemi c a l  compos i t i o n  
o f  aeroso l  depos i t  on cascade impactor  s tages and t h e  d i f f e r e n t  
r a t e s  o f  f a l l o u t  f o r  t h e  two aeroso l  spec ies.  
which c o l l e c t e d  smal l  p a r t i c l e s  were s i g n i f i c a n t l y  r i c h e r  i n  NaI  

The impactor  s tages 

than were t h e  s tages which c o l l e c t e d  l a r g e  p a r t i c l e s  a t  a l l  t imes.  
T h i s  obse rva t i on  i s  compat ib le  w i t h  t h e  f a c t  t h a t  t h e  r a t e  o f  NaI  
removal f rom t h e  atmosphere was always l e s s  than t h a t  of NaOH, 
s i n c e  sed imenta t ion  was shown t o  dominate t h e  removal process f o r  
b o t h  aeroso l  spec ies.  

( 2 )  S i g n i f i c a n t  d 
no ted  between 
u n i f o r m  codes 

( 3 )  The d i s c r e t e ,  
agreed w e l l  w 

f f e rences  i n  t h e  p r e d i c t i o n s  o f  NaI behav io r  i s  
t h e  two c lasses  o f  codes ( d i s c r e t e ,  s e c t i o n a l l y  
and log-normal, u n i f o r m  coagglomerat ion codes). 

s e c t i o n a l l y  un i fo rm -codes (CONTAIN and QUICKM) 
t h  one another  and were i n  e x c e l l e n t  agreement w i t h  

most exper imenta l  measurements f o r  b o t h  NaOH and NaI f o r  a l l  t imes 
t o  2x10 s .  Furthermore, t h e y  c o r r e c t l y  p r e d i c t e d  t h e  s lower  
removal f o r  NaI than f o r  NaOH i n  t h e  p resen t  t e s t ,  as t h e y  had 
a l s o  c o r r e c t l y  p r e d i c t e d  t h e  f a s t e r  removal o f  NaI  than NaO, i n  
t e s t  A66 . 
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( 4 )  The log-normal,  u n i f o r m  coagglomerat ion codes (HAA-3, HAA-4 and 

These 
HAARM-3) showed s i g n i f i c a n t  v a r i a b i l i t y  w i t h i n  t h e i r  c lass ,  w i t h  
HAA-4 g e n e r a l l y  g i v i n g  b e t t e r  agreement w i t h  exper iment.  
codes p r e d i c t e d  t h e  f a l l o u t  behav io r  o f  t h e  dominant mass aeroso l  
spec ies (NaOH) f a i r l y  w e l l  a t  e a r l y  t imes ( l e s s  t h a n  2400 s ) ,  b u t  
g r e a t l y  underpred ic ted  a t  l o n g  t imes, as t h e y  had done i n  p r e v i o u s  
ABCOVE t e s t s .  They g r e a t l y  o v e r p r e d i c t e d  t h e  suspended 
c o n c e n t r a t i o n  o f  t h e  minor  mass species ( N a I )  a f t e r  t h e  end of t h e  
NaI source. 

Leaked mass was p r e d i c t e d  more a c c u r a t e l y  t h a n  was suspended mass 
c o n c e n t r a t i o n  a t  d i s c r e t e  t imes.  The d i s c r e t e  codes p r e d i c t e d  t h e  
t o t a l  leaked mass o f  NaOH w i t h i n  7%; t h e  leaked mass o f  NaI w i t h i n  
20%. The log-normal codes underpred ic ted  t h e  leaked mass o f  NaOH 
b y  a f a c t o r  of two; t h e  leaked mass o f  NaI b y  a f a c t o r  o f  
approx imate ly  5. 

(6) Sedimentat ion was b y  f a r  t h e  dominant aeroso l  d e p l e t i o n  process 
f o r  b o t h  NaOH and NaI species.  S e t t l e d  mass was 11 t i m e s  g r e a t e r  
t h a n  p l a t e d  mass f o r  NaOH; 45 t imes g r e a t e r  f o r  NaI, even though 
p l a t i n g  area was 8.5 t imes g r e a t e r  than t h e  upward f a c i n g  h o r i -  
z o n t a l  s u r f a c e  area. A l l  o f  t h e  codes p r e d i c t e d  t h a t  sedimenta- 
t i o n  was dominant, b u t  s i g n i f i c a n t  v a r i a t i o n s  between code p r e d i c -  
t i o n s  o f  p l a t e d  mass were noted. 

( 7 )  Both aerosol  spec ies were depos i ted  on i n t e r i o r  v e r t i c a l  s u r f a c e s  
(no  heat  s i n k )  t o  e s s e n t i a l l y  t h e  same o r  g r e a t e r  e x t e n t  as on t h e  
o u t e r  vessel  v e r t i c a l  w a l l s  (heat  s i n k ) .  T h i s  i s  a s i m i l a r  f i n d i n g  
t o  t h a t  ob ta ined i n  p r e v i o u s  ABCOVE t e s t s ,  and shows t h a t  thermo- 
p h o r e s i s  was n o t  t h e  dominant process f o r  d e p o s i t i o n  o n t o  v e r t i c a l  
sur faces.  The exper imenta l  r e s u l t s  suggest t h a t  impact ion  and 
i n t e r c e p t i o n  may be t h e  impor tan t  mechanisms f o r  w a l l  d e p o s i t i o n .  
These processes a r e  n o t  modeled i n  any of t h e  codes i n v o l v e d  i n  
t h e  ABCOVE program. 
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The measured p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  suspended aerosol  was 
p r e d i c t e d  more a c c u r a t e l y  b y  t h e  d i s c r e t e  codes than b y  t h e  l o g -  
normal codes f o r  b o t h  species.  A l l  f i v e  o f  t h e  codes c o r r e c t l y  
p r e d i c t e d  t h e  inc rease i n  median s i z e  and i n  geometr ic  s tandard 
d e v i a t i o n  a f t e r  t h e  end o f  t h e  source per iods ,  b u t  t h e  p r e d i c t e d  
magnitudes v a r i e d  g r e a t l y .  

The containment atmosphere was f a i r l y  w e l l  mixed b y  t h e  weak con- 
v e c t i o n  c u r r e n t s .  A t  t imes a f t e r  t h e  end o f  t h e  aerosol  sourc:es, 
t h e  suspended c o n c e n t r a t i o n  was reasonab ly  un i form,  as measured by 
10 samplers l o c a t e d  a t  v a r i o u s  e l e v a t i o n s  and r a d i i  i n  t h e  v e s s e l .  

No code was used b y  more than one p a r t i c i p a n t  i n  t h e  present  
exerc ise ,  so no new i n f o r m a t i o n  was o b t a i n e d  on t h e  e f f e c t  o f  
u s e r - s e l e c t e d  i n p u t  on code performance. 

The d a t a  ob ta ined f rom t h e  AB7 exper iment and code e f f o r t  suggest 
t h a t  o n l y  codes which p r o p e r l y  account f o r  t h e  v a r i a t i o n  i n  
agglomerate composi t ion as a f u n c t i o n  o f  agglomerate s i z e  can 
c o r r e c t l y  p r e d i c t  t h e  behav io r  o f  t h e  minor  mass c o n s t i t u e n t s  i n  
m u l t i p l e  species aerosol  s i t u a t i o n s  where t h e  i n d i v i d u a l  spec ies  
have d i f f e r e n t  source per iods .  F u r t h e r  assessment i s  needed 
b e f o r e  t h i s  conc lus ion  can be extended t o  o t h e r  c o n d i t i o n s .  

No a t tempt  has been made t o  prepare a summary r e p o r t  c o v e r i n g  a l l  
t h r e e  ABCOVE t e s t s  and t h e  a t t e n d a n t  code c a l c u l a t i o n s .  Fur ther ,  
no  at tempt  has been made t o  e v a l u a t e  o r  r a t e  i n d i v i d u a l  codes. 
The documentation p r o v i d e d  e a r l i e r ( ’  ’ and t h e  present  docu- 
ment can serve  as a good b a s i s  f o r  such a summary and e v a l u a t i o n  
i f  such an e f f o r t  i s  made i n  t h e  f u t u r e .  

7 



3 .O EXPERIMENTAL FACILITY AND PROCEDURE 

FACILITY D E S C R I P T I O N  - 3.1 

The t e s t  was per formed i n  t h e  Containment Systems Tes t  F a c i l i t y  (CSTF). 
c h i e f  f e a t u r e  o f  t h e  CSTF i s  t h e  model conta inment  vesse l  which i s  l o c a t e d  
w i t h i n  a v e n t i l a t e d  concre te  b u i l d i n g .  Other f e a t u r e s  i n c l u d e  a sodium 
supp ly  system, i n s t r u m e n t a t i o n  systems, c o n t r o l  room and da ta  a c q u i s i t i o n  
system, d a t a  r e d u c t i o n  and a n a l y s i s  systems, chemical l a b o r a t o r y  rooms, 
u t i l i t y  se rv i ces ,  maintenance shop and o f f i c e s .  

The 

3.1.1 Containment Vessel 

3 3 The CSTF conta inment  vessel  (CV) i s  a 850-m (30,000-ft  ) carbon s t e e l  
vesse l  w i t h  a des ign pressure  o f  0.517 MPa gauge (75 p s i g ) .  
i n  a conc re te  p i t  w i t h  t h e  t o p  h a l f  ex tend ing  above t h e  e l e v a t i o n  o f  t h e  
main b u i l d i n g  work area, as shown by t h e  schematic e l e v a t i o n  view i n  F i g -  

I t  i s  i n s t a l l e d  

u r e  3-1 . A l l  i n t e r i o r  sur faces  a re  coated w i t h  a m o d i f i e d  pheno l i c  p a i n t ,  
and e x t e r i o r  sur faces  a re  covered w i t h  a 25.4-mrn l a y e r  o f  f i b e r g l a s s  

conta inment  vesse l  a r e  p rov ided  i n  Table 3-1. 
- i n s u l a t i o n  w i t h  an o u t e r  aluminum vapor b a r r i e r .  A d d i t i o n a l  d e t a i l s  o f  t h e  

- 

3.1.2 Sodium System 

Commercial grade sodium, procured i n  400- lb  s o l i d  pack drums, was mel ted  i n  
a p o r t a b l e  c lam s h e l l  hea te r  and charged i n t o  t h e  sodium supp ly  tank.  
supp ly  tank  was suspended f rom a l oad  c e l l  so t h a t  t h e  combined we igh t  o f  
tank  and sodium cou ld  be measured as a f u n c t i o n  o f  t ime.  
o f  Schedule 40 1 /2- inch  p i p e  connected t h e  tank  t o  t h e  spray  nozz le ,  as 
shown i n  F i g u r e  3-1. 
t h e  sodium l i n e .  

The 

Approx imate ly  33 m 

Two va l ves  and a magnetic f lowmeter  were l o c a t e d  i n  

A s i n g l e  sodium spray nozz le*  was i n s t a l l e d  a t  t h e  -6.1 m e l e v a t i o n  (2.38 m 
above t h e  ca tch  pan). The nozz le  was o r i e n t e d  t o  spray  upward a t  t h e  vesse l  
c e n t e r l i n e .  

*Spray ing Systems Co., Wheaton, I L  60187, Model 1/4 BA2. 
a 



3.1.3 Sodium I o d i d e  Aerosol  Generator 

NaI aerosol  was generated b y  v a p o r i z i n g  NaI s a l t  i n  a n i t r o g e n  c a r r i e r  gas 
stream and then c r e a t i n g  aerosol  b y  a n u c l e a t i o n  and condensat ion process.  
The l a t t e r  was induced b y  r a p i d l y  m i x i n g  t h e  h o t  NaI vapor w i t h  c o l d  n i t r o g e n  
i n  a n u c l e a t o r  vessel .  A ske tch  o f  t h e  genera t ion  equipment i s  shown i n  
F i g u r e  3-2. 

The vapor i ze r  was f a b r i c a t e d  o f  304 SS 10- in.  Schedule 40 p i p e  and had a 
h e i g h t  o f  530 mm. 
p ressure  was 82.7 kPa a t  87OOC (12  p s i g  a t  16OOOF). 
r i n g  w i t h  188 4.8-mm diameter  ho les  l oca ted  near  t h e  bottom. 

It had a f l a t  bot tom and a d ished t o p  head. I t s  des ign  
It had a gas sparge 

The n u c l e a t o r  was f a b r i c a t e d  o f  304 SS 12- in.  Schedule 40 p i p e  w i t h  two 
d ished heads and an o v e r a l l  h e i g h t  o f  1.73 m. I t s  des ign  pressure  was 
82.7 kPa a t  43OOC (12 p s i g  a t  8OOOF). 3 I t s  volume was 0.125 m . 
The procedure f o r  genera t i ng  NaI aerosol  was t o  charge 19 kg  o f  NaI c r y s t a l s  
i n t o  t h e  vapor i ze r  and t o  heat  t h e  vapor i ze r  t o  875OC i n  an oven. 
temperature NaI i s  a l i q u i d  w i th  a vapor p ressure  o f  approx imate ly  18 mrn 
Hg.(8) 
sparge r i n g ,  which was immersed approx imate ly  120 mm below t h e  s u r f a c e  o f  
t h e  NaI poo l .  The h o t  n i t r o g e n  gas, c a r r y i n g  some NaI vapor, e x i t e d  f r o m  
the top through a 38-mm diameter pipe to the inlet of the nucleator. The 
gas was kep t  superheated by  an e l e c t r i c  heater .  
t h e  n u c l e a t o r  i t  was mixed w i t h  c o l d  n i t r o g e n  t o  g i v e  a 22OOC m i x t u r e  
temperature.  
heatup stage, and was va lved t o  t h e  containment vessel  (CV) a t  t h e  d e s i r e d  
t ime.  
p r o j e c t e d  h o r i z o n t a l l y  400 mm pas t  t h e  C V  w a l l  a t  a C V  e l e v a t i o n  o f  -4.57 m 

and an azimuth o f  8O. (See Appendix A f o r  a d e s c r i p t i o n  o f  t h e  C V  coo rd in -  
a t e  system). A t  t h e  end o f  t h e  N a I  i n j e c t i o n  per iod ,  t h e  NaI aeroso l  s t ream 
was va lved back t o  t h e  bypass f i l t e r  and t h e  hea te rs  were shut  o f f .  

A t  t h i s  

N i t rogen  gas heated t o  840°C was metered and i n j e c t e d  t o  t h e  

Immediate ly  upon e n t e r i n g  

The gas-aerosol  stream was sent  t o  a bypass f i l t e r  d u r i n g  t h e  

The p i p e  l e a d i n g  t o  t h e  containment vessel  was 38-mm I D  and i t  

9 
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TABLE 3-1 

CSTF CONTAINMENT VESSEL PROPERTIES 

Genera 1 

Code 
M a t e r i a l  

.ASME Sec t ion  V I I I ,  1962 
Carbon Stee l ,  SA 212-B 

Normal t o t a l  e m i s s i v i t y  o f  p a i n t  0.9 

D i  mens i on s 

Diameter ( ID) 
O v e r a l l  h e i g h t  
C y l i n d e r  h e i g h t  
Enclosed v o l  ume 

Weight, kg  ( l b )  

Top head 
Bot tom head 
Cy1 i nder 
Pene t ra t i ons  and doub ler  p l a t e s  
Catch pan 
I n t e r n a l  components 
To t  a1 we i g h t 

7.62 m (25.0 f t )  
20.3 m (66.7 f t )  
16.5 m (54.0 f t )  

852 m3 (30,086 f t 3 )  

9,345 ( 20,600) 
9,345 (20,600) 

51,320 (113,100) 
7,125 (15,700) 

500 (1,000) 
13,840 (30,450) 
91,475 (201,450) 

I n t e r i o r  p a i n t  ( p h e n o l i c )  
E x t e r i o r  thermal  i n s u l a t i o n  F iberg lass ,  25 rnm t h i c k ,  k = .a467 

Design pressure  
Nominal l eak  r a t e  1.0% per  day a t  69 kPa overpressure  

0.51 mm (0.020 i n . )  

W/m"C a t  100°C; sp heat  = 753 J,'kgK; 
p = 96 kg/m3 
0.517 MPa a t  160°C (75  p s i g  a t  320°F) 

Sur face Areas f o r  Heat Trans fer ,  m2 ( f t 2 1  

Top head 
Bottom head 
Cy1 i nder  
T o t a l  area f o r  heat  t r a n s f e r  t o  env i rons  
I n t e r n a l  components 

Sur face Areas f o r  Aerosol  S e t t l i n g ,  m2 ( f t 2 L  

Bottom head (unshaded area)  
Catch pan 
Personnel deck 
I n t e r n a l  components 
T o t a l  

11 

36.7 (395)  
t i . 1  ( 120) 
4.2 (45 )  

36.2 (390) 
88.2 (950)  



TABLE 3-1 (CONT.) 

CSTF CONTAINMENT VESSEL PROPERTIES 

Sur face  Areas f o r  Aerosol  P l a t i n g ,  m2 (ft21 
Vessel s h e l l  
I n t e r n a l  components 
To ta l  

Thickness f o r  Heat Trans fer ,  rnm ( i n . )  

(Average 1 urnped va lues ) "  
Top head 
Bottom head 
Cy1 i nder  
I n t e r n a l  components 

*Average Thickness = ( Weight 1 
' ( a rea )  d e n s i t y  o f  s t e e l )  

12 

19.3 (0.760) 
19.3 (0.760) 
16.9 (0.667) 
8.4 (0.330) 
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3.2 EXPERIMENTAL MEASUREMENTS 

The methods and instrumentation for the experimental measurements used in 
this work have been described previously. 
summarized in Table 3-2 and discussed briefly in the following paragraphs. 

The measurements are 

3.2.1 Aerosol Characterization 

The careful characterization of the test aerosol was an important part of 
the present work. The suspended mass concentration, the particle size 
distribution, and the chemical composition were measured periodically by 
direct sampling at various times and locations throughout the tests. 

The mass concentration of suspended particles was measured as a function of 
time by periodically passing a measured quantity of gas through small 
filters located directly in the containment atmosphere and subsequently 
analyzing the material collected on the filter for NaI and Na. Two types of 
sampling techniques were used: in-vessel filter clusters located at 
different elevations and radii, and through-the-wall (TTW) samplers inserted 
and retrieved through air locks on the vessel wall. The locations of the 
six in-vessel clusters and the four TTW sampling stations are given in 
Table 3-3. 

The aerodynamic size distribution was determined by sampling with cascade 
impactors inserted through the wall. Two types of cascade impactors were 
used: Andersen Mark I11 8-stage* and Sierra model 225 6-stage**. Previous 
tests have shown that these instruments give good agreement when proper 
sample sizes are taken and proper calibration data are supplied. Glass 
fiber collection surfaces provided by the manufacturers were used. 

The instantaneous deposition rate of particles was measured by exposing 

*Andersen Samplers, Inc., Atlanta, Ga. 
**Sierra Instruments Co., Inc., Carmel Valley, CA. 
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TABLE 3-2 

EXPERIMENTAL MEASUREMENTS AND ACCURACY 
. 

tdeasurement(b) 

Suspended aerosol mass concentration 
Suspended aerosol mass concentration 
Aerosol particle size and o 

Aerosol instantaneous deposition rate 
9 

1ntegral.settled masshnit area 
Integral plated mass on vessel walls per unit area 
Aerosol mass deposited in catch pan 
Total settled aerosol mass 
Total aerosol wall plateout 

d Temperature of containment atmosphere 
Temperature of vessel surface 
Temperature of Na sprayed 
Containment pressure 

cn 

Containment O2 concentration 
Containment H2 concentration 
Containment moisture concentration 
Sodium spray mass flow rate 
Overall Na and NaI mass balances 

(a) Continuous 
( b )  For Na and NaI, as appropriate 

No. of 
Locat ions 

6 
4 
1 
2 

23 
8 
1 
1 
1 

28 
18, . 
2 
1 
2 
1 
2 
1 

N /A 

No. of 
Times 

Standard 
Error 

+ 25% 
+ 15% 
+ 20% 
+ 20% 
+ 10% 
+ 20 
+ 10% 
+ 10% 
+ 30% 
+ 2% 
+ 2% 
+ 2% ' 

+ 1% 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- + 2 %  
- + 20% 
- + 30% 
+ 10% 
+ 10% 
- 
- 

Method 

In-vessel filter clusters 
Through-the-wall samplers 
Cascade impactor 
Through-the-wall coupons 
Fa1 1-out pans 
Vessel wall smears I 

Wash and analyze for Na 
Wash vessel floor 
Wash vessel walls 
Thermocouples 
Thermocouples 
Thermocoupl es 
Pressure transducer 
On-line O2 analyzer 
On-line H2 analyzer 
On-line humidity analyzer 
Magnetic flowmeter and load cell 
Weighing, washing, volume chem. 
analysis, calculation 



S t a t i o n  No. 

Through-the-wal l  

T1 
T2 
T3 
T4 

In -vesse l  c l u s t e r s  

c1 
c2  
c 3  
c 4  
c 5  
C6 

TABLE 3-3 

AEROSOL SAMPLE LOCATIONS 

c v  
Nozzle 

No. 

N 2A 
N3A 
N33 
N17A 

--- 
- - e  

--- 
--- 
--- 
--- 

E l  e v a t  i on 
(m) 

+ 6.1 
+ 1.5 
+ 1.37 
- 5.8 

+ 9.45 
+ 6.70 
+ 3.66 
+ 0.30 
- 6.70 
- 6.70 

Azimuth ( a )  
(degrees) 

225 
290 
135 
85 

240 
270 
2 70 
180 
180 

0 

( a )  Clockwise l o o k i n g  down, zero  degrees a t  c e n t e r  of 
2.44-m equipment hatch. (See Appendix A) .  

16 

Radius 
(m) 

3.73 
3.73 
3.73 
3.73 

1.43 
2.74 
2.74 
2.74. 
2.74 
2.74 



, 

coupons i n  a h o r i z o n t a l  o r i e n t a t i o n  f o r  b r i e f  p e r i o d s  a t  a th rough- the-wa l l  
s t a t i o n .  
analyzed f o r  sodium. 
f l u x  of  p a r t i c l e s .  
p a r t i c l e  s i z e  b y  t h i s  technique. 
b y  d i v i d i n g  t h e  f l u x  b y  t h e  a i r b o r n e  c o n c e n t r a t i o n .  

The t o p  s u r f a c e  o f  t h e  coupon was washed and t h e  r i n s e  water  
The d e p o s i t i o n  r a t e  was c a l c u l a t e d  as a t o t a l  mass 

No i n f o r m a t i o n  was ob ta ined on s e t t l i n g  as a f u n c t i o n  o f  
The " d e p o s i t i o n  v e l o c i t y "  was c a l c u l a t e d  

A d d i t i o n a l  i n f o r m a t i o n  r e g a r d i n g  t h e  CSTF aeroso l  c h a r a c t e r i z a t i o n  methods 
i s  p rov ided i n  Reference (9 ) .  

3.2.2 Temperature Measurements 

Q 
A l l  temperatures were measured b y  c a l i b r a t e d  Chromel-Alumel thermocouples 
w i t h  s t a i n l e s s  s t e e l  sheaths. Readout was' i n  p a r a l l e l  on s t r i p  c h a r t  
recorders ,  magnet ic tape, and paper tape. The l o c a t i o n  o f  t h e  thermocouples 
a r e  l i s t e d  i n  Appendix A. 

3.2.3 Pressure Measurements 

The abso lu te  and gauge pressure i n  t h e  containment vessel  was measured b y  a 
pressure t ransducer  and a Heise gauge. I n  a d d i t i o n ,  t h e  d i f f e r e n t i a l  p r e s -  
s u r e  across t h e  sodium spray n o z z l e  was measured b y  a d i f f e r e n t i a l  p ressure  
t ransducer .  

3.2.4 Gas Ana lys is  Svstem 

The composi t ion o f  t h e  containment gas was measured c o n t i n u o u s l y  a t  two 
l o c a t i o n s  (+6.1 and -6.7 m e l e v a t i o n )  b y  p u l l i n g  samples through t u b i n g  t o  
o n - l i n e  analyzers l o c a t e d  ex-vessel .  F i l t e r s  were p r o v i d e d  a t  t h e  tube 
i n l e t  t o  prevent  aerosol  f rom e n t e r i n g  t h e  analyzers.  

Corp, S ta ten  I s l a n d ,  NY 

-- I.-- 

@ Chromel-Alumel i s  a r e g i s t e r e d  trademark o f  the Richmond Machine Products 
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3.2.5 Data A c q u i s i t i o n  System 

Many o f  t h e  key  exper imenta l  measurements were made manual ly  and p e r i o d -  
i c a l l y ,  e.g., f i l t e r  samples, cascade impactor  samples, e l e c t r o n  microscope 
samples, and samples f o r  chemical analyses. The da ta  assoc ia ted  w i t h  these 
manual samples were 
notebooks. 

ogged b y  t e c h n i c i a n s  on to  da ta  sheets o r  recorded i n  

The o n - l i n e  i n s t r u m e n t a t i o n  i nc luded  thermocouples, p ressure  t ransducers,  
sodium f l o w r a t e  meter, sodium supp ly  tank  l o a d  c e l l ,  and gas ana lyzers  f o r  
0 H and water  vapor. The o u t p u t  o f  these sensors was recorded i n  

p a r a l l e l  on s t r i p  c h a r t  reco rde rs  and on a 140-channel d i g i t a l  da ta  a c q u i s i -  
t i o n  system (DAS)*. 
t ape  eve ry  50 seconds i n i t i a l l y ,  w i t h  decreas ing  f requency a t  l a t e r  t imes.  
I n f o r m a t i o n  on i d e n t i f i c a t i o n  o f  d a t a  recorded on each DAS channel i s  
p rov ided  i n  Appendix A. D i g i t a l  ou tpu t  f o r  a l l  channels f o r  t h e  i n i t i a l  60 

minutes i s  p resented  i n  Appendix B. For  t imes g r e a t e r  than 60 minutes t h e  
measured parameters changed more s lowly ,  and summary t a b l e s  o f  average 
temperature and pressure  da ta  ex tend ing  t o  20 hours  a re  presented i n  
Appendix C. 

2 2  

For  t e s t  AB7, 118 channels were recorded on magnetic 

3.3 CHEMICAL ANALYSES 

F i l t e r  papers f rom cascade impactors, th rough- the-wa l l  aeroso l  c o n c e n t r a t i o n  
samplers, and in -vesse l  f i l t e r  c l u s t e r s  were analyzed f o r  sodium b y  e i t h e r  
a c i d  t i t r a t i o n  o r  emiss ion spect rometry .  
s p e c i f i c  e l e c t r o d e .  
background sodium and i o d i n e  i n  t h e  f i l t e r  paper and deminera l i zed  water .  

Analyses f o r  i o d i d e  was b y  i o n  
Approp r ia te  b lank  c o r r e c t i o n s  were made t o  account f o r  

*John F l u k e  Manufac tur ing  Co., I nc .  Mountlake Terrace, WA 98043 
Data logger  Model 2240. 
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3.4 EXPERIMENTAL PROCEDURE 

The f o l l o w i n g  key  a c t i v i t i e s  were performed d u r i n g  t e s t  AB7: 

P r e p a r a t i o n  o f  a Test  P lan  d e s c r i b i n g  t h e  in tended t e s t  c o n d i t i o n s .  
P r e t e s t  computer code p r e d i c t i o n s .  
P r e p a r a t i o n  o f  d e t a i l e d  Test Opera t ing  Procedures. 
I n s t a l l a t i o n  o f  sodium spray  and NaI genera t ion  systems. 
I n s t a l l a t i o n  and c a l i b r a t i o n  o f  ins t ruments .  
P r e t e s t  photography. 
D r y i n g  o f  t h e  C V  t o  constant ,  normal h u m i d i t y  a i r .  
S e a l i n g  t h e  vessel  so t h a t  i t  was ess.entia11y l e a k - t i g h t .  
I n j e c t  a i r  t o  e s t a b l i s h  d e s i r e d  p r e t e s t  p ressure  (118.3 kPa 
a b s o l u t e )  . 
Charge sodium t o  sodium supp ly  tank  and,preheat t o  t e s t  
temperature (590°C). 
A t  t i m e  zero  ( t o ) ,  open sodium v a l v e  t o  s t a r t  sodium f l o w .  
TV m o n i t o r  showed t h a t  sodium drops f a l l  f rom h i g h  i n  t h e  
conta inment  vessel  immediate ly  a f t e r  t h e  v a l v e  was opened. 
P o s t - t e s t  i n s p e c t i o n  showed t h a t  t h e  sodium accumulated and burned 

as a pool  a t  t h e  -1.7 rn e l e v a t i o n . )  
A t  20 seconds a f t e r  to, c l o s e  sodium valve,  s t o p p i n g  sodium 
f low.  (Sodium cont inued t o  burn  as a pool  f i r e  f o r  10 minu tes . )  
Make t e s t  measurements accord ing  t o  Sec t ion  3.2. 
A t  10 minutes a f t e r  to, s t a r t  NaI aerosol  i n j e c t i o n  t o  
containment atmosphere. 
A t  40 minutes a f t e r  to, t e r m i n a t e  NaI aerosol  i n j e c t i o n  b y  

c l o s i n g  v a l v e  t o  containment and opening v a l v e  t o  bypass f i l t e r .  
Cont inue t o  make t e s t  measurements f o r  1650 minutes.  
A t  44 hours a f t e r  to, s t a r t  a i r  purge o f  containment vessel .  

A t  45 hours a f t e r  to, open personnel  door, t a k e  p i c t u r e s  and 
samples. 
Clean up containment vessel  and NaI equipment and make mass 
b a l  ances. 
Perform chemical  analyses. 
I s s u e  r e p o r t  o f  a c t u a l  t e s t  c o n d i t i o n s .  

( l h e  
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- b  . B1 i n d  p o s t - t e s t  computer code c a l c u l a t i o n s  performed. . . Comparisons made o f  code p r e d i c t i o n s  w i t h  exper imenta l  r e s u l t s .  
Data r e d u c t i o n  and eng ineer ing  analyses performed. 

3.5 TEST CONDITIONS 

The t e s t  c o n d i t i o n s  f o r  t e s t  AB7 a r e  summarized i n  Table 3-4. 

TABLE 3-4 

SUMMARY OF TEST CONDITIONS FOR TEST AB7 

Test C o n d i t i o n  

I n i t i a l  Containment Atmosphere 

Temperature, mean ( " C )  
Pressure,  abso lu te  (kPa) 
Oxygen c o n c e n t r a t i o n  ( v o l  %) 
Dew p o i n t  ("C) 
Nominal leak  r a t e  ( %  per  day) 

Sodium S p i l l  

Sodium f l o w  r a t e  ( g / s )  
Sodium f l o w  d u r a t i o n  ( s )  
Sodium f a l l  d i s t a n c e  (m) 
Sodium mass d e l i v e r e d  ( k g )  
I n i t i a l  sodium temperature ("C) 
Pool f i r e  b u r n i n g  area (m2) 
Pool f i r e  burn  d u r a t i o n  ( s )  

Containment Cond i t ions  Dur ing Test 
(See Appendices A and B f o r  time-dependent d a t a )  

Maximum average temperature o f  atmosphere ("C) 
Maximum average temperature o f  s t e e l  vessel  ("C) 
Maximum pressure,  abso lu te  (kPa) 
F i n a l  oxygen c o n c e n t r a t i o n  ( v o l  % )  
F i n a l  dewpoint ("C) 
Hydrogen c o n c e n t r a t i o n  ( v o l  %) 

20 

Value 

23.9 
118.4 
20.95 

1.5 
1 .o 

322 
20 
10.0 
6.434 

0.93 
590 

600 

33.7 
25.2 

122.6 
20.25 

1.3 
<o. 1 



TABLE 3-4 Cont'd 

NaOH Aerosol Source 

Chemical form 
Material density (g/cd) 
Mass ratio, NaOH to Na 
Initial concentration 
Start time for aerosol release ( s )  
Stop time ( s )  
Release rate (g NaOH/s) 
Total NaOH release (9) 
Source 50% diameter (m) 
Source geometric standard deviation 

NaI Aerosol Source 

NaOH 
2.13 
1.74 
0 
0 

600 
5.03 

3018 
0.5 
2 .o 

Chemical form 
Material density (g/cd) 
Initial concentration 
Start time for aerosol release ( s )  
Stop time ( s )  
Release rate (g NaI/s) 
Total NaI aerosol released (9) 
Source 50% diameter (m) 
Source geometric standard deviation 

NaI 

0 
600 

2400 

3.6'7 

0.1'37 

0.54 
1.55 

354.6 
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4 .O EXPERIMENTAL RESULTS - 

GENERAL OBSERVATIONS 
I_ 

4.1 

Zero t ime  ( to) f o r  t e s t  AB7 i s  d e f i n e d  as t h e  i n s t a n t  t h a t  sodium s t a r t e d  
t o  f l o w  t o  t h e  containment vesse l .  I t  occur red  a t  12:OO:OO noon on 
September 25, 1984. The t e l e v i s i o n  mon i to r  showed a b r i g h t  l i g h t  and la rge ,  
g lowing  drops coming f rom a h i g h  e l e v a t i o n  i n  t h e  conta inment  atmosphere 
immediate ly  a f t e r  t h e  sodium va lve  was opened. 
12:00:20. P o s t - t e s t  i n s p e c t i o n  revea led  t h a t  a tube f i t t i n g  t h a t  connected 
a n i t r o g e n  purge l i n e  t o  t h e  sodium l i n e  a t  t h e  +8.23-m e l e v a t i o n  had 
loosened and a l lowed sodium t o  f l o w  f rom t h e  f u l l  l l - m m  d iameter  opening. 
The h o r i z o n t a l  sodium st ream impinged t h e  v e r t i c a l  web o f  a 14- inch I-beam 
l o c a t e d  approx imate ly  0.5 m f rom t h e  tube  f i t t i n g  and f e l l  t o  a smal l  
h o r i z o n t a l  ledge a t  t h e  -1.68 m e l e v a t i o n ,  where i t  accumulated and burned 
as  a poo l  f i r e .  Some b u r n i n g  may have occur red  as t h e  drops f e l l  t o  t h e  
ledge. F i g u r e  4-1 i s  a photograph o f  t h e  personnel  p l a t f o r m  where t h e  poo l  
f i r e  occurred.  

The v a l v e  was c losed  a t  

The v i s i b i l i t y  i n  t h e  containment atmosphere decreased t o  approx imate ly  
0.5 m w i t h i n  a few minutes a f t e r  t h e  s p i l l  and remained a t  t h a t  va lue  f o r  40 
minu tes  be fore  i t  began t o  increase.  
minutes a f l i c k e r i n g ,  d i f f u s e  orange f l o w  was observed th rough t h e  lower  
windows. 
d u r i n g  t h e  p e r i o d  t h a t  NaI aerosol  was be ing  i n j e c t e d .  

I 

P e r i o d i c a l l y  d u r i n g  t h e  f i r s t  seven 

No change i n  t h e  v i s u a l  appearance o f  t h e  aeroso l  was n o t i c e d  

The containment vesse l  was k e p t  sea led  u n t i l  2640 minutes a f t e r  t h e  s p i l l ,  
when a f r e s h  a i r  purge was begun. 
photographs were made, and samples were taken. The aeroso l  depos i t  was much 
l i g h t e r  than i n  p rev ious  CSTF t e s t s .  F i g u r e  4-2 shows t h a t  t h e r e  was a t h i n  
w h i t e  l a y e r  on upwared f a c i n g  h o r i z o n t a l  sur faces,  b u t  no v i s u a l  ev idence o f  

aeroso l  on v e r t i c a l  sur faces .  

A t  2700 minutes,  t h e  vessel  was en tered ,  
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FIGURE 4-1. Post-Test Photograph o f  t h e  Pool F i r e  Region. Neg 8406565-10cn 
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F I G U R E  4-2. Post -Test  View o f  t h e  Aerosol  Deposi t  on t h e  Containment Vessel 
Bottom Head Neq 8406565-6cn 
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i .  

The d a t a  l o g g e r  o u t p u t  f o r  t h e  f i r s t  60 minutes i s  l i s t e d  i n  Appendix B i n  
d i g i t a l  form. 
t e x t .  

Data f o r  longer  t i m e  per iods  a r e  g iven i n  Appendix C and t h e  

4.2 NaOH AEROSOL GENERATION 

A loose t u b i n g  f i t t i n g  on a t e e  i n  t h e ' 1 / 2 - i n c h  sodium l i n e  f a i l e d  
immediate ly  a f t e r  t h e  sodium f l o w  began. The f a i l u r e  was such t h a t  sodium 
leaked f rom t h e  f u l l  11-mm diameter opening and f e l l  t o  t h e  personnel  deck 

2 a t  t h e  -1.68 m e l e v a t i o n  (7.6 m above t h e  bot tom o f  t h e  containment v e s s e l ) ,  
where i t  formed a pool  o f  approx imate ly  1 m area and burned as a pool  f i r e .  
The f l o w  o f  sodium was stopped a t  20 seconds b y  c l o s i n g  a v a l v e  i n  t h e  
d e l i v e r y  l i n e .  The d u r a t i o n  o f  t h e  pool  f i r e  i s  b e l i e v e d  t o  have been 
approx imate ly  10 minutes.  The sodium o x i d e  aeroso l  t h a t  was r e l e a s e d  f r o m  
t h e  b u r n i n g  sodium was q u i c k l y  c o v e r t e d  t o  NaOH aerosol  b y  m o i s t u r e  i n  t h e  
containment atmosphere. 

4.3 NaI  AEROSOL GENERATION 

The NaI aeroso l  genera t ion  system i s  descr ibed i n  Sec t ion  3.1.3. 
s t a r t u p ,  t h e  aeroso l  was sent  t o  a bypass f i l t e r  u n t i l  s teady-s ta te  c o n d i -  
t i o n s  were a t t a i n e d .  A t  10 minutes . a f t e r  t i m e  zero, i t  was va lved t o  t h e  
containment vessel  ( C V )  and t h e  genera t ion  r a t e  main ta ined c o n s t a n t  u n t i  1 
t h e  end o f  t h e  NaI source p e r i o d  t h i r t y  minutes l a t e r ,  when i t  was va lved 
back t o  t h e  bypass f i l t e r  d u r i n g  generator  cool-down. 

Dur ing  

The temperature o f  t h e  mol ten NaI pool  i n  t h e  v a p o r i z e r  averaged 871 - + 4.5"C, 
as measured b y  a thermocouple i n  a submerged thermowel l .  
f l o w  r a t e s  o f  n i t r o g e n  streams t o  t h e  v a p o r i z e r  and n u c l e a t o r  vesse ls  were 
k e p t  c o n s t a n t  b y  a t e c h n i c i a n  assigned t o  t h e  f l o w  c o n t r o l  system. 
t h e  vapor p ressure  o f  NaI v a r i e s  b y  l e s s  than 2% f o r  t h e  measured 
temperature v a r i a t i o n ,  t h e  v o l a t i l i z a t i o n  r a t e  can be considered cons tan t .  
For  cons tan t  d e p o s i t i o n  r a t e  i n  t h e  n u c l e a t o r  and l i n e s ,  t h e  r e l e a s e  t o  t h e  
containment vessel  was cons tan t .  

The vo lumetr ic :  

S ince 
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4.4 CONTAINMENT RESPONSE 

4.4.1 Containment Temperature and Pressure 

Very l i t t l e  hea t  was re leased  b y  t h e  b u r n i n g  sodium, compared w i t h  p rev ious  
CSTF t e s t s .  
27.0 - + 3.0"C and 120 - + 1.5 kPa, r e s p e c t i v e l y .  
p ressure  i n f o r m a t i o n  i s  p rov ided  i n  Appendices B and C. 

Gas temperatures and pressures  remained f a i r l y  cons tan t  a t  
More d e t a i l e d  temperature and 

4.4.2 Containment Atmosphere Composit ion 

The gaseous compos i t ion  o f  t h e  containment atmosphere was determined c o n t i n -  
uous ly  b y  m o n i t o r i n g  f l o w i n g  gas streams e x t r a c t e d  f rom t h e  vessel  a t  two 
d i f f e r e n t  l o c a t i o n s .  The gas streams were analyzed f o r  oxygen,* hydrogen,** 
and water  vapor dew point.*** The o n - l i n e  measured concen t ra t i ons  a r e  
r e p o r t e d  i n  volume percent  f o r  oxygen and hydrogen and t h e  dew p o i n t  i n  "C 
f o r  water  vapor i n  Appendix B. 

The i n i t i a l  conta inment  atmosphere was a i r  w i t h  20.95 v o l  % oxygen and 1.5OC 
dew p o i n t .  The f i n a l  oxygen concen t ra t i on  was 20.25 v o l  % and t h e  f i n a l  dew 
p o i n t  was 1.3"C. 
q u a n t i t y  of water  t o  t h e  atmosphere. 
undetec tab le .  

4.4.3 Conversion Fac to rs  f o r  Standard t o  Ac tua l  

A leak  from a water  p i p e  i s  thought  t o  have added a smal l  
The hydrogen c o n c e n t r a t i o n  was 

Containment Cond i t ions  

The volume occupied b y  a g iven molar  q u a n t i t y  o f  gas i n  t h e  containment 
atmosphere v a r i e d  th roughout  t h e  t e s t  as t h e  gas temperature and pressure  
va r ied .  Aerosol sampl ing was performed w i t h  ro tameters  c a l i b r a t e d  f o r  
s tandard  c o n d i t i o n s  ( 1  atm, O O C ) .  The r a t i o  o f  s tandard  t o  a c t u a l  volumes 
i n  t h e  containment atmosphere a r e  l i s t e d  i n  Table C-1, Appendix C. 

*Beckman Inst ruments,  Inc., F u l l e r t o n e ,  CA, Model 7003. 
**Teledyne A n a l y t i c a l  Inst ruments,  San Gabr ie l ,  C A Y  Model 102. 

***General Eastern Ins t rumen t  Corp., Watertown, MA, Model 1100A. 
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4.5 AEROSOL SOURCE TERM 

4.5.1 NaOH Aerosol  Source 

The chemical forin of t h e  sodium f i r e  aerosol  was NaOH. 
h y d r a t i o n  may have occurred,  a l l  c a l c u l a t i o n s  i n  t h i s  r e p o r t  a r e  based on 
anhydrous NaOH. 

Al though some 

4.5.1.1 NaOH Aerosol  Release Timing 

The NaOH aerosol  r e l e a s e  began a t  t i m e  zero  ( t o )  and cont inued u n t i l  t h e  
end o f  t h e  poo l  f i r e  t e n  minutes l a t e r  ( t =  600 s ) .  

4.5.1.2 Sodium Mass Balance 

The sodium supp ly  tank  was supported b y  a l o a d  c e l l  which sensed t h e  we igh t  
of  tank p l u s  sodium. The load c e l l  r e a d i n g  decreased b y  5.86 k g  d u r i n g  t h e  
s p i l l .  A t o t a l  o f  6.43 kg  (as Na) was-accounted f o r  i n  t h e  washes o f  t h e  
containment vessel  and i n  t h e  samples. 
washing i s  b e l i e v e d  t o  be more accura te  because o f  u n c e r t a i n t y  o f  sodium 
holdup i n  t h e  p i p i n g  and h y s t e r e s i s  e r r o r  i n  t h e  l o a d  c e l l  system. 
mass b lance i s  g iven  i n  Table 4-1. 

The mass determined b y  conta inment  

A sodium 

TABLE 4-1 

SODIUM MASS BALANCE 

Sodium tank we igh t  l o s s  5.86 

Mass Na recovered b y  washing 
vessel  and i n  samples 6.43 

D i f f e r e n c e  

2 7  

+ 0.57 
(+9 .7%)  



4.5.1.3 NaOH Aerosol  Release Rate 

Based on t h e  p o s t - t e s t  washing of t h e  containment vessel ,  6.43 k g  o f  sodium 
were r e l e a s e d  t o  conta inment  d u r i n g  t h e  20-second s p i l l .  On t h e  b a s i s  o f  

0 

p r e v i o u s  pool  f i r e  t e s t s  i n  t h e  CSTF, i t  i s  assumed t h a t  27% o f  t h e  sodium 
was aerosol ized,  o r  1737 g. 
Assuming t h a t  t h e  r e l e a s e  occur red  a t  a cons tan t  r a t e  over  t h e  10-minute 
per iod ,  t h e  NaOH aeroso l  r e l e a s e  r a t e  was 5.03 g/s. 

Thus, 3020 g o f  NaOH aeroso l  was re leased.  

4.5.1.4 NaOH Source P a r t i c l e  S i z e  

Cascade impactor  samples taken s h o r t l y  a f t e r  t h e  end o f  t h e  r e l e a s e  p e r i o d  
showed t h a t  s i g n i f i c a n t  agglomerat ion had occurred, p r o b a b l y  i n  t h e  h i g h  
c o n c e n t r a t i o n  r e g i o n  near  t h e  b u r n i n g  sodium. No i n f o r m a t i o n  was ob ta ined 
on t h e  s i z e  o f  t h e  p r i m a r y  p a r t i c l e s ,  so t h e  recommendation i s  made t h a t  t h e  
same s i z e  d i s t r i b u t i o n  assumed f o r  t e s t  AB6(*) be used as code i n p u t .  
T h i s  i s  a mass median d iameter  of 0.5 Vrn and a geometr ic  s tandard  dev ia -  
t i o n ,  u o f  2.0. The d e n s i t y  o f  t h e  p r i m a r y  p a r t i c l e s  i s  assumed t o  be 
t h a t  o f  NaOH, 2.13 g/m . g’ 3 

4.5.2 Sodium I o d i d e  Aerosol  Source 

4.5.2.1 NaI  Source T iming 

Release o f  NaI aerosol  t o  t h e  containment atmosphere began a t  600 seconds 
a f t e r  to and ended a t  2400 seconds. 

4.5.2.2 NaI Source Release Rate 

A t o t a l  o f  355 g NaI  was accounted f o r  i n  t h e  containment vessel  washes. 
S u b s t a n t i a t i o n  o f  t h i s  v a l u e  by o t h e r  means was n o t  p o s s i b l e  due t o  
o p e r a t i n g  d i f f i c u l t i e s .  
- + 10%. Assuming t h a t  t h e  r e l e a s e  was cons tan t  o v e r  t h e  1800-s r e l e a s e  
p e r i o d ,  t h e  average NaI  r e l e a s e  r a t e  t o  t h e  containment atmosphere was 
0.197 g/s.  

However, t h i s  va lue  i s  b e l i e v e d  t o  be accura te  t o  

The NaI g e n e r a t i o n  method i s  descr ibed i n  S e c t i o n  3.1.3. 
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4.5.2.3 NaI  Source P a r t i c l e  S ize  

Cascade impactor  samples taken s h o r t l y  a f t e r  t h e  s t a r t  of NaI aerosol  
r e l e a s e  showed t h a t  t h e  source s i z e  d i s t r i b u t i o n  f o r  NaI was e s s e n t i a l l y  t h e  
same as used as code i n p u t  f o r  t e s t  AB6(2). The mass median d iameter  
(d50) was 0.54 un and t h e  geometr ic s t a n d a r d - d e v i a t i o n  ( U  ) was 1.55. 

9 

I 4.6 AEROSOL SUSPENDED MASS CONCENTRATION 

The containment atmosphere was r e a s o n a b l y - w e l l  mixed a t  a l l  t imes d u r i n g  
t e s t  AB7. The u n i f o r m i t y  o f  suspended mass c o n c e n t r a t i o n  can be seen i n  
Tables 4-2 and 4-3 f o r  NaOH and NaI, r e s p e c t i v e l y .  
t h e  e l e v a t i o n  o f  through- the-wal l  (TTW) sample s t a t i o n  T1 was +6.1 m, 
s t a t i o n s  T2 and T3 were +1.5 m, and s t a t i o n  T4 was a t  -5.8 m. The NaOH 
c o n c e n t r a t i o n  was more u n i f o r m  than t h a t  o f  t h e  NaI aeroso l  a t  t imes d u r i n g  

I n  Tables 4-2 and 4-3 

NaI  i n j e c t i o n .  
NaI c o n c e n t r a t i o n  was a l s o  q u i t e  un i form.  

Near t h e  end o f  t h e  NaI i n j e c t i o n  p e r i o d  and a f te rwards ,  t h e  

I n  a d d i t i o n  t o  t h e  TTW samples, s i x  f i l t e r  c l u s t e r s  were i n s t a l l e d  w i t h i n  
t h e  conta inment  atmosphere a t  e l e v a t i o n s  r a n g i n g  f r o m  +9.45 m t o  -6.7 m ( s e e  
Tab le  3-3). 
NaI measured b y  t h e  f i l t e r  c l u s t e r s  a r e  l i s t e d  i n  Tables 4-4 and 4-5. 
average va lues measured a t  t h e  same t imes b y  t h e  TTW samples a r e  a l s o  l i s t e d  
i n  Tables 4-4 and 4-5. Good agreement between t h e  two sampl ing methods i s  

i n d i c a t e d  i n  t h e  t a b l e s  f o r  N a I  aerosol ,  w i t h  l e s s  f a v o r a b l e  agreement f o r  
NaOH. The f i l t e r  c l u s t e r  method averaged 25% lower  t h a n  t h e  average v a l u e  
f o r  t h e  TTW sample f o r  NaOH aerosol .  
4% lower  t h a n  t h e  TTW samples, except  f o r  t h e  f i r s t  sample t ime,  when t h e  
N a I  was n o t  w e l l  mixed. 
sampl ing s t a t i o n s  g i v e s  t h e  most accura te  v a l u e  f o r  average suspended 

The average va lues f o r  t h e  suspended c o n c e n t r a t i o n  o f  NaOH and 
The 

For  NaI, t h e  f i l t e r  c l u s t e r s  averaged 

I t  i s  concluded t h a t  t h e  average v a l u e  f o r  a l l  t e n  

c o n c e n t r a t i o n  i n  t h e  e n t i r e  vessel .  
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TABLE 4-2 

SUSPENDED NaOH CONCENTRATIONS AT INDIVIDUAL TTW SAMPLE LOCATIONS 

T i  me 

( s )  

5 .40(2)(b)  
7.80(2) 
1.02( 3 )  
1.26( 3 )  
1.50(3) 
1.74( 3 )  
1.98(3) 
2.22( 3 )  
2.46(3) 
2.70(3) 
3.00 ( 3 )  
3.30(3) 

- 3.60 ( 3 )  
3.84(3) 
4.14(3) 
4.44( 3 )  
4.74( 3 )  
5.10( 3 )  
5.46(3) 
6.06( 3 )  
6.66( 3 )  
7.08( 3 )  
9.78(3) 

3 Suspended concen t ra t i on  ( g  NaOH/m a t  Containment Cond. ) - 
. .  

2.30 
2.90 
---- 
2.99 
3.44 
-- - 
--- 
-- - 
- -- 
--- 
--- 
--- 
2.80 
1.98 
1.84 
2.92 
2.96 
--- 
1.16 
1.84 
- -- 
1.52 
1.06 

T2 

2.87 
5.23 
4.19 
2.85 

2.90 
3.23 
3.22 
2.80 
2.70 
--- 
2.78 
1.90 
2 :12 
2.07 
--- 
1.98 
1.88 
2.02 
--- 
1.73 
1.57 
1.47 
1.09 

3 0  

T4 

3.74 
3.15 
3.32 
3.58 
4.14 
3.98 
3.70 
3.25 
2.70 
2.94 
2.35 
2.40 
2.28 
2.30 
2.24 
2.00 
2.03 
1.90 
1.79 
1.57 
- -- 
1.52 
1.06 

Aver age 

2.98 
3.76 

3.74 
3.14 

3.49 
3.60 
3.47 
3.02 
2.70 
2.75 
2.57 
2.30 
2.40 
2.12 
2.07 
2.30 
2.22 
1.96 
1.50 
1.71 
1.57 
1.47 
1 .06 

U 

0.592 
1.28 

0.436 
0.387 
0.622 
0.530 
0.240 
0.318 
0.000 
0.269 

0.304 
0.352 
0.356 
0.165 
0.205 
0.537 
0.498 
0.085 
0.317 
0.136 
--- 
0.080 
0.033 



I .  

TABLE 4-2 ( C o n t ' d )  

3 Time Suspended c o n c e n t r a t i o n  ( g  NaOH/m a t  Containment Cond. ) 
( S I  T l ( a )  T2 T3 T4 Average (J 

1 . 14 (4 ) (b )  0.720 - -- 0.777 0.833 0.777 0.057 
7.35(4) 1.09( - 2 )  1.46( -2 )  --- 1.16(-2) 1.24(-2) 1.97(-3) 
8.10(4) 1.04(-2) 1.26(-2) 8.94(-3) 8.77(-3) 1.02(-2) 1.77(-3) 
8.79( 4 )  6.85(-3) 8.90(-3) 7.03(-3) 7.29(-3) 7.52(-3) 9.39(-4) 
9.90( 4 )  4.70(-3) 5.63(-3) --- 5.32(-3) 5.22(-3) 4.74(-4) 

( a )  
( b )  Numbers i n  pa ren thes i s  a r e  exponents o f  ten .  

Re fe r  t o  Table 3-3 f o r  coo rd ina tes  o f  TTlJ sample s t a t i o n s .  
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TABLE 4-3 

SUSPENDED NaI CONCENTRATIONS AT INDIVIDUAL TTW SAMPLE LOCATIONS 

T i  me 

(SI 

7.80( 2) ( b ,  
1.02( 3) 
1 .26( 3) . 

1.50( 3 )  
1.74( 3) 
1.98( 3) 
2.22(3) 
2.46( 3) 
2.70( 3) 
3.00( 3) 
3.30(3) 
3.60( 3) 
3.84(3) 
4.14( 3) 
4.44(3) 
4.74( 3) 
5.10(3) 
5.46( 3 )  
6.06( 3) 
6.66( 3) 
7.08(3) 
9.78(3) 

Suspended c o n c e n t r a t i o n  g NaI/m’ a t  Containment Cond. 
T1( a )  

1.72( -2) 
--- 
3.20( -1 ) 
4.53( -1 ) 
--- 
--- 
- -- 
--- 
--- 
--- 
- -- 
5.18(-1) 
3.84( -1 ) 
3.73( -1 ) 
5.84( -1 ) 
-e -  

--- 
2.59( -1 ) 
3.72( -1 ) 
--- 
3.31 (-1 ) 
2.46( -1 ) 

T2 

--- 
2.60( -2 )  
5.10(-2) 
L O O (  -2) 
1.66(-1) 
2.37( -1 ) 
3.16( -1 ) 
3.76( -1 ) 
--- 
4.28( -1 ) 
3.22( -1 ) 
3.95( -1 ) 
4.15( -1 ) 
--- 
4.04( -1 ) 
3.823 -1 ) 
4.07(-1) 
--- 
3.20( -1 ) 
3.40( -1 ) 
3.18( -1 ) 
2.54( -1 ) 

T3 T4 

7.44( -2)  
6.88( -2) 
1.39( -1 ) 
2.76( -1 ) 
3.43( -1 ) 
3.93( -1 ) 
3.82( -1 ) 
4.99( -1 ) 
4.83( -1 ) 
4.30( -1 ) 
4.68( -1 ) 
4.10( -1 ) 
4.26( -1 ) 
3.69( -1 ) 
4.24(-1) 
4.32( -1 ) 
4.01(-1) 
3.96( -1 ) 
3.63( -1 ) 
--- 
3.41(-1) 
2.56( -1 ) 

Aver age 

4.58( -2) 
6.40( -2 )  
1.70(-1) 
2.60( -1 ) 
2.55( -1 ) 
3.88( -1 ) 
3.49( -1 ) 
4.38( -1 ) 
4.79( -1 ) 
4.29( -1 ) 
4.27( -1 ) 
4.41 ( -1  ) 
4.08( -1 ) 
3.94( -1 ) 
7.71 ( -1)  
4.14(-1) 
4.04( -1) 
3.26( -1 ) 
3.52( -1 ) 
3.40( -1 ) 
3.22( -1 ) 
2.46( -1 ) 

a 

4.04( -2) 
3.94( - 2 )  
1.37( -1) 
2.02( -1 ) 
1.25(-1) 
1.49( -1 ) 
4.67( -2) 
8.70( -2 )  
6.40( -3) 
1.41 ( - 3 )  
9.10( -2 )  

2.20( -2) 

1 .OO( -1 ) 

6.70( -2 )  

3.90( - 2 )  

2.80( - 2 )  
4.00( -3) 
6.90( - 2 )  
2.80( -2) 
-- - 
1.90( -2) 
1.40( - 2 )  
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T i  me 

(SI 

TABLE 4-3 ( C o n t ' d )  

3 Suspended c o n c e n t r a t i o n  g NaI/m a t  Containment Cond. 
T l ( a )  T2 T3 T4 Average 

1.14(4) 1.46(-1) --- 1.92( -1 ) 2.13( -1 ) 1.84( -1 ) 3.40( -2 )  
7.35( 4)  4.68( -3) 4.39( -3) --- 4.57( -3) 4.55( -3) 1.46( -4 )  
8.1 O( 4) 4.11(-3) 4.02(-3) 3.45(-3) 3.73(-3) 3.82(-3) 3.00(-4) 
8.79( 4) 3.12(-3) 3.14(-3) 2.97(-3) 3.14(-3) 3.09(-3) 8.22(-5) 
9.90( 4) 2.30(-3) 2.15(-3) --- 2.46( -3) 2.30( -3) 1.55( -4) 

( a )  
( b )  

R e f e r  t o  Table 3-3 f o r  c o o r d i n a t e s  o f  TTW sample s t a t i o n s .  
Numbers i n  p a r e n t h e s i s  a r e  exponents o f  ten.  
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TABLE 4-5 

COMPARISON OF SUSPENDED NaI CONCENTRATIONS MEASURED B Y  
FILTER CLUSTERS AND TTW SAMPLES 

3 Average Suspended Concentrat ion - + 1 J ( g  NaOH/m a t  C V  C o n d i t i o n s )  

W 
cn 

4 

T i  me 
( s )  C l u s t e r  Samples(b) TTW Samples ( c )  

5.40(2) (a )  0 0 
1.05( 3) 6.20(-3) - + 8.67(-3) 6.41(-2) - + 3.94(-2) 
2.01 ( 3 )  3.52(-1) - + 1.90(-1) 3.88(-1) - + 1.49(-1) 
2.73( 3) 4.59(-1) - + 9.7(-2) 4.79(-1) - + 6.4(-3) 
3.81(3) 4.48(-1) - + 7.19(-2) 4.08(-1) - + 2.2(-2) 
5.43( 3) 3.44(-1) - + 1.64(-1) 3.26(-1) - + 6.9(-2) 
6.96( 3) 2.98(-1) - + 1.37(-1) 3.22(-1) - + 1.9(-2) 
1.12(4) 2.11(-1) - + 1.05(-1) 1.84(-1) - + 3.4(-2) 
7.35( 4) 4.55( -3) - + 1.5(-4) 
9.75( 4) 2.97(-3) - + 8.00( -4) 2.30(-3) + 1.6(-4) 

, 

5.33( -3) - + 2.14( -3) 

( a )  
(b!  
(C) From Table 4-2. 

Numbers i n  paren thes is  a r e  exponents of ten .  
h e r a g e  o f  6 l o c a t i o n s  listed i n  Table 3-3. 

R a t i o ,  
C l u s t e r  

A l l  Samples To TTW 

-- 0 
2.60(-2) - + 3.56(-2) 0.097 
3.63(-1) - + 1.69(-1) 0.905 
4.65(-1) - + 8.23(-2) 0.958 
4.35(-1) - + 5.53(-2) 1.10 
3.36(-1) - + 1.37(-1) 1.06 
3.08(-1) - +) 9.77(-2) 0.925 
2.02(-1) - +) 8.13(-2) 1.15 
5.07(-3) - +) 1.48(-3) 1.17 
2.79( -3)  +) 8.34( -4)  1.29 

0.462 Avg 
- 

I 



The suspended c o n c e n t r a t i o n  i s  p l o t t e d  as a f u n c t i o n  o f  t i m e  i n  F i g u r e  4-3, 
us ing  t h e  average va lues  o f  a l l  samples where a v a i l a b l e  and t h e  TTW average 

' 

va lues  a t  o t h e r  t imes.  F i g u r e  4-3 shows t h a t  t h e  NaOH concen t ra t i on  
3 inc reased t o  a maximum o f  3.0 g/m a t  t h e  end o f  t h e  NaOH source per 

remained cons tan t  f o r  t h e  n e x t  1400 seconds, then decreased s l o w l y  w 
od , 
t h  t ime .  

3 The NaI c o n c e n t r a t i o n  inc reased t o  a maximum o f  0.42 g/m 

t h e  NaI  source pe r iod ,  remained cons tan t  f o r  1400 seconds, then decreased 
s l o w l y  w i t h  t ime.  

a t  t h e  end o f  

I t  i s  apparent f rom t h e  s lopes o f  t h e  two curves  i n  F i g u r e  4.3 t h a t  t h e  
f r a c t i o n a l  removal r a t e  of NaI was l e s s  than t h a t  o f  NaOH. A t  t h e  end o f  
t h e  NaI source per iod ,  t h e  NaOH c o n c e n t r a t i o n  was a f a c t o r  o f  6.7 g r e a t e r  
than t h a t  o f  t h e  NaI concen t ra t i on ,  w h i l e  a t  10 seconds, i t  exceeded t h e  
NaI  c o n c e n t r a t i o n  b y  o n l y  a f a c t o r  o f  1.9. The lower  removal r a t e  o f  NaI i s  
d i sp layed  more c l e a r l y  i n  F i g u r e  4-4, where t h e  d imensionless concen t ra t i ons  
a r e  p l o t t e d  as a f u n c t i o n  o f  t i m e  on semi - l oga r i t hm ic  paper. 

5 

4.7 AEROSOL PARTICLE S I Z E  

4.7.1 Cascade Impactor  Data 

The c h i e f  p a r t i c l e  s i z e  measurement techn ique used i n  t e s t  AB7 employed 
cascade impactors .  The impactors  were i n s e r t e d  d i r e c t l y  i n t o  t h e  c o n t a i n -  
ment atmosphere i n  a h o r i z o n t a l  p o s i t i o n .  Two types  o f  m u l t i j e t  impactors  

were used, an Andersen Mark III* c i r c u l a r  j e t  sampler and a S i e r r a  Model 
226** r e c t a n g u l a r  s l i t  sampler. P recu t  g lass  f i b e r  paper f u r n i s h e d  by  t h e  
manufacturers  was used as t h e  s tage c o l l e c t i o n  sur face .  
t h e  techn ique and d i s c u s s i o n  o f  e r r o r s  has been provided.( ')  The s tandard  
e r r o r  ( +  - l a )  i s  b e l i e v e d  t o  be - + 20%. 
t h e  T3 th rough- the-wa l l  s t a t i o n  a t  + 1.37 m e l e v a t i o n .  

A d e s c r i p t i o n  o f  

A l l  cascade samples were taken a t  

*Manufactured b y  Andersen 2000, Inc., A t l a n t a ,  GA. 
**Manufactured b y  S i e r r a  Ins t rument  Co., Carmel Va l l ey ,  C A .  
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- SOURCE SOURCE - 
PERIOD PERIOD - 

4 - _  c 
- 

I I I I I l l  I I I I I l l 1  I 1 I 1 1 1 1 1  I I I 1 1 1 1 1  

I I I I 1 ' 1 8 1  TESTAB7 I I I l l  I I I I I I I l l  I 1 I I I 1 1 1 1  

NaOH Nal 
NaOH A V G l l W  f lo f 

/ A N D l l W  k lo 
AVG CLUSTERS 

/ 
/ 

/ 

Nal e 
1 NaOH Nal -1 

TIME (SI 
HEDL 8506078 1 

FIGURE 4-3. Suspended Mass Concentrations o f  NaOH and NaI as a Function of 
Time. 
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FIGURE 4-4. Comparison of NaOH and NaI Concentration Decay Rates After 
Source Cutoffs. 
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I 

The cascade impactors  showed t h a t  t h e  aerosol  g e n e r a l l y  had a log-normal 
d i s t r i b u t i o n .  
shown i n  F i g u r e  4-5. 
m e t r i c  s tandard d e v i a t i o n ,  
a r e  l i s t e d  i n  Table 4-6. 
s e t t l i n g  mean diameters,  dSa, c a l c u l a t e d  f r o m  Equat ion ( 1 ) .  

One d a t a  s e t  t h a t  t y p i f i e s  t h e  cascade impactor  r e s u l t s  i s  
The aerodynamic mass median d iameter  (AMMD) and geo- 

A lso  l i s t e d  i n  Table 4-6 a r e  t h e  aerodynamic 
ob ta ined f r o m  p l o t s  s i m i l a r  t o  F i g u r e  4-5 

ugy 

P l o t s  o f  t h e  AMMDs f o r  NaOH and NaI taken f r o m  Table 4-6 a r e  shown i n  
F i g u r e  4-6. 
AMMD f o r  NaOH was 2.0 pm and f o r  NaI was 0.8 pm. 

maximum va lues  o f  5.4 and 4.4 f o r  NaOH and NaI, r e p s e c t i v e l y ,  and t h e n  
s l o w l y  decreased w i t h  t ime. 
f o r  NaOH. 

F i g u r e  4-6 shows t h a t ,  d u r i n g  t h e  source r e l e a s e  per iods ,  t h e  
The AMMDs increased t o  

The AMMD f o r  NaI was always l e s s  t h a n  t h e  AMMD 

The geometr ic s tandard  d e v i a t i o n s ,  ag, f o r  . NaOH and NaI  a r e  p l o t t e d  i n  

F i g u r e  4-7. The va lues  o f  u were t h e  same f o r  b o t h  t y p e s  o f  aeroso l ,  
w i t h i n  exper imenta l  e r r o r .  

9 

I 

The aerodynamic s e t t l i n g  mean diameters,  dsa, a r e  p l o t t e d  i n  F i g u r e  4-8 as 
a f u n c t i o n  o f  t ime. 
source p e r i o d .  
r a t e  o f  i n c r e a s e  a c c e l e r a t e d  and a maximum v a l u e  o f  8.7 pm was reached a t  
4500 s, a f t e r  which i t  s l o w l y  decreased w i t h  t ime, r e a c h i n g  a va lue  o f  2.6 
a t  1 0  s .  The dsa f o r  NaI  began a t  1.0 pm a t  t h e  s t a r t  o f  t h e  NaI 
r e l e a s e  p e r i o d  and t h e n  e x h i b i t e d  t h e  same t r e n d s  as NaOH, always remain ing  
a t  va lues l e s s  than t h a t  o f  NaOH. Since t h e  removal r a t e  f r o m  t h e  
atmosphere i s  s t r o n g l y  dependent on t h e  mean s e t t l i n g  diameter,  t h e  
c o n c l u s i o n  can be-made, on t h e  b a s i s  o f  F i g u r e  4-8, t h a t  t h e  r a t e  o f  NaI  
removal should always be l e s s  than t h a t  f o r  NaOH i n  t e s t  AB7. 
case, as d iscussed i n  Sec t ion  4.6. 

The dsa f o r  NaOH was 2.5 pm a t  t h e  end of  t h e  NaOH 
It s l o w l y  inc reased u n t i l  approx imate ly  4000 s ,  when t h e  

5 

T h i s  was t h e  

I 

The raw cascade impactor  d a t a  a r e  presented i n  t a b l e s  and f i g u r e s  i n  
Appendix D. 
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TABLE 4-6 

CASCADE IMPACTOR DATA 

NaOH Na I 

7.80( 2) ( a )  2.05 1.63 
1.27( 3) 2.18 1.63 
1.75( 3) 2.47 1.64 
2.24(3) 2.68 1.62 
3.04( 3) 2.78 1.81 
3.84( 3) 3.37 1.78 
4.39( 3) 5.40 2.00 
6.18( 3) 4.75 1.74 
1.02( 4) 4.20 1.74 
7.29( 4) 2.52 1.44 
9.75(4) 2.32 1.50 

4.70 2.58 1.80 3.64 
8.73 4.25 2.00 6.87 

6.46 4.20 1.67 5.46 
5.71 3.80 1.79 5.33 

2.88 2.20 1.45 2.53 
2.73 1.98 1.50 2.33 

2.60 0.80 1.60 1.00 
2.77 0.76 2.10 1.32 

3.15 1.46 1.72 1.96 

3.38 2.00 1.70 2.65 

3.95 2.10 1.79 2.95 

( a )  
( b )  C a l c u l a t e d  b y  Equat ion (1). 

Numbers i n  p a r e n t h e s i s  a r e  exponents o f  ten.  
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4.7.2 S i z e  C a l c u l a t e d  f r o m  Mass Balance on Containment Atmosphere 

A mass balance on t h e  containment atmosphere d u r i n g  a cons tan t  source 
r e l e a s e  p e r i o d  i n  a wel l -mixed containment g ives:  

dc 
I - %  

A, = 

where : 

-1 
A t  = o v e r a l l  removal r a t e  cons tan t  a t  t i m e  t, s 

I = aeroso l  r e l e a s e  r a t e ,  g/s 
V = containment volume, m 
C = suspended aerosol  concent ra t ion ,  g/m 
t = t ime,  s 

3 
3 

F o r  s h o r t  t i m e  steps,  Equat ion ( 2 )  can be approximated by: 

where : 

C a v g  = average v a l u e  f o r  conc. d u r i n g  t i m e  s t e p  A t  
A C  = change i n  conc. d u r i n g  t i m e  s t e p  A t  

A f t e r  t h e  aerosol  source c u t o f f ,  Equat ion ( 3 )  s i m p l i f i e s  t o :  
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, ’  

The o v e r a l l  removal r a t e  constant ,  ht, i s  equal  t o  t h e  sum o f  t h e  
removal r a t e  cons tan ts  f o r  t h e  t h r e e  removal processes o f  importance: 

- A t  - A s  + h p  + A t  

where: 

= r a t e  cons tan t  due t o  g r a v i t y  s e t t l i n g  
= r a t e  cons tan t  due t o  p l a t i n g  
= r a t e  c o n s t a n t  due t o  leakage 

A P 
xI1 

For  t e s t  AB7, i t  can be shown t h a t  f o r  t > 2000 s, 

a x >> h >> h 
S P 

so  t h a t  xs i s  approx imate ly  equa 
> 2000 s.  

t o  t h e  o v e r a l l  r a t e  c o n s t a n t  f o r  t imes 

The g r a v i t a t i o n a l  r a t e  c o n s t a n t  due t o  s e t t l i n g  i s  r e l a t e d  t o  t h e  d e p o s i t i o n  
v e l o c i t y ,  ut, by Equat ion  ( 7 ) :  

- 
Ut -A, ( 7 )  

where : 

As = s u r f a c e  area a v a i l a b l e  f o r  s e t t l i n g .  

F i n a l l y ,  t h e  s e t t l i n g  mean diameter,  dS, can be computed f r o m  Stokes’  l a w  
(Equat ion  8) when ut  i s  known. 

18pf u t  0.5 

dS =(g pp)  
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where: 
. .  

ds = s e t t l  i n g  mean d iameter  (cm) 
= f l u i d  v i s c o s i t y  (g/cm s )  

2 
3 = e f f e c t i v e  p a r t i c l e  d e n s i t y  (g/cm ) 

pf 

p 

g = a c c e l e r a t i o n  due t o  g r a v i t y  (cm/s ) 

P 

I n  o r d e r  t o  compare t h e  d a t a  w i t h  t h e  aerodynamic d a t a  o b t a i n e d  w i t h  t h e  
cascade impactors ,  t h e  p a r t i c l e  d e n s i t y  was assigned a v a l u e  of u n i t y .  

The removal r a t e  cons tan ts  and t h e  aerodynamic s e t t l i n g  mean d iameters were 
c a l c u l a t e d  b y  use o f  Equat ions ( 2 )  th rough (8)  and b y  n u m e r i c a l l y  d i f f e r e n t -  
i a t i n g  t h e  curves i n  F i g u r e  4-3 f o r  suspended c o n c e n t r a t i o n .  These d a t a  a r e  
presented i n  Table 4-7 f o r  NaOH and NaI. 

4.7.3 Comparison o f  Cascade Impactor Data w i t h  S i z e  C a l c u l a t e d  f r o m  - Mass 
Balance 

The aerodynamic s e t t l i n g  mean d iameters c a l c u l a t e d  f r o m  cascade impactor  
data,  and f r o m  a mass balance on t h e  containment atmosphere a r e  l i s t e d  i n  
Tab le  4-8. 
c a l c u l a t e d  f r o m  cascade impactor  measurements were s i g n i f i c a n t l y  lower  t h a n  
t h o s e  c a l c u l a t e d  f r o m  a mass balance on t h e  containment atmosphere a t  t i m e s  
e a r l i e r  t h a n  4000 seconds. One reason f o r  t h e  d i f f e r e n c e  i n  t h e  two methods 
i s  t h a t  t h e  aerosol  s i z e  d i s t r i b u t i o n  was n o t  l o g  normal a t  e a r l y  t imes.  
Examinat ion o f  t h e  cascade impactor  d a t a  i n  Appendix D shows t h a t ,  a t  e a r l y  
t imes,  t h e  use o f  AMMD and u 
f r a c t i o n  o f  t h e  l a r g e s t  p a r t i c l e s .  
c a l c u l a t e d  f r o m  Equat ion  ( 1 )  a r e  t o o  smal l  a t  e a r l y  t imes.  F a i r  agreement 
i s  no ted  a t  t imes g r e a t e r  t h a n  4000 seconds, when t h e  s i z e  d i s t r i b u t i o n  i s  
n e a r l y  log-normal. 

The d a t a  o f  Table 4-8 show t h a t  t h e  s e t t l i n g  mean d iameters 

l i s t e d  i n  Table 4-6 unders ta tes  t h e  mass 
9 

Thus, t h e  s e t t l i n g  mean d iameters 
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TABLE 4-7 

REMOVAL RATE CONSTANT AND AERODYNAMIC S E T T L I N G  MEAN DIAMETER 
COMPUTED FROM MASS BALANCE ON CONTAINMENT ATMOSPHERE 

T i  me 
( s  1 

2.10(3)(a) 

2.30(3) 
2.50(3) 
2.70( 3) 
2.90( 3) 
3.20( 3) 
3.60(3) 
4.00( 3) 
4.25( 3 )  

4.75( 3) 
4.50( 3) 

5.00(3) 
5.25(3) 
5.50( 3) 
5.75(3) 
6.00(3) 
6.50(3) 

7 .OO( 3) 
7.50( 3) 
8.50(3) 
9.50( 3) 

NaOH 

1.18(-4) 6.20 

1.21 (-4) 6.28 
1.24(-4) 6.35 
1.46(-4) 6.89 
1.69( -4) 7.42 
1 .go(-4) 7.86 
2.00(-4) 8.07 
2.05(-4) 8.17 
2.05(-4) 8.17 
2.04(-4) 8.15 
2.01 (-4) 7.93 
1.92(-4) 7.81 
1.88(-4) 7.75 
1.82(-4) 7.70 
1.77(-4) 7.50 
1.72(-4) 7.41 
1.65( -4) 7.33 
1.56(-4) 7.15 
1.49(-4) 6.96 
1.36(-4) 6.65 
1.27(-4) 6.36 

x 
(St' ) 

--- 
--- 
--- 
--- 
--- 
--- 
--- 
6.74( -5) 
7.45( -5) 

7.74( -5) 
7.60 (-5) 

8.97( -5) 
1.02( -4) 
1.05(-4) 
1.07( -4) 
1.08(-4) 
1.09 (-4) 
1.12(-4) 
1.14(-4) 
1 .11(-4) 
1.06( -4) 

N a I  - 
ds a 
_c (urn 1 

--- 
-- - 
--- 
-- - 
--- 
--- 
--- 
4.68 
4.92 

4.95 
5.02 
5.40 

5.76 
5.84 

5.90 
5.93 

5.98 
6.04 
6.09 
5.95 

5.87 



T A B L E  4-7 (Cont  ' d )  

Time 
( 5  1 

l . lO(4)  
1.30(4) 
1 .50(4) 
1.70( 4 )  
1.90(4) 
2.25(4) 
2.75(4) 
3.50(4) 
4.50 ( 4 )  
5.50( 4 )  
6.50( 4)  
7.5( 4 )  
8 .5 (4 )  
9 .5(4)  
1 .10(5)  

NaOH N a I  

1.23( -4) 
1.18(-4) 
1 . lo ( -4)  
1.05( -4)  
9.24( -5) 
9.09( -5)  
8.23 (-5) 
6.51 (-5)  
5.61 (-5)  
4.38( -5) 
3.91 (-5) 
3.69( -5) 
3.03( -5) 
2.58(-5) 
2.50( -5) 

6.32 
6.20 
5.98 
5.85 
5.48 
5.44 
5.18 
4.60 
4.27 
3.78 
3.57 
3.47 
3.14 
2.90 
2.85 

1.05( -4) 
9.88( -5)  
9.60( -5) 
9.50( -5) 
8.70 ( -5) 
7.66( -5)  
7.01(-5) 
5.90(-5) 
4.79( -5) 
3.79( -5) 
3.53 (-5)  
2.91(-5) 
2.78( -5) 
2.46 ( -  5 )  
2.29( -5) 

5.85 
5.67 
5.59 
5.56 
5.32 
4.99 
4 . 7 8  
4.40 
3.95 
3.51 
3.39 
3.08 
3.01 
2.83 
2.73 

( a )  Numbers i n  pa ren thes i s  are exponents o f  ten .  
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TABLE 4-8 

COMPARISON OF AEROSOL S I Z E  I N  CONTAINMENT ATMOSPHERE MEASURED 
BY CASCADE IMPACTOR AND CALCULATED FROM MASS BALANCE 

d,, f o r  NaOH (mm) d,, f o r  NaI (mm) 

Time Cascade(a) Mass(b) Cascade(a Mass ( 
Impactor  Balance Impactor  Balance ( s  1 

7.80(2)(') 2.60 ( d )  1 .oo ( d )  
1.26( 3 )  2 .77  ( d  1 1.32 ( d )  
1.75(3) 3.15 ( 4  1.96 ( d )  
2.24( 3 )  3.38 6.25 2.65 ( d  1 
3.04 ( 3)  3.95 7.65 2.95 ( d )  

4.39( 3 )  8.73 8.16 6.87 4.93 
6.18( 3)  6.46 7.40 5.46 5.95 
1.02(4) 5.72 6.34 5.33 5.86 

3.84( 3 )  4.70 8.10 3.64 4.60 

7.29( 4)  2.88 3.50 2.53 3.15 
9.75( 4)  2.73 2.88 2.33 2.78 

( a )  From Tab le  4-6. 
( b )  
( c )  
( d )  

I n t e r p o l a t e d  f rom d a t a  o f  Table 4-7. 
Numbers i n  pa ren thes i s  a re  exponents o f  ten .  
Concent ra t ion  decay r a t e  t o o  smal l  f o r  accura te  c a l c u l a t i o n .  
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Both types of measurement show that the particle size increased with time to 
a maximum value and then decreased thereafter. 
occurred at approximately 4400 s and for NaI it occurred at approximately 
5000 s .  
than that of NaI at all times. 

For NaOH, the maximum 

Both methods showed that the NaOH settling mean diameter was larger 

4.8 AEROSOL DEPOSITION ON HORIZONTAL SURFACES 

The distribution of settled mass within the containment vessel was deter- 
mined from analyses of settling trays located at 22 different locations and 
exposed t o  the containment atmosphere throughout the test. 
266 cm of upward facing surface. After the test, the trays were retrieved 
and the deposited material analyzed for NaOH and NaI. The results are pre- 
sented in Table 4-9. The individual samples listed in Table 4-9 are 
arranged into four groups according to their general location within the 
containment environment. The average surface concentration of each group is 
then multiplied by the upward facing surface area of that portion of the 
containment vessel. By this method, a total of 2684 g of NaOH were found to 
have settled on horizontal surfaces. Dividing this mass by-the total 
settling area of 88.2 m gives a weighted mean surface concentration of 
30.4 g NaOH/m2. 
throughout the containment vessel, ranging from 26.7 g/m for internal 
components to 33.9 g/m for the bottom head. 

Each tray had 
2 

2 

The NaOH settled surface concentration was fairly uniform 
2 

2 

In a similar manner, Table 4-9 shows that 414 g o f  NaI were found on 
2 horizontal surfaces. Dividing by 88.2 m total settling area gives an 

average surface concentration o f  4.69 g/m for settled NaI. The NaI 
settled surface concentration was also fairly uniform throughout the 
containment vessel, ranging from 4.13 g/m on the personnel platform to 
5.41 on the catch pan. 

2 

2 
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TABLE 4-9 

INTEGRAL SETTLED MASS B Y  DEPOSITION TRAYS 

' .  

N aOH NaI 
Area S u r f  ace Surface 

Sample 
No L o c a t i o n  

D50 

D5 1 

D5 2 

D53 

P 

D54 
D55 
D56 
D5 7 
D64 
D65 
D6 6 
D67 

Personnel P l a t f o r m  

Personnel P l a t f o r m  

Personnel P l a t f o r m  

Personnel P l a t f o r m  

a t  -1.7 m 

a t  -1.7 m 

a t  -1.7 m 

a t  -1.7 m 

g Personnel P l a t f o r m  

Bottom Head 
Bottom Head 
Bottom Head 
Bottom Head 
Bottom Head 
Bottom Head 
Bottom Head 
Bottom Head 

Avg Bottom Head 

D59 Catch Pan a t  -8.66m 
D6 0 Catch Pan a t  -8.66m 
D6 1 Catch Pan a t  -8.66m 
D6 2 Catch Pan a t  -8.66m 
D6 3 Catch Pan a t  -8.661~1 

Avg Catch Pan 

D68 I n t e r n a l  Components 
D69 I n t e r n a l  Components 
070 I n t e r n a l  Components 
07 1 I n t e r n a l  Components 
D72 I n t e r n a l  Components 

Avg I n t e r n a l  Components 

O v e r a l l  T o t a l  

Represented Conc. Conc. 
(m2 1 ( g  NaOH/m2) ( g  NaOH) ( g  NaI/m2) 

29.3 

25.1 

24.2 

47.8 

4.2 31.6 
---- 

36.7 

28.2 
29.8 
29.9 
41 .5 
26.5 
26.1 
27.5 
61.3 

33.9 
---- 

30.4 
29.1 
32.3 
31.7 
29.8 

11.1 30.7 
---- 

25.3 
33 .O 
31 .O 
24.6 
19.8 

36.2 26.7 
---- 

---- 
88.2 

133 

1243 

340 

968 ---- 

2684 

4.02 

4.10 

4.20 

4.21 

4.13 
---- 

4.97 
4.95 
4.40 
4.97 
4.99 
4.54 
4.84 
5.58 

4.90 

5.26 
5.03 
5.26 
6.1 1 
5.41 

5.41 

---- 

---- 

4.60 
4.95 
5.01 
3.60 
3.51 

4.33 
--- - 

( 9  NaI )  

17.4 

179 .8 

60.1 

156.9 
- -e  

414.2 
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4 .<9- AEROSOL D E P O S I T I O N  ON VERTICAL SURFACES AND CEILING 

4.9.1 Depos i t i on  on Vessel Wal ls  and C e i l i n g  

Aerosol  d e p o s i t i o n  on t h e  containment vesse l  w a l l s  and c e i l i n g  was measured 
p o s t - t e s t  b y  w i p i n g  a measured area o f  t h e  p a i n t e d  w a l l  w i t h  a s e r i e s  of damp 
c l o t h s  and a n a l y z i n g  f o r  Na and NaI. 
a t  e i g h t  d i f f e r e n t  l o c a t i o n s  a re  l i s t e d  i n  Table 4-10 f o r  NaOH and NaI. 

The r e s u l t s  o f  sampling i n  t h i s  manner 

The da ta  o f  Table 4-10 show a genera l  t r e n d  o f  i n c r e a s i n g  su r face  
c o n c e n t r a t i o n  w i t h  decreas ing e l e v a t i o n  f o r  b o t h  NaOH and NaI. 
o f  t h e  c e i l i n g  samples gave a h i g h  NaOH concen t ra t i on ,  t h e  c e i l i n g  
c o n c e n t r a t i o n  was g e n e r a l l y  lower  than t h a t  o f  t h e  v e r t i c a l  w a l l s .  

A l though one 

4.9.2 Depos i t i on  on V e r t i c a l  Panels 

Seven 305 x 305-mm pane ls  were i n s t a l l e d  i n  a v e r t i c a l  p o s i t i o n  i n  t h e  
conta inment  atmosphere as a means o f  measuring aeroso l  p l a t i n g  w i t h  n e g l i g i b l e  
thermophore t ic  e f f e c t .  
s t e e l ,  0.79 mm t h i c k ,  and were hung b y  w i r e s  a t  va r ious  d i s tances  f rom t h e  
vesse l  w a l l  a t  t h e  vesse l  mid-e leva t ion .  
t h e  su r face  p a r a l l e l  t o  t h e  containment w a l l ,  w h i l e  one panel was o r i e n t e d  
normal t o  t h e  w a l l .  
t h e  e n t i r e  t e s t  p e r i o d .  

The panels  were f a b r i c a t e d  o f  p o l i s h e d  s t a i n l e s s  

S i x  o f  t h e  panels  were o r i e n t e d  w i t h  

The panels  were exposed t o  t h e  containment c o n d i t i o n s  f o r  

The panels  were r e t r i e v e d  d u r i n g  t h e  p o s t - t e s t  e n t r y  and sampling pe r iod ,  and 
each s i d e  o f  each panel was washed s e p a r a t e l y  and analyzed f o r  NaOH and NaI. 
The r e s u l t s  a r e  l i s t e d  i n  Table 4-11. I n  Table 4-11, t h e  columns l a b e l e d  
" inward su r face"  g i v e  t h e  da ta  f o r  t h e  s i d e s  o f  t h e  panels  t h a t  faced toward 
t h e  c e n t e r  o f  t h e  conta inment  vessel ,  and t h e  columns headed b y  Inoutward 
su r face"  a r e  f o r  t h e  s ides  f a c i n g  t h e  w a l l .  
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TABLE 4-10 

WALL AND CEILING POST-TEST SURFACE CONCENTRATION 

Wal l  
Sample ( a )  E l e v a t i o n  

No. ( m  1 
w1 C e i l i n g ,  cen te r  
w2 C e i l i n g ,  edge 
w3 +9.1 
w4 +4.3 
w5 +1.8 
W6 -0.9 
w7 -3.7 
W8 -6.4 

Average a l l  samples 

Average c e i l i n g  
Average w a l l  

Standard d e v i a t i o n  ( l a )  

~ Standard d e v i a t i o n  ( l o )  

NaOH 
Mass Sur face 

Sampled Conc. 
( g  NaOH) (gNaOH/m2) 

0.0362 
0.0166 
0.0265 
0.0259 
0.0233 
0.0325 
0.0279 
0.0432 

0.389 
0.178 
0.285 
0.278 
0.251 
0.349 
0.300 
0.464 

0.312 
0.088 
0.284 
0.321 
0.077 

NaI 
Mass Sur face  

S amp 1 ed 
( g  NaI)  

0.00234 
0.00068 
0.00106 
0.00128 
0.001 74 
0.00052 
0.00040 
0.00080 

Conc. 
( g  NaI/mZ) 

0.02520 
0.0073 1 
0.01 140 
0.01 376 
0.01871 
0.00559 
0.00430 
0.00860 

0.0119 
0.007 1 

0.0163 
0.0104 
0.0054 

( a )  Wash and wipe 0.093 m z  o f  pa in ted  w a l l  sur face .  
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The' d a t a  o f  Table 4-11 show t h a t  t h e  outward f a c i n g  sur faces  c o l l e c t e d  
s i g n i f i c a n t l y  more o f  each aerosol  species than t h e  inward f a c i n g  surfaces 
d i d .  T h i s  behav io r  i s  s i m i l a r  t o  t h a t  observed d u r i n g  t e s t  A66(2),  i n  which 
t h e  same v e r t i c a l  panels  were i n s t a l l e d  i n  i d e n t i c a l  l o c a t i o n s .  The v e r t i c a l  
panels a l s o  c o l l e c t e d  s i g n i f i c a n t l y  more aerosol  mass per  u n i t  area than was 
depos i ted  on t h e  main containment w a l l s  (see Table 4-10). Th is  behav io r  was 
a l s o  observed d u r i n g  t e s t  AB6. 

4.9.3 Comparison o f  Depos i t ion  on V e r t i c a l  
and H o r i z o n t a l  Surfaces 

A comparison o f  aerosol  d e p o s i t i o n  on v e r t i c a l  w a l l s  o f  t h e  containment vessel  
w i t h  s e t t l e d  mass on h o r i z o n t a l  sur faces  i s  g i v e n  i n  Table 4-12. Table 4-12 
shows t h a t  approx imate ly  90% o f  t h e  NaOH s e t t l e d  on h o r i z o n t a l  sur faces,  w h i l e  
o n l y  10% was depos i ted  on v e r t i c a l  w a l l  and c e i l i n g  sur faces.  The r e l a t i v e  
p r o p o r t i o n s  o f  NaOH s e t t l i n g  and p l a t i n g  i n  t h e  c u r r e n t  t e s t  a r e  s i m i l a r  t o  
those i n  p rev ious  t e s t s  i n  t h e  CSTF (1, 2 ) .  

Table 4-12 shows t h a t  98% of t h e  NaI s e t t l e d  o n t o  h o r i z o n t a l  sur faces,  w h i l e  
o n l y  2% p l a t e d  on w a l l s  and c e i l i n g .  T h i s  i s  a s i g n i f i c a n t l y  lower  p r o p o r t i o n  
o f  NaI p l a t e d  than i n  a p rev ious  t e s t ( * ) ,  where 11.6% was found on w a l l  and 
c e i l i n g .  T h i s  can be exp la ined b y  t h e  d i f f e r e n t  t i m e  per iods  t h a t  NaI aeroso l  
was r e l e a s e d  i n  t h e  two t e s t s .  
containment occur red  a t  t h e  same t i m e  t h a t  t h a t  NaOx aerosol  was b e i n g  
generated b y  a sodium spray f i r e ,  w h i l e  i n  t h e  present  t e s t ,  t h e  NaI r e l e a s e  
occur red  a f t e r  t h e  NaOH r e l e a s e  had te rmina ted .  
co-agglomerat ion w i t h  NaOH p a r t i c l e s  r e s u l t e d  i n  t h e  NaI b e i n g  assoc ia ted  w i t h  
1 a rger  p a r t i c l e s  i n  t h e  present  t e s t .  Also,  thermophore t ic  and t u r b u l e n t  
d e p o s i t i o n  f o r c e s  were weaker i n  t h e  present ,  low temperature case. 

I n  t h e  p r e v i o u s  t e s t  (AB6) t h e  NaI r e l e a s e  t o  

It i s  l i k e l y  t h a t  
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T A B L E  4-11 

AEROSOL DEPOSITION ON V E R T I C A L  P A N E L S ( ~ )  

Sample 
No. Orientation ( b )  

VP-1 P 

VP-2 P 

VP-3 P 

VP-4 P 

cn VP-5 P 
or 

VP-6 P 

VP-7 N 

Average 

Distance 
From Wall 

(mm) 

64 

64 

64 

460 

610 

1500 

900 

N aOH 

Conc. ( g  NaOH/mZ) - 
Inward Outward 
Surface(c)  Surface 

2.68 4.93 

1.20 4.43 

0.703 1.28 

4.56 6.40 

7.43 13.3 

0.151 0.41 9 

E1.80(~) 0 .365(d) 

2.79 5.13 

Ratio 
Out/In 

1.84 

3.69 

1.82 

1.40 

1.79 

2.77 

--- 
2.22  

N a1 

Conc. ( g  NaI/rnZ) 
Inward Outward 
Surface(c)  Surface 

0.0096 0.0290 

0.0040 0.0374 

0.0264 0.0210 

0.01 16 0.0661 

0.041 6 0.01 62 

0.0071 0.0099 

0.0486 ( d )  0 .0039(d) 

0.0167 0.0299 

( a )  
( b )  
( C )  
( d )  

Smooth s t a i n l e s s  s t e e l ,  0.093 rn2 each s i d e ,  0.79 mm thick.  
P = p a r a l l e l  t o  wal l ,  N = normal t o  wall. 
Inward means facing center  of vessel;  outward means facing wall of vessel .  
Panel was normal t o  wal l ,  no inward or outward surface.  Not included in average. 

Ratio 
Out/In 

3.02 

9.35 

0.80 

5.70 

0.39 

1.39 

--- 
- 
3.44 



TABLE 4-12 

COMPARISON OF AEROSOL D E P O S I T I O N  O N  
HORIZONTAL AND VERTICAL S U R F A C E S ( ~ )  

NaOH 
V e r t i c a l  Upward 

And Fac ing  
C e i l i n g  H o r i z o n t a l  

752 88.3 
0.31 2 ( b )  30.4 

2 Sur face  Area (m ) 

Avg Sur face  Conc (g/m ) 
Mass Deposi ted ( 9 )  235 2684(-' 

2 

Mass F r a c t i o n  Deposi ted(d)  0.102 0.898 

Na I 
V e r t i c a l  Upward 

And Fac i ng 
C e i l i n g  H o r i z o n t a l  - 

752 88.3 
0. O12(b) 4.69 
8.95 41 4(' 
0.021 0.979 

( a )  Based on p o s t - t e s t  sampling. 
( b )  From Table 4-10. 
( c )  From Table 4-9. 
( d )  Neg lec t ing  leakage f r o m  t h e  containment vessel .  

4.10 CO-AGGLOMERATION BEHAVIOR 

4.10.1 NaI F r a c t i o n  i n  Aerosol  on Cascade Impactor Stages 

The g l a s s  f i b e r  s tage papers f r o m  t h e  cascade impactors  were analyzed f o r  
NaI and NaOH. The r e s u l t s  a r e  t a b u l a t e d  i n  Appendix D, where t h e  mass o f  
each species and t h e  NaI mass f r a c t i o n  i s  l i s t e d  f o r  each stage. 
s tage corresponds t o  a known c u t  diameter,  the d a t a  show how t h e  NaI 
f r a c t i o n  v a r i e d  as a f u n c t i o n  o f  p a r t i c l e  s ize .  
p l o t t e d  i n  F i g u r e s  4-9 and 4-10 f o r  t h e  t i m e  p e r i o d  d u r i n g  t h e  NaI i n j e c t i o n  
and a f t e r  t h e  end o f  NaI i n j e c t i o n ,  r e s p e c t i v e l y .  

S ince each 

The d a t a  o f  Appendix D a r e  

F i g u r e  4-9 shows t h a t  d u r i n g  t h e  p e r i o d  when NaI was b e i n g  generated ( b u t  
a f t e r  t h e  end o f  NaOH aeroso l  g e n e r a t i o n )  t h e  e x t r e m i t i e s  of t h e  aeroso l  
s i z e  s p e c t r a  were r i c h  i n  NaI compared t o  median s i z e d  p a r t i c l e s .  
t r e n d  became l e s s  pronounced as t i m e  passed and t h e  c o n c e n t r a t i o n  o f  Na[ 
increased. A f t e r  t h e  end of  t h e  NaI source per iod(2400 s ) ,  t h e  minima i n  

T h i s  
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HEDL 8510-035.2 

FIGURE 4-9. NaI Mass Fraction in Aerosol on Cascade Impactor Stages During 
NaI Aerosol Injection Period. 
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t h e  curves vanished and f a i r l y  s t r a i g h t  l i n e s  were obta ined,  w i t h  t h e  s m a l l e s t  
p a r t i c l e s  b e i n g  v e r y  r i c h  i n  NaI and t h e  l a r g e s t  p a r t i c l e s  r i c h  i n  NaOH 
( F i g u r e  4-10). T h i s  t r e n d  p e r s i s t e d  f o r  t h e  d u r a t i o n  o f  t h e  exper iment.  

4.10.2 N a I  Mass F r a c t i o n  i n  Suspended Aerosol  Determined b y  F i l t e r  Sampling 

The mass f r a c t i o n  o f  NaI i n  t h e  suspended aeroso l  increased c o n t i n u o u s l y  w i t h  
t ime, as shown b y  F i g u r e  4-11. Beginning a t  z e r o  a t  t i m e s  p r i o r  t o  t h e  s t a r t  
o f  t h e  NaI source, t h e  NaI mass f r a c t i o n  increased r a p i d l y  a f t e r  t h e  s t a r t  of 
NaI source and reached a va lue  o f  0.14 b y  t h e  end o f  t h e  NaI source p e r i o d .  
Due t o  t h e  f a c t  t h a t  t h e  p a r t i c l e s  were nonuni form i n  NaI/NaOH r a t i o  as a 
f u n c t i o n  o f  s i z e  and t h e  l a r g e r  p a r t i c l e s  were r i c h e s t  i n  NaOH (see 
F i g u r e  4-10), t h e  NaOH suspended c o n c e n t r a t i o n  decreased more r a p i d l y  t h a n  d i d  
t h e  NaI, because s e t t l i n g  was t h e  dominant removal mechanism a t  l a t e  t imes.  
Thus, t h e  mass r a t i o  o f  NaI i n  t h e  remain ing  suspended aeroso l  con t inued t o  
i n c r e a s e  a f t e r  t h e  end o f  t h e  NaI source per iod ,  as shown by F i g u r e  4-11. 
F i g u r e s  4-10 and 4-11 t h u s  c o n f i r m  and e x p l a i n  t h e  f a s t e r  removal o f  NaOH 
shown i n  t h e  p l o t  o f  suspended c o n c e n t r a t i o n  versus t i m e  i n  F i g u r e  4-3. 

4.10.3 NaI  Mass F r a c t i o n  o f  S e t t l e d  Aerosol  

The 'NaI  mass f r a c t i o n  i n  t h e  aerosol  depos i ted  on h o r i z o n t a l  sur faces  was 
determined b y  a n a l y z i n g  samples depos i ted  i n  f a l l o u t  t r a y s  l o c a t i o n  a t  22 
d i f f e r e n t  l o c a t i o n s  th roughout  t h e  containment vessel .  
i n  Table 4-13, which g i v e s  t h e  mass o f  NaI, mass o f  NaOH, and t h e  NaI mass 
f r a c t i o n ,  assuming t h a t  o n l y  NaI and NaOH were present .  
a l l  22 samples gave f a i r l y  u n i f o r m  NaI mass f r a c t i o n ,  even though t h e  samples 
were taken a t  e l e v a t i o n s  r a n g i n g  f r o m  -8.48 m t o  +8.7 m. The a r i t h m e t i c  mean 
va lue  was 0.137 and t h e  s tandard d e v i a t i o n  was 0.022 (16%). 

The r e s u l t s  a r e  l i s t e d  

Tab le  4-13 shows t h a t  

The f a l l o u t  t r a y  d a t a  o f  Table 4-13 a r e  f o r  i n t e g r a l  samples c o l l e c t e d  over  
t h e  e n t i r e  t e s t  p e r i o d .  
g i v e s  t h e  NaI  mass f r a c t i o n  i n  t h e  suspended aeroso l  as a f u n c t i o n  o f  t ime, 

Comparison o f  Table 4-13 w i t h  F i g u r e  4-11, which 
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TABLE 4-13 

N A I  MASS F R A C T I O N  I N  AEROSOL SETTLED ON HORIZONTAL SURFACES 

Sample 
Sample E l e v a t i o n  Mass Deposi ted ( q ) ( b )  

No. ( m H d  NaI N aOH 

05 0 
05 1 
05 2 
D53 
05 4 
055 
D5 6 
05 7 
D5 8 
05 9 
D60 
D6 1 
D6 2 
D63 
D64 
065 
D66 
D6 7 
D6 8 
D69 
D70 
07 1 
D7 2 

Average 
a 

0 
-1.7 
-1.7 
-1.7 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-8.48 
-4.27 
+3.05 
+6.1 
+8.7 
+8.7 

0.105 
0.107 
0.1 10 
0.110 
0.130 
0.130 
0.115 
0.130 

0.138 
0.132 
0.138 
0.160 
0.142 
0.131 
0.119 
0.127' 
0.146 
0.121 
0.130 
0.131 
0.095 
0.092 

--- 

0.768 
0.658 
0.634 
1.252 
0.739 
0.781 
0.783 
1.087 

0.796 
0.762 
0.846 
0.830 
0.781 
0.694 
0.684 
0.721 
1.606 
0.623 
0.865 
0.81 2 
0.645 
0.51 9 

--- 

NaI 
Mass 

F r a c t i o n  

0.121 
0.140 
0.148 
0.081 
0.150 
0.143 
0 . I 28  
0.107 

0.148 
0.148 
0.140 
0.162 
0.154 
0.159 
0.148 
0.150 
0.083 
0.163 
0.131 
0.139 
0.128 
0.150 

0.137 
0.022 

--- 

( a )  Lowest p o i n t  o f  bot tom head i s  a t  -9.3 m. Sample 
c o l l e c t o r s  were a t  va r ious  r a d i i  and azimuth. 

( b )  I n t e g r a l  sample exposed throughout  t e s t .  
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shows t h a t  t h e  h i g h e r  NaI mass f r a c t i o n s  a t t a i n e d  i n  t h e  suspended aerosol  it 
l ong  t imes (up t o  0.3) had l i t t l e  e f f e c t  on t h e  t o t a l  i n t e g r a l  s e t t l e d  mass. 
The average NaI mass f r a c t i o n  i n  t h e  f a l l o u t  t r a y s  (0.137) corresponds w i t h  
t h e  NaI mass f r a c t i o n  i n  suspended aeroso l  a t  t h e  t i m e  t h a t  t h e  NaI source was 
terminated,  as shown i n  F i g u r e  4-11. 

4.10.4 NaI Mass F r a c t i o n  o f  P l a t e d  Aerosol 

The NaI mass f r a c t i o n  i n  t h e  aerosol  depos i ted  on v e r t i c a l  w a l l s  and c e i l i n g  
sur faces  was determined b y  removing t h e  depos i t  f rom s e l e c t e d  reg ions  of  known 
a rea  (0.093 m ) and ana lyz ing  f o r  t h e  two aeroso l  spec ies.  The su r face  
depos i t  was removed b y  w i p i n g  w i t h  a s e r i e s  o f  damp c l o t h s  u n t i l  no more 
aeroso l  cou ld  be removed, then leach ing  t h e  c l o t h s  w i t h  water. The r e s u l t s  
a re  g iven i n  Table 4-14. 

2 

? 

TABLE 4-14 

N A I  MASS FRACTION I N  AEROSOL DEPOSITED ON VESSEL 
VERTICAL WALL AND CEILING 

Sampl e N a1 
Sample E 1 eva t  i o n  Mass Deposi ted (mg/m2) Mass 

NaOH F r a c t i o n  - NaI No. (m) (a)  - 
w1 Cei  1 ing,  cen te r  25.2 389 
w2 C e i l i n g ,  edge 7.3 178 
w3 Wall ,  +9.1 11.4 285 
w4 Wall ,  +4.3 13.8 278 
w5 Wall  , +1.8 18.7 251 
W6 Wall,  -0.9 5.6 349 
w7 Wall ,  -3.7 4.3 300 
W8 Wall,  -6.4 8.6 464 

Aver age 
a 

( a )  NaI was re leased  a t  -4.6 m e l e v a t i o n .  
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0.061 
0.039 
0.038 
0.047 
0.069 
0.016 
0.014 
0.018 
0.0378 
0.0208 
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The d a t a  presented i n  Table 4-14 show cons iderab le  d i f f e r e n c e s  i n  NaI t o  NaOH 
r a t i o  i n  t h e  p l a t e d  aeroso l  as a f u n c t i o n  o f  e l e v a t i o n  w i t h i n  t h e  containment 
vessel .  
NaI than samples taken a t  lower  e l e v a t i o n s .  T h i s  i s  s u r p r i s i n g  i n  v iew of t h e  
f a c t  t h a t  b o t h  NaI and NaOH suspended aerosol  c o n c e n t r a t i o n  were q u i t e  u n i f o r m  
throughout  t h e  containment atmosphere (see Tables 4-2 and 4-3).  

Samples taken f r o m  h i g h  i n  t h e  vessel  were s i g n i f i c a n t l y  r i c h e r  i n  

The average va lue  o f  t h e  NaI  mass f r a c t i o n  i n  t h e  w a l l  and c e i l i n g  d e p o s i t s  
(0.0388) was s i g n i f i c a n t l y  lower  than t h a t  of t h e  aerosol  t h a t  was c o l l e c t e d  
i n  t h e  h o r i z o n t a l  f a l l o u t  t r a y s  (0.137). One e x p l a n a t i o n  i s  t h a t  t h e  aerosol  
p a r t i c l e  s i z e  inc reased s i g n i f i c a n t l y  d u r i n g  t h e  N a I  source p e r i o d  and f o r  40 
minutes a f te rward ,  as shown i n  F igures  4-6 and 4-8; Dur ing  e a r l y  t ime, when 
t h e  p a r t i c l e  s i z e  was smal l  and w a l l  p l a t i n g  processes were maximum, t h e  NaI 
mass f r a c t i o n  was low (see F i g u r e  4-11). 

4.11 AEROSOL DENSITY 

The mass o f  aerosol  r e l e a s e d  i n t o  t h e  containment vessel  d u r i n g  t e s t  AB7 was 
t o o  smal l  t o  p e r m i t  measurement o f  s e t t l e d  d e n s i t y ,  as was done i n  p r e v i o u s  
t e s t s  i n  t h e  CSTF ( l Y 2 ) .  On t h e  b a s i s  o f  p r e v i o u s  exper ience, t h e  
b u l k  d e n s i t y  o f  t h e  AB7 aerosol  i s  es t imated  t o  be approx imate ly  1 g/cm . 3 

4.12 LEAKED MASS 

The a c t u a l  q u a n t i t y  o f  aerosol  leaked f r o m  t h e  containment vessel  was n o t  
measured d i r e c t l y .  
p r e d i c t i o n s ,  a c a l c u l a t i o n  was made u s i n g  t h e  same assumption used i n  t h e  
computer code cases-- that  aerosol  leaked a t  a c o n s t a n t  1% o f  t h e  suspended 
mass p e r  day. The d a t a  o f  Table 4-15 were computed b y  Equat ion(9) ,  u s i n g  
c o n c e n t r a t i o n  d a t a  taken f r o m  F i g u r e  4-3. 

For  t h e  purpose o f  comparing leaked mass w i t h  code 
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n 

where : 

M, = mass o f  aeroso l  leaked, g 
L = l eak  r a t e ,  s - l  
V = containment volume,.m 3 

= average suspended conc. d u r i n g  t i m e  step, g/m 3 
‘avg 

A t  = d u r a t i o n  o f  t i m e  step, s 

The da ta  o f  Tab le  4-15 a r e  p l o t t e d  i n  F i g u r e  4-12. 
show t h a t  o n l y  15% o f  t h e  t o t a l  computed NaI leakage had occur red  b y  t h e  end 
o f  t h e  NaI source pe r iod .  
occur red  b y  t h e  end o f  t h e  NaI source per iod .  The l e s s  r a p i d  leakage i n  t h e  
p resen t  t e s t  i s  a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  NaI c o n c e n t r a t i o n  was much 
lower  than  i n  t e s t  AB7, r e s u l t i n g  i n  much l e s s  washout. Also, i n  t e s t  AB7, t h e  
NaOH source con t inued  a f t e r  t h e  end o f  t h e  NaI source. 

Tab le  4-15 and F i g u r e  4-12 

I n  t e s t  AB6, 95% o f  t h e  computed NaI leakage had 

It should be reemphasized t h a t  t h e  d a t a  o f  Table 4-15 and F i g u r e  4-12 a r e  n o t  
based on a c t u a l  measurement, b u t  on c a l c u l a t i o n s  based on e x p e r i m e n t a l l y  
measured suspended c o n c e n t r a t i o n  and t h e  assumption o f  a cons tan t  l% /day  
1 eakage r a t e .  

4.13 SETTLED MASS 

The i n t e g r a l  s e t t l e d  mass was determined f rom f a l l o u t  t r a y  data, as d iscussed 
i n  Sect ions  4.8 and 4.9.3. 
and 414 g o f  NaI s e t t l e d  on to  h o r i z o n t a l  su r faces  d u r i n g  t e s t  AB7. 

Table 4-12 shows t h a t  a t o t a l  o f  2684 g o f  NaOH 
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TABLE 4-15 

LEAKED MASS COMPUTED FROM SUSPENDED CONCNTRATION 
AND ASSUMED 1% P E R  DAY LEAKAGE 

Time Leaked Mass ( 9 )  Time Leaked Mass (4) 
( 5 )  NaOH NaI (SI NaOH NaI 

100 
3 00 
60 0 
9 00 

1300 
1800 
2000 
2 400 
2700 
3000 
3600 
4200 

5000 
6500 

7200 

2.91 ( - 3 )  ( a )  

1.02( -1 ) 
1.91(-1) 

2.62( - 2 )  

3.09(-1) 
4.57(-1) 
5.16(-1 ) 
6.32( -1 ) 
7.15(-1 ) 
7.93( -1 ) 
9.38( -1 ) 
1.07(0) 
1.22( 0 )  
1.45(0) 

1.53( 0 )  

0 
0 
0 
1 .01(-3) 

5.67( -3 )  
1.66(-2) 
2.26( - 2 )  
2.96( -2) 
4.22( - 2 )  
5.47( - 2 )  

7.97( - 2 )  
1.04( -1 ) 
1.35( -1 ) 
1.86( -1 ) 
2.08( -1 ) 

8,500 
10,000 

. 12,000 
15,000 

20,000 
30,000 
40,000 
50,000 
60,000 
70,000 

80,000 
90 , 000 

100,000 
1 50 , 000 
200,000 

1.67( 0 )  
1.81 (0) 
1.95( 0) 
2.10(0) 

2.28(0) 
2.45 (0 )  
2.54(0) 
2.58( 0)  
2.61 ( 0 )  
2.62( 0)  

2.63( 0) 
2.64 (0 )  
2.65( 0 )  
2.67-( 0) 
2.67(0) 

2.43( -1 ) 
2.78(-1) 
3.17(-1 ) 
4.04( -1 ) 
4.51 ( -1  ) 
5.12(-1) 
5.43(-1 ) 
5.61(-1) 
5.72( -1  ) 
5.80( -1 ) 
5.85( -1 ) 
5.89( -1 ) 
5.92(-1 ) 
6.01 (-1 ) 
6.04( -1 ) 

( a )  Numbers i n  pa ren thes i s  a re  exponents o f  10. 
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4.14 PLATED MASS 

The i n t e g r a l  p l a t e d  mass on v e r t i c a l  and c e i l i n g  sur faces  was determined b y  
p o s t - t e s t  w a l l  wipe measurements, as d iscussed i n  S e c t i o n  4.9. Table 4-12 
shows t h a t  a t o t a l  o f  235 g of NaOH and 8.95 g o f  NaI p l a t e d  o n t o  v e r t i c a l  and 
c e i l i n g  sur faces  d u r i n g  t e s t  AB7. 

4.15 INSTANTANEOUS COMBINED REMOVAL RATE 

The instantaneous combined removal r a t e  constant ,  X~ was c a l c u l a t e d  b y  
d i f f e r e n t i a t i n g  t h e  suspended mass c o n c e n t r a t i o n  c u r v e  o f  F i g u r e  4-13, as 
discussed i n  Sec t ion  4.7.2. 
Table 4-7 and p l o t t e d  i n  F i g u r e  4-13 as a f u n c t i o n  o f  t i m e .  

The computed va lues o f  X~ a r e  l i s t e d  i n  

F i g u r e  4-13 shows t h a t ,  f o r  b o t h  types  o f  aeroso l  species,  X~ increased a t  
e a r l y  t imes ,  reached a maximum v a l u e  and then s l o w l y  decreased f o r  t h e  
d u r a t i o n  o f  t h e  t e s t .  
was always g r e a t e r  t h a n  f o r  NaI, a l though t h e i r  magnitudes approached each 
o t h e r  a t  l o n g  t imes.  

F i g u r e  4-13 a l s o  shows t h a t  t h e  removal r a t e  f o r  NaOH 
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5.0 - COMPARISON OF EXPERIMENTAL RESULTS WITH COMPUTER CODE PREOICTIONS 

5.1 IDENTIFICATION OF CODES AND USERS 

Four i n d i v i d u a l s  
AB7. These peop 
Table 5-1. 

P a r t  i c i pant 

R. K. H i l l i a r d  

Hans Jordan 

K. K. Murata 

J. M. O t t e r  

p a r t i c i p a t e d  i n  making computer code p r e d i c t i o n s  o f  t e s t  
e, t h e i r  a f f i l i a t i o n s ,  and m a i l i n g  addresses a r e  l i s t e d  i n  

TABLE 5-1 

LIST OF PARTICIPANTS FOR ABCOVE TEST AB7 

A f  f i 1 i a t  i on 

Hanford Engineer ing 
Development Labora tory  

B a t t e l l e  Columbus 
L a b o r a t o r i e s  

Sandia N a t i o n a l  
L a b o r a t o r i e s  

Rockwel l  I n t e r n a t i o n a l  
Rocketdyne D i v i s i o n  

-. . 

Address 

P.O. Box 1970 
Rich land,  WA 99352 

505 K i n g  Avenue 
Columbus, OH 43201 

P.O. Box 5800 
A1 buquerque, NM 871 15 

6633 Canoga Avenue 
Canoga Park, CA 91304 

The aerosol  codes used t o  p r e d i c t  aerosol  behavior ,  a long w i t h  t h e  
corresponding p a r t i c i p a n t s ,  a r e  i d e n t i f i e d  i n  Table 5-2. Each code was 
e x e r c i s e d  b y  o n l y  one p a r t i c i p a n t ,  so no i n f o r m a t i o n  was o b t a i n e d  on v a r i a t i o n  
between users  o f  t h e  same code, as was done f o r  t e s t  AB5. ( '  The code cases 
a r e  ass igned i d e n t i f i c a t i o n  numbers, as shown i n  Table 5-2, t o  f a c i l i t a t e  
d iscuss ions  and comparisons w i t h  d a t a  i n  subsequent s e c t i o n s  of t h i s  r e p o r t .  

Three of t h e  codes (HAA-3, ( 3 )  HAA-4, (4) ,  and HAARM-3, ( 5 )  a r e  termed 
" log-normal"  because t h e y  use t h e  assumption t h a t  t h e  suspended aerosol  always 
has a log-normal s i z e  d i s t r i b u t i o n .  Two o f  t h e  codes (CONTAIN(6) and 
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QUICKM(7)) are termed "discrete" because they divide the suspended aerosol 
size spectrum into a finite number of groups, normally 20 to 40 groups, with 
user-specified size range for each group. 
MSPEC( 7). 

QUICKM was previously designated as 

TABLE 5-2 

CODE CASES FOR ABCOVE TEST AB7 

Log-Normal 
Code Case or Co-agglomeration 

No. Code User Discrete Assumption - 
1 HAA-3C HEDL/SSD Log-Normal Uniform 
2 HAA-4 Rockwell Log-Normal Uniform 
3 HAARM- 3 HEDL/SSD Log-Normal Uni f orm 
4 CONTAIN-1 By SNL Discrete Sectionally 

Un i f orm 
5 QUICKM BCL Discrete Sectionally 

Mod 415 

Uniform 

Different methods of handling multiple species aerosol are also used by 
various codes. 
multiple species aerosol is uniformly co-agglomerated; i .e., that each 
particle has the same composition regardless o f  size. 
codes used in the present study use this assumption. 
multiple species codes have been developed which treat a mixture of species 
mechanistically by assuming that all particles within a given size can he 
characterized by the same average composition. 
used in the present study are o f  this class. 
multispecies codes. 
discrete but use the uniform co-agglomeration assumption. 

It has been common in the past to use the assumption that a 

All of the log-normal 
Recently, several 

The QUICKM and CONTAIN codes 
Not all Ildiscrete" codes are 

For instance, the QUICK (lo) and NAUA (11) codes are 

Pretest code calculations are not-reported for test A67 because the conditions 
under which the test was performed were changed significantly from the test 
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p lan,  as d iscussed i n  Sec t ion  4.1. However, " b l i n d "  p o s t - t e s t  c a l c u l a t i o n s  
were made u s i n g  t h e  f i v e  codes l i s t e d  i n  Table 5-2. 
i c i p a n t  had genera l  knowledge o f  t h e  t e s t  r e s u l t s  b e f o r e  he made t h e  p o s t - t e s t  
c a l c u l a t i o n s  w i t h  HAA-3 and HAARM-3, d e t a i l e d  t e s t  da ta  were n o t  a v a i l a b l e  and 
no a t tempt  was made t o  f i t  t h e  code t o  t h e  experiment. 
o t h e r  t h r e e  p a r t i c i p a n t s  were t r u l y  b l i n d ,  i n  t h a t  no exper imenta l  da ta  on 
aerosol  behav io r  per  se were made a v a i l a b l e ;  o n l y  i n f o r m a t i o n  on thermal  
c o n d i t i o n s  and aeroso l  mass genera t ion  was made a v a i l a b l e  t o  r e f l e c t  t h e  
ac tua l  c o n d i t i o n s .  

A l though t h e  HEDL p a r t -  

C a l c u l a t i o n s  b y  t h e  

5.2 CODE INPUTS 

A f t e r  t h e  t e s t  was completed, t e s t  da ta  r e l a t e d  t o  aerosol  genera t ion  and 
thermal  c o n d i t i o n s  were t r a n s m i t t e d  t o  t h e  p a r t i c i p a n t s .  Key t e s t  parameters 
f o r  use i n  post - . test  c a l c u l a t i o n s  a r e  summarized i n  Table 5-3. 
c o n d i t i o n s  i n  t h e  CSTF vessel  were s u p p l i e d  i n  t a b u l a r  d i g i t a l  f o rm as 
desc r ibed  i n  Sec t i on  4.4 and Appendix C. 

Thermal 

Numerical va lues  o f  code i n p u t  parameters t h a t  were used i n  t h e  f i v e  code 
cases were submi t ted  b y  each p a r t i c i p a n t  and a r e  l i s t e d  i n  Tables 5-4 
th rough 5-6. I n  some ins tances ,  t h e  i n p u t  parameters l i s t e d  i n  Tables 5-4 
th rough 5-6 a re  e q u i v a l e n t  ones d e r i v e d  f rom t h e  a c t u a l  ones t o  p r o v i d e  a 
common fo rmat .  

I n p u t  parameters r e l a t e d  t o  t h e  aeroso l  source a r e  l i s t e d  i n  Table 5-4. Code 
i n p u t  va lues a r e  l i s t e d  f o r  m a t e r i a l  dens i t y ,  source s i ze ,  geometr ic  s tandard  
d e v i a t i o n ,  and p a r t i c l e  source r a t e .  I n s p e c t i o n  of  t h e  l i s t e d  i n p u t s  i n d i c a t e  
t h a t  a l l  f i v e  code cases used i d e n t i c a l  o r  n e a r l y  i d e n t i c a l  numer ica l  va lues  
f o r  parameters r e l a t e d  t o  t h e  aeroso l  source. 

Code i n p u t  parameters t h a t  a re  r e l a t e d  t o  t h e  behav io r  o f  agglomerated 
p a r t i c l e s  a re  l i s t e d  i n  Table 5-5. Because o f  d i f f e r e n c e s  i n  modeling, t h e  
same i n p u t  parameters f o r  d i f f e r e n t  codes may n o t  i n f e r  t h e  same 
c a l c u l a t i o n s .  The parameters l i s t e d  i n  Table 5-6 a re  de f i ned  as f o l l o w s .  
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TABLE 5-3 I '  

TEST C O N D I T I O N S  TRANSMITTED TO CODE USERS 
FOR USE I N  MAKING BLIND POST-TEST CALCULATIONS 

FOR TEST AB7 

Measured O r  
Parameter Est imated Value 

NaOH Aerosol  Source 

Chemical f o r m  
M a t e r i a l  d e n s i t y  ( g / c d )  
Mass r a t i o ,  NaOH t o  Na 
I n i t i a l  c o n c e n t r a t i o n  
S t a r t  t i m e  f o r  aeroso l  r e l e a s e  ( s )  
Stop t i m e  ( s )  
Release r a t e  ( g  NaOH/s) 
T o t a l  NaOH r e l e a s e  ( 9 )  
Source 50% diameter  (pm) 
Source geometr ic s tandard  d e v i a t i o n  

NaI Aerosol  Source 

Chemical f o r m  
Mater  i a1 d e n s i t y  ( g/cm3 ) 
I n i t i a l  c o n c e n t r a t i o n  
S t a r t  t i m e  f o r  aerosol  r e l e a s e  ( s )  
Stop t i m e  ( s )  
Release r a t e  ( g  NaI /s )  
T o t a l  NaI aeroso l  r e l e a s e d  ( 9 )  
Source 50% diameter  (um) 
Source geometr ic  s tandard d e v i a t i o n  

General 

Leakage r a t e  (%/day, c o n s t a n t )  
S e t t l i n g  area ( c d )  
P l a t i n g  a r  a (cn?) 

I n i  t i  a1 temperature ( "C) 
I n i t i a l  p ressure  (kPa a b s o l u t e )  
I n i t i a l  dewpoint ("C) 
Temperature o f  containment atmosphere ( 
Temperature o f  containment vessel  ("C) 

Volume ( c  3 ) 

7 3  

NaOH 
2 -  13 
1.74 
0 
0 
600 
5 ..03 
3018 
0 ..5 
2 ,o 

NaI 
3.67 
0 
600 
240 
0.197 
354.6 
0.54 
1.55 

1.0 5 
8 . 8 2 ~ 1 0  6 
7 . 5 2 ~ 1 0  8 
8 . 5 2 ~ 1 0  
27 .O 
120 
1.5 

3 27.0 
24 .O _ _  
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TABLE 5-5 

CODE I N P U T  PARAMETERS RELATED TO AGGLOMERATE BEHAVIOR 

Cod e 
Case Non-Stoks i en 
No. Code Chi Gamma Alpha - E p s i l o n  C o r r e c t i o n  - -  

HAA-3C -- -- 0.2 10.0 K 1 yachko 1 
2 HAA-4 1.2 5.0 -- 0.06( a K1 yachk o 

-- 10.0 K lyachko 3 HAARM-3 1.3 3.0 
4 CONTAIN 1.5 2.25 -- ( b )  None 

5 QUICK 1.3 2.5 -- ( b )  ( c )  

( a )  C o l l i s i o n  e f f i c i e n c y  f o r  i n e r t i a l  agglomerat ion.  2 
( b )  
( c )  Emp i r i ca l  f r i c t i o n  f a c t o r  c o r r e l a t i o n .  

I n t e r n a l l y  coded Fuchs approximat ion,  1.5 L r j / ( r j  + r i ) ]  . 

I 
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TABLE 5-6  
. >  

, 

CODE I N P U T  PARAMETERS RELATED TO ATMOSPHERE 
TEMPERATURES AND WALL D E P O S I T I O N  

Tu rbu len t  
Code A t m  Temp D i f f u s i o n  Wal l  Gas /Par t i c l e  D i s s i p a t i o n  
Case V a r i a b l e  o r  D e l t a  Grad i en t C o n d u c t i v i t y  Constant 
No. Code Const a n t  (m) ( O K / m  1 R a t i o  ( .2 / s 3 ) 

1 HAA-3C V a r i a b l e  2 4 - 7 )  ( a )  - -  - -  - -  

2 HAA-4 Var i  ab1 e 1.5(-4) V a r i a b l e ( b )  5.0(-2)  0 

3 HAARM-3 Var i ab1 e 2 . 5 ( - 7 )  V a r i a b l e  1 .O( -1 ) 0 

4 CONTAIN V a r i a b l e  1 .O( - 5 )  5 .O( 2 )  ( c )  5 .O(  - 2 )  1 .O(-3) 

5 QUICKM Constant  1 .O( -4 )  0 0 0 

( a )  Numbers i n  pa ren thes i s  a re  exponents o f  10. 
( b )  Atmosphere temperature 1 cm f rom w a l l  minus s u r f a c e  

temperature d i v i d e d  b y  cons tan t  0.003 m thermophore t ic  
p l a t i n g  boundary l a y e r .  

( c )  Dur ing  sodium poo l  f i r e  on l y .  



C H I  i s  a dynamic shape f ac to r  t h a t  allows the p a r t i c l e  d r a g  t o  be r e l a t ed  t o  
Stokes' law f o r  spheres.  C H I  i s  a denominator f ac to r  in Stokes'  l aw ,  and  
because non-spherical agglomerates s e t t l e  more slowly t h a n  spherical  
agglomerates, CHI i s  equal t o  o r  l a rger  t h a n  uni ty .  

GAMMA 

GAMMA i s  a f ac to r  which r e l a t e s  t he  e f f e c t i v e  c o l l i s i o n  radius of a p a r t i c l e  
t o  the actual p a r t i c l e  radius .  Because non-spherical agglomerates a re  able  t o  
c o l l i d e  more e f f e c t i v e l y ,  GAMMA i s  equal- t o  or la rger  t h a n  unity.  

ALPHA 

ALPHA i s  a densi ty  modification f ac to r  used t o  account f o r  t he  reduced s e t -  
t l i n g  ve loc i ty  of agglomerates compared t o  so l id  spheres. Generally, i t  i s  a 
numerator f a c t o r  in Stokes'  law and i t s  value i s  l e s s  t h a n  or equal t o  uni ty .  

E P S I L O N  

E P S I L O N  i s  a grav i ta t iona l  co l l i s ion  e f f ic iency  used in the  HAA codes. 
r e l a t e s  t o  the  f r ac t ion  of p a r t i c l e s  in a swept volume t h a t  i s  captured by a 
f a l l i n g  p a r t i c l e .  A value of 10 was inadvertent ly  used in the HAA-3 and 
HAARM-3 codes, ra ther  t h a n  a value o f  1.0 as  was done i n  previous ABCOVE: 
t e s t s .  
r e s u l t s  f o r  the  A67 condi t ions,  so the  or ig ina l  "blind" calcu-lation i s  
reported and  discussed in t h i s  document. 

I t  

Pos t - tes t  ca lcu la t ions  using a value of 1.0 gave e s s e n t i a l l y  the  same 

KLYACHKO 

The KLYACHKO parameter allows deviat ions from Stokes'  d r a g  t h a t  occur a t  high 
Reynolds numbers t o  be taken in to  account. This f a c t o r  becomes important f o r  
p a r t i c l e s  larger  t h a n  approximately 100 .vm. 
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The numer ica l  va lues  f o r  aeroso l  parameters l i s t e d  i n  Table 5-5 were n o t  
s p e c i f i e d  by  t h e  t e s t  per former.  
on t h e  u s e r ' s  exper ience.  
code f i t s  w i t h  e a r l i e r  l a rge -sca le  sodium f i r e  aerosol  t e s t s  i n  t h e  CSTF. 

They were s e l e c t e d  b y  t h e  code user, based 
Most users s e l e c t e d  t h e  parameters on t h e  b a s i s  o f  

Code i n p u t  parameters r e l a t e d  t o  atmosphere temperatures, d i f f u s i o n a l  
depos i t i on ,  and thermophore t ic  p l a t i n g  a re  summarized i n  Table 5-6. 
I n s p e c t i o n  o f  t h e  d a t a  of Table 5-6 shows t h a t  t h e  v a r i a b l e s  s e l e c t e d  b y  t h e  
users  covered a s i g n i f i c a n t  numer ica l  range. D i f f u s i o n a l  p l a t i n g  boundary 

l a y e r  th i ckness  was assigned va lues f rom 2.5 x m t o  1.5 x m. The 
smal l  va lue  f o r  d e l t a  used i n  t h e  HAA-3 code r e s u l t s  f rom t h e  assumption t h a t  
a l l  p l a t e o u t  i s  caused by d i f f u s i o n ,  and d e l t a  i s  assigned an e m p i r i c a l  v a l u e  
t o  match prev ious  experiments. The w a l l  temperature g r a d i e n t  va lues ranged 
f rom zero  t o  50OoK/rn. The 
ass igned va lues o f  t h e  r a t i o  o f  gas t o  p a r t i c l e  thermal  c o n d u c t i v i t y  v a r i e d  
f rom 0.005 t o  0.1, a f a c t o r  of 20. 

Some o f  t h e  codes used v a r i a b l e  g rad ien ts .  

5.3 BLIND POST-TEST CODE P R E D I C T I O N S  

B l i n d  p o s t - t e s t  p r e d i c t i o n s  submi t ted  b y  each p a r t i c i p a n t  a r e  t a b u l a t e d  i n  
Appendix E. 
thermal  c o n d i t i o n s  and aeroso l  mass genera t ion  r a t e .  No i n f o r m a t i o n  o r  
aeroso l  behav io r  per  se was made a v a i l a b l e ,  hence t h e  p r e d i c t i o n s  were " b l i n d "  
t o  aeroso l  behav io r  data.  

These p r e d i c t i o n s  were made w i t h  t h e  b e n e f i t  o f  t e s t  d a t a  on 

5.4 COMPARISON OF CODE PREDICTIONS WITH EACH OTHER AND WITH TEST 
MEASUREMENTS 

Code p r e d i c t i o n s  o f  key  aeroso l  behav io r  parameters a r e  compared w i t h  each 
o t h e r  and w i t h  exper imenta l  measurements i n  t h e  f o l l o w i n g  s e c t i o n s  b y  l i s t i n g  
numer ica l  va lues o f  parameters a t  12 d i s c r e t e  t imes. Tables o f  code 
p r e d i c t i o n s  and exper imenta l  r e s u l t s  a re  p rov ided  i n  Appendices F th rough M .  
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As' t o o l s  f o r  e v a l u a t i n g  t h e  accuracy o f  i n d i v i d u a l  code case p r e d i c t i o n s ,  two  
i n d i c e s  are  l i s t e d  i n  t h e  t a b l e s  i n  Appendices F th rough M f o r  each code 
case. The f i r s t  i s  t h e  r a t i o  o f  t h e  i n d i v i d u a l  code p r e d i c t i o n  t o  t h e  average 
o f  a l l  codes. Th is  index  has o n l y  marg ina l  va lue  i n  assess ing a code, b u t  
does show how i t  r e l a t e s  t o  t h e  o t h e r  code cases. 
i m p o r t a n t )  index i s  t h e  r a t i o  o f  t h e  i n d i v i d u a l  code p r e d i c t i o n  t o  t h e  
exper imenta l  va lue.  I t  should be no ted  t h a t  exper imenta l  measurements were 
n o t  always made a t  t h e  p r e c i s e  t imes r e p o r t e d  b y  t h e  code users.  
instances,  t h e  exper imenta l  va lues l i s t e d  i n  t h e  t a b l e s  were ob ta ined  by 
p l o t t i n g  t h e  exper imenta l  data, drawing a smooth cu rve  through t h e  da ta  p o i n t s  
and i n t e r p o l a t i n g .  
w i t h  t h e  exper imenta l  measurement. Comparisons a r e  made s e p a r a t e l y  f o r  NaOH 
and NaI. 

The second (and more 

I n  these 

Th is  index i s  u s e f u l  f o r  comparing t h e  code p r e d i c t i o n  

An e f f o r t  i s  made t o  q u a n t i f y  t h e  o v e r a l l  performance o f  each code case b y  
t a b u l a t i n g  t h e  number o f  t imes t h e  code p r e d i c t e d  t h e  exper imenta l  v a l u e  
w i t h i n  s p e c i f i e d  1 i rn i t s .  

5.4.1 Suspended Mass Concen t ra t i on  

5.4.1.1 Suspended NaOH Concent ra t ion  

The suspended mass concen t ra t i on  o f  NaOH aeroso l  p r e d i c t e d  b y  t h e  f i v e  code 
cases a re  p l o t t e d  i n  F i g u r e  5-1 f o r  t h e  f u l l  t i m e  p e r i o d  o f  t h e  exper iment .  
The exper imenta l  measurements a re  a l s o  p l o t t e d  f o r  comparison w i t h  t h e  code 
p r e d i c t i o n s .  Severa l  observa t ions  a re  apparent  f rom F i g u r e  5-1. F i r s t , ,  a l l  
f i v e  o f  t h e  codes were i n  good agreement w i t h  exper imenta l  r e s u l t s  d u r i n g  t h e  
NaOH source r e l e a s e  p e r i o d  and f o r  approx imate ly  1200 s a f te rwards .  
i s  shown more c l e a r l y i n  F i g u r e  5-2, where t h e  concen t ra t i ons  d u r i n g  t h e  source 
r e l e a s e  p e r i o d  a re  p l o t t e d  on an expanded s c a l e  f o r  e a s i e r  v i s u a l i z a t i o n .  The 
codes ranged f rom 3% low t o  30% h i g h e r  than t h e  exper imenta l  va lue  d u r i n g  t h i s  
per  i od . 

T h i s  f a c t  
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Secondly, a f t e r  1800 s (1200 s a f t e r  end o f  source)  t h e  curves f o r  t h e  v a r i i u s  
codes beg in  t o  d iverge .  
r e s u l t  b y  eve r - i nc reas ing  margins. 

5 approx imate ly  50 a t  10 
s t i l l  low b y  a f a c t o r  o f  3 a t  l o 5  s .  

The t h r e e  log-normal codes underpred ic ted  t h e  t e s t  
HAA-3 and HAARM-3 were low b y  a f a c t o r  o f  

s, w h i l e  HAA-4 was cons ide rab ly  b e t t e r ,  b u t  was 

menta l  measurement. Th i s  
D e t a i l e d  d 
d i c t e d  f o r  

Appendix F 

g i t a l  i n f o r m a t  
t h e  seven code 
r e l a t e s  t o  one 

a r i t h m e t i c  average va lues  
Exper imenta l  measurements 

A t h i r d  obse rva t i on  shown b y  F i g u r e  5-1 i s  t h a t  t h e  two d i s c r e t e  codes pre-  
d i c t e d  t h e  exper imenta l  r e s u l t  q u i t e  c l o s e l y  th roughout  t h e  e n t i r e  t e s t  
pe r iod .  
each o t h e r  a t  a l l  t imes,  and never more than 50% d i f f e r e n t  than t h e  e x p e r i -  

QUICKM and CONTAIN gave v e r y  s i m i l a r  r e s u l t s ,  be ing  w i t h i n  10% o f  

i s  e x c e l l e n t  agreement f o r  b l i n d  c a l c u l a t i o n s .  
on on t h e  suspended NaOH mass concen t ra t i on  p r e -  
cases i s  g i ven  i n  Appendix F. Each t a b l e  i n  
o f  t h e  12 s p e c i f i e d  code r e p o r t i n g  t imes.  
f o r  t h e  code p r e d i c t i o n s  a re  shown i n  t h e  t a b l e s .  
f o r  suspended mass c o n c e n t r a t i o n  were e x t r a c t e d  f r o m  

The 

t h e  da ta  presented i n  Sec t ion  4.6 and l i s t e d  as a f o o t n o t e  i n  t h e  Appendix F 
t a b l e s .  
r e s u l t  a r e  g i ven  i n  t h e  l a s t  column o f  t h e  Appendix F t a b l e s .  

The r a t i o s  o f  t h e  i n d i v i d u a l  code p r e d i c t i o n s  t o  t h e  exper imenta l  

The number o f  t imes t h a t  each code case p r e d i c t e d  t h e  exper imenta l  v a l u e  
w i t h i n  a f a c t o r  o f  two i s  t a b u l a t e d  i n  Table 5-7. The f a c t o r  o f  two would n o t  
be i n f e r r e d  as a u n i v e r s a l l y  accepted c r i t e r i o n  for adequate v a l i d a t i o n ,  b u t  
i s  b e l i e v e d  t o  p r o v i d e  a reasonable b a s i s  f o r  t h e  present  s tudy.  I t  i s  a l s o  
c o n s i s t e n t  w i t h  t h e  s i m i l a r  comparisons made i n  e a r l i e r  ABCOVE t e s t  

5.4.1.2 Suspended NaI Concent ra t ion  

The suspended mass c o n c e n t r a t i o n  o f  NaI aeroso l  p r e d i c t e d  b y  t h e  5 code cases 
are  p l o t t e d  i n  F i g u r e  5-3 f o r  t h e  f u l l  t i m e  p e r i o d  o f  t h e  experiment. 
exper imenta l  measurements a re  a l s o  p l o t t e d  f o r  comparison. F i g u r e  5-3 shows 
t h a t  good agreement w i t h  exper imenta l  measurements was ob ta ined  b y  a l l  t h e  
codes d u r i n g  t h e  NaI source r e l e a s e  per iod,  r a n g i n g  f rom 30% low (HAA-3) t o  5% 
h i g h  ( Q U I C K M )  a t  t h e  end o f  t h e  source pe r iod .  
p l o t t e d  i n  F igu re  5-4 on an expanded t ime  sca le .  

The 

The da ta  f o r  e a r l y  t imes a r e  
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a .  

After the end of the NaI source period, the codes diverged, with the 
discrete code following the test measurement curve quite well, and the 
log-normal codes underpredicting at ever increasing margins with time. 
was the case for NaOH, the QUICKM and CONTAIN codes gave nearly identical 
results for NaI concentration. They were within 5% at end of source, 40% 
low at 10 s ,  and 100% high at 10 s. These are excellent results for 
blind calculations. 

A s  

5 5 

The log-normal codes underpredicted the test result by only 25% at the end 
of the NaI source (2400 s )  but were approximately a factor of 10 low at 
lo4 s .  At lo5 s, the HAA-4 code underpredicted the test value by a 
factor of 12, while the HAA-3 and HAARM-3 codes underpredicted by a factor 
of 200. 

Detailed digital information on the suspended NaI concentration predicted 
for the seven code cases is given in Appendix F. 

The number of times that each code case predicted the experimental value 
within a factor of two is tabulated in Table 5-7. 

5.4.2 Aerodvnamic Mass Median Diameter 

5.4.2.1 AMMD of NaOH Aerosol 

The aerodynamic mass median diameters (AMMD), based on NaOH analysis, 
predicted by the codes are plotted i n  Figure 5-5. 
underpredicted the test measurement during the source release period. For 
1500 s to 4200 s ,  all o f  the codes overpredicted the test measurement, and 

All of the codes 

all codes except QUICKM continued to overpredict for several hours. 
times, all codes were in good or fair agreement with the test results. 

At long 

Comparisons of NaOH size distributions predicted by the codes with cascade 
impactor measurements are provided as log-probability plots in Figures 5-6 
and 5-7 for 1800 s and 4200 s ,  respectively. To enable a direct comparison 
o f  codes with test data, the code data are plotted as aerodynamic diameter. 
Cascade impactor samples were not taken at the exact time that the codes 
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TABLE 5-7 

CODE CASES WITH CORRECT PREDICTIONS FOR SUSPENDED CONCENTRATION 

Time 
d 1 2 3 4  d 5 0) 2 3 4 5 

9.0(2) Y Y Y Y  Y Y Y Y Y  Y 
1.8(3) Y Y Y Y  Y Y Y Y Y  Y 
2.4(3) Y Y Y Y  Y Y Y Y Y  Y 

- 4 - d  I - - -  ( S )  

6.0(2)(') Y Y Y Y  Y 

2.7(3) Y Y Y Y  Y Y Y Y Y  Y 
3.0(3) Y Y Y Y  Y Y Y Y Y  Y 
4.2(3) N Y Y Y  Y N N Y Y  Y 
7.2(3) N N N Y  Y N N N Y  Y 

1.0(4) N N N Y  Y N N N Y  Y 
7.0(4) N N N Y  Y N N N Y  Y 
1.0(5) N N N Y  Y N N N Y  Y 
2.0(5) N N N Y  Y N N N Y  Y 

T o t a l  6 7 7 12 12 5 5 6 12 12 
C o r r e c t  

( a )  Y i n d i c a t e s  code p r e d i c t e d  t e s t  measurement w i t h i n  a f a c t o r  
o f  two; N i n d i c a t e s  code p r e d i c t e d  g r e a t e r  than f a c t o r  o f  
two from measured va lue.  

(b)  Code case: Refer  t o  Table 5-2 f o r  i d e n t i f i c a t i o n .  
( c )  Number i n  pa ren thes i s  a re  exponents o f  ten.  
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a ,  

repor ted ,  so t h e  impactor  sample taken neares t  t o  t h e  code r e p o r t i n g  t i m e  was 
used. F igures  5-6 and 5-7 show t h a t  t h e  d i s c r e t e  codes (CONTAIN and QUICKM) 
agreed w e l l  w i t h  t h e  cascade impactor data.  The. log-normal codes g e n e r a l l y  
overpred ic ted ,  b u t  were b e t t e r  a t  4200 s than a t  t h e  e a r l i e r  t ime.  

A l l  o f  t h e  codes p r e d i c t e d  an inc rease i n  t h e  AMMD, reach ing  a maximum a t  
approx imate ly  one hour a f t e r  t h e  end of t h e  NaOH source r e l e a s e  per iod ,  a f t e r  
which t h e  AMMD decreased s l o w l y  w i t h  t ime. The t e s t  measurements e x h i b i t e d  a 
s i m i l a r  t rend.  

D e t a i l e d  d i g i t a l  i n f o r m a t i o n  on t h e  NaOH AMMD p r e d i c t e d  by each code case i s  
presented i n  Appendix G f o r  t h e  12 s p e c i f i e d  r e p o r t i n g  t imes. 
i n d i v i d u a l  aerosol  spec ies was n o t  r e p o r t e d  b y  t h e  CONTAIN and QUICKM codes. 
The va lues f o r  CONTAIN and Q U I C K M  were c a l c u l a t e d  b y  t h e  t e s t  per former b y  
p l o t t i n g  t h e  r e p o r t e d  s i z e  d i s t r i b u t i o n  on l o g - p r o b a b i l i t y  paper. 
median d iameter  (MMD) ob ta ined f rom t h i s  p l o t  was conver ted t o  AMMD by t h e  use 
o f  Equat ion (10) .  

The AMMD f o r  

The mass 

AMMD = MMD (i)0*5 

where: 
p = m a t e r i a l  d e n s i t y  o f  aerosol  p a r t i c l e  
x = dynamic shape f a c t o r  

The exper imenta l  va lues l i s t e d  as f o o t n o t e s  i n  Appendix G t a b l e s  were ob ta ined 
f rom cascade impactor measurements r e p o r t e d  i n  Sec t ion  4.7.1. S ince t h e  
impactor  measurements were n o t  made p r e c i s e l y  a t  t h e  t imes r e p o r t e d  b y  t h e  
computer codes, t h e  measured va lues were e x t r a c t e d  f rom F i g u r e  4-6, which i s  a 
p l o t  o f  exper imenta l  AMMD as a f u n c t i o n  o f  t ime. 
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The number o f  t imes t h a t  i n d i v i d u a l  code cases p r e d i c t e d  t h e  exper imenta l  
va lue  w i t h i n  a f a c t o r  o f  1.5 a r e  shown i n  Table 5-8. Note t h a t  a f a c t o r  o f  
1.5 i s  used f o r  e v a l u a t i n g  p a r t i c l e  s i z e  parameters, r a t h e r  than a f a c t o r  o f  
two as i s  done f o r  o t h e r  parameters. P a r t i c l e  s i z e s  and s tandard d e v i a t i o n s  
do n o t  v a r y  over  as wide a range as o t h e r  parameters and, f o r  t h i s  reason, t h e  
e r r o r  band was ass igned a va lue  of  1.5, r a t h e r  than 2.0. 

5.4.2.2 AMMD o f  NaI Aerosol 

The AMMD based on NaI p r e d i c t e d  b y  t h e  codes a r e  p l o t t e d  i n  F i g u r e  5-8. 
f i g u r e  c l e a r l y  shows t h a t  t h e  log-norma.1 codes g r e a t l y  overpi-edicted t h e  AMMD 
as a group, w h i l e  t h e  d i s c r e t e  codes were i n  reasonably  good agreement w i t h  
t h e  t e s t  measurement. 

The 

Comparison of NaI s i z e  d i s t r i b u t i o n s  p r e d i c t e d  b y  t h e  codes w i t h  cascade 
impactor  measurements a r e  p rov ided as l o g - p r o b a b i l i t y  p l o t s  i n  F i g u r e s  5-9 and 
5-10 f o r  1800 s and 4200 s, r e s p e c t i v e l y .  
t i m e  d u r i n g  t h e  NaI source r e l e a s e  per iod .  
gave good agreement w i t h  t h e  cascade impactor measurements, w h i l e  t h e  
log-normal, u n i f o r m  co-agglomerat ion codes g r e a t l y  o v e r p r e d i c t e d  t h e  NaI 
AMMD. Th is  i s  s t r o n g  evidence t h a t  t h e  aerosol  was n o t  u n i f o r m l y  
co-agglomerated d u r i n g  t h e  source r e l e a s e  per iod .  
F i g u r e  5-10 a r e  f o r  a t i m e  w e l l  a f t e r  t h e  end o f  t h e  NaI source, and thus  
should show t h e  e x t e n t  o f  co-agglomerat ion a f t e r  1800 s w i t h o u t  a source o f  
smal l  p a r t i c l e s .  
exper imenta l  measurement v e r y  w e l l  a t  t h e  l a r g e  end o f  t h e  s i z e  spectrum, b u t  
o n l y  f a i r  agreement i s  no ted  f o r  smal l  p a r t i c l e s .  
was i n  reasonab ly  good agreement, though s l i g h t l y  h igh ,  over  t h e  e n t i r e  
spectrum. 
spectrum. 

The d a t a  o f  F i g u r e  5-9 i s  f o r  a 
It shows t h a t  t h e  d i s c r e t e  codes 

The d a t a  shown i n  

The f i g u r e  shows t h a t  t h e  d i s c r e t e  codes p r e d i c t e d  t h e  

The log-normal code HAA-4 

HAA-3 and HAARM-3 o v e r p r e d i c t e d  s i g n i f i c a n t l y  over  t h e  e n t i r e  
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Time 
(SI 

9.0(2) 
6.0(2) 

1.8( 3)  
2.4(3) 

TABLE 5-8 

C O D E  C A S E S  WITH CORRECT P R E D I C T I O N S  FOR AMMD 

2 . 7 ( 3 )  
3.0(3) 
4.2( 3 )  
7 . 2 ( 3 )  

1 .O(  4 )  
7.0(4) 
1 .O( 5 )  
2.0(5) 

NaOH(a) 

1 ( b )  2 3 4 - 5 - - - -  
N Y Y Y  N 
N Y Y Y  Y 

Y N Y Y  Y 
N N Y Y  Y 

N N Y Y  Y 
N N Y Y  Y 
N N Y Y  Y 
Y Y Y Y  Y 

Y Y Y Y  Y 
Y Y Y Y  Y 

Y Y Y Y  Y 
Y Y Y Y  Y 

N a I  (a) 

- - - - - 
Y N N Y  Y 
N N N Y  Y 
N N N Y  Y 

N N N Y  Y 
N N N Y  Y 
N N Y Y  Y 
N N Y Y  Y 

N N Y Y  Y 
Y Y Y Y  Y 

Y Y Y Y  Y - ' .  
N N Y Y  Y 

Total 6 7 12 12 1 1  3 - 2  6 1 1  1 1  
Correct 

~ 

(a) Y indicates code predicted within a factor OF 1.5, N 
indicates code predicted greater than factor of 1.5 
from measured value. 
A dash indicates that no predictions were made for 
that time. 

( b )  Code case: Refer to Table 5-2 for identification. 
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. a  

The data  on AMMD and s i z e  d i s t r i b u t i o n  l e a d  t o  t h e  c o n c l u s i o n  t h a t  mixed 
species aeroso ls  a r e  n o t  u n i f o r m l y  co-agglomerated and t h a t  t h e  d i s c r e t e ,  
u n i f o r m  b i n  codes a r e  capable o f  f a i t h f u l l y  f o l l o w i n g  t h e  co-agglomerat ion 
process . 
D e t a i l e d  d i g i t a l  i n f o r m a t i o n  on t h e  NaI AMMD p r e d i c t e d  b y  t h e  codes i s  
presented i n  Appendix G. 

The number o f  t imes t h a t  each code case p r e d i c t e d  t h e  exper imenta l  va lue  o f  
NaI AMMD w i t h i n  a f a c t o r  o f  1.5 i s  t a b u l a t e d  i n  Table 5-8. 

5.4.3 Geometric Standard D e v i a t i o n  

5.4.3.1 Geometric Standard D e v i a t i o n  f o r  NaOH Aerosol  

The code p r e d i c t i o n s  f o r  geometr ic  s tandard d e v i a t i o n  o f  t h e  NaOH aerosol ,  
a r e  p l o t t e d  i n  F i g u r e  5-11. A1 1 o f  t h e  codes except  CONTAIN o v e r -  %' 

p r e d i c t e d  u 

t e s t  measurements. 
NaOH source per iod ,  r e a c h i n g  maxima a t  approx imate ly  t h e  end of t h e  NaI  
source per iod .  
t r i b u t i o n  s i g n i f i c a n t l y ,  because t h e  NaI  maximum suspended c o n c e n t r a t i o n  was 
o n l y  10% o f  t h e  NaOH c o n c e n t r a t i o n  a t  t h a t  t ime.  

d u r i n g  t h e  source r e l e a s e  per iod ,  compared t o  cascade impactor  
9 

A l l  codes p r e d i c t e d  an i n c r e a s e  i n  u a f t e r  t h e  end o f  t h e  
9 

The NaI  aerosol  p robab ly  d i d  n o t  a f f e c t  t h e  NaOH s i z e  d i s -  

N e i t h e r  t h e  CONTAIN o r  QUICKM code r e p o r t e d  t h e  v a l u e  o f  u f o r  t h e  i n d i v i d u a l  
aerosol  species.  Therefore, t h e  t e s t  per former c a l c u l a t e d  t h e  i n d i v i d u a l  u 

b y  p l o t t i n g  t h e  r e p o r t e d  s i z e  d i s t r i b u t i o n  f o r  each species on l o g -  
p r o b a b i l i t y  paper and u s i n g  t h e  r e l a t i o n s h i p  def ined b y  Equat ion (11)  t o  
determine an approximate v a l u e  f o r  u 

9 
9 

9' 

84.1% s i z e  
50% s i z e  u =  

9 

96 



.- 
u7 

z a 
H 
t- 
4E 
H * w 
P 

3.0 

2.5 

2.0 

1 .s 

1.0 

. -  
I , I I 1  , 1 1 1 1  r 1 e 1 1 1 1  - 

TEST AB7 

NoOH 
SOURCE 

1) MA-3 
2) HhA-4 
31 "-3 
41 CONTAIN 
5) WXCKM 
6) AB7 TEST RE%JLT 

3 

3 
1 

10 10 10 10 10 

TIME, SECONDS 

FIGURE 5-11. Plot o f  Code Predictions of Geometric Standard Deviation for 
NaOH. 

9 7  



. (  
‘ I  

F i g u r e  5-11 shows t h a t  a f t e r  t h e  maxima, t h e  code-pred ic ted  va lues q u i c k l y  
decreased t o  t h e  exper imenta l  values and a l l  codes underpred ic ted  t h e  
exper imenta l  measurement a t  t imes g r e a t e r  than 50000 s. 

D e t a i l e d  d i g i t a l  i n f o r m a t i o n  on u p r e d i c t e d  b y  each code case i s  presented 
i n  Appendix H f o r  t h e  12 r e p o r t i n g  t imes.  
t h e  t a b l e s  were ob ta ined f r o m  cascade impactor  measurements, as r e p o r t e d  i n  
S e c t i o n  4.7.1. 
t h e  t imes r e p o r t e d  f o r  t h e  computer codes, t h e  measured va lues f o r  u were 
p l o t t e d  as a f u n c t i o n  o f  t i m e  i n  F i g u r e  4-7 and t h e  exper imenta l  va lues were 
p i c k e d  f r o m  t h i s  curve  f o r  t h e  d e s i r e d  t imes. 

9 
The exper imenta l  va lues l i s t e d  i n  

S ince t h e  exper imenta l  measurements were n o t  made a t  p r e c i s e l y  

9 

The number of t imes t h a t  i n d i v i d u a l  code cases p r e d i c t e d  t h e  exper imenta l  
v a l u e  w i t h i n  a f a c t o r  o f  1.5 i s  shown i n  Table 5-9. A l l  f i v e  o f  t h e  codes 

p r e d i c t e d  u w i t h i n  a f a c t o r  o f  1.5 a t  a l l  t imes except  HAA-3, which 
p r e d i c t e d  11 t imes o u t . o f  12 w i t h i n  t h e  1.5 accuracy f a c t o r .  

9 

5.4.3.2 Geometric Standard D e v i a t i o n  f o r  NaI Aerosol  

The code p r e d i c t i o n s  f o r  geometr ic  s tandard d e v i a t i o n  o f  t h e  aeroso l  based on 
NaI c o n t e n t  a r e  p l o t t e d  as a f u n c t i o n  o f  t i m e  i n  F i g u r e  5-12, a long w i t h  t h e  
exper imenta l  r e s u l t s  based on cascade impactor  measurements. The f i g u r e  shows 
t h a t  a l l  t h e  codes o v e r p r e d i c t e d  t h e  v a l u e  o f  u d u r i n g  t h e  NaI source 
r e l e a s e  per iod ,  b u t  were w i t h i n  a f a c t o r  o f  1.5 o f  t h e  exper imenta l  measure- 
ment. T h i s  f a c t  i s  a l s o  shown i n  F i g u r e  5-9, where t h e  d i s t r i b u t i o n s  a r e  
presented i n  a l o g - p r o b a b i l i t y  p l o t .  
log-normal code p r e d i c t i o n s  decreased t o  t h a t  o f  t h e  exper imenta l  measurement 
a t  10 s, t h e n  underpred ic ted  f o r  t h e  d u r a t i o n  o f  t h e  t e s t .  
codes o v e r p r e d i c t e d  t h e  t e s t  measurement u n t i l  approx imate ly  10 s .  

9 

A f t e r  t h e  end o f  t h e  NaI source, t h e  

4 The two d i s c r e t e  
5 

D e t a i l e d  d i g i t a l  i n f o r m a t i o n  on u 
Appendix H. 
r e s u l t  w i t h i n  a f a c t o r  o f  1.5 i s  shown i n  Table 5-9. 

p r e d i c t e d  b y  each code i s  presented i n  
9 

The number o f  t imes t h a t  each code p r e d i c t e d  t h e  exper imenta l  
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T i  me 
(SI 

6 .O( 2)  
9.0(2) 

1.8( 3 )  
2.4(3) 

2.7(3) 
3.0(3) 
4.2(3) 
7.2(3) 

1.0(4) 
7.0(4) 

TABLE 5-9 

CODE CASES WITH CORRECT PREDICTIONS OF 
GEOMETRIC STANDARD D E V I A T I O N  

NaOH(a) N a I ( a )  - 
1 2 3 4  5 

Y Y Y Y  Y - - - - - 
Y Y Y Y  Y Y Y Y Y  Y 
Y Y Y Y  Y Y Y Y Y  Y 
N Y Y Y  Y N Y Y Y  Y 

- - - _  - 1 ( b )  2 3 4 - 5 - - - -  

Y Y Y Y  Y Y Y Y Y  Y 
Y Y Y Y  Y Y Y Y Y  Y 
Y Y Y Y  Y Y Y Y Y  Y 
Y Y Y Y  Y Y . Y Y Y  Y 

Y Y Y Y  Y Y Y Y Y  Y 
Y Y Y Y . - - Y  Y Y Y Y  Y 

1 .O( 5)  Y Y Y Y - Y  Y Y Y Y  Y 
2.0(5) Y Y Y Y  Y Y Y Y Y  Y 

Tot a 1 11 12 12 12 12 10 7 7  11 11 11 
C o r r e c t  

. .  

( a )  Y i n d i c a t e s  code p r e d i c t e d  w i t h i n  a f a c t o r  o f  1.5 f o r  t h e  
i n d i c a t e d  t ime.  N i n d i c a t e s  code p r e d i c t e d  g r e a t e r  than 
a f a c t o r  o f  1.5 f r o m  measured value. 
A dash i n d i c a t e s  t h a t  no p r e d i c t i o n s  were made f o r  t h a t  t i m e .  

( b )  Code case: Refer  t o  Table 5-2 f o r  i d e n t i f i c a t i o n .  
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FIGURE 5-12. Plot of Code Predictions o f  Geometric Standard Deviation of NaI. 
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5.4.4 Aerodynamic S e t t l i n g  Mean Diameter 

5.4.4.1 Aerodynamic S e t t l i n a  Mean Diameter f o r  NaOH 

The aerodynamic s e t t l i n g  mean d iameter ,  dsa, i s  de f i ned  as t h e  d iameter  o f  

a p a r t i c l e  which has a s e t t l i n g  v e l o c i t y  equal t o  t h e  sed imenta t ion  v e l o c i t y  
f o r  t h e  whole aeroso l .  
s p h e r i c a l  p a r t i c l e s .  

The te rm "aerodynamic" r e f e r s  t o  u n i t  d e n s i t y  

The code p r e d i c t i o n s  f o r  dsa, based on NaOH conten t ,  a re  p l o t t e d  i n  

F i g u r e  5-13. The exper imenta l  da ta  i n  F i g u r e  5-13 were c a l c u l a t e d  f rom t h e  
r a t e  o f  change o f  suspended mass c o n c e n t r a t i o n  and t h e  use of  S tokes '  l aw  
f o r  s e t t l i n g  o f  u n i t  d e n s i t y  spheres, as d iscussed i n  Sec t i on  4.7.2. The 
assumption was made t h a t  w a l l  p l a t i n g  was i n s i g n i f i c a n t  compa-ed w4th 
sedimentat ion,  an assumption shown t o  be v a l i d  i n  Sec t i on  4.3.3. 

F i g u r e  5-13 shows t h a t  a l l  o f  t h e  codes p r e d i c t e d  t h e  va lue  o f  d s a  f a i r 1 . y  
w e l l  immediate ly  a f t e r  t h e  end o f  t h e  NaOH source, b u t  a l l  o f  t h e  codes 
ove rp red ic ted  s i g n i f i c a n t l y  u n t i l  approx imate ly  10 s, a f t e r  which good 4 

agreement w i t h  exper imenta l  measurement was aga in  a t t a i n e d .  No c l e a r  t r e n d  
between log-normal and d i s c r e t e  codes can be seen. 

D e t a i l e d  i n fo rma t ion  on t h e  p r e d i c t e d  va lues  o f  dsa a r e  presented  i n  

Appendix I f o r  t h e  12 s p e c i f i e d  code r e p o r t i n g  t imes.  

The number o f  t imes t h a t  i n d i v i d u a l  codes cases p r e d i c t e d  t h e  exper imenta l  
va lue  w i t h i n  a f a c t o r  o f  1.5 i s  shown i n  Table 5-10. 

5.4.4.2 Aerodynamic S e t t l i n g  Mean Diameter f o r  NaI  

The code p r e d i c t i o n s  f o r  dsa, based on NaI conten t ,  a re  p resented  i n  
F i g u r e  5-14. I n s p e c t i o n  o f  F igu res  5-13 and 5-14'shows v e r y  s i m i l a r  t rends  
f o r  d s a  f o r  t h e  two aeroso l  spec ies.  
t h e  t e s t  measurement b e t t e r  than HAA-3 and HAARM-3 d i d .  

HAA-4, C O N T A I N  and Q U I C K M  p r e d i c t e d  

The number o f  t imes t h a t  i n d i v i d u a l  code cases p r e d i c t e d  t h e  exper imenta l  
v a l u e  w i t h i n  a f a c t o r  o f  1.5 i s  shown i n  Table 5-10. 
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TABLE 5-10 

CODE CASES WITH CORRECT PREDICTIONS OF 
AERODYNAMIC SETTLING MEAN DIAMETER 

6.0( 2) N Y Y N  Y - - -  - - 
9 . 0 ( 2 )  Y Y Y Y  Y Y N N Y  Y 
1.8( 3)  N N N Y  Y N N N Y  Y 
2.4(3) N N N Y  N N N N Y  Y 

2.7(3) 
3.0(3) 
4.2(3) 
7.2(3) 

1 .O( 4 )  
7.0(4) 
1 .O( 5 )  
2.0(5) 

N N Y  N N N N Y  Y 
N N N  N N N N Y  Y 
N N N  N N N N N  Y 
Y Y N  Y N N Y N  Y 

Y Y Y  Y N Y Y Y  Y 
Y Y Y  Y Y Y Y Y  Y 
Y Y Y  Y Y Y Y Y  Y 
Y Y Y  Y N Y Y Y  Y 

T o t a l  5 7 7 %  8 3 4 5 9  11 
C o r r e c t  

( a )  Y i n d i c a t e s  code p r e d i c t e d  w i t h i n  a f a c t o r  o f  1.5, N 
i n d i c a t e s  code p r e d i c t e d  o u t s i d e  a f a c t o r  o f  1.5 f r o m  
t h e  measured value. 

( b )  Code case: Refer  t o  Table 5-2 f o r  i d e n t i f i c a t i o n .  
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5.4.5 Leaked Mass 

5.4.5.1 Leaked NaOH Mass I 
The code p r e d i c t i o n s  f o r  t h e  mass o f  NaOH aerosola leaked f r o m  t h e  c o n t a i n -  
ment vessel  a r e  p l o t t e d  as a f u n c t i o n  o f  t i m e  i n  F i g u r e  5-15. The e x p e r i -  
menta l  va lues f r o m  which curve  6 was drawn were c a l c u l a t e d ,  u s i n g  t h e  same 
assumption as used i n  t h e  code cases - t h a t  aerosol  leaked a t  a c o n s t a n t  1% 
o f  t h e  suspended mass p e r  day. A d i s c u s s i o n  o f  t h e  exper imenta l  r e s u l t s  f o r  
leaked mass i s  p r o v i d e d  i n  S e c t i o n  4.12. 

D e t a i l e d  d i g i t a l  i n f o r m a t i o n  on t h e  mass o f  NaOH .aerosol  p r e d i c t e d  t o  have 
leaked f r o m  t h e  conta inment  vessel  a t  t h e  t w e l v e  s p e c i f i e d  t imes i s  l i s t e d  
i n  Appendix J. 

F i g u r e  5-15 shows t h a t  CONTAIN and QUICKM, t h e  two d i s c r e t e  codes, p r e d i c t e d  
t h e  measured leaked NaOH mass v e r y  c l o s e l y  a t  a l l  t imes.  The t h r e e  l o g -  
normal codes underpred ic ted  t h e  exper imenta l  v a l u e  a t  t i m e s  g r e a t e r  than 
3000 s ,  b e i n g  low b y  a f a c t o r  o f  approx imate ly  5 a t  l o n g  t imes.  

The number o f  t i m e s  t h a t  i n d i v i d u a l  code cases p r e d i c t e d  w i t h i n  a f a c t o r  of 
two t h e  exper imenta l  va lue  i s  shown i n  Table 5-11. It i s  o f  i n t e r e s t  t o  
n o t e  t h a t  t h e  log-normal codes were g e n e r a l l y  more accura te  i n  p r e d i c t i n g  
leaked mass t h a n  t h e y  a r e  i n  p r e d i c t i n g  suspended mass c o n c e n t r a t i o n  a t  
d i s c r e t e  t imes.  
t imes f o r  b o t h  suspended c o n c e n t r a t i o n  and leaked mass. 

The d i s c r e t e  codes p r e d i c t e d  w i t h i n  a f a c t o r  o f  two a t  a l l  

5.4.5.2 Leaked NaI Mass - 
The code p r e d i c t i o n s  f o r  t h e  mass o f  NaI leaked f r o m  t h e  containment vessel  
a r e  p l o t t e d  as a f u n c t i o n  o f  t i m e  i n  F i g u r e  5-16.- The codes performed v e r y  
s i m i l a r l y  f o r  NaI as t h e y  d i d  f o r  NaOH leaked mass, w i t h  t h e  log-normal 
codes s i g n i f i c a n t l y  u n d e r p r e d i c t i n g  t h e  measured v a l u e  and t h e  d i s c r e t e  
codes b e i n g  i n  good agreement a t  a l l  t imes. 
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TABLE 5-11 

CODE CASES NITH CORRECT PREDICTIONS OF LEAKED MASS 

6.0(2)  Y Y Y Y  Y 
9.0(2) Y Y Y Y  Y 
1.8( 3 )  Y Y Y Y  Y 
2 .4 (3)  Y Y Y Y  Y 

2.7( 3) Y Y Y Y  Y 
3 .0 (3 )  Y Y Y Y  Y 

4.2(3) Y Y Y Y  Y 
7.2(3) Y Y -  Y Y ’  Y 

1.0(4) Y Y Y Y  Y 
7.0(4) N Y Y Y  Y 
1 .O( 5 )  N .Y Y Y .  Y 
2.0(5) N Y Y Y  Y 

Total 9 12 12 12  12  

Correct 

- - - - - 
Y Y Y - Y  Y 
Y Y Y Y  Y 
Y Y Y Y  Y 

Y Y Y Y  Y 
Y Y Y Y  Y 
Y Y Y Y  Y 
N Y Y Y  Y 

N N Y Y  Y 
N N N Y  Y 
N N N Y  Y 
N N N Y  Y 

6 7 8 11 11 

(a) Y indicates code predicted within a factor of 2, N 
indicates code predicted outside a factor of 2 from 
the measured value. 

(b) Code case: Refer to Table 5-2 for identification. 
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Detailed digital information on the mass of NaI aerosol predicted to have 
leaked from the containment vessel at the twelve specified times is listed in 
Appendix J. 
mass within a factor of two i s  shown in Table 5-11. 

The number of times the individual codes predicted the NaI leaked 

5.4.6 -- Settled Mass 

5.4.6.1 Settled NaOH Mass 

The code predictions for the mass of NaOH aerosol collected on horizontal 
surfaces by gravitational settling are plotted in Figure 5-17. 
was measured experimentally only at the end o f  the experiment. 

This parameter 
The method of 

determining settled mass is discussed in Section 4.13. 
all of the codes predicted settled mass very well. 
information in Appendix K shows that all five code cases predicted the 
measured value of final settled NaOH mass within 24%. 

Figure 5-17 shows that 
Detailed digital 

The number of times that individual code cases predicted the experimental 
value within - +15% is shown in Table 5-12. 

5.4.6.2 Settled NaI Mass 

The code predictions for the mass of NaI collected on horizontal surfaces by 
gravitational settling are plotted as a function of time in Figure 5-18. All 
five codes predicted the settled NaI mass very well, with predictions ranging 
from 20% low (HAARM-3) to 5% low (QUICKM) .  

5.4.7 Plated Mass 

5.4.7.1 Plated NaOH Mass 

The code predictions for plated NaOH mass are plotted in Figure 5-19. This 
parameter was measured only at the end of the test, as discussed in Section 
4.14. 
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TABLE 5-12 

CODE CASES WITH CORRECT PREDICTIONS OF SETTLED MASS 

Predicted Settled Mass ( a )  (b) 
- Within +15% of Measurement Code 

Case (c ) NaOH NaI - -  
1 Y N 

2 Y Y 

3 Y N 

4 Y Y 

5 N Y 

( a )  A t  end of test. 
(b) Y indicates yes; N indicates no. 
(c) Refer to Table 5-2 for identification. 

111 



10 

10 * 
u) 
E 
U 
L 
c3 

H 
U 
U = 10 

10 -' 
10 10 10 10 10 

TIME, SECONDS 
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As was the case in earlier ABCOVE tests ( ' , * I ,  the code predictions were morc!' 
scattered for plated mass than for any other parameter. 
wide range of predictions is apparent from an inspection of Table 5-6, which 
lists the values o f  input parameters related to wall deposition which were 
used in the various codes. 
thickness (delta) differed by a factor o f  600 among the codes. Two of the 
codes (HAA-3 and QUICKM) did not account &for thermophoresis, although QUICKM 
has the capability of doing so. 

The reason for the 

Values of the Brownian diffusion boundary layer 

At the end of the test, HAA-3 and HAARM-3 overpredicted the measured plated 
NaOH mass by a factor of 2, HAA-4 underpredicted by a factor of 6, CONTAIN 
underpredicted by a factor of 12.5, and QUICKM underpredicted by a factor of 
136. 

Table 5-13 shows that only the HAA-3 code predicted the measured value within 
a factor of 2. 

Detailed digital information on code predictions o f  plated NaOH mass is 
provided in Appendix L. 

5.4.7.2 Plated NaI Mass 

The code predictions for plated NaI mass are plotted as a function of time in 
Figure 5-20. 
experiment, and this i s  plotted as the single point in Figure 5-20. Detailed 
digital information on code predictions is provided in Appendix L. 

The experimental measurement was made only at the end of the 

Figure 5-20 and Appendix L show that there was considerable scatter among the 
code predictions for plated NaI. 
within a factor of two. 

Only HAA-3 predicted the measured value 
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TABLE 5-13 

CODE CASES WITH CORRECT P R E D I C T I O N S  FOR PLATED MASS 

P r e d i c t e d  P l a t e d  Mass(a)(b)  
W i t h i n  a F a c t o r  of 2 

NaOH NaI 
Code ( c )  f rom Measurement 
Case - -  

1 

2 

3 ,  

4 

5 

Y N 

Y Y 

Y N 

Y Y 

N Y 

( a )  A t  end o f  t e s t .  
( b )  Y i n d i c a t e s  yes; N i n d i c a t e s  no;' 
( c )  Refer  t o  Table 5-2 f o r  identification.@END(VERBATIM) 
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FIGURE 5-20. Plot o f  Code Predictions o f  Plated NaI Mass. 
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5.4.8 Instantaneous Combined Removal Rate 

5.4.8.1 Removal Rate for NaOH Aerosol 

The predicted values for the combined instantaneous removal rates of suspended 
NaOH aerosol are plotted in Figure 5-21. Detailed digital information is 
provided in Appendix M. The experimental values were calculated from the rate 
of change o f  suspended mass concentration and by the use of a mass balance on 
the containment atmosphere, as discussed in Section 4.15. The CONTAIN did not 
report the removal rate for the individual aerosol species. 

For several o f  the code cases, the removal rate was reported in terms of mass 
rate rather than fractional rate. For these cases, the mass rate was 
converted to fraction removal by Equation (12).  

where: 
At = removal rate, 5-l 
R = mass removal rate, g/s 
V = 852 m 
C = suspended mass conc., g/m 

3 
3 

Figure 5-21 shows that HAA-4 and QUICKM predicted the NaOH removal rate quite 
well at most times. 
experimental value within a factor o f  2 is shown in Table 5-14. 

The.number o f  times that each code case predicted the 
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TABLE 5-14 

CODE CASES WITH CORRECT PREDICTIONS F O R  
INSTANTANEOUS REMOVAL-RATE' 

6 .O( 2 )  
9 . 0 ( 2 )  

' '  1.8(3) 
2.4(3) 

2.7( 3 )  
3.0(3) 
4.2( 3 )  
7.2(3) 

, 

N N y (4 y ( C )  ( 4  ( c )  ( 4  (4  
N N Y (d) Y N N N ( d )  N 8  

N Y Y ( d )  Y N N N (d) N 

N Y N ( d )  Y -  N N N ( d )  N 

1 .O( 4 )  Y Y N (d) Y N Y N (d)- N 
7.0(4) Y Y Y (d) Y Y Y Y (d) N' 
1 .O( 5) Y Y - N (d) Y . N Y N (d) N 

' 2 .0 (5 )  N Y N (d) Y N Y N (d') Y 

Tota 1 4 6 6 (d) 10 1 4 1 (d) 1 
Correct 

I 
I _ _- - -- 

(a) Y indicates code predicted within a factor o f  2, N 
indicates code predicted outside a factor of 2 from 
experimental measurement. 

( b )  Code case: Refer to Table 5-2 for identification. 
( c )  Experimental data not available at this time. 
(d) Not reported.' 
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5.' .8.2 Removal Rate f o r  NaI Aerosol  

The p r e d i c t e d  va lues f o r  t h e  removal r a t e  o f  suspended 
as a f u n c t i o n  o f  t i m e  i n  F i g u r e  5-22. D e t a i l e d  d i g i t a  
v ided  i n  Appendix M. 

NaI aerosol  a re  p l o t t e d  
i n f o r m a t i o n  i s  p r o -  

F i g u r e  5-22 shows t h a t  t h e  t h r e e  log-normal codes ove rp red ic ted  t h e  e x p e r i -  
mental measurement s i g n i f i c a n t l y  a t  e a r l y  t imes.  HAA-4 gave good agreement 

4 f o r  t imes l a t e r  than 10 s .  CONTAIN d i d  n o t  r e p o r t  t h e  removal r a t e  f o r  
NaI. 
i s  s u r p r i s i n g  i n  view of  t h e  good agreement between QUICKM and exper imenta l  
measurements f o r  a l l  o t h e r  parameters. 
a r e  f o r  sed imenta t ion  on ly .  S ince o t h e r  removal processes ( d i f f u s i o n  and 
l e a k )  were i n s i g n i f i c a n t  compared t o  sed imenta t ion  a t  a l l  t imes, t h i s  does n o t  
account f o r  t h e  incons is tency .  
e r r o r  i n  t h e  QUICKM ou tpu t .  

Q U I C K M  underpred ic ted  t h e  removal r a t e  s i g n i f i c a n t l y  a t  a l l  t imes, wh ich  

The removal r a t e s  r e p o r t e d  b y  Q U I C K M  

I t  i s  concluded t h a t  t h e r e  may be a r e p o r t i n g  

5.5 D I S C U S S I O N  OF CODE P R E D I C T I O N S  

T h i s  d i scuss ion  h i g h l i g h t s  some o f  t h e  more s i g n i f i c a n t  aspects o f  code 
p r e d i c t i o n s  f o r  t e s t  AB7. 
t o  t h e  accuracy of any of  t h e  codes. 
t h e  reader  i n  r e v i e w i n g  some o f  t h e  r e s u l t s  o f  t h e  ABCOVE program f o r  t e s t  
AB7. 

No a t tempt  i s  made t o  a r r i v e  a t  va lue  judgments as 
What i s  g i ven  he re  i s  in tended t o  a s s i s t  

5.5.1 Comparison o f  Log-Normal and D i s c r e t e  Code Resu l t s  

The codes i n v o l v e d  i n  t h e  t e s t  AB7 e x e r c i s e  can be c l a s s i f i e d  i n t o  two broad 

groups: 
and t h e  d i s c r e t e ,  s e c t i o n a l l y  u n i f o r m  codes (CONTAIN, QUICKM).  
t u n a t e  t h a t  a d i s c r e t e ,  u n i f o r m  co-agglomerat ion code was n o t  invo lved,  s i n c e  
some of t h e  d i f fe rences  observed between t h e  d i s c r e t e  and log-normal' codes i s  
p robab ly  due more t o  t h e  manner o f  h a n d l i n g  m u l t i p l e  species than i n  t h e  

t h e  log-normal , u n i f o r m  co-agglomerat ion codes (HAA-3-, HAA-4, HAARM-3) 
I t  i s  u n f o r -  
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' I  

a n a l y t i c a l  methods f o r  d e f i n i n g  t h e  s i z e  spectrum. 
t h e  two c lasses  a re  termed " d i s c r e t e "  and " log-normal"  i n  t h e  f o l l o w i n g  
d iscuss ion ,  b u t  t h e  d i f f e r e n c e s  i n  h a n d l i n g  m u l t i p l e  species should be  k e p t  i n  
mind b y  t h e  reader .  

For  t h e  sake of b r e v i t y ,  

5.5.1.1 Suspended Mass Concent ra t ion  

The i n d i v i d u a l  code p r e d i c t i o n s  o f  suspended mass concen t ra t i on  a re  p l o t t e d  i n  
F igu res  5-1 th rough 5-4. 
va lues f o r  t h e  two types  of codes. 
d imension less concent ra t ions ,  based on t h e  c o n c e n t r a t i o n  a t  t h e  ends of  t h e  
source f o r  t h e  two aeroso l  spec ies.  

I n  Table 5-15 t h e  d a t a  a re  presented as average 

A lso  l i s t e d  i n  Table 5-15 are  t h e  

The da ta  o f  Table 5-15 a re  p l o t t e d  i n  
F i g u r e  5-23 f o r  t h e  NaOH Aerosol and i n  F i g u r e  5-24 f o r  NaI. 
d a t a  a r e  a l s o  p l o t t e d  i n  a s i m i l a r  fash ion .  

The exper imenta l  

An examinat ion o f  
agreement w i t h  t h e  exper imenta l  measurement f o r  NaOH a t  a l l  t imes, whereas t h e  
log-normal codes, as a group, underpred ic ted  t h e  exper iment  a t  a l l  t imes a f t e r  
t h e  end of  t h e  NaOH source. 
aeroso l  species, w i th  even g r e a t e r  u n d e r p r e d i c t i o n  b y  t h e  log-normal codes. 

F i g u r e  5-23 shows t h a t  t h e  d i s c r e t e  codes were i n  good 

F i g u r e  5-24 shows a s i m i l a r  behav io r  f o r  t h e  NaI 

The d i f f e r e n c e  between t h e  d i s c r e t e  and log-normal codes i s  shown somewhat 
d i f f e r e n t l y  i n  F i g u r e  5-25, where t h e  r a t i o s  o f  t h e  code p r e d i c t i o n s  t o  
exper imenta l  measurement o f  suspended c o n c e n t r a t i o n  a re  p l o t t e d  as a f u n c t i o n  
o f  t ime.  
p r e d i c t i o n s  f o r  b o t h  NaUH and NaI. 

F i g u r e  5-25 c l e a r l y  shows t h e  s u p e r i o r i t y  o f  t h e  d i s c r e t e  code 

5.5.1.2 Leaked Mass 

Fo r  acc ident  cases where containment i n t e g r i t y  i s  mainta ined,  o f f s i t e  
consequences would be governed m a i n l y  b y  leaked mass due t o  normal leakage. 
I n  t h e  ABCOVE exerc ise ,  normal leakage was assumed t o  be cons tan t  a t  1% per  
day f o r  bo th  t h e  doe c a l c u l a t i o n s  and exper imenta l  r e s u l t .  
mass i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  t i m e - i n t e g r a t e d  suspended mass. 

Thus, t h e  l eaked  
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T A B L E  5-15 

Time. After (s 
:'Run End of End o f  
Time NaOH N a I  
(s) Source Source 

6.0(2) 0 
9.0(2) 3.0(2) - 
1.8(3) 1.2(3) - 
2.4(3) 1.8(3) 0: 
2.7(3) 2.1(3) 3.0(2 
*3.0(3) 2.4(3) 6.0(2 
4.2(3) 3.6(3) 1.8(3 
7.2(3) 6.8(3) 4.8(3) 
1.0(4) 9.4(3) 7.6(3) 
-7,.0(4) 6.9(4) 6.8(4) 
1.0(5) 1.0(5) 9.8(4) 
2.0(5) 2.0(5) ' 1.98(5) 

CODE P R E D I C T I O N S  OF DIMENSIONLESS SUSPENDED CONCENTRATION 
AFTER END OF SOURCE -- TEST AB7 

Log-Normal Code Average( a) , 

NaOH NaI 
C c / c o -  C 1 0 -  c c  

3.39(0) l.OO(0) - - 
3.34(0) 9.86(-1) - 
3.05(0) 8.99(-1) - - 
2.40(0) 7.09(-1) 3.29(-1) l.OO(0) 
2.13(0) 6.28(-1) 2.91(-1) 8:86(-1 
1.87(0) 5.53( -1) 2.56( -1 ), 7.78( -1 
l.lO(0) 3.25(-1) i~o(-i) 4.58(-1 
3.78(-1) 1.11(-1) 5.20(-2) 1.58(-1) 
1.82(-1) 5.37(-2) 2.46(-2) a 7.49(-2) 
1.78(-3) 5.24(-4) 2.37(-4) 7.21i-4) 
6.20(-4) 1.83(-4) 8.09(-4) 2.46(-5) 
5.68(-5) 1.67(-5) 7.33(6) 2.22 (-5) 

- 
3.72 (0) 
3.71(0) 
3.57 (0) 
3.35(0). 
3.19(0) 
3.01 (0) 
2.18(0) 
8.80 ( -1 ) 
5.09 ( -1 ) 
1.80( -2) 
8.23(-3) 
1.32(-3) 

Discrete Code Average(b) 
NaOH NaI 

r 4 0 -  C -0- c/c 
1 .o ' - 
9.97(-1) - 
9.61 (71.) - 
9 .OO( -1 ) 4.28( -1 ) 
8.58(-1) * 4.20(-1) 
8.09(-1) 4.09(-1) 
5.85( -1 ) 3.42( -1 ) 
2.36( -1 ) 1.92( -1 ) 
1.37(-1) 1.32(-1) 
4.85( -3) 9.97( -3) 
2.21(-3) 5.28(-3) 
3.56(-4) 1.21 (-3) 

- 
- 

1 .OO(O) 
9.81 (-1) 

' 9.57(-1) 
8.00(-1) 
4.50 (-1 ) 
3.10(-1) 
2.33( -2) 
1.23( -2) 
2.83( -3) 

(a) Average of HAA-3, HAA-4, and HARRM-3 code predictions. I 

( b )  Average o f  CONTAIN and QUICKM code predictions. 
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. .  
The r a t i o  o f  code p r e d i c t i o n  t o  exper iment f o r  leaked mass i s  p l o t t e d  as a 
f u n c t i o n  o f  t ime  f o r  b o t h  NaOH and NaI i n  F i g u r e  5-26. 
t h a t  t h e  o r d i n a t e  i n  F i g u r e  5-26 i s  a l i n e a r -  s c a l e  r a t h e r  than t h e  l o g  s c a l e  
used i n  F i g u r e  5-26. 
b e t t e r  b y  t h e  d i s c r e t e  codes f o r  bo th  types  o f  aeroso l  species.  

5.5.1.3 P a r t i c l e  S i z e  

The reader  shou ld  n o t e  

F i g u r e  5-26 shows t h a t  t h e  leaked mass was p r e d i c t e d  

The s e t t l i n g  mean diameter i s  a b e t t e r  measure o f  t h e  aeroso l  p a r t i c l e  s i z e  
than  t h e  mass median diameter f o r  c o n d i t i o n s  where g r a v i t a t i o n a l  s e t t l i n g  
dominates t h e  removal processes (as i n  t h e  p resen t  case) and f o r  an aeroso l  
t h a t  does n o t  have a log-normal s i z e - d i s t r i b u t i o n .  The aerodynamic s e t t l i n g  
mean diameter (ASMD) i s  p l o t t e d  i n  F i g u r e  5-27 as ' the r a t i o  of code t o  
experiment f o r  t h e  t w o  c lasses  o f  codes. 
agreemerlt w i t h  experiment than the.1og-normal codes d i d .  
g r e a t l y  ove rp red ic ted  t h e  ASMD ( e s p e c i a l l y  f o r  NaI)  a t  t imes near t h e  end o f  
t h e  NaI source. 
t h e  log-normal codes decreased more r a p i d l y  than  t h e  exper imenta l  measurement. 

The d i s c r e t e  codes aga in  gave b e t t e r  
The log-normal codes 

Th is  e x p l a i n s  why t h e  suspended c o n c e n t r a t i o n  p r e d i c t e d  b y  

Better.agreement o f  t h e  log-normal codes c o u l d  undoubtedly be ob ta ined  b y  
p o s t - t e s t  c a l c u l a t i o n s  w i t h  d i f f e r e n t  va lues  o f  key  i n p u t  parameters, b u t  t h i s  
was n o t  done. The d i s c r e t e  codes were i n  reasonab le  agreement w i t h  exper iment 
f o r  bo th  aeroso l  species.  

5.5.1.4 
. .  

P.lated Mass 

The r a t i o  o f  code p r e d i c t i o n  t o  exper iment f o r  w a l l  p l a t e d  mass i s  g i ven  i n  
Table 5-16 f o r  each o f  t h e  f i v e  codes. 
t h e  t e s t  i s  given, s i n c e  t h a t  i s  t h e  o n l y  t i m e  exper imenta l  d a t a  a r e  a v a i l -  
able. 

Only t h e  t o t a l  p l a t e o u t  a t  t h e  end o f  

Table 5-16 shows t h a t  t h e  log-normal codes were i n  b e t t e r  agreement 

. - ,  
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Code 

TABLE 5-16 

COMPARISON OF PREDICTIONS OF PLATED MASS 

R a t i o  o f  Code t o  T e s t ( a )  
NaO H Na I 

HAA-3 2.14 2.08 
HAA-4 0.17 0.28 
HAARM-3 2.03 2.74 
CONTAI N 0.08 0.43 
QUICKM 0.007 0.06 
Log-Normal Average 1.45 1.70 
D i s c r e t e  Average 0.044 0.25 

w i t h  exper iment than t h e  d i s c r e t e  codes. However, t h i s  i s  n o t  due t o  t h e  
n a t u r e  o f  t h e  codes, b u t  t o  t h e  va lues used f o r  i n p u t  w a l l  p l a t i n g  para-  
meters.  HAA-3 and HAARM-3 used an e m p i r i c a l  v a l u e  f o r  t h e  d i f f u s i o n  

boundary l a y e r  t h i c k n e s s  t h a t  had g i v e n  good agreement w i t h  exper imenta l  
measurement i n  p r e v i o u s  CSTF t e s t s .  An examinat ion o f  t h e  d i v e r s e  i n p u t  
va lues used b y  t h e  v a r i o u s  codes ( r e f e r  t o  Table 5-6) e x p l a i n s  why such a 
l a r g e  v a r i a t i o n  i n  o u t p u t  was ob ta ined f o r  w a l l  p l a t e o u t .  

Poor agreement o f  code p r e d i c t i o n s  f o r  w a l l  p l a t e o u t  w i t h  exper iment  was 
a l s o  noted i n  p r e v i o u s  ABCOVE t e s t s  (’”):, A l though w a l l  p l a t e o u t  i s  
u s u a l l y  a minor  removal mechanism i n  l a r g e  conta inment  b u i l d i n g s  (compared 
w i t h  s e t t l i n g ) ,  t h e  amount o f  aeroso l  p l a t e d  o n t o  v e r t i c a l  sur faces  can be 
i m p o r t a n t  f r o m  a heat  t r a n s f e r  aspect, and an e f f o r t  t o  improve t h e  
c a p a b i l i t y  of codes f o r  p r e d i c t i n g  t h i s  parameter i s  warranted. 

5.5.2 Comparison o f  Aerosol  Behavior i n  Tes t  A67 Wi th Tes t  A66 R e s u l t s  

A d e t a i l e d  comparison o f  t e s t  AB7 w i t h  p rev ious  ABCOVE t e s t s  i s  beyond t h e  
scope o f  t h e  present  document, b u t  a b r i e f  d i s c u s s i o n  i s  presented on com- 
p a r i s o n s  o f  t e s t  A67 w i t h  t e s t  AB6. The d i s c u s s i o n  i s  l i m i t e d  t o  code 
performances i n  p r e d i c t i n g  t h e  suspended mass c o n c e n t r a t i o n  o f  NaOx and 
Na I .  
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Tests AB6 and AB7 differed in two important aspects, which affected the 
behavior of the lesser mass species (NaI). 
dominant mass species, NaO,, was 15 times greater in test AB6 compared to 
test AB7. 
NaO, being approximately 10 times greater in test AB6, which caused a 
higher rate of agglomeration, larger particles and more rapid fallout. 
second important difference between the two tests was the relative timing o f  
release for the two aerosol species. In test.AB6, the NaI was released 

First, mass release rate of the 

This resulted in the maximum suspended mass concentration of 

The 

first and NaO, release continued for 2400 s after the end of the NaI 
release period. In test AB7, the NaI source period occurred after the end 
o f  the NaOH release. 

The effects of the two key experimental differences in the two tests can be 
seen in Figure 5-28, in which the dimensionless suspended mass 
concentrations are plotted as a function of time on semilogarithmic paper. 
First, the concentration.decreased-much more rapidly in test A66 for both 
aerosol species. This was due to the higher absolute concentration of 
NaO, in test AB6. Both log-normal and discrete codes predict this 
behavior due to concentration differences. The inflection in the NaI c w v e  
for test AB6 is believed to be due to resuspension . ( 2 )  . 

Secondly, Figure 5-28 shows that the concentration of NaI decreased more 
rapidly than that of NaOH in test AB6, while the converse was true in test 
AB7. 
release of NaI and is predicted by the discrete, sectionally uniform codes. 
Since the log-normal codes use the assumption that all aerosol particles, 
have the same composition,Jthey predict the same fallout rates for NaI and 
NaOx, which is not supported by the experimental results. 

This interesting behavior was caused by the different timing of 

Several other differences in the two tests should be noted. The temperature 
of the containment atmosphere was very low in test AB7 ( 3 4 O C  maximurn), and 
NaI was not exposed to oxidizi'ng conditions at high temperature, as was the 
case in test AB6. Although the authors do not believe that significant I2 
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f o r m a t i o n  occur red  i n  t e s t  A66, t h e r e  was a much lower p r o b a b i l i t y  o f  I;, 
f o r m a t i o n  i n  t e s t  AB7. Another d i f f e r e n c e  between t h e  two t e s t s  was t h a t  i n  
t e s t  A87 t h e  convec t ion  v e l o c i t i e s  were much lower, t h e  aerosol  d e p o s i t  
th ickness  was much t h i n n e r ,  and t h e  d e p o s i t  was wet and s t i c k y ,  a l l  of which 
tended t o  min imize  resuspension i n  t e s t  A87. 
suspected i n  t e s t  AB6('). 

t h e  r a t i o  o f  NaI t o  NaOx suspended mass was much h i g h e r  f o r  t e s t  AB7,  
e n a b l i n g  l a r g e r  NaI samples t o  be taken, w i t h  b e t t e r  exper imenta l  accuracy 
f o r  N a I .  

S i g n i f i c a n t  resuspension was 
Another d i f f e r e n c e  i n - t h e  two t e s t s  was t h a t  

The performance o f  codes i n  p r e d i c t i n g  t h e  NaI suspended mass c o n c e n t r a t i o n  
i n  t e s t s  A66 and AB7 i s  shown i n  F i g u r e  5-29. I n  F i g u r e  5-29 t h e  
d imensionless c o n c e n t r a t i o n ,  based on c o n c e n t r a t i o n  a t  t h e  end o f  t h e  NaI 
source, i s  p l o t t e d  on l o g a r i t h m i c  paper as a f u n c t i o n  o f  t i m e  a f t e r  t h e  end 
o f  t h e  NaI source. I n t e r p r e t a t i o n  o f  t h e  t e s t  A66 ' r e s u l t s  i s  compl icated 
because o f  t h e  suspected resuspension o f  p r e v i o u s l y  depos i ted  aerosol ,  which 
may have caused t h e  s lowing  o f  decay a t  t imes t o  2400 s. 
t h e  A66 exper imenta l  curve  a t  2400 s c o i n c i d e d  w i t h  t h e  end o f  t h e  sodium 
spray  f i r e  and i t s  a t tendant  v igorous  convec t ion  c u r r e n t s .  

+ 

The i n f l e c t i o n  i n  

F i g u r e  5-29 shows t h a t  t h e  d i s c r e t e  codes agreed 'we l l  w i t h  t h e  A66 e x p e r i -  
ment a t  t imes l e s s  than 1000 s and w i t h  t e s t  A67 a t  a l l  t imes.  The l o g -  
normal codes o v e r p r e d i c t e d  t h e  A66 exper iment s i g n i f i c a n t l y  a t  t imes l e s s  
than 2400 s and underpred ic ted  t h e  A67 exper iment a t  a l l  t imes.  
code p r e d i c t i o n  i s  p l o t t e d  s e p a r a t e l y  f r o m  t h e  o t h e r  log-normal codes f o r  

The HAH-4 

t e s t  
log-normal codes. I t  p r e d i c t e d  approx imate ly  t h e  same as t h e  o t h e r  
log-normal codes f o r  t e s t  AB7. 

A66 because i t  was i n  b e t t e r  agreement w i t h  exper iment than t h e  o t h e r  

The au thors  conclude t h a t  t h e  d i s c k e t e ,  s e c t i o n a l l y  u n i f o r m  codes a r e  cap- 
a b l e  o f  good'accuracy i n  t h e  p r e d i c t i o n  o f  t h e  behav io r  o f  a m u l t i p l e  species 
aerosol  w i th  d i f f e r e n t  source per iods.  The au thors  a l s o  conclude t h a t  t h e  
assumption of u n i f o r m  coagglomerat ion used i n  a l l  o f  t h e  log-normal codes 
appears t o  be i n c o r r e c t  and can l e a d  t o  s i g n i f i c a n t  e r r o r  i n  p r e d i c t i n g  t h e  
minor  mass species i n  a m u l t i p l e  species aeroso l  under some c o n d i t i o n s .  
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A P P E N D I X  A 

DATA A C Q U I S I T I O N  SYSTEM CHANNEL IDENTIFICATION 

The i d e n t i f i c a t i o n  and l o c a t i o n  o f  each da ta  a c q u i s i t i o n  system ( D A S )  
channel i s  g iven  i n  Table A-1. 
l o c a t i o n s  c i t e d  i n  Table A-1  a re  i l l u s t r a t e d  i n  F i g u r e  A-1. 

Coordinates used t o  d e f i n e  t h e  thermocouple 

A-2  
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No. 

0 
*l 
"2 
*3 

*4 

*5 

*6 

*7 
*8 

*9 
*10 
*l 1 
*13 
*14 
*15 
* l 6  
*17 

*18 
*19 
*2 0 
* 2  1 
*2 2 
* 2  3 
*2 4 

. .  
TABLE A-1 

DATA ACQUISITION SYSTEM CHANNEL IDENTIFICATION - TEST A57 

Recorder 
& P o i n t  

- 
3-1 
3- 2 
3-3 

3-4 

3- 5 

3- 6 

3- 7 
3-8 
3- 9 
3-10 
3-1 1 
3-13 
3-1 4 
3-1 5 
3-1 6 
3-1 7 

3-1 8 
3-1 9 
3-20 
3-21 
3-22 
3-23 
3-24 

Measurement Output D e s c r i p t i o n  - & L o c a t i o n  

s t d  temp O F  

C V  atmos temp O F  

C V  atmos temp "F 
C V  atmos temp "F 

C V  atmos temp, O F  

C V  atmos temp "F 

C V  atmos temp O F  

C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 

O F  

O F  

O F  

O F  

"F 
O F  

"F 
O F  

"F 
O F  

O F  

"F 
"F 
"F 
"F 
"F 
"F 

Set  a t  100" 
+9.15-m e lev,  1.27-m r a d i u s ,  150" 
+5.79-m e lev,  1.27-m r a d i u s ,  175" 
+2.44-m e lev ,  1.27-m r a d i u s ,  175" 

-0.91-m e lev ,  1.27-m r a d i u s ,  175" 

-3.96-m e lev,  1.27-m r a d i u s ,  175" 

-7.01-m e lev ,  1.27-m r a d i u s ,  175" 

+9.15-m e lev ,  2.24-m r a d i u s ,  160" 

+5.79-m e lev,  2.24-111 r a d i u s ,  175" 
+2.44-m e lev ,  2.24-m r a d i u s ,  175" 
-0.91-m e lev ,  2.24-m r a d i u s ,  175" 
-3.96-m e lev,  2.24-m r a d i u s ,  175" 
+9.15-m e lev ,  2.90-m r a d i u s ,  170" 
+5.79-m e lev,  2.90-m r a d i u s ,  175" 
+2.44-m e lev ,  2.90-m r a d i u s ,  175" 
-0.91-m e lev,  2.90-m r a d i u s ,  175" 
-3.96-m e lev ,  2.90-m r a d i u s ,  175" 
-7.01-m e lev,  2.90-m r a d i u s ,  175" 
+9.15-m e lev,  3.40-m rad ius ,  170" 
+5.61-m e lev,  3.40-m r a d i u s ,  175" 
+2.44-m e lev,  3.40-m r a d i u s ,  175" 
-0.73-m e lev,  3.40-m r a d i u s ,  175" 
-4.27-m e lev ,  3.40-m r a d i u s ,  175" 
-7.01-m e lev,  3.40-m r a d i u s ,  175" 

1-/8" diam, 1/4" t u b e  

1/8" diam, 1/4" t u b e  

1/8" diam, 1/4" t u b e  

1/8" diam, 1/4" t u b e  

*Used i n  averaging t o  o b t a i n  mean atmospher ic temperature.  
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No. 

25** 
2 6** 
27 
28 
29 
30** 

32** 
33 

34 
3 5  
36 
37 
38 . 
39 
40 
41 
42 
4 3** 

44 
45 
46 
47 
48** 

49 
50** 

51** 
5 2** 

. .  

Recorder 
& P o i n t  

6- 1 
6 -2 
6- 3 
6-4 
6-5 
6 -6 
6-8 
6-9 
6-1 0 
6-1 1 
6-1 2 
6-1 3 
6-14 
6-1 5 
6-1 6 
6-1 7 
6-18 
6-19 

6-20 
6-21 
6-22 
6-23 
6-24 

11-1 
t11-2 

11-3 
11-4 

C V  s t e e l  temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  atmos temp 
CV s t e e l  temp 

C V  s t e e l  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
c v  s t e e l  temp 

TABLE A-1  (C.ont 'd)  

Measurement Output 

C V  s t e e l  temp O F  

C V  s t e e l  temp ' "F 
C V  s t e e l  temp O F  

C V  s t e e l  temp O F  

C V  s t e e l  temp O F  

C Y  s t e e l  temp O F  

C V  s t e e l  temp O F  

C V  1 8 - i n  I beam "F . 
C V  atrnos temp ~ O F  

C V  18-in. I beam "F 
C V  atmos temp . O F  

C V  18- in  I beam O F  

"F 
"F . 

O F  

"F 
O F  

O F  

O F  

O F  ' 

"F 
O F  ' *  

O F  

O F  

O F .  

"F 
O F  

-- D e s c r i p t i o n  & L o c a t i o n  

I n s i d e  surface, +8.84-m e l e v ,  180" 
I n s i d e  sur face,  +8.84-m e l e v ,  0" 
I n s i d e  sur face,  +4.57-m e l e v ,  30" 
I n s i d e  sur face,  +4.57-m e lev ,  210" 
I n s i d e  sur face,  -0.91-m e l e v ,  30" 
I n s i d e  sur face,  -0.91-m e lev ,  210" 
I n s i d e  sur face,  -3.66-m e lev ,  210" 
Surface, +8.5-m e lev ,  0" r a d i u s  
A t  T1 s t a t i o n ,  0.15 m from w a l l  
Surface, +8.5-m e l e v ,  2.44-m r a d u i s  
A t  T2 s t a t i o n ,  0.16 m from w a l l  
Surface, +8,5-m e lev ,  3.66-m, r a d i u s ,  180" 
Top.dome sur face,  0.31-111 r a d i u s  
0.010 m f r o m  dome-surface, 0.31-m r a d i u s  
0.019 rn f r o m  dome sur face,  0.31-m r a d i u s  
0.051 m f rom dome sur face,  0.31-m r a d i u s  
0.305 m f r o m  dome sur face,  0.31-m r a d i u s  
I n s i d e  sur face -5.79-m e lev ,  225" 
I n s i d e  s u r f a c e  -9.15-m e lev ,  300" 
I n s i d e  sur face -8.54-m e lev ,  180" 
I n s i d e - s u r f a c e  -9.45-m e l e v ,  300" bot tom head 

- 5 . 7 9 4  e lev ,  1 . 2 2 4  r a d i u s ,  95" 
I n s i d e  s u r f a c e  +10.7-m e lev ,  1 . 2 2 4  r a d i u s ,  
285" 
Outs ide  s u r f a c e  t o p  dome center ,  +11.0-m e l e v  
Outs ide  sur face,  +6.10-m e l e v ,  180" azimuth 

Outs ide sur face,  +1.22-m e l e v ,  180" azimuth 
Outs ide  surface, -3.05-m e lev ,  180" azimuth 

**Used i n  averaging t o  o b t a i n  mean temp. o f  C V  s t e e l .  
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No. 

53** 
54 

55 
56  
57 
58  
59 
61 
62 
63 
64 
6 5** 

66** 
6 7** 
68** 
69  
70 
71 
77 
78 
79 
8 0  

81 
82 

83  
84  
85 

TABLE A-1 (Con t ' d )  

Recorder 
& P o i n t  Measurement Output 

11-5 
11-6 
11-7 
11-8 
11-9 
11-10 
11-1 1 
11-13 
11-14 
11-15 
11-16 
11-17 
11-18 
11-19 
11-20 
11-21 
11-22 
11-23 
5- 5 

5-10 
5-1 1 
5-1 2 

C V  s t e e l  temp 
Outs ide.  a i r  
Outs ide  a i r  
Outs ide  a i r  
Outs ide  a i r  
18 - in  I beam 
18- in  I beam 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 

+ C V  s t e e l  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  i n s u l a t i o n  
C V  atmos temp 
C V  i n s u l a t i o n  
C V  atmos temp 
18 - in  I beam 
1 8 - i n  I beam 
C V  atmos temp 
C V  atmos temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 

"F 
"F 
"F 
O F  

"F 
"F 
"F 
" F  
"F 
"F 
O F  

"F 

O F  

O F  

O F  

"F 
"F 
"F 
"F 
"F 
O F  

O F  

O F  

"F 
"F 
"F 
"F 

D e s c r i p t i o n  & Loca t ion  

Outs ide  sur face,  -8.79-111 e lev ,  135" 
+9.15-m e lev ,  0.30-m f rom C V ,  260" 
+2.13-m elev,.0.30-m f rom CV, 180" 
-6.10-m e lev ,  0.30-m f rom CV,  180" 
Ex-CV room v e n t i l a t i o n  exhaust  I 

-0.46-m r a d i u s ,  +8.5-m e lev ,  embed, 180" 
-3.36-m rad ius ,  +8.5-m e lev ,  embed, 180" 
0.010 m f r om w a l l ,  +1.52 m e lev ,  100" 
0.020 m f r om w a l l ,  +1.52 m e lev ,  100" 
0.050 m f rom w a l l ,  +1.52 m e lev ,  100" 
0.305 m f r om w a l l ,  +1.52 m e lev ,  100" 
I n s i d e  su r face  +1.52 m e lev ,  100" 

I n s i d e  su r face  +4.27 m e lev ,  180" 
I n s i d e  su r face  +1.22 m e lev ,  345" 
I n s i d e  sur face ,  -5.79 m e lev,  30" 
Outer  sur face ,  -6.10 m e lev ,  108" 
A t  T3 s t a t i o n ,  -0.15 m f r om w a l l  
-3.96 m e lev ,  o u t e r  su r face  108" 
A t  T4 s t a t i o n ,  0.15 rn f r o m  w a l l  
Surface, +8.5 m e lev ,  1.83 m r a d i u s ,  18C 
Surface, +8.5 e lev ,  3.05-m rad ius ,  180" 
+6.71 m e lev ,  1.27 m rad ius ,  175" 
+6.71 m e lev ,  2.90 m rad ius ,  175" 
Outs ide  sur face ,  +8.84-m e lev ,  270" 
Outs ide  sur face,  -0.92-m e lev ,  30" 
Outs ide  sur face ,  -7.01-m e lev ,  90" 
HM-3 Temp, o u t e r  w a l l ,  +0.46-m e lev ,  266 

----_____- 

**Used i n  averag ing  t o  o b t a i n  mean temp. o f  s t e e l .  
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TABLE A-1 ( C o n t ' d )  

No. 

86 
87 
88 
8 9  
90 
91 

93 
92 
97 
98 

102 
103 
104 
105 
113 
141 

159 
163 
164 
166 
167 

168 

169 

170 

Recorder 
& P o i n t  

3-12 
7 -4 
7-1 1 
8 -Red 
10 Red 
9 Green 

Measurement 

C V  s t e e l .  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  s t e e l  temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
C V  atmos temp 
Na l i n e  temp 
Nozzle temp 

C V  s t e e l  
C V  atmos 
Temperature . 

Temperature . 
Sodium temp 
Percent  O2 
Percent  O2 
C V  Pressure 
D i f f  P ressure  
D i f f  Pressure 
Heat F l u x  

Heat F l u x  

Heat F l u x  

Heat F l u x  

o u t p u t  

OF 
"F 
OF 
OF 
"F 
"F 
"F 
OF 
OF 
OF 
O F  

OF 
O F  

O F  

O F  
rnV 
rnV. 
mV 
rnV 
mV ~ 

rnV 

mV 

mV 

mV 

- D e s c r i p t i o n  & L o c a t i o n  

HM-2 Temp, o u t e r  w a l l ,  +0.46-m e lev ,  254" 
HM-4 Temp, i n s i d e  w a l l ,  +8.54-m e lev ,  280' 
HM-5 Temp, i n s i d e  w a l l ,  +5.49-m e lev ,  327' 
HM-6 Temp, i n s i d e  w a l l ,  -6.111-rn e lev ,  327' 
-0.91-m e l e v ,  0.91-m r a d i u s  
-0.91-m e lev ,  c e n t e r l i n e  
-4.27-m e l e v ,  c e n t e r l i n e  
-4.27-m e l e v ,  0.91-m r a d i u s  
Na l i n e  1.22-m f rom n o z z l e  
Na spray  n o z z l e  
Catch pan f l o o r ,  -8.48-m e lev ,  c e n t e r  
0.30 rn above .catch pan 
NaI L i q u i d  Temp 
Nuc lea tor  o u t l e t  temp 
Sodium supp ly  tank, TK-2 
+6.10 m e lev ,  3.51 m r a d i u s ,  255" 
-6.70 m e l e v ,  3-51 m r a d i u s ,  70" 
C V  Pressure 600MV = 60 P S I A  = 413.7 k f a  
D i f f e r e n t i a l  p ressure  between TK-2 and C V  
C V  and spray  n o z z l e  p ressure  d i f f  
HM-1, 8.21 BTU/Ft -Hr-mV, +0.46 m elev,  
254", i n s i d e  w a l l  s u r f a c e  
HM-2, 8.27 BTU/Ft -Hr-mV, +0.46 m e l e v ,  
254", o u t s i d e  w a l l  s u r f a c e  
HM-3, 8.08 BTU/Ft -Hr-mV, +0.46 m e l e v ,  
260", o u t s i d e  s u r f a c e  under i n s u l a t i o n  
HM-4, 9.05 BTU/Ft -Hr-mV, +8.54 m e l e v ,  
280", i n s i d e  w a l l  s u r f a c e  

2 

2 

2 

2 
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Recorder 
No. & P o i n t  Measurement 

171 Heat F lux  

. 

I .  

.. 
TABLE A-1 ( C o n t ' d )  

172 Heat F lux  

174 7-  1 Dewpoint 

175 7-2 Dewpo i n t 

178 7- 5 Percent  H2 

179 7-6 Percent  H2 
180 4-Red Sodium f l o w  

o u t p u t  D e s c r i p t i o n  & Loca t ion  
2 rnV HM-5, 9.23 BTU/Ft -Hr-mV, +5.49 m e lev ,  

327", i n s i d e  w a l l  s u r f a c e  
mV HM-6 11.25 BTU/FtL-Hr-rnV, 6.40 m e lev ,  

327", i n s i d e  w a l l  s u r f a c e  
mV +6.10 m e lev ,  3.51 m rad ius ,  255" lOOmV 

mV -6.70 m e lev ,  3.51 m rad ius ,  70" lOOmV = 

mV +6.10 m e lev ,  3.51 m rad ius ,  255" lOOmV 

mV -6.70 m e lev ,  3.51 m r a d i u s ,  70' lOOmV = 
rnV Sodium spray  r a t e ,  10 mV = 630 g/s  

37.8"C 

37.8"C 

37.8"C 

181 8-Blue Sodium mass, l b  mV Load c e l l  on TK-2, 600 mV=600 1b=272 k g  
182 9-Red Rad. Heat F l u x  mV Rad ian t  hea t  f l u x  meter, -1.93 m e lev ,  8 

azimuth, 0.47 m f rom o u t e r  w a l l  

A- 8 
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I .  

APPENDIX B 

DIGITAL OUTPUT FOR INTIAL 56 MINUTES FOR ALL CHANNELS 

A l l  t h e  d i g i t a l  d a t a  recorded on magnet ic tape d u r i n g  t h e  i n i t i a l  56 minutes 
o f  t e s t  AB7 a r e  l i s t e d  i n  Tables B-1 through B-13. 
temperatures were f a i r l y  u n i f o r m  throughout  t h e  vessel  and t h e  average 
va lues g iven i n  Appendix C can be used. 

A f t e r  56 minutes,  

I d e n t i f i c a t i o n  o f  each d a t a  a c q u i s i t i o n  system (DAS) channel i s  p rov ided i n  
Appendix A. 

The conten ts  of Tables B-1 th rough B-13 a r e  as f o l l o w s :  

Tables Channels 
6- 1 DAS 1 through DAS 9 
B -2 
B- 3 
B -4 

DAS 10 through DAS 19 
DAS 20 through DAS 28 
DAS 29 through DAS 38 

B- 5 
B -6 
B- 7 
B -8 
B-9 
B-10 
B-11 
B-12 
6-13 

DAS 39 through DAS 47 
DAS 48 through DAS 56 
DAS 57 through DAS 66 
DAS 67 through DAS 80 
DAS 81 through DAS 89 
DAS 90 through DAS 101 
DAS 102 through DAS 164 
DAS 166 th rough DAS 179 
OAS 181 through DAS 182 

B -2 

r 



D I G I T A L  OUTPUT FOR CHMNELS 1 THROUGH ? -- TEST. A!? 
!REFER TI! TAELE A-1 FOR CHANNEL D€SCRIPTII!NS) 

25,l 
25. I 
1 5 9 1  
25, I 
25tl 

25.1 
32.R 
5513 
4!,t 
44.1 

42.1 
4012 

37;3 
35 8 ' 1  

33,3 
33.8 

3L7 
3313 

33.0 
32t7 
32t4 
3261 
31 t ?  

3: *'4 
2914 
29,3 
29,s 

38,s 

33;a 

2 8 ~  

212 
29.1 
28t9 
2ata 

13,B 
23,P 
23.8 
23,2 
23,a 

23.7 
2387 
2980 
3291 
3313 

33.6 
3z.4 
33tO 
32,4 
31.8 

N ,  a 
31,3 

30.4 
3J.O 
29,s 

28,O 
28.6 
2842 
27,9 
. " ? a 8  

27.7 
2796 
27,9 
2813 
2at3 

27t9 
27,; 
26t9 
26t8 

?3,7 
23.7 
23.7 
23,: 
?3,7 

23t7 
23.8 
,J*4 

3 . 7  
27.5 

'27,8 
27tP 
28.1 
28.1 
2a.i 

28,: 
?Sti 
28.0 
2798 
2796 

?7,4 
27,3 
1793 
27.4 
27,4 

27t4 
27t7 
28.0 
,1883 
28,4 

28,O 
27tt 
26a9 
26tc. 

:3t4 

23,4 
23,c 
23 ,4  

2314 
23.7 
24tE 
25t1 
252 

3 , 3  
25,4 
2594 
25,s 
2507 

2518 
25.9 
2 5 0 7  
2599 
26,O 

2.315 

26? 1 
-26t2 
2692 
261.3 
2614 

2695 
26t8 
27,i 
2715 
77 7 d 4 : 

2715 
27.0 
26.6 
26,3 

22.8 
2268 

22,a 
22.8 

z t a  
22.8 
23,O 
23,4 
23t6 
23.t 

23t6 
23t6 
23t6 
?3,6 
2317 

23,' 
23.8 
23.8 
23.a 
23.8 

24tO 
24,i 
24.3 
2414 
24t5 

24,6 
25.3 

26t3 
2613 

25.9 
25t4  
2590 
2 4 8 7  

25tb 
25t6 
f 5 t b  
25t6 
25.6 

25, t 
y,? 
53.6 
46a1 
44.5 

40.3 
38tB 
37,: 
3bt4 

34,:' 
34.1 
34,l 
341B 
33,: 

33,G 
3218 
32.6 
32.1 

3117 
2Pt5 
29,s 
29,s 
29.1 

2966 
29tb 
2F,4 
29+4 

B- 3 



DASt 10 
#G c ---------- 

23t7 
23.7 
23.7 
23t6 
?? 7 &-It / 

23t7  
24,a 
26+8 
24,s 
26t3 

2bt3 
26.2 
26,O 
26,: 
26th 

26t5 
26,h 
26.4 
26t3 
26t4 

2b,4 
26t7 
26t7 
26t7 
26t9 

26t? 
27t2 
27,s 
27t8 
27.9 

?!t4 
26.6 
25,2 
26tO 

;ABLE 8-2 

BIGITkL OUTPUT FOR CHANNRS 10 THROUGH 1P -- TEST AB7 
{ R E i f R  TO TABLE A-1 FOR CHANNEL bESCRIPTIONS) 

?3t6 
23tl. 
23th 
23t7 
23.6 

23t7 
24t3 
26tl 
25t7 
25t4 

25t2 
25.1 
25to 
25t1 
25t3 

29t4 
2546 
2565 
25.3 
25,s 

25,b 
25t9 
25.9 
26ti  
26t2  

26i3 
26ta 
27t1  
27t4 
27t4 

26t8 
2611 
25tb 
25.4 

2512 
25t3 
25t3 
25t3 
25.3 

25.3 
31.i 
53t2 
4719 
44t2 

41.4 
39,: 

37.1 
36t3 

34.4 
34.2 
33 18 
33.6 
33,: 

3at3 

32,a 
32.6 
32t3 
31 t9  
31t6  

31 t ?  

29t9 
29.3 
29+1 
28+P 

29t3 
29,; 
29t l  
29t3 

DASD fl 
3EG C -_-----_-_ 

21t4 
24.3 
24t3 
24t3 
24.3 

24e3 
25t5 
46.7 
3ato 
35t8 

34t2  
32t9 
32t2 
30t9 
30t5 

30*3 
29t7 
29.4 
-. "V,; 
23t2 

27.a 
27.8 
27t7 
2718 
27eB 

27tP 
28tO 
28t5 
28t8 
28,6 

?ati 
27t3 
27tl  
27.0 

DkSI !5 
DEG C ---------_ 

3 , 9  
24.6 
24tO 
23t9  
24tO 

24tO 
25.0 
32tC 
31 t 9  
31n2 

30t4 
?9&9 
2 9 s  
29tO 
3 . 7  

28t7 

27t6 
27.4 
27.1 

2?,1 
27t2 
27t3 
27,4 

28.4 

2at2 

27t6 
2 7 J  
28t1 

2813 
2a,4 

27t8 
?!ti 

26t7 
26+4 

DASP 16 
rcG c ---------- 

2317 
23.7 
23.7 
23.7 
23t7 

23t! 
24,6 
27tb 
26.8 
26t4 

'2bt3 
2642 
1519 
2643 
Zit8  

26t7 
2617 
26,: 
26t4 
26t4 

2 i t b  
26.7 
26t8 
26t7 
26t9 

27tO 
2 7 t 3  
2716 

7 7 t 9  
27.0 

27t4 
26.: 
2b*2 
26tC 

DASt 17 
DES C ---------_ 

23.8 
23t6 
23,7 
23t8 
23.8 

23,8 
24t6 
26,7 
2bt i  
2!L7 

?5t4 
!5*3 
2512 
25t3 
2596 

25,? 
25 t?  

25t6 
2516 
25.7 

25.9 
26t? 
26t3 
26t2 
26t4 

2616 
?At9 
27t3 
27th 
27'6 

26t9 
26t1 
25.7 
25t4 

1 ,  

DkSt 1P 
DEG C ----"_---_ 

?2t9  
23tG 
2 3 t O  
q.3 n 
i L t l  

23tO 

23tO 
23t7 
24tfj 
24t7 
2 4 2  

2 4 1 1  
24.6 
24tO 
24 t C. 
24t2 

24,:' 
24t2 
2413 
24*3 

' 24.Z 

24,3 
24,: 
24,7 
24t7 
24+8 

22 t8 
25,3 
25t7 
E t 9  
25t6 

25t3 
24.7 
24t7 
2 4 t Z  
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DAS# 20 
MG c ---------- 

2410 
24t i  
24.0 
24tO 
2 4 t l  

24t1 
25.2 
43t? 
39,: 
36,5 

34.2 
32*7 
31.2 
30.f 
30.1 

29*9 
2913 
28.E 
?8t4 
28.1 

27t5 
'27;3 
27,? 
27.2 
27.2 

27.3 
??*4  
27.9 
28.2 
2811 

27.5 
27to 
26.8 
2bt7 

DAS3 2! 
@EG C ---------- 

23t9 
Z t ?  

23t9 
23t9 
23 ,? 

23*9 
25.0 
32.2 
31t8 
31,9 

3111 
3014 
29;7 
28.7 
28.7 

28.8 

2 ~ a  
?8+3 

27.6 
27;: 

2669 
2 6 8  
26.9 
27tG. 
27t1 

27.2 
27;4 
27t7 
u t 9  
27eP 

2?t4  
26.8 
3 t 4  

2612 

TAELE 8-3 

BIGITEIL OUTPUT FOR CHANMLS 20 THROUGH 29 -- TEST AB: 
'REFER i J  TARE A-1 FOR 'CHANNEL DESCRIYTIDNS) 

MSt 22 
DEG C ---------- 

23.6 
23th 
13.6 
23.6 
23,6 

23*7 
24t5 
27.6 
26t8 
26.6 

2614 
'2be7 
26.2 
27tO 
27.3 

26t8 
?6+9 
26.6 
26t6 
26t7 

- 26t6 
2bB6 
26t6 

- 2 b t 7  
26.8 

2618 
27*0 
27e3 
27.6 
27.6 

2 7 2  
26.5 

.2b t1  
25 t ?  

ffiS# 23 
ZEG C _---__---_ 

23t3 
23,4 
73.3 
23*4 
23.4 

13t4 
24.1 
2 5 * 7  
:5*4 
25.2 

25t1 
2511 
25.0 
25t2 
3 . 4  

25.6 
?5*h 
25.5 - 
?5t5 
25t5 

25tb 
25.7 
25.8 
25." 
26.0 

26.1 
26.4 
26.7 
27,o 
27tO 

2684 
!5*7 
?5*3 
2511 

PAS# 24 
DEG C -_--_----- 

22.7 
22S.7 
22.7 
22,: 

'2247 

nti 
-23 t4  
25.8 
24 *5 
24*2  

29.1 
24t i  
24t1 
2 4 t i  
7412 

24.3 
2 4 2  
24.2 

A 24.1 
24.2 

24*2 
2424 
."+4 
24th 
24t7 

24t! 
251 i 
25.5 
25t7 
2515 

5 1  
24.6 
3 . 3  
2481 

.- ' 

DASI :5 
DE5 C __--___--_ 

2?t9 
23.0 
23to 
23.0 
-3.0 

23,: 
23.9 

- 24t? 
24t7 
24.6 

-?- 

24t6 
' 24.6 

2486 
24t6 
2 4 3  

24.4 
24.6 
24t6 
24tb 
25.b 

24t6 
2417 
24tb 
2k.7 
24t7  

24t6 
2487 
2418 
29.9 
25.1 

25.1 
25t2 
2513 
25.3 

2219 

22.? 
22.9 
22.1 
:2t9 

23to 
23.3 
23t7 
2317 
23+7 

23*8 
23,a 
23t9 
24tO 
2410 

24, I 
24.1 
24t2  
24.2 
24.2 

24t2 
24.5 
2413 
24.4 
?4t4 

24i4 
2416 
2417 
24t8 
2419 

25.1 
25t2 
5 2  
25.3 

22.8 
??,E. 
22.8 

22t8 

22.8 
2218 
2345 
23t8 
24 4. I 

22,a 

24v2 
24,: 
24 I, 2 
24,: 
24 1 

2 4 * 1  
?4,1 
24+1  
24.1 
2481 

24,o 
24.0 
24.0 

424 t o  

24.0 

24*0 
24t1 
24 t2  
24t3 
2495 

24;4 
?4,6 
24t6 
24th 
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TABLE 8-4 

DIGITAL OUTPUT FOR CHAVNELS 29 THROUGH 38 -- TEST 3 7  
;REFER 513 TABLE A-1 FOR CHANNEL DESCRIPTIONS) 

DkSd 29 
PEG C 

---------- 

2213 
22t3 
22.3 
2218 
2213 

22.8 
22.9 
23.1 
2342 
23t2 

23,2 
23.3 
23.3 
23t3 
23.4 

23.4 
23t4 
23.5 
23.5 
23.5 

23.5 
23.5 
23.6 
23.6 
23.6 

23.6 
2317 
23.F 
2410 
24.2 

24.3 
24.3 
24.3 
24.3 

DkSl 30 
DEG C 

---------- 

2217 
22,? 
2 2 t b  
22,: 
2 . 7  

22.7 
22.7 
2245, 
23.0 
23t0 

23.1 
23t1 
23t1 
23, i  
23t1 

23t2 
23.2 
23.2 
2342 
23.2 

2343 
23.3 
23.3 
23t3 
23.3 

2313 
9- e 
d . J  

23.6 
1318 
23.9 

14t1  
24,: 
Z4.1 
241: 

DkS# j 2  
I!EG t 

---------- 

23.0 
23, I 
13.1 
23t1 
'3.1 

23t1 
22 ,a 
23t1 - 
23.1 
23,: 

?3,2 
23.2" 
23.2 
2312 
2312 

23.2 
23t3 
23t3 
23.3 
23.3 

23.3 
23.4 
2344 
23.4 
23.4 

25.4 
?3,6 
23.7 
23,a 
23.? 

24+0 
24,: 
24.1 
24t2 

23.3 
23,3 
23'3 
23,s 
23.3 

23.3 
2386 
24.9 
24t9 
2 4 4 8  

24.7 
24 .? 
24.9 
24tE 
29t9 

24 t 9  
25.0 
25.0 
!5,1 
25.1 

25.0 
25.1 
25.1 

.25.1 
2511 

25, i  
ir 

25.3 
25.4 
2516 

L J t i  

2516 
.?C -J L J t ;  

25.7 
25.8 

2319 
23.9 
23.9 
23,a 
23.8 

2349 
52.7 
49.7 
43t9 
39.6 

36.4 
3412 
32 t6 
3: 15 

30,9 

30+4 
29.9 
?9t2 
28.7 
28.1 

2748 
27;7 
27.4 
27.6 
27.b 

27.7 
27;6 
27.9 
:titi. 
27.9 

-. ??,6 
2514 
26.1 
251? 

DASI 35 
2EG G ---------- 

?- . . ~ * 6  
,2316 
2316 
23.5 
23,6 

2 3 t b  
23.8 
25t1 
25.0 
2512 

25.2 
2 5 4 ;  

25.3 
25 t3  
2514 

251 4 
25.6 
2586 
2517 
25.7 

25.7 
2 5 t i  
25.8 
25t8 
25.8 

25,a 
25.9 
26.1 
26.3 
26t4 

26.5 
2616 
26.7 
26.7 

PAS# Zb 
DEG C ---------_ 

23.9 
2349 
23t9 
23.9 
2343 

23.9 
3216 
33t2 
3213 
31t4 

30.b  

21.9 
2 9 6 5  

29.3 
:3,a 

28t6 
?3t3 

? i t 9  
271 7 

27.7 
27.4 
2?t4 
27.4 
27t4 

27.4 
27.4 
27,? 
2313 
28.2 

27,s 
26.2 
3 . 3  
26.1 

28.1 

w 37 
3EG C ---------- 

23.1 
23.1 
33+1 
23,: 
1341 

25 .  i 
2317 
24.2 
2416 
244b 

24.7 
24.7 
24.7 
2419 
2418 

514 ,fi 
24.9 
'4 f 

24.9 
25.1 

25.0 
25.1 
2511 
25,; 
25t1 

25.1 
25t2 
25.3 
25.3 
J " J , 4  

25th 
25th 
25.7 
25,' 

L 1.  
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TAELE B-5 

DIGITAL CUTPUT FOR CHANNELS. 3P THROUGH 47 -- TE;T 3 7  
{ R E F E R  TO TABLE'A-1 FOR CHANNEL BESCRIPTIONS) 

DAS# 3? 
DEG C _--------- 

26t7 
2617 

16t7 
26ti  
26+9 

26,? 
53.5 
56tO 
51t7 
50,4 

4812 
46a6 
9414 
4314 
41t2 

39t9 
39t4 
38.1 
F , 3  
36t3 

-c 'I JJtI  
34,7 
3 4 3  
3319 
3368 

33t2 
31 t ?  

30,: 
30. J 
30t4 

30,7 
30t8 
30,b 
30t7 

DASt 40 
?iG c ________-_ 

27,: 

i. 77,l 

27, i 
Ziti 

2713 
r o  7 

5 S t 2  
54,: 
52t7 

50t4 
48t7 
46t3 
45t3 
42t9 

41 t6 

39th 
38t3 
37t3 

36,8 
35t? 

34t7 
34t6 

34,c 
32t4 
31;: 
21 to  

3Gt1 

33 I 3  

31 t2 
30t9 
31,i 

3 7  1 
ii t L  

J, t i  

4ota 

-c 
J J t 2  

20t2 
28,:' 
29ti 
28,: 
28t1 

-q 'j 
6645 
62t? 
58.8 
56t4 

54t2 
5118 
49.6 
4890 
45t4 

43t4 
42t3 
41;G 
40t3 
3904 

38t5 
37,; 
3688 
36t2 
36.1 

35tt. 
33t6 
32.4 
31.7 
3 1 1 3  

31 t5 
31,: 
3i .7  
31,: 

L I.. 

.21.7 
22t7 
22t? 
2217 
22 , 7. 

22,7 
22 t7 
2 2 , 9  
23t1 
23t1 

123.2 
23,2 
2j;2 
23,: 
23t3 

23t3 
23t3 
23,3 
23t3 
23t3 

23t3 
?3,3 
3 4  
23,4 
2314 

23,s  
23 tZ 
23tFi 
2319. 
2 4 t i  

14t1 
24t5 
23,9  
23tP 

? Z t 4  
22a4 
'2214 
2214 
-22t4 

22,4 
??t4 
22, it 
!2t6 
22; 7 

22t7 
221: 
??t7 
22t7 
22t7 

22t7 
?Zt7 
22.7 
22tb 
22,; 

22t6 
2216 

-2': 17 

2217 
22.7 

22t7 

2Zt! 
22ta  
22t8 

2217 

zz ta  
2 2 ~  
22ta 
22 ,? 

B- 7 
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DIGITAL OUTPUT FGR CHANNELS 48 THR0L;GH 56 -- TEZ3 A87 
$:REFER T3 TABLE A-1 FOR CHANNEL DESCRIPTIDNS) 

0-8  



TABLE P-7 

23,E 
2317 

23,s 
23t8 
23t8 

23t8 
25t3 
29,:: 
3it4 
31t3 

29 t9  
28,7 ??,.a 
27t7 
L.  

:a, 1 

17 il 
I I  t !  

27'5 
2714 
26 ,9  
2tlP 

2bt9 
26.8 
27tO 
2618 
26*?  

26,? 
27t2 
2 7 1 4  

2797 
2717 

27,2 
2613 
26tO 
C J t ?  
,7r 

B - 9  



SABLE 8-a 

BIGIT& OUTPUT FOR CHANHELS 67 THROUGH E.0 -- TEST AB? 
:H€FEFi T5 TABLE A-1 i r ) R  CHANNEL I)ESCRIPTIDNS) 

DASD 71 
BE6 C 

DASt 77 
DEG C 

PAS# 67 
FEE C 

_--------- 

PAS# 58 
mi c 

23.2 
23,: 
23,2 
23,2 
2 3 2  

23.4 
23,t 
23.5 
2 3 2  
25.5 

z2.i 
22,6 
:2+6 
22,b 
22.5 

21 e9 
21.c 
21,9 
21.? 
21.9 

21 ,? 
21 + 9  
21+9 
2119 
21 .? 

3 . 9  
21 ,? 
21.9 
22.0 
22.0 

2210 
22+0 
22.0 
22+0 
22.0 

12.0 
22,o 
22.0 
22 , 
22 , 

22 + 
22. 
22 * 

:?.l 
24,l 
24.1 
24, .? 
24+1 

24.2 
25.7 
30+2 
3@,9 
31.6 

31rl 
30 t P 
29.2 
20.7 
28.6 

28.4 
?ti,? 
27+6 
?7,3 
27, I 

2710 
27.0 
27.1 
27.2 
27.2 

27,s 
27.4 
27.7 
Z3.2 
20.1 

27+6 
26,? 
75,5 
26t3 

21.7 
21*7 
21.7 
2117 
?I +7 

-4+7 
-3+P 
-j,9 
-2.2 
-it4 

23.2 
23.6 
24,? 
25t1 
25.0 

20.3 
20t3 
20.3 
20+3 
201 4 

22th 
22.6 
22+7 
22.8 
2216 

21 .? 
?113 
2 i ,7  
21 t? 
21.7 

-0.5 
13,3 
1.1 
2,0 
2.0 

22.5 
?2+5 
22.7 
221P 

23+2 

24.9 
24.9 
2418 
24,e 
24+8 

21363 
20.3 
?# ,4  
20+3 
24t4 

22.8 
22 ''? 
22.9 
22+P 
22+9 

2: 17 

21.7 
21+7 
21+7 
21 1 7  

3 ,i 
4.5  
5'3 
6.1 
3.9 

2312 
23.3 
2312 
23.2 
23.2 

24,9 
25.0 
25+G 
25.1 
25.2 

20.4 
20,4 
20+1 
20.4 
20.4 

22.9 
23,0 
23.0 
23,O 
23.0 

21.7 
21.7 
21+7 
21 *7 
21+7 

7 , 8  
B +A 
9.5 

lie3 
11.1 

23.2 
25.2 
2 3 2  
?3,1 
231 I 

21.7 
21+? 
21 t 7  
21.7 
21.8 

25+3 
25+4 
25.5 
25+1 
25,7 

20.4 
20,: 
20.4 
20+4 
2#+4 

25.6 
2516 
25.7 
25,7 
25.7 

23.1 
23+1 
3.1 
23.1 
2 3 , l  

23.0 
23.C 
23+i  
23. i 
2Ll 

25.8 
26.2 
26.4 
25,7 
26+7 

20.4 
2015 
20.5 
20.4 
20.6 

23.1 
23.2 
23.3 
25+4 
23.5 

23.1 
23.3 
23,3 
23.4 
23.6 

22.2 
22.2 

7 3  c + J  

23.4 
23+4 
23.4 

B-10 



TINE 
SECONDS - - - .. - ..-- 

- 4,! 
-3 .? 
-2:) 
-2.2 
- i t 4  

-0,: 
O b 3  
l t t  

2,P 

3.6 
4,5 
5,3 
6.1 
7 ,D 

7t5 
8 ,b 
9.5  

1G13 
11.1 

1210 
1218 
13t5 
1415 

- .  

ta 

15,3 

I b t l  
21.1 
26.1 
31+1 
36.1 

41+1 
46t1 
J I + l  

56t1 
C 4  

. .  

D A S ~  a: 
DEG C __-_---_-- 

24.2 
24.1 
2 4 t l  
24.2 
24 t2  

2 4 , ?  

45.P 
41t3 
36t6 

34,s 
32+6 
31.4 
3017 
30t5 

28.2 

29 t?  

21t6 
29+2 
28.8 
28.7 

28.1 
2713 
27t3 
27,; 
27.4 

2705 

28.3 
2at6 
2a,3 

27.6 
27.1 
2:to 
26,P 

DASC s2 
IiEG c 

____------ 

22,O 
2311 
23.0 
23,i  
!3,0 

23,: 
L > , 2  
2318 
24.1 
2 4 t 4  

:4,7 
24,9 
25,; 
2513 

25.4 

25t6 
25,7 
25.8 
.15 19 

26.8 

2611 
2682 
2692 
2t t3  
2 i , 4  

26.4 

2712 
27.4 
27t6 

'I- 

26.8 

'27 I? 
27.8 
2719 
2 7 t 9  

TARLE B-? 

[IIGITAL OUTPUT FOR CHANNELS 81 THROUGH 8P -- TEJr Hb7 
{KEFEH TCI TABLE A-1 FOR CHANNEL DESCRIPTIDNS) 

22.3 
2283 
22.4 
22.4 
22,3 

22.4 
22,4 
22. 4 
2214 
2214 

22.5 
22,: 
22.6 
22.6 
22.6 

22tb 
22t6  
22t7 
2?,7 
22t7 

?2,7 
22,7 
22.8 
22.8 
.m 
2218 
22+9 

23t2 
23,; 

-23 . 5 
23, 
23t7 
2317 

n l  : 
idtl 

21.8 
21,P 
21 ,3 
21 ,P 
21 ,9 

2189 
21.9 
21 ,c 
21.9 
21.9 

21 09 
21 .P 
21t9 
22,o 
22.0 

!It@ 

21.9. 
22.6 
22to 
22.0 

22.0 
22.0 
2210 
22to 
22.1 

22, I 
2 2 4 1  
22,2 
22tS 
22te 

2214 
2215 

22,5 
22.5 

23.2 

23,2 
23.2 
23.2 

23 .2  
23.5 
24.4 
24tB 
24tP  

25to 
25.1 
2512 
2 5 1 3  

25.3 

25,4 
25.4 
25t5 
25.6 
2516 

25.6 
Et7 
25,7 
25.8 
25.8 

23,: 

E1a 
26.0 
26t2 
26 t3 
2615 

26,b  
26t7 
2b,7 
26.7 

21.9 
21 ,.? 
?2,0 
22,c  
22tQ 

221ir 

2212 
22.f 
23.2 
23.2 

23,: 
2314 
27.4 
23,5 
25.6 

2 3 , b  
23.6 
23+7 
23.7 
23,7 

23.7 
2317 
?;,a 
2318 
23.5 

23+P 
:it9 
241 i 
24.2 
24.3 

24.4 
24t4 
24.5 
2 4 t 5  

23.7 
23t8 
?3,8 
2318 
?Jta 

23,; 
29.5 

2714 
27,a 

27.8 

27.9 
27.? 

2811 
2b,0 

28.0 
27.9 

27.9 

2a12 

2a.o 

27,a 

27,a 
27.8 
27i7 
27.7 
27.7 

27.7 
27.7 
2 7 t 7  
27.7 
2718, 

2i .B 
27.8 
z? ,a 
27.8 

::I? 

2 Z t $  
22.8 
'i2,g 
2218 

22 t9 
?;it5 
24.3 
24.1 
23.P 

23.8 
23.7 
2347 
2.317 
23.8 

23t7 
23t7 
23.7 
23,7 
23,: 

23 +7 
23.7 
2 3 d  
23t8 
23.8 

23.2 
23.9 
241 I 
24 ,2  
2 4 r 3  

2444 
2 4 s  
24.6 
2 4 + i  

B-11 



TABLE 8-10 

D I G I T A L  OUTPUT FOR CHANNELS 90 THROUGH IBI -- TET Crk7 
{REFER TO TABLE A-1 FDK CHANNEL. DESCRIPTIONS) 

527.8 
528.1 
528 + 3 
528,5 
528 4 7 

528, 

528 , 3 

531.2 
529 I 3  

524,7 

~ 1 ~ 4 6  
507 + 2 
4??,1- 
49i t9 
435 I 7  

477.5 
473,9 

463,O 
457.8 

452.7 
447,7 
942;7 
437,! 
432.9 

428I3 
401. +? 

356.3 
336.8 

c c  

4 ~ , 3  

37a,1 

319+2 
303,4 
289.0 
273 t 2 

BAS# 98 
IiEG C ---------- 

241.0 
239 + 4 
2?1,7 
240.7 
239,4 

240.7 
251,: 
328 6 
389+1 
559,2 

630,l 
635.P 
608 + 1 
668t? 
H O , ~  

678,3 
681.9 
687.4 
700,O 
709 t 4 

?22 + 4 
733 , 6 
741.6 
749, I 
759,6 

802 0 

-5573.3 
724 . 7 
612 . 6 
451 +6 
385 1 
M?,4 
311,2 

809.2 

DASt 9? 
IIEG C ---------- 

24t2 
241 2 
24,2 
24t3 
2402 

24.2 
24+2 
24.2 
24,2 
24.2 

?4,2 
24,2 
24.2 
2492 
24i2 

24,: 
2412 
24.2 
24.2 
2402 

24,2 
24.2 
24,? 
24.2 
2482 

24,2 
24,2 
24t2  
24.2 
24,1 

24.1 
24.1 
2441 
24, I 

B-12 



TABLE E-11 

DIGITAL OUTPUT FOR CHANHELS 102 THROUGH lbt -- TEST AD7 
REFEX Tit TABLE A-1 FOR CHGNNEL DESCRIPTIONS) 

374.1 
s73,9 
.173,? 
873.9 
a73,3 

8?3,3 
873.8 
a 7 3 ~  
873.0 

87386 
873.7 
873.7 
673 i 7 
e73.3 

873.0 

072 . 7 
372.2 
s7i. 1 

970 + 2 
869,l 

872.9 

968.1 
867, P 

867.8 

867,9 

866.3 
867 6 4 
871 e9 
8741: 

977.9 

87710 
882.4 

aha 1 

i33.3 
133.4 
138. s 
139.6 
13909 

139.2 
138.9 
13913 
139.3 
139.2 

:39,3 
139,: 
139.6 
i 3 , 6  
142.3 

14199 
141 t9 
141.3 
153.5 
156,O 

155.4 
155.5 
156 , 2 
156.2 
1%,5 

156,2 
155.1 
153,5 
253.9 
153.6 

133,6 
112.4 
101,4 
96.2 

qn -I i V . i  

2 0 , ;  
?i,7 
20.7 
20.7 

20.7 
20.7 
20.7 
20th 
20t6 

20.6 
20.6 
20.6 
20.6 
20.6 

20th 
20,6 
21,; 
253.6 
20,: 

2066 
26 1 6  

23.6 
20,6 
20,5 

20.5 
2Q.4 
20.3 
20 , ;  
2ot; 

3 , O  
20.1 
20.1 
20. I 

21'0 
?:,a 
21.0 
2110 
21 .o 

21.0 
21.0 
21 .o 
21 ,O 
21,o 

21 ,O 
?I  .0 
21 ,o 
21,o 
21.0 

21 e o  

21.0 

2: 1 0  

20*3 

20t9 
29t? 
20.9 
"),9 
23 I9 

20.9 
2008 
20.8 
20.7 
20.6 

23,: 
20.5 
2915 
2014 

ia,o 

B - 1 3  



-4.7 

-3.0 

- i . 4  

-.-I *-a 
3 .  

-2 '-! .. L 

-0.5 
3.3 
i. i 
2.0 
2. E 

8-14 

843 
i42 

j 

I 

c 
I 

i 

-1 
i 
i 

-: - 
-{ 

( 

I 
-t 

1 
-i 
-i 

-( 

1 

! 

i 

1 

c 

-. 

-i, 

c 
( 
I 
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A P P E N D I X  C 

TEMPERATURE AND PRESSURE DATA 

c-1 



APPENDIX C 

TEMPERATURE AND PRESSURE DATA 

Table C-1 presents  t h e  mean containment temperature, mean containment vesse l  
s t e e l  temperature,  containment pressure,  f a c t o r  f o r  c o n v e r t i n g  s tandard 
volume t o  volume a t  containment c o n d i t i o n s ,  and t h e  temperature g r a d i e n t s  a t  
t h e  v e r t i c a l  w a l l  and c e i l i n g ,  a l l  as a f u n c t i o n  o f  t i m e  f rom -5.52 minutes 
t o  1170 minutes.  

c -2 
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TABLE C-1  (Cont'd) 

c-4 
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TABLE C - 1  ( C o n t ' d )  

2 & + 4 
26.4 
26.4 
26.3 
2 8 . 3  

l 2 1 . 4  1,092 24 .6  

1 2 1 + 4  1 + 0 9 2  2 4 + 6  
1 2 1 + 4  1.692 24.6 
121.4 1.032 24 + 6 

121.4 1,082 24 + 6 

26.1 
26 . 0 
25.9 
25.9 
25.8 

1 2 1 . 3  1.092 24.7 
121.2 1+0?2  24.7 
121 .2  1.092 24 .7  
121 .2  1 , 0 3 2  24 .8  
121.2 1.092 24 .8  

121.1 1.092 
1 2 1 , l  l*O?Z 
1 2 I + 2  1,032 
121.2 1.092 
121.2 1.0?3 

24 .8  
24.9 
24.9 
24.9 
24  . 9 

0.7  
0 + 7 
0 . 6 
0.6 
0.6 

1.21.1 1 , 0 9 2  
121.1 1.0?2 
1 2 1 + 0  1.081 
121.0 1.091 
121 +(I 1 +i?91. 

c-5 



TABLE C - 1  (Cont'd) 
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CASCADE IMPACTOR DATA 
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1 .  .. . 
APPENDIX 0 

CASCADE IMPACTOR DATA 

Data f o r  i n d i v i d u a l  cascade impactor measurements and t h e  c a l c u l a t i o n a l  
procedures used t o  e x t r a c t  s i z e  da ta  f rom t h e  s tage d e p o s i t s  a r e  presented 

i n  t h i s  appendix. 
were assumed t o  be c o n t r o l l ‘ e d  b y  t h e  dimensionless impact ion  parameter: 

The c o l l e c t i o n  c h a r a c t e r i s t i c s  o f  each impactor  s tage 

2 pud C 
’ = -  

18pD 

where: 

9 - Impact ion parameter (d imension less)  
u = Gas v e l o c i t y  (cm/s) 
p = P a r t i c l e  d e n s i t y  (g/cm’) 
d = P a r t i c l e  d iameter  (cm) 
5 = Gas v i s c o s i t y  (g/cm s )  
D = Impactor  j e t  d iameter  (cm) 
C = Cunningham s l i p  f a c t o r  (d imens ion less)  

A t  t h e  p o i n t  o f  t h e  impact ion  curve  where 50% o f  t h e  p a r t i c l e s  a r e  
c o l l e c t e d ,  t h e  impact ion  parameter J, takes  t h e  v a l u e  $50. The 50% 
s i z e  i s :  

where: 
d50 = P a r t i c l e  diameter a t  t h e  50% p o i n t  on e f f i c i e n c y  vs s i z e  

‘50 

c u r v e  
= Impact ion parameter f o r  t h e  j e t  a t  t h e  50% e f f i c i e n c y  p o i n t  

D-2 
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* I  

Equat ion D-2 was used t o  determine dS0 va lues a t  f low c o n d i t i o n s  d i f f e r e n t  
f rom those t o  c a l i b r a t e  t h e  impactor;  i t  can a l s o  be used t o  r e l a t e  t h e  dS0 

t o  t h e  v a l u e  under c a l i b r a t i o n  c o n d i t i o n s .  I f  C i s  assumed t o  be cons tan t ,  
t h e n  dS0 can be expressed as: 

(D-3) 

where: 
dS0 = Aerodynamic d iameter  a t  sampl ing c o n d i t i o n s  

P = V i s c o s i t y  o f  gas a t  sampl ing c o n d i t i o n s  ~ 

Q = Gas f l o w  r a t e  a t  sampl ing c o n d i t i o n s  
r e f  = S u b s c r i p t  i n d i c a t i n g  v a l u e  o f  parameter under c a l i b r a t i o n  o r  

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

0 
Cascade impactors o f  two designs (Andersen Mark I11 C i r c u l a r  j e t  impactor*  
and S i e r r a  r e c t a n g u l a r  j e t  impactor**)  were used f o r  p a r t i c l e  s i z e  
a n a l y s i s .  
c i r c u l a r  j e t  impactor  a r e  recommended b y  t h e  manufacturer  (D-l) and l i s t e d  

i n  Table D-1. 

Stage c u t - s i z e  d iameters used t o  i n t e r p r e t  d a t a  ob ta ined from t h e  

These,values a r e  i n  good agreement w i t h  c a l i b r a t i o n s  r e p o r t e d  
b y  Cushing e t  a l .  ( D - 2 )  

Stage c u t - o f f  d iameters f o r  t h e  r e c t a n g u l a r  j e t  impactor  a r e  l i s t e d  i n  
Table D-2 and t h e  d a t a  were ob ta ined f r o m  t h e  work o f  Cusing e t  a l .  (0-2)  

Cu t  d iameters l i s t e d  i n  Tables D-1 and 0-2 were a d j u s t e d  f o r  sampl ing 
c o n d i t i o n s  u s i n g  Equat ion D-3.  

P a r t i c l e  s i z e  d i s t r i b u t i o n s  were c o n s t r u c t e d  f r o m  cascade impactor  d a t a  
u s i n g  t h e  c u t - o f f  d iameter  approach descr ibed b y  Mercer. (D-3)  Table D-3 
presents  an example o f  t h e  c a l c u l a t i o n  method. 

I *Manufactured'by Andersen 2000, Inc., A t l a n t a ,  GA. I 
**Model 226, Stack Sampler, Manufactured b y  S i e r r a  Ins t rument  Co., Inc.,, 

Carmel Valley, CA. 

D -3 
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TABLE D-1 
STAGE CUT DIAMETERS FOR CIRCULAR JET 
IMPACTOR USED I N  A I R  CLEANING TESTS 

Stage 
No. 
0 
1 

d50* 

13.2 
8.3 
5.64 
3.8 
2.45 
1.25 
0.77 
0.52 

(4 

*Size of unit density spheres removed with 50% 
efficiency at 21"C, 1 atm pressure, and 0.50-ACFM 
flow rate. 

TABLE D-2 
STAGE CUT DIAMETERS FOR RECTANGULAR JET 

IMPACTOR USED I N  A I R  CLEANING TESTS 

Stage d50* 

1 18.0 
2 11.0 
3 4.4 
4 2.65 
5 1.70 
6 0.95 

- No. rn 

*Size of unit density spheres removed with 50% 
efficiency at 28"C, 29.5 mm Hg pressure, and 
0.25-ACFM f 1 ow rate. 
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TABLE .’ D- 3 
EXAMPLE TREATMENT OF CASCADE IMPACTOR DATA 

Mass 
Fract i on __--__-- __------ 

0. 0036 
0.0026 
0.02bY 

0.1027 
0.23Y2 
0.4158 
0.209i 
1.000 

0.0036 
0.00b2 
0.0331 

0.1358 
0.3750 
0.7908 
I. oil0 

C).gYb 

0.394 

0.967 
0.8b4 
0.b25 
0.209 
--- 

( a )  Sample No. AB-7 T3-14, taken a t  time 1745 s ,  w i t h  a 
impactor, 0.123 actual l i t e r / s .  \ 

( b )  

( c )  

Net mass a f t e r  correct ion f o r  background on s tage  co l lec t ion  
papers. 
These two columns are  plot ted in  f igu re  4-5. 

The s tage accumulations o f  sodium were obtained by washing each s tage 
co l lec t ion  paper w i t h  water and analyzing the water by flame emnision 
spectrometry. Losses t o  the in t e r s t age  impactor walls were ignored.  The 
i n l e t  walls were washed and analyzed f o r  sodium, and tne recovered sodium was 
assumed t o  be associated w i t h  aerosol p a r t i c l e s  la rger  than the f i r s t - s t a g e  
cut-off diameter. 

Tne p a r t i c l e  s i z e  d i s t r ibu t ion  was obtained by p lo t t i ng  the  two right-hand 
columns in Table 0-3 on log-probabi l i ty  paper as shown in Figure 4-3. The 
aerodynamic mass inedi an diameter and geometric standard devi a t ion can be 
obtained from the l i n e  drawn t h r o u g h  the  data points .  The geometric s t a n d a r d  
deviat ion was obtained from: 
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P a r t i c l e  Diameter a t  84.13% 

P a r t i c l e  Diameter a t  50% 
u =  

Mass d i s t r i b u t i o n s  of sodium found on t h e  cascade impactor  stages a r e  
presented i n  Tables D-4 through D-31 $or Test  AB7. 
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January 1916. 

K .  M. Cushing e t  a l . ,  P a r t i c l e  S i z i n g  Techniques f o r  Con t ro l  Device 
Eva lua t i on :  Cascade Impactor C a l i b r a t i o n s ,  EPA-600/2-76-280, Southern 
Research I n s t i t u t e ,  Birmingham, AL, October 1876. 

T. T. Mercer, "The I n t e r p r e t a t i o n  o f  Cascade Impactor Data," I n d u s t r i a l  
Hygiene Journa l  - 26, pp. 236-241, 1965. 
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Table D-4 
CASCADE- IMPACTOR DATA'--SAMPLE AS7-T3-12 

Type: Andersen I11 Time: 13 Minutes 
Stage paper Packground: 0.d056 mg Na, c).c)U37 mg NaI 
F i l t e r  paper background: 0.L1120 mg Na, U . W J 3  rng NaI 

Aerodynamic 
Stage Cut Djarn. I-- Net Mass (my)  

No. ( uin ) N aOH NaI 

I n 1  e t  

2 
3 
4 
5 
6 
7 
8 

F i  1 t e r  

Tot  a1 

1 13.5 
8.48 
5.76 
3.88 
2.50 
1.28 
0.79 
d.53 ---- 

U.Ublcj 
O.02YO 
U. UYOJ 
0.0898 
O.4d94 
1.635 
2.913 
0.5197 
0.1)777 
0.0203 

6.30s 
------ ------ 

0.  c)c)LL 
0.0046 
O.UdL3 
0. U04d 
U . 0000 
0. C)Ols 
c) .  3289 
u. 0882 
0. dsd3 
0.0284 

0.2118 
------ ------ 

F r a c t i o n  Less 
Than Cut Diarn. 

NaOH I \ l a I  
-.---- ----- ----- 

---- 
0. 985 
d.Y7L 
0.957 
0.892 
0.633 
il. 161 
0.016 
0.003 
iI.OU0 

-._-- 
O.Yld7 
0.934 
0.931 
0.93i 
0.924 
0.788 
0.371 
0.134 
0.000 

TaDle D-5 
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-I3 

Type: S i e r r a  LLb Time: Ll.1 Minutes 
Stage paper background: 0.0077 mg Na, 0.di124 mg NaI 
F i l t e r  paper background: 3.28b mg Na, U.c)c)Os mg NaI 

I n  l e t  
1 
2 
3 
4 
5 .  

F i  1 t e r  

Tot a1 

0 

---- U. UUUU 
18.1 u. 0120 
li.l 0.11417 
4.43 0.3146 
2.67 1. iUu4 
1.71 2.46% 
0.356 d .8L97 

---- c) .  2520 

5. OLUO 
------ ------ 

0.0034 
0. u020 
0. U004 
0.0024 
0 . 0 3 4  
0.042i) 
0.09U8 
0.15'36 ------ ----_- 
0.30411 

I. UUUU 
0.143 
0.010 
0. U08 
3. 0i13 
0.017 
lI.LJ99 
9.388 

0.057 
_____-  ---_-- 

---- ---- 
0.9Y8 0.982 
0.989 0.981 
0.927 0.Y73 
d.707 0.Y62 
0.220 0.824 
0.i)SS 0.52s 
0.000 0.o00 
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Table D-d 
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-14 

Type: S i e r r a  22b Time: 29 Minutes 
Stage paper background: d.0077 mg Na, ,O.UOL4 mg NaI 
F i l t e r  paper bacKground: 0.289 my r'Ja, 0.Uu05 mg NaI 

I n l e t  ----- 
1 18.1 
2 11.1 
3 4.45 
4 2.b8 

1.71  5 
6 O.Y t j1  

F i l t e r  ---- 
To ta l  

0. 0dUU 
0.0123 

0.5443 
1 . b 7 ~  
2. U5d 
0.7435 
0.1941 

0. Odb0 

------ -__--- 
5.317s 

---- 
0.9Y8 
0.981 
0.879 
0.563 
0.176 
u.037 
0.000 

---- 
0.996 
0.994 
0.907 
0.8b4 
0.b25 
0.209 
0. d0U 

Table 0-7 
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-15 

Type: S i e r r a  226 Time: 37.4 Minutes 
Stage paper background: 0.1)077 mg Ma, 0.0024 mg NaI 
F i l t e r  paper background: 0.2db mg Na, 0 .U00~  mg NaI 

Aerodynamic 
Stage Cut Djarn. Net Mass (mg) 

No. N aOH NaI 

I n 1  e t  
1 
2 
3 
4 
5 
6 

F i  1 t e r  

To ta l  

u . UUdC) 
u. 0485 
0.3IlL 
1.494 
4.431 
5.003 
1.314 
0.2759 

12.8475 
------ ------ 

D-8 

---- 
O.Y9b 
ll.972 
0.85b 
0.513 
u.114 
U.021 
0. 0ou 



. \  

Table D-8 
CASCADE IMPACTOR DATA - SAMPLE U B 7 - T M  b 

Type: S i e r r a  220 Time: 5U.b Minutes 
Stage paper background: 0.0077 mg Na, 0.0024 mg NaI 
F i l t e r  paper background: U.286 mg IJa, 0.00135 m3 NaI 

Aerodynamic R a t i o :  F r a c t i o n  Less 
S t  age 
No. 

I n l e t  
1 
L 
3 
4 
5 
6 

F i  1 t e r  

Tot  a1 

----- ----- 
Cut Diam. Net Mass (mg) NaI/ Tnan Cut Diarn. .- 

(urn) N aOH NaI (NaOH + NaI )  NaOH NaI 

0.0177 0.252 
0.0434 0.107 
0. U422 0. 080 
0.5297 ’ 0.133 
I. 32db 0.177 
2.1336 0.260 
1.4Y88 I). 442 

0.379 0.4840 

6.0640 0 .  233 
----- ----- ------ ------ 

---- ---- 
0.97b 0.983 
0.951 0.982 
0.773 0.895 
0.452 0.077 
,0. 139 0.32b 
0.U41 0.079 
0.000 0.u00 

Table D-3 
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-17 

Type: S i e r r a  226: Time: 64 Minutes 
Stage paper background: 0.0077 mg Na, 0.OUL4 mg NaI 
F i l t e r  paper background: O.286 mg Na, U.0005 mg NaI 

Aerodynami c 
Net Mass (my) 
-I_- 

Stage‘ Cut  jam. 
No : (rJm) NaGH NaI 

I n l e t  ----- 
1. 12.b . 
2 7.71 
3 3.0Y 
4 1.86 
5 1,19 
6 0.666 

Fri 1 t e r  ---- 
Tot  a1 

0.0194 
0.4172 
l .061b 
10.945 
Y. 560 

0. 587 
0.6bl 

26.149 

2.29trb ~ 

------ ------ 

c) . Ud4d 
0.0503 
u.  L304 
2.7299 
3. UYUL 
I. 6036 
0.4837 
0.1092 

8.394 
------ ------ 

F r a c t i o n  L.ess 
Than - Cut D i a m .  

NaOH NaI 
-.---- ----- ----- 

---- 
0.383 
0.9LO 
0.501 
0.13b 
0.048 
0.025 
0.000 

---- 
0.984 
0.35b 
0.631 
cl.2b2 
0.071 
0.013 
0. 000 
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T b l e  D-1U 
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-18 

Type: S i e r r a  226 Time: 73 Minutes 
Stage paper background: U.0077 ing Na, U.OU24 mg NaI 
F i l t e r  paper background: i).2db mg Na, 0.0005 mg NaI 

Aerodynamic Ra t io :  F r a c t i o n  Less 
Stage Cut Diam. Net Mass (mn) NaI/ Than Cut Diam. 
No. (urn) N aOH NaI (NaOH + NaI)  NaOH NaI 

I n l e t  
1 
2 
3 
4 
5 
6; 

F i  1 t e r  

To t  a1 

----- 
17.9 
1l.U 
4.39 
L. 64 
l . b 9  
0.347 ---- 

(i.0180 
0.0950 
0.445s 
1.734 
2.02b 
0.823 
0.2511 
0.2309 

5.6LYb 
------ ------ 

0.186 
0.110 
0.143 
0.185 
0.254 
0.37i  
0.382 
0.337 

(J.22b 
----- ----- 

e--- 

0.958 
0.820 
0.423 
0.113 
0.042 
ll.022 
0.000 

Table 0-11 
CASCADE IMPACTOR DATA - SAMPLE AB7 - T3 - I Y  

Type: S i e r r a  22b Time: d 5 . s  Minutes 
Stage paper background: 0.0077 mg Na, 0.0024 mg NaI 
F i l t e r  paper background: 0.L8b mg Na, 0 . O W S  mg NaI 

Aerodynamic 
Stage Cut D i a m .  Net Mass (mg) 
No. ( l J m >  NaOH NaI 

I n l e t  
1 
2 
3 
4 
5 
b 

F i  1 t e r  

Tot  a1 

0.31113 0.0655 
0.5108 U.OY32 
1.9438 0.4050 
i6.5677 3.690 
16.3213 4.584 
3.9136 1.870 
0.9015 d.8290 
I). 0783 0.3953 

41.1488 ll.d925 
------ _----_ ------ ------ 

D-10 

Ra t io :  F r a c t  i on 

----- ----- 

---- 
I). 980 
0.901 
0.593 
0.233 
0.085 
0. U4l 
0. u00 

Less 

---- ---- 
0.980 0.987 
0.933 0.953 
0.531 0.646 
0.134 O.Lbc) 
0.03Y 0.1u3 
0.017 9.033 
0.000 0.0UU 



Table 0-12 
CASCAUE IMPACTOR DATA - SAMPLE AB7-T3-110 

Type: S i e r r a  L L b  Time: l d 3  Minutes 
Stage paper background: 0.0077 ing Na, O.UUL4 mg NaI 
F i l t e r  paper background: 0.286 mg Na, d.0005 mg NaI 

Aerodynamic Ra t io :  F r a c t i o n  Less 
Stage Cut D i a m .  Net Mass -I___ (mg) . NaI/ Than Cut Diam. 
No. ( m )  N a0H NaI (NaOH + NaI )  NaOH NaI 

I n l e t  
1 
L 
3 
4 
5 
b 

F i  1 t e r  

Tot  a1 

----- 
16.0 
l U . l  
4 . h  
2.44 
i . 5 b  
0.875 

3.131u 
0.2483 
0.8bll 
15.515 
12.4U79 
2 .  S43b 
1.1U79 
0.3403 

33.1611 
------- _____-- 

U.lbd 
O.lb8 
0 .  Ll4 
0.340 
0.417 
0.358 
0.539 
0.4lb 

0. 362 
----- ____-  

---- ---- 
O.gb8 0.988 
d.914 0.962 
0.399 c1.493 
0.idL 0.120 
d.024 U.U44 
0.008 CI.010 
0.000 d.UUi) 

Taole 0-13 
CASCADE IMPACTOR DATA - SAMPLE AB7-T3-111 

Type: Andersen 111 Time: 170 Minutes 
Stage paper background: d.oU5b mg Na, 0.0U37 mg NaI 
F i l t e r  paper background: U.0120 mg Na, O.UU03 mg NaI 

Stage Cut D i a m .  Net Mass (mg) NaI/ Than Cut dim. 
Aerodynamic Ra t io :  F r a c t i o n  Less 

NaI -.---- _.---_ 
(NaOH + NaI )  NaOH ----- ----- NaI __-_-- -__--------- 

-----e _____-_--_-- NaOH ------ ____-_ No. (urn) ----- ----------- ---__ ----_------ 

I n l e t  
1 
2 
3 
4 
5 
b 
7 
8 

F i  1 t e r  

T o t a l  

----- 
13.b 
8. sb 
5.82 
3.92 
2.53 
1.2Y 
0.794 
il. 536 

U.6375 
I. 238 
4.342 
14. 090 
lo. 372 
17.227 
9.5Y3 
1.017 
0.00Y.3 
0. uu00 

65.4056 
------ ------ 

0.iijsL) 
0.27b5 
1. b478 
4.626 
D.2Y4  
7.74Y 
4.813 
1.003 
0.U525 
0.0145 

26.6428 
____-_ ------ 

0.131 
0.180 
u.230 
0.247 
0.L75 
0.310 
9.334 
0.436 
0.849 
1. ouo 
----- ----- 

0.28Y 

---- ---- 
0.970 LI.983 
0.895 0.922 
0.b7Y 0.74d 
lJ.425 0 . 5 l L  
u. i62 0.221 
d.016 11.040 
0.0U0 il.003 
0.oou o.ou0 
cj.000 il.00U 
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Table 0-14 
CASCADE IIPI?ACTOR DATA - SAMPLE AB7-T3-I16 

Type: Andersen 111 Time: 121s Minutes 
Stage paper background: 0.035b mg Na, d.0037 mg NaI 
F i l t e r  paper background: U.0120 mg Na, O.UU03 rng NaI 

I n l e t  
1 
2 
3 
4 
5 
b 
7 
8 

F i  1 ter 

Total 

---- 
13.6 
8.Sb 
5.82 
3.92 
2.53 
1.29 
0.794 
0.338 ---- 

0. 000 
0.000 
o.c)00 
0.0442 
0.2621 
1.331 
l . l Y c 3  
0.001) 
0. ouo0 
0. UOU0 

2. d333 
------ ------ 

0.0151 
0.0139 
0.014~~ 
0.0391 
d.1154 
2.0169 
2.7735 
0.7968 
0.0630 
0.0000 

5.850 
------ _--__- 

Frac t ion  Less 
Tnan C u t  Diam. 

NaOH NaI 

---- ---- 
0 0.995 
0 U.9YJ 
0.984 0.986 
0.892 0.960 
0.423 0.621 
0.0OU d.147 
0.00u 0.011 
0.01)0 0.000 
0.000 o.uo0 

TaDle D-15 
CASCADE IMPACTOR DATA - SAMPLE BB7-T3-117 

Type: Andersen I11 Time: 1038 Minutes 
Stage paper background: 0.0U5b mg Na, 0.0037 mg NaI 
F i l t e r  paper background: 0.dlZ3 nig Na, 0 . 0 0 ~ 3  mg NaI 

I n l e t  
1 
2 
3 
4 
5 
6 
7. 
8 

Fi 1 ter  

Total 

---- 
13.5 
8.49 
5.77 
3.8Y 
2 . 3 1  
1.28 
u.  787 
d.532  

0. 0000 
0.0000 
0.U105 
0.0442 
0.1995 
1.209 
1.335 
3.2639 
0. dUL5 
0. OUU0 ------ ------ 
3 .  Ub49 

u . 0034 
0.0000 
0. Ud23 
0.0131 
0. 0302 
0.3341 
0.5776 
0.2/18 
8. U142 
0.0053 

1.2770 
------ _--___ 

D-12 

1. 0dU 

0.180 
0.229 
c) .  201 
0.216 
U. 302 
0.507 
c) .d48 
I. UUO 

---- 

----- ----- 
0.293 

---- ---- 
1.000 0.937 
d.997 0.99s 
0.982 0.Y83 
0.917 0.946 
0.523 0.079 
0.087 0.225 
0.dO1 0.012 
0.0uu 0.ud0 
0.UdO 0.000 
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APPENDIX E 

B L I N D  POST-TEST CODE PREDICTIONS SUBMITTED BY CODE USERS 

B l i n d  p o s t - t e s t  code p r e d i c t i o n s  were sent  t o  t h e  t e s t  per fo rmer  and t o  a l l  
t h e  o t h e r  ABCOVE program p a r t i c i p a n t s  p r i o r  t o  r e l e a s e  o f  t e s t  r e s u l t s  o f  
aerosol  behavior .  Copies o f  t h e  t a b u l a r  d a t a  submi t ted  by each p a r t i c i p a n t  
a r e  presented i n  Table E-1 through E-5 as f o l l o w s :  

T a b l e  -- 
E - 1  
E -2 
E- 3 
E -4 

E-5 

Code 
Case 

5 

Code User 

HAA-3C HEDL 
HAA-4 R I / E S G  
HAARM-3 HEDL 
C O N T A I N  SNL 

QUICKM BCL 
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m 
I 
w 

6 . 0 ( 2 ) ( a )  
9 .0 (2 )  
1 . 8 ( 3 )  , 

2 .4 (3 )  
2 .7 (3 )  

3 .0 (3 )  
4 .2 (3 )  
7 .2 (3 )  
1 . 0 ( 4 )  
7 .0 (4 )  

1 . 0 ( 5 )  
2 .0 (5 )  

I 

TABLE E-1 

POST-TEST P R E D I C I T I O N  OF ABCOVE TEST AB7 BY HEDL/SSD USING HAA-3C 

- 

( a )  Numbers in  p a r e n t h e s i s  a r e  exponents o f  ten. 

Tota l  Aerosol 
Removal Rate 

( b )  P a r t i c l e  S i z e  
D i s t r i b u t i o n  

susp .  Conc. (g/m 1 AMMD Leaked Mass ( g ) S e t t l e d  Mais ( g )  P l a F d  Mass ig) 
NaOH Na I (!d 0" NaOH a1  NaOH a1  Na H Na -FT- 

- 2  

3.34 0 .o 5 . 4  (-1) 1.77 1.0 ( -1 )  0.0 1 . 3  0 .o 1 .74(2 )  0.0 1 .64( -4)  
3.22 6 .82 ( -2 )  8.2 (-1) 1.64 1 .97( -1)  1 .02 ( -3 )  3.59 2.65(-2) 2 .72 (2 )  9 .47( -1)  l . O l ( - 4 )  
2.99 2.65(-1) 2.92 2.44 4.72(-1) 1 .59( -2)  4 .22 (1 )  2 .79 (0 )  4 .28(2)  8.62 1 .39(  -4) 

2.15 3.07(-1) 5.15 2.73 6.254-1) 3 . 3  ( -2 )  7.26(2) 8 .12 (1 )  '4 .57(2)  1 .18 (1 )  5.54(-4) 
1.82 2.59( -1 ) 6 -03  2.59 6 .84( -1)  4 .14( -2)  1.0 ( 3 )  1 .21(2)  4 .66 (2 )  1 .31 (1 )  5 .94( -4)  

1.51 2.15(-1) 6.72 2.48 7.33(-1) 4.84(-2) 1 .26 (3 )  1 .58(2)  4 .72(2)  1 .4 ( 1 )  6 .43( -4)  
7.02(-1) 1 .0  ( -1 )  7.85 2.16 8.57(-1) 6 .6  (-2) 1 .94 (3 )  2 .54(2)  4 .85(2)  1 .58(1)  5 .96( -4)  
1 .89( -1)  2.7 ( -2 )  7.15 1.81 9.65(-1) 8 .15( -2)  2 .36 (3 )  3.15(2) 4 .94(2)  1 .71 (1 )  3 .27( -4)  
9 .06( -2)  1 .29 ( -2 )  6.34 1 .68  1 .O 8.66(-2)  2 .44(3)  3 .26(2)  4 .97(2)  1 .75 (1 )  2 .26( -4)  

5 .59( -4)  7.96(-5) 3.28 1.29 1 .07 9 .59( -2)  2 .51(3)  3.36(2) 5 .04(2)  1 .86(1)  5 .7  ( -5 )  

1 .12 ( -4 )  1 .59(-5) 3.03 1 .25 1 .07 9.6 ( -2 )  2 .51(3)  3 .36(2)  5 .04 (2 )  1 . 86 (1 )  5 .15( -5)  
1 .05( -6)  1 .49 ( -7 )  2 .7  1.19 1 .07 9.6 ( - 2 )  2 .51(3)  3.36(2) 5 .04 (2 )  1 . 86 (1 )  4 .19 ( -5 )  

I 
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T A B L E  E-2 

HAA-4  CODE AB7 B L I N D  POST-TEST P R E D I C T I O N S  

m 
I 
P 

ABCOVE AB7 BLIND POST-TEST 

SUSPENDED MASS CONCENTRATION (KG/M++3) 
T i  me 
(set) 

1 6.0000E+02 
2 9.0000E+02 
3 1.8000E+03 
4 2.4000E+03 
5 2.7000E+03 
6 3.0000E+03 
7 4.2000E+03 
8 7.2000E+03 
9 1.0000E+04 

10 7.0000E+04 
11 1.0000E+05 
12 2.0000E+05 

SUSPENDED 

T i  me 
(Set) 

1 6.0000E+02 
2 9.0000E+02 
3 1 .8000E+03 
4 2.4000E+03 
5 2.7000E+03 
6 3.0000E+03 
7 4.2000E+03 
8 7.2000E+03 
9 1.0000E+04 

10 7.0000E+04 
11 1 .0000E+05 
12 2.0000E+05 

NaOH Na I 

3.52E-03 
3.49E-03 
3.23E-03 
2.54E-03 
2.23E-03 
1.95E-03 
1.15E-03 
4.35E-04 
2.37E-04 
4.37E-06 
1.67E-06 
1 .69E-07 

0 .o 
6.90E-05 
2.61E-04 
3.28E-04 
2.88E-04 
2.52E-04 
1.49E-04 
5.61 E-05 
3.05E-05 
5.63E-07 
2 .16E-07 
2.18E-08 

PARTICLE MATERIAL DENSITY 

Mass Median Logar i thmic  
Geometric 

Radius Standard 
(M++3) D e v i a t i o n  

5.45E-07 
8.77E-07 
1 .85E-06 
2.1 8E-06 
2.38E-06 
2.52E-06 
2.68E-06 
2.44E-06 
2 JOE-06 
1 .13E-06 
1 .01E-06 
8.1 8E-07 

1.83E+00 
1 .63E+00 
2.12E+00 
2.28E+00 
2.1 9E+00 
2.1 3 E a 0  
1.96EMO 
1.74E+00 
1 .63E+00 
1 .31 E+OO 
1.27E+000 
1.20E+O00 

LEAKED MASS (KG) SETTLED MASS (KG) 
NaOH 

1.04E-04 
2.08E-04 
5.10E-04 
6.81 E-04 
7.52E-04 
8.1 3E-04 
9.92E-04 
1.20E-03 
1.29E-03 
1 .50E-03 
1.51E-03 
1.52E-03 

Na I 

0.0 
1.02E-06 
1.60E-05 
3.36E-05 
4.27E-05 
5.07E-05 

1 .O1 E-04 
1.12E-04 
1.40E-04 
1 .41E-04 
1 .41 E-04 

7.38E-05 

NaOH 

9.89E-03 
2.93E-02 
2.48E-01 
8.26E-01 
1.09E+00 
1 .33E+00 
2.00E+00 
2.61 E+OO 
2.78E+00 
2.97E+00 
2.98E+00 
2.98E+00 

AND S I Z E  DISTRIBUTION PARAMETERS 
Aerodynamic Count Average 
E q u i v a l e n t  Mean Mate r i  a1 

Radius Radius Dens i ty  
(M++3) (M++3) (KG/M++3) 

7.71 E-07 1 .83E-07 2.1 3E+00 
1 .22E-06 4.31E-07 2.15E+03 
2.55E-06 3.39E-07 2.20E+03 

3.30E-06 3.77E-07 2.24E+03 
3.02E-06 2.85E-07 2.24E+03 

3.49E-06 4.52E-07 2.24E+03 
3.70E-06 6.89E-07 2.24E+03 
3.38E-06 9.80E-07 2.24E+03 
3.05E-06 1 .07E-06 2.24E+03 
1.58E-06 9.10E-07 2.24E+03 
1.43E-06 8.50E-07 2.24E+03 
1.16E-06 7.37E-07 2.24E+03 

Na I 

0.0 
2.11E-04 
1 .33E-02 
7.40E-02 
1 .07E-01 
1.38E-01 

3.04E-01 
3.26E-01 
3.51 E-01 
3.51 E-01 

2.26E-01 

3.52E-01 

T i  me 
(set) 

6.0000E+02 

1.8000E+03 
2.4000E+03 
2.7000E+03 
3.0000E+03 
4.2000E+03 
7.2000E+03 
1.0000E+04 
7.0000E+04 
1.0000E+05 
2.0000E+05 

9.0000E+-2 

PLATED MASS (KG) 
NaOH 

8.05E-03 
1.26E-02 
2.26E-02 
2.68E-02 
2.84E-02 
2.97E-02 
3.31 E-02 
3.64E-02 
3.74E-02 
3.88E-02 
3.89E-02 
3.89E-02 

Removal 
Rate 

(KG/Sec) 

6.16E-5 
1 .01 E-4 
7.42E-4 
1 .03E-3 
9.49E-4 
8.56E-4 
4.52E-4 
1.08E-4 
4.22E-5 
1.52E-7 
4.60E-8 
2.91 E-9 

Na I 

0.0 
4.31 E-05 
5.1 9E-04 
9.48E-04 
1.15E-03 
1.32E-03 
1.76E-03 
2.1 9E-03 
2.32E-03 
2.51 E-03 
2.51E-03 
2.51 E-03 

Aerodynamic 
Equ iva len t  

Radius 
(Micron)  

1 .08E+00 
1 .52E+00 
4.41 E+OO 
5.81E+00 
5.96E+00 
6.06E+00 
5.73E+00 

3.86E+00 
1 .69E+00 

4.54E+00 

1.50E+00 
1 .20E+00 



TABLE E.73 

POST-TEST PREDICTION OF ABCOVE TEST AP7 BY HEDL/SSD U S I N G  HAARM-3 

( b )  Tota l  Aerosol P a r t i c l e  S i z e  
O i s t r i  bu t ion  

Removal Rate Time Susp. Conc. (g/m3) ARMD Leaked Mass ( 9 )  S e t t l e d  Mass ( g )  P la t ed  Mass ( 9 )  
(SI NaOH Na I (m) oa  NaOH Na I NaOH NaI NaOH NaI ( s - l )  - -  

6.0( 3.31 0 .o 1.26 1.75 9.95(-2) 0.0 1 .03 (1 )  0.0 1 . 8 9 ( 2 )  0.0 1 .76(-4) 
9 .0 (2 )  3.22 6 .82( -2)  1.77 1.62 1 .96(-1) 1 .04(-3) 2 .38(1)  1 .54 ( -1 )  2 .49 (2 )  5 .19 ( -1 )  6 . 8  ( - 5 )  
1 . 8 ( 3 )  2.92 2.58(-1) 3.47 2.16 4.71(-1) 1 .58( -2)  2 .05 (2 )  1 .2  ( 1 )  3.28(2) 4.48 1 .79( -4)  
2 .4 (3 )  2.52 3.52(-1) 3.5 2.2 6 .32( -1)  3.4 ( - 2 )  5 .05(2)  4 .61(1)  3 .61(2)  8.21 2 .5  ( - 4 )  
2 .7(3)  2.34 3.27(-1) 3.89 2.14 7.04(-1) 4.4 ( - 2 )  6 .46(2 )  6 .57(1)  3 .75(2)  1 .02 (1 )  2 .54( -4)  

m 
I 
Cn 

3.0(3)  2.16 3 .01( -1)  4.25 2.11 7.7 ( -1 )  5 .33( -2)  7 .91 (2 )  8.6 ( 1 )  3 .87(2)  1 .18 (1 )  2 .75( -4)  
4 . 2 ( 3 )  1.45 2.03(-1) 5.08 2.02 9.82(-1) 8 .29( -2)  1 .36 (3 )  1 .66 (2 )  4.19(2) 1 .63 (1 )  3.47(-4) 
7 .2(3)  5.09(-1) 7.11(-2) 5.39 1 .82  1.24 1.2 ( -1 )  2 .14(3)  2 .74 (2 )  4 .51(2)  2 .08(1)  3.43(-4) 
1 . 0 ( 4 )  2.19(-1) 3.05(-2) 5.08 1 . 7  1.34 1 .33( -1)  2 .38 (3 )  3 .08(2)  4 .62(2)  2 .23(1)  2 .76( -4)  
7 .0 (4 )  4.96(-4) 6 .93( -5)  2.62 1.29 1.46 1 .5  ( - 1 )  2 .55(3)  3 .32(2)  4 .78(2)  2 .45(1)  * 6.71(-5)  

1 . 0 ( 5 )  7.8 ( -5 )  1 .09 ( -5 )  2.41 1 .24 1.46 1 .5  ( - 1 )  2 .55(3)  3 .32 (2 )  4 . 7 8 ( 2 ) .  2 .45(1)  5 .99 ( -5 )  
2 .0 (5 )  2 .91( -7)  4.07(-8) 2.15 1 .18  1.46 1.5 ( - 1 )  2 .55 (3 )  3 .32 (2 )  4 .78(2)  2 .45(1)  5 .41 ( -5 )  

( a )  Numbers in  p a r e n t h e s i s  a r e  exponents o f  t e n .  



m 
I 
m 

TABLE E - 4  

B L I N D  POST-TEST PREDICTIONS OF TEST AB7 BY SNL USING CONTAIN CODE 

Aerodynamic S e t t l i n g  Susp. Conc. 
( g/m3 1 AMMO (pm)(a) ~ (a )  Mean Diam. (pm) T i  me 

(SI NaOH Na I NaOH Na I NaOH NaI NaOH'b) N a I  ( b )  Combined - ~ ~ -  
6.0(2)(') 

1 .8(3) 
2.4( 3) 
2.7(3) 
3.0(3) 

9.0(2) 
3.54(0) 
3.53(0) 
3.46(0) 
3.36(0) 
3.29(0) 
3.20(0) 
2.50(0) 
9.44(-1) 
5.26(-1) 
1.86(-1) 
8.70( -3 )  
1 .48(-3) 

0 
6.95(-2) 
2.76( -1 ) 
4.10(-1) 
4.06 ( -1 ) 
4.00(-1) 
3.43(-1) 
1 ~ 6 i - i  j 
1.17(-1) 
9.14(-3) 
4.95 i -3 j 
1.16(-3) 

1.15(0) 
1.56(0) 
2.43(0) 
3.07(0) 
3.45 (0)  
3.87(0) 
5.48(04) 
5.36(0) 
4.64(0) 
2.48(0) 

1.85(0) 
2.20(0) 

-- 
9.5(-1)  
1.45(0) 
1.67(0) 
2.04(0) 
2.38(0) 
3.55(0) 
3.57(0) 
3.32(0) 
2.06(0) 
1.88(0) 
1.55(0) 

1.64(0) 
1.47(0) 
1.57(0) 
1 .73(0) 
1.84(0) 
1.98(0) 
2.35(0) 
2.22(0) 
2.00(0) 
1 .41(0) 
1.40(0) 
1.28(0) 

-- 
1 .6OiO) 
1.86(0) 
2.18(0) 

2.33(0) 
2.75(0) 
2.70(0) 
2.29(0) 
1.55(0) 
1.47(0) 
1.38(0) 

2.22(0) 

1.43(0) 
1.81 (0)  
2.98(0) 
4.14(0) 
5 .OO(O) 

-- 1.43(0) 
1.18(0) 1.84(0) 
2.13(0) 3.03(0) 
3.07(0) 4.12(0) 
3.85(0) 4.85(0) 
4.87(0) 5.70(0) 
9.88(0) 9.38(0) 
9.57(0) 8.72(0) 
6.60(0) 6.97(0) 
2.50(0) 2.75(0) 
2.18(0) 2.39(0) 
1.72(0) 1.84(0) 

Removal Rate AMMO 
T i  me Leaked Mass (9)  S e t t l e d  Mass (9 )  P l a t e d  Mass (9)  NaOH + NaI Combined Aerosol 
(SI NaOH Na I NaOH Na I NaOH Na I (kg /s )  (um) - ~ -  

6.0(2) 1.13(-1) 0 5.45(0) 0 4.53(0) 0 3.56( -2 )  1.15(0) 
9.0(2) 2.17(-1) 1.37(-3) 1.44(1) 4.22(-2) 6.05(0) 2.77(-2) 4.15(-2) 1 .53( 0) 
1 .8(3) 5.26(-1) 1.77(-2) 7.10(1) 1 .49(0) 8.93(0) 3.25(-1) 1.02(-1) 2.34(0) 
2.4(3) 7.27(-1) 3.86(-2) 1.49(2) 5.18(0) 1 .03(1) 6.54(-1) 1.85(-1) 2.93(0) 
2.7(3) 8.25(-1) 5.06(-2) 2.09(2) 8.74(0) 1 .08(1) 8.18(-1) 2.48(-1) 3.30(0) 
3.0(3) 9.20(-1) 6.25(-2) 2.90(2) 1 .40(1) 1 .13(1) 9.50(-1) 3.30(-1) 3.70( 0)  
4.2(3) 1 .26(0) 1.07(-1) 8.75(2) 6.13(1) 1 .27(1) 1.32(0) 6.95(-1) 5.32(0) 
7.2(3) 1.71(0) 1.79(-1) 2.20(3) 2.03(2) 1.43(1) 1.79(0) 2.37(-1) 5.04(0) 
1.0(4) 1.90(0) 2.18(-1) 2.55(3) 2.53(2) 1.51(1) 2.05(0) 8.74( -2 )  4.37(0) 
7.0(4) 2.47(0) 3.97(-1) 2.98(3) 3.43(2) 1.81(1) 3.40(0) 6.36(-4) 2.33(0) 

2.0(5) 2.55(0) 5.19(-1) 3.00(3) 3.49(2) 1 .87(1) 3.86(0) 2.99( - 5 )  1.66(0) 
1 .0(5) 2.52(0) 4.16(-1) 2.99(3) . 3.46(2) 1 .84(1) 3.59(0) 2.42 ( -4)  2.10(0) 

(a)  
( b )  
( c )  

Obtained from l o g - p r o b a b i l i t y  p l o t  o f  r e p o r t e d  d i s c r e t e  s i z e  data.  
Ca lcu la ted  from l o g - p r o b a b i l i t y  p l o t  o f  repo r ted  s i z e  data; dS = AMMO e x p ( l n 2  us). 
Numbers i n  pa ren thes i s  a r e  exponents o f  10. 



TABLE E-5  

rn 
I 

B L I N D  POST-TEST PREDICTIONS OF TEST AB7 BY BCL U S I N G  QUICKM CODE 

T i  me 
(SI 

9.0(2) 
1.8(3) 
2.4( 3) 
2.7(3) 
3.0(3) 
4.2(3) 
7.2( 3) 
1.0(41 

~ 6.0(2)(‘) 

7.0(4 j 
1 .0(5) 
2.0(5) 

T i  me 
(SI 

6.0(2) 
9.0(2) 
1 .8(3)  
2.4(3) 
2.7(3) 
3.0(3) 
4.2(3) 
7.2(3) 
1.0(4) 
7.0(4) 
1.0(5) 
2.0(5) - 

Susp. Conc. 

NaOH 

3.91 (0)  
3.89(0) 
3.69(0) 
3.34 ( 0) 
3.09( 0) 
2.82(0) 
1.85(0) 

4.92( -1 ) 

( g/m3 1 

8.15 (-1 ) 

1 .75(-2) 

1 .17(-3) 
7.77( -3) 

Na I 

0 
7.67( -2) 
3.04(-1) 
4.45 (-1 ) 
4.34( -1 ) 
4.19(-1) 
3.42(-1) 

1.48( -1 ) 

5.60( -3) 
1.26(-3) 

2.09( -1 ) 

1 .08( -2 )  

Leaked Mass ( 9 )  
NaOH Na I 

1.12(-1) 
2.28(-1) 
5.66(-1 ) 

8.72(-1) 
9.59( -1 ) 

7.76( -1 ) 

1.23(0) 
1.60(0) 
1.77(0) 
2.33(0) 
2.37(0) 
2.40(0) 

0 
1 . O O ( - 3 )  
1.74(-2) 
3.91 ( - 2 )  
5.22 ( -2)  
6.48( -2)  
1 . lo(-1) 
1 .89(-1 j 

4.91 ( -1)  

2 .38 ( -1 ) 
4.68( -1 ) 

5.19( -1) 

AMMD (um) 

NaOH(a) NaI(a)  Combined -- 
1.19 -- 1.19 
1.61 0.81 1.58 
2.50 1 .22 2.51 
3.10 1 .41 2.90 
3.40 1 .66 , 3.22 
3.70 1.87 3.47 
3.88 2.28 3.78 
3.50 2.66 3.47 
3.32 2.57 3.15 
2.18 1.90 2.12 
1.94 1.68 1.84 
1 .52 1.34 1.48 

S e t t l e d  Mass ( 9 )  
NaOH N a I ,  , 

I f /  

8.06(0) 0 j 2.57(1) 4.80(-2) 
1.89(2) 2.84(0) 
4.78(2) 1.23(1) 
6.87(2) 2.19(1) 
9.18(2) 3.47(1) 
1.75(3) 9.98(1) 
2.64(3) 2.14(2) 
2.92(3) 2.66(2) 
3.33(3) 3.84(2) 
3.33(3) 3.88(2) 
3.34(3) 3.92(2) 

NaOH(a) Na I(a) 

1.75 -- 
1 .63 1.75 
2.10 2.16 
2.48 2.41 
2.68 2.41 
2.51 2.67 
2.58 2.87 
2.28 2.37 
1.83 2.14 
1 .29 1.37 
1 .30 1.38 
1.26 1.38 

-- 

P l a t e d  Mass ( 9 )  
NaOH Na I 

2.68( -1 ) 
4, .2d( i 1 ) 
7.12(-1) 
8.39(-’1) 
8.90(-1) 

1.06(0) 
1.23(0) 
1.32(0) 
1.67(0) 
1.70(0) 
1.73(0) 

9.34(-1) 

0 
2.82(-3) 
3.66 ( -2) 
7.52(-2) 
9.53(-2) 
1.12(-1) 
1.59(-1) 
2.27( -1 ) 
2.66(-1) 
4.63( -1 ) 
4.89( -1 ) 
5.24(-1) 

( a )  Obtained f rom l o g - p r o b a b i l i t y  p l o t  o f  r e p o r t e d  s i z e  data.  
C a l c u l a t e d  f rom l o g - p r o b a b i l i t y  p l o t ;  d \E{  Numbers i n  parenthes is  a re  exponents of’10. 

= AMMD exp ( ln2 as) .  

Combined 

1.75 
1 .68 
1.98 
2.21 
2.25 
2 -28 
2.26 
2.05 
1 .92 
1 .46 
1.43 
1.37 

Removal Rate ( s - l )  
NaOH Na I 

1.24(-5) - - ’  

2.43(-5) 1.45( -7) 
1.02(-4). 2.56(-6) 
2.00(-4) 8.27(-6) 
2.49( -4 )  1 . 2 7 (  -5) 
2.84(-4) 1.73(-5) 
2.91(-4) 2.87(-5) 
1 .70(-4) 2.86(-5) 
1 .18(-4) 2.49(-5) 
1 .87(-5)  9.43(-6) 
1 .41(-5) 8.09(-6) 
7.03( -6 )  5.90( -6)  

Aero. S e t t l i n g  
Mean Diam. (urn) 

1 .63 -- 
2.04 1 .ll 
4.33 2.21 
7.07 3.06 
8.98 3.60 
8.63 4.90 
9.53 6.93 
6.90 5.60 
4 -78 4.58 
2.33 2.10 
2.08 1 .86 
1 .60 1.49 

I 



A P P E N D I X  F 

CODE COMPARISONS OF SUSPENDED MASS CONCENTRATION ~- 

F- 1 



H A ARH-3 

3.34 (cl 
3.52 
3.3 1 

I AVERAGE 

8.948 1.113 
8.999 1.173 
8.839 1.183 

Table Fl 
SUSPENDED HASS CONCENTRATION AT 688 SECONDS 

3.91 
3.524 

USER 

1.118 1.303 
1.175 

HEDL 
RUESG 
HEDL 
SNL 
5CL 

3.54 I 1.885 I 1.189 I I I I 

(a) Teat AB7 result for NaOH = 3.8(0> 2 5.8(=1) 
(b) Test AB7 result for N i t  = 0.0 
(c) NMBers in penthesis are axpomrnts of  18. 

r 
Table F2 

WENDED MASS CONCENTRAPION AT 988 SECONDS 

HAA-4 RUESG 

1 Roiio I '2 I Raiio 1 GX&? 

(s/A3) Average Test (0) (8/r3) Average Test (b) 

Post-Test P ~ t - T e s  t 
code to code to code to code to 

(a) Test AB7 result for Nd = 3.8(8) 2 5.N-1) 
(b) Test A67 result for NaI = 7.K-2) 2 3.N-3) 
(c) W s  in penthesis are exponents o f  18. 

F- 2 



s 

CODE 
HAA-3 
HAA-4 

HAARM-3 
CONTAIN 
QUICKM 

AVERAGE 

NaOH n01 
Rat i o  B1 ind 

POS t -Tes t Rat i o  BI id 
Post -Tes t 

code code 
Code t o  Code t o  Code to Cock to 

USER (g/m3> Average Test (a) Cg/m3) Average Test (b) 
HEDL 2.99 (c) 8.918 e ,997 2 . ~ 4 )  8.971 0.914 

RI/ESG 3.23 0.991 1.077 2.61(-1) 0.w 0.800 

SNL 3.46 1 .e@ 1.153 2.76(-1) 1.012 . 0.952 
BCL 3.68 1.133 1 .m 3.M-1) 1.114 1 .MI 

3.26 1.886 2.73(-1) 0.941 

HEDL 2.92 0.896 0.973 2.58(-1) 0.946 I 0.898 

~~ ~~~ 

(a) Test AB7 results for NaOH = 3.0(0) t 5.0(-1) 

(c) Numbers in parenthesis are exponents o f  10. 
(b) Test AB7 results for NaI = 2 . 9 W  : 4.M-2) 

. 

HAA-4 
HAARM-3; 
CONTAIN 
QUICKM 

AVERAGE 

Table f 4  
SUSPENDED MASS CONCENTRATION AT 2400 SECONDS 

RI/ESG 2.54 8.913 0.891 
HEDL 2.52 8.988 0.884 
SNL 3.36 1.288 1.179 
BCL 3.34 1.281 1. I72 
. 2.782 0.976 

I I NaOH 

3.52(-1> 
4.1(-1> 
4.45(-1) 
3.684(-1) 

Rat i o  

CODE 

0.955 8.828 
1.113 8.5 
1.208 1 .e47 

0.B67 

HAA-3 I HEDL . I 2.15 (c)J 8.773 I 8.754 

n01 1 
Blind j code to 1 Post-Test 
code 

(g/m3> Average Test (b> 

F- 3 



I HAA-3 1.82 (c) 

2.34 
3.29 

2.23 

I- 

8.713 0.788 2.w-1) 8.756 0.609 

0.916 0.988 3.27(-1) 0.954 0.768 
1 .m 1.265 4.86(-1) 1.184 0.855 

0.873 0.858 2.88(-1) 8.848 8.878 

Table F5 

3.89 
2.554 

SUSPENDED MASS CONCENTRATION AT 2700 SECONDS 

t .210 1.188 4.34(-1) 1.266 1.021 
8.982 3.43(-1) 0.887 

USER 
HEDL 

CODE 

. SNL 
BCL 

POS 'lid t-TB t I Raiio 1 POS :: t -Test I Iljl 1 
us@ (g/m3) Average Test (a) (B/m3) Average Test (b) 

code 
Code to Code to Code to Code to 

NaOH I No1 I 
POS t-Tes t I Rat io I P~t -Tes t  'Iind 1 Ratio I 

(a) Test AB7 result for NaOH = 2.60(0) 2 4.0(-1) 
(b> Test AB7 result for NaI = 4.25(-1) t 3 . 0 M  
(c> Nunbers in parenthesis are exponents o f  10. 

Table F6 
SUSPENDED MASS CONCENTRATION AT 3000 SECONDS 

1 j 1 Nd I NaOH 
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CODE 

4 3 - 1 )  
5.M-1) 

HAA-3 
HAA-4 

0.752 8.339 5.81 (-2) 8.537 8.288 
0.880 8.431 7.11(-2) 0.651 8.245 

HA ARM-3 
C O N T A I N  

9.44(-1) 
8.15(-1) 
5.784(-1) 

QUICKM 
AVERAGE 

1.632 8.888 1.76(-1) 1.626 8.607 
1.489 8.691 -2.89(-1) 1.831 8.721 

8.498 f .883(-1) 8.373 

Table f7 
S U S P E N D E D  MASS CONCENTRATION A T  4200 SECONDS 

USER 
HEDL 

RI/ESG 
HEDL 
S N L  
BCL 

NaOH 
I Rat io  Post -Tes t 

BI ind 
Post -Tes t 

code 

(g/m3) 

3.43(-1) 

Nd 
Rat i o  

code to i code to 
Average Test (b, 

0.440 I 0.258 

1.96  I 0.m 

(a> Test AB7 result for NoOH = 1.95(0> t 2.5(-1> 
(b> Test AB7 result for NaI = 4M-1) 2.5(-2) 
( c )  Nuhers in parenthesis are exponents o f  10. 

Table f 8  
S U S P E N D E D  MASS CONCENTRATION A T  7280 S E C O N D S  

I I I NoM1 I Nd 1 

CODE USER 

I HAA-4 I R I / E S G  

Rot io  BI ind ~o?&t 1 Rat , io JPost-Test 
, cbde code I 

~~ ~ 

(01 1st AB7 result for Nd = I .  18(8) t 1.2(-1> 
(b) Test AB7 result for Nd = 2.X-1) 2 2.S-2) 
(cl Numbers in parenthesis are exponents o f  10. 
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Table F9 
SUSPENDED MASS CONCENTRATION AT f 0888 SECONDS 

CODE I USER 

OUICKM I BCL 
AVERAGE 1 

I B l i n d  I Ratio I Pmt-Test ~ l i n d  I Ratio Post-Tes t 
code code- 

Cg/m3) Average Test (a) (g/m3) Average Test (b) 

J 

Code to  Code to Code to Code to 

9.iH-2) (c) 0.290 0.110 1.29(-2) 0.198 0.859 
2.37(-11 0.757 0.289 3.0X-2) 0.458 0. I38 
2. I$(-!) 0.788 0.267 3.W-2) 0.458 0.139 
5.26(-11 1.681 0.641 1.17(-1) 1.726 0.532 
4.92(-1) 1.572 0 .w 1.48(-1) 2.184 8.673 

I I 1 1 1 

(a) Test AB7 result for NaOH = 8.2(-1) 2 3.0(-2) 
(b) Test AB7 result for NaI 2.2(-1> 2 2.K-2) 
(c) W s  in parenthesis are exponents o f  10. 

Table F1O 
SUSPENDED MASS CONCENTRATION AT 70000 SECONDS 

CODE 
HAA-3 
HAA-4 

HA ARM-3 
CONTAIN 

USER 
HEDL 

RI/ESG 
HEDL 
SNL 
BCL 

NaOH I NaI 1 
' I i n d  1 

Raiio 1 :: I Ra]io 1 code 

(g/m3) Average Test (a) (g/m3> Average Test (b> 

Pos t-Tes t Post-Test 

code t o  code to code to  code to 
1 I I 1 1 

I 0.048 I 7.96(5> 10.019 10.013 1 
4.37(-3) 0.526 0.312 5.63(-4> 0.136 0.094 - 
4.w-41 8.868 0.835 6.83(-5) 0.817 0.812 
1.86(-2) 2.248 I .329 9.14(-3) I 2.213 1.523 
1.75(-2) 2.107 I .250 1.08(-2> 2.615 1 .gee 
8.3 1 (-3) 0.593 4.131 (-3) 0.668 

(01 Test AB7 result for NoDH = 1.4K-2) 2 5.M-3) 
(b) Test AB7 result for NoI 
(e) Nuabers in parenthesis are exponents o f  10. 

6.80(-3) t 2.X-4) 
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A P P E N D I X  G 

CODE COMPI-\RISONS OF AEP_OODYNAMIC MASS MEDIAN DIAMETER --- - 
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I ,  

CODE 
HAA-3 
HAA-4 

HAARM-3 
CONTAIN 
QUICKM 
AVERAGE 

> 

5.4(-1> (c) 
1-54 

Table 61 
AERODYNAMIC MASS MEDIAN DIAMETER AT 688 SECONDS 

8.446 0 .267 
1.271 0.762 

USER 

I .28 
I .53 

HEDL 
RI/ESG 

1.848 0.624 
I .a 0.751 

. . .  

HEDL 

1.19 
I .212 

SNL 
8.982 0.589 

0.688 
BCL 

I N a I  I 

(a) Test AB7 result for NaOH =: 2.02(0> t 4.N-!> 
(b) Test AB7 result for Nd = 8 
(c) N&s in pcrenthesis are exponeds o f  10. 

Table 62 
AERODYNAMIC MASS MEDIAN DIAHETER AT 988 SECONDS 

CODE I USER 
HAA-3 I HEDL 

NaOH 

Post-Test I Ratio 

2.44 1 .a8 1.173 
I .n ! .07g 0.851 
1.56 8.951 0.750 
1-61 8.982 0.774 

I I 0.703 
(a> Test AB7 result for N$H = 2.88(8> 
(b> Test AB7 result for WoI = 8.N-11 2 8.K-2) 
(c> Ntnbers in parenthesis are exponents o f  18. 

4.K-1) 

N a I  I 
POS 'Iind t-Tes t I Ratio I 

2.44 1.797 3.858 
1.77 1.383 2.213 

e- 2 



CODE 

SNL 
BCL 

HAA-3 
HAA-4 

HAARM-3 
CONTAIN 2.43 8.74 1.847 t .45 8.512 1 .Be 

2.5 8.761 1 .a78 1.22 8.431 8.841 
3.284 1.416 2.832 1 .m 

QUICKI'l 
AVERA6E 

(a) Test AB7 result for NaOH 2.32(0) 4.K-1) 
(b) Test A87 result for N a I  1.45(8> 2 2.5(-1) 
(c) b s  in p P e n t k i s  are exponents of 10. 

Table 64 
AfRODYNAtUC NASS NEDIAN DIAMETlR AT 2400 SECONDS 

(0 )  Test AB7 result fw N$H = 2.57(8> t5.N-1) 
cb) Test AB7 result fcr Nd 1.92(8) 2 3.X-1) 
(c) Nmks in parenthesis are expenls o f  18. 
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CODE 
HAA-3 
HAA-4 

H A ARH-3 
CONTAIN 
QUICKM 

AVERAGE 

Table 65 
AERODYNANIC NASS HEDIAN DIAMETER AT 2700 SECONDS 

I NoOH I No1 I 

USER 
HEDL 

RUE% 
HDDL 
SNL 
BCL 

6.a (c 

8.8 
3.89 
3.45 
3.4 
4.674 

81 ind Rot io  

%--p-pf 
8.727 1 .m 

1 1.744’ I 4.04 

I 
Rat io 

Average Test (b 

I 

8.971 
0.418 

(a) Test AB7 result for NaOH = 2.68(0> +, 5.N-1) 
(b) Test AB7 result for Nd = 2.10(0) 2 4.K-1) 
(c) Ntrabers in parenthesis are exponents o f  10. 

Table 66 
AERODYNAHIC HASS HEDIAN DIAMETER AT 3888 SECONDS 

(a) Test AB7 result for NQH = 2.88(8> t 5.N-1) 
cb) Test AB7 result for Nd = 2.28(0) +, 4.N-11 
(c) Ntaber in parenthesis are exponents o f  10. 
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Table 67 
AERODYNAMIC MASS HEDIAN DIAMETER AT 4288 SECONDS 

5.36 
3.5 
5.652 

CODE USER 

8.952 1.178 3.51 8.689 8.871 
9.621 0.764 2.66 8.521 8.W 

1 .m 5.11 1.245 

I HAA-3 I Ha)L 

lAVERA6E I 

'Iind I Ratio Post-Test 

7.4 1.246 1.762 
5.88 0.856 1.218 
5.48 18.923. . 11.385 - 
3.08 8.653 8.924 
5.44 1.414 

(a) Test AB7 result for N d  = 4.28(8) 1.8(8) 
(b) Test AB7 result for Nd = 3.48(8) 2 8.N-1) 
(c) k s  in parenthesis are expnents of  10. 

NaI 

Rat io BI id 
Post-Test 

7.85 I 1.a 12.389 
1.414 2.176 
8.871 

3.55 8.679 1 .e44 

Table 68 
AERODYNANC NASS flEDIAN DIAISETER AT 7288 SECONDS 

I I 
NoOH N d  I 

CODE USiER 

q-%- 
AVERAGE 

Blind I 
Post-Test Rot io Rat io 

7.15 (c) 1.278 1 .SI 17.15 I .48a I .744 
6.76 1 .?me t .476 6.78 1.324 I .w 
5.39 0.951 1.177 - 5.38 I .a 1.315 

(01 Test AB7 result for NQH = 4 . W )  
(b) Test AB7 result for NQI 4.18(8) 2 8,8(-1) 
(c) Nrabers in penthesis are e x p e d s  o f  10. 

9.N-1) 
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I .  

3.28 cc>-1.195 
3. I6 1.152 

Table G9 
AERODYNAMIC MASS MEDIAN DIAMETER AT 18888 SECONDS 

NaOH No1 I I I 

1.276 3.28 I .268 1.461 
I .a 3.16 I .214 1 .411 

CODE USER 

2.62 
2.48 

AVERAGE I 

0.855 I .e19 2.62 1.886 1.178 
8.804 8.965 2.86 0.791 0.420 

6.34 (c)l 1.226 I 1.502 I 6.34 11.354 11.664 I 

2. I8 
2.744 

6.1 1.179 1.445 6.1 I .383 I .a1 
5.08 8.882 I .284 5.08 1 .a 1.333 

0.784 8.848 1.8 8.738 8.848 
1.068 2.604 1.163 

4.64 I 8.897 I 1.106 - I 3.32 I 8.788 I 8.871 I 
3.7 8.715 0 . m  2.57 0.544 0.675 
5.172 1.226 4.682 1.228 

(a) Test AB7 result for NaOH = 4.22(0) t 8.0(-1) 
(b) Test AB7 result for NaI = 3.81(0) 2 7X-1)  
( c )  Nmbers in parenthesis are exponents o f  10. 

Table G t O  
AERODYNAMIC MASS MEDIAN DIAMETER AT 78888 SECONDS 

NaOH N d  1 ! 1 

pmpi- 
HAA-4 RI/ESG 

Rat io Post-Test 
I code 

Rat io  61 id 
Post-Tes t co& 

AtmD code to  code to Aflm code to Code to 
(t4icron) 1 Average ' 1 Test (ad1 (flicron) 1 Average I Test (b,l 

I 

(a) Test AB7 result for N& = 2.57(8> t 5.N-1) 
(b> Test AB7 result for NaI = 2.24(8) 2 4.4(-11 
(c) Numbers in parenthesis we exponents o f  10. 
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Table Gll 
AERODYNAMIC MASS HEDIAN DIAMETER AT 188888 SECONDS 

(01 Test AB7 result for NdM = 2.38(0) t 4.6(-1) 

._ - - .  

--T&-le 612 .- 

AERODYNAHIC HASS HEDDWDIAMETER AT 288888 SECONDS 

P 

(01 Test AB7 result for NOOH = 1.8(8) 2 3.6(-1) 
(b) Test AB7 result for NaI = 1.45(8) 2 3.N-11 
(c> Ntabers in parenthesis are exponents o f  10. 

G- 7 



A P P E N D I X  H 

C3DE COMPARISONS -- OF GEOMETRIC STANDARD DEVIATION 
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HAA-3 
HAA-4 

CONTAIN 
QUICKM .- AVERAGE 

NaOH 

Rat i o  B I  ind 
Post-Test 

Table H1 
GEOMETRIC STANDARD DEVIATION AT 600 SECONDS 

No1 

Rat i o  BI ind 
Post -Test 

BCL 1.75 1 .a1 I .080 
I .E I .079 

RUES6 I 1.83 I 1.847 I 1.130 I I I I 

SNL 1 1.64 I 8.938 I 1.012 I I 

(01 Test AB7 result for NdlH = 1.62 2 0.15 

Table H2 
GEOMETRIC STANDARD DEVIATION AT 900 SECONDS 

(a) Test AB7 result for NaOH = 1.63 t 0.15 
(b) Test A87 result for M = 1.63 - + 0.15 
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Table H3 
GEOMETRIC STANDARD DEVIATION A T  1888 SECONDS 

(01 Test'AB7 resul 
(b) Test AB? resul 

CODE USER 
HAA-3 I HEDl 
HAA-4 I RI/ESG 

AVERAGE I 
(a) Test A87 resul 
(b) Test A87 resul 

I NoOM Nol: i 

2.44 I. 174 1.479 2.41 1.136 I .479 
2.12 1 .m 1 .a 2.12 8.961 I .285 

~ 2.16 1.839 1.389 . 2.16 I .a 1 .m 
1 .!i7 0.756 0.952 1.86 8.868 1.127 
2. 1 1.81 I 1.2M 2.16 1 .ai I 1.309 

' 2.88 1 .259 2.15 I 1.a 
I I I . 1 1 1 

, for N d  = 1.65 t 8.15 
, for NaI = 1.65 2 8.15 

Table H4 
GEOMETRIC STANDARD DEVIATKIN AT 2400 SECONDS 

I HAA-3 - I HEM. 

I 1 

2.73 1.195 1 .ai 2.73 1.157 I .606 
2.28 8.998 1.341 2.28 8.966 1.341 

~ ~~ ~ 

2.2 8.863 1.294 2.2 8.932 1.284 
1 .n 8.751 1.018 2.18 8.024 1.282 
2.48 1.888 1.469 2.41 I .821 I .418 
2.284 1.344 2 . 3  I .a 
for NdY = 1.78 8.15 
for NaI = 1.78 8.15 
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HAA-3 
HAA-4 

I. , 

Table HS 
6EOMETRIC STANDARD DEVIATION AT 2708 SECONDS 

(01 Test AB7 resul 
(b) Test AB7 resul 

for NQH = 1.72 8.15 
for NoI = 1.72 2 8.15 

Table H6 
GEOMETRIC STANDARD DEVIATION AT 3888 SECONDS 

I 

HAA-3 1 HEDL 
HAA-4 RUESG 

HAARM-3 HEDL 
CONTAIN SNL 
OUICKM BCL 

1 AVERASE I 

I Na I  I 

2.48 I 1.417 I 2.48 I 1.417 I 
2. I3 I 8.958 I 1.217 I 2.13 I 8.989 I 1.217 I 
2.11 I 8.941 I 1.288 12.11 18.888 I 1.286 I 
I .I I 8.883 1 1.131 I 2.33 1 
2.51 I 1.128 1 1.434 I 2.67 I 1.134 I 1.526 I 
2.242 11.281 I 2.344 1 I 1.m 1 

(a1 Test AB7 result for NoOH = 1.75 
(b1 Test AB7 result for NaI = 1.75 2 8.15 

8.15 
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" 
Rot io 

code to code to 

BI id 
Post-Test 

code 
CODE USER Si@ Averago Tat (a) 

HAA-3 HEDL 2.16 8.976 1.149 

Table H8 
GEOHETIUC STANDARD D" AT 7288 SECONDS 

NaI 
Rot i o  

code to codep to 

BI ind 
Post-Test 

code 

Siga Average Test (b) 

2.16 8.918 1.149 

I HAA-3 I HEM . 

I I 

NO(1tl I NOX I 
Post-Ted 

code 

Signa Average 

1.82 8.822 
2.22 1.125 
2.28 t.155 
1.974 1.128 

Ratio I 

+E+$-/ 
8.872 -1 

1.183 

(a) Test A67 result for N4001 = 1.75 t 8.18 
6) Test AB7 result for NaI = 1.75 t 8.18 
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CODE 
IHAA-3 

Table H9 
GEOM€fRIC STANDARD DEVIATION AT 18888 SECONDS 

USER 
HEDL 

RVESG 
HEDL 
SNL 
BCL 

I NaI  I 

I I I I 
1.68 4.947 1 .m 1.68 18.898 I .886 
1.63 8.919 8.V6 1 .a I 8.883 8.976 

(d Test AB7 r e d €  foe NoUi = 1.67 2 0.28 
(b) Tet A67 result for N a I =  1.67 8.28 

Table ti10 
G E O M C  STANDARD DEVIATION AT 78888 SECONDS 

(01 Test AB7 resuit for NaoH f 1.47 ,+ B.!S 
(b) Test AB7 result for N a I  1.47 2 8.15 
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Table H l l  
GEOMETRIC STANDARD DEVIATION AT I00000 SECONDS 

CODE 
HAA-3 
HAA-4 
HAARM-3 
CONTAIN 
QUICKM 

AVERAGE 

- NaOH NaI 
Rat i o  BI ind 

Post -Tes t Rat i o  BI id 
Pos t-Test 

Code code 
code t o  cocte to code to  code to 

USER Signa Average Test (a) S i p a  Average Test (b 

HEDL 1.25 8.967 8.862 1.25 0.946 0.862 
RI/ESG 1.27 0.903 0.816 1.27 8.961 8.876 
HEDL 1.24 8.M 0.855 1.24 0.938 8.855 
SNL 1.4 1.884 0.966 1.47 1.112 1 .e14 
BCL 1.3 1.886 8.897 1 .a 1 .e44 8.952 

1.292 0.891 1.322 8.912 

- 
- 

Table H12 
GEOMETRIC STANDARD DEVIATION AT 200888 SECONDS 

HAA-4 
HAARH-3 
CONTAIN 
QUICKM 

AVERAGE 

I Post-Test 'lid I Ratio 

RI/ESG 1.2. 8.982 8.857 
HEDL . 1.18 8.968 8.843 
SNL * 1.28 1.847 8.914 
BCL 1.26 t .e31 0.988 

I .222 8.873 

I I W V  

I I I I 

HAA-3 I HEDL I 1.19 18.974 10.858 

(a) Test-AB7 result for NOOH = 1.48 + 8.15 
(b) Test AB7 result for NaI  = 1.48 cfl.15 

NaI 

Rat io  61 ind 

m- 
8.948 8.857 

1.18 18.932 18.843 
, m- 
8.W 
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Table I1 
AERODYNAMIC SETTLING MEAN DIAMETER AT 680 SECONDS 

CODE 

HAA-4 RI/ESG 
HAARM-3 HEDL 

USER 

I QUICKM I BCL 

1.64 
3.64 

NaOH I N a I  I 

I 

0.762 8.651 1.64 8.891 1 .w 
1 A3 1 .a 3.84 1.652 2.868 

Posl-Test Blind I Ratio I Post * I i n d  -Tes t 1 Ratio I 

HAA-3 
HAA-4 

7 . 5 W  (41 8.488 I 8.32 I I I I 

HEDL 
RI/ESG 

(01 Test AB7 result for Na(1H = 2.48 
(b) Test A67 result for NoI = 8  
(c) k s  in parenthesis we e.xpanents of 18. 

0.58 

HAARM-3 
CONTAIN 

Table 12 
AERODYNAMIC SETTLING MEAN DIAMETER AT 988 SECONDS 

HEDL 
SNL 

2.23 
I .81 

1.836 8.885 2.23 1.212 2.184 
8.841 8.718 1.18 8.641 1.113 

2.84 
2.19 

NQOH I NaI I 

8.918 8.818 1.11 8.683 1 .e47 
8.854 1.04 I .736 

Post -Test I ROjio I Post-Test BE 1 R0;io 1 
Uricrcd Average Test (01 U4icron) Average Test (b) 

code 
codeto codeto code to code to 

(01 Test AB? resul 
(b) Test AB7 rem1 

for NdlH = 2.52 2 0.5 
for M = 1.86 2 0.2 
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i :  

CODE 
HAA-3 
HAh-4 

HAARM-3 ~ 

CONTAIN 
QUICKM 
AVERAGE 

CODE 
HAA-3 
HAA-4 

Rat i o BI ind 
Post-Tes t B l  id Rat i o 

code code 
codeto codeto codeto Codeto 

Pos t-Tes t 

USER Cnicronl Average Test (a) Ulicronl Averqp Test (bl 
HEDL 1.41(11 (c) 1.623 4.896 1.41(1) 1.838 5.529 
RUESG 1.16(1) 1.335 3.295 1.16(1) 1.512 4.549 

HEDL 6.52 8.751 I .a52 6.9 8.858 2.m 
SNL 4.14 0.171 I. I76 3.87 ' 8.480 - I.% 
BCL 7.07 8.814 2.869 3.86 8.3N 1 .m 

8.69 2.468 7.67 3.m 

HA ARM-3 
CONTAIN 
QUICKM 

AVERAGE 

Table 13 
AERODYNAMIC SRTLING flEAN DIAHETER AT 1888 SECONDS 

SNL 2.88 0.516 0.948 2. I3 8.41 I 1.189 
BCL 4.3 0.758 I .366 2.21 8.427 1.151 

5.774 I .821 5.18 2.688 
A 

(01 Test AB7 result for "i = 3.17 2 8.6 
(b1 Test AB7 result for NaI = 1.92 8.38 

Table I4 
AERODYNANIC SETnaJG HEAN DIANETER AT 2400 SECONDS 

I 
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r. 

I .21(1> 
7.42 
6. I7 

Tab le I5 
AERODYNAMIC SETTLING MEAN DIAMETER AT 2700 SECONDS 

~ 

1.219 3.848 1.21(1) 1.357 3.841 
0.748 I .a4 7.42 0.832 2.356 
8.622 I .558 4.87 0.546 1.546 

(01 Test &El7 result for NdlH = 3.75 2 8.7 
(b1 Test AB7 r&It for NoI = 2.90 
(c) W s  in parenthesis are exponents of 18. 

0.6 

8.63 
9.924 

Table 16 
AERODYNAMIC SETTLING MEAN DIAMTER AT 3888 SECONDS 

8.870 2.168 4.9 0.M ~ - r,sss 
2.493 8.92 2.831 

1 CODE I USER 
HAA-3 HEDL 

I CONTAIN I SNL 

NaOH I 1 
'Iind 1 Raiio 1 'E 1 Raiio 1 Post-Tes t Pos t-Tes t 
code 

Uicron) Aver- Test (01 (Nicronl Average Test 6) 
codeto Codeto code to code to 

, (a1 Test AB7 result for NdH = 3.98 +, 8.88 
(b1 Test AB7 result for NoI = 3.15 t 8.63 
(c> Nuabers in parenthesis are exponents of  18. 
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Table I7 

HAAR14-3 
CONTAIN 
OUICKH 

AVERAGE 

AERODYE4AKIC S t W S  HEAN DIMTER AT 4280 SECOfOS 

HEDL 7.71 8.878 I .234 7.71 8.917 1.389 
SNL 1.8l(I) 1.151 I .616 0.57 1.138 I .724 
BCL 6.9 8.786 1.184 5.6 0.666 I .e88 

8.78 1 .w 8.412 1 SI6 

(01 Test AB7 result for W = 5.58 
(b) Test AB7 r w l t  for M = 4.78 2 1.8 
(c) N;slbeps in parenthesis are exponents of t0. 

1.8 
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Table I9 
AERODYNAMIC SETTLING MEAN DIAMETER AT 10000 SECONDS 

3.5 
3.38 
2.8 
2.5 
2.1 
2.86 

-.* 

(01 Test AB7 result for N8H = 5.65 2 1.2 
(b) Test AB7 result for Nd = 5.88 1.0 

1 .m I .458 
1.183 1 .4e8 
0.988 1.167 
8.875 1.042 
8.735 8.815 

1.198 

Toble It0 
AERODYNAMIC S R T U N G  MEAN DIAMETER AT 70000 SECONDS 

3.38 
2.8 

CODE 

1.141 1.146 
8.945 8.948 ' I HAARM-3 

I AVERAGE 

USER 
HEDL 

WESG 
HEDL 

NaOH 
I 

Post-Test 'lid I Ratio 

3.5 I 1.182 I 1.186 

N d  
Past-Test Blind I Ratio 

(01 Test AB7 result for NaOH = 2.95 t 0.5 
(b> 'lest AB7 result for M = 2.48 0.4 
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Table 11.1 

NaOH 

Rat i o  

code to code to 

BI id 
Post -Tes t 

Code 
CODE USER (Nicrcn) Average Test (a> 

HAA-3 HEDL 3.18 1.187 I .247 
HAA-4 RI/ESG 3 1.119 I. I76 

HAARM-3 HEDL 2.68 1.888 I .851 
CONTAIN SNL 2.46 0.918 0.965 
QUICKM BCL 2.88 6.776 8.816 

AVERAGE 2.68 I .&I 

AERODY NAME SETTLING MEAN DIAMETER AT 1 00000 SECONDS 
No1 

Rat i o  

Code to code to 

BI ind 

- c o d e  
Post - T ~ s  t 

(Nicron) Average Test (b) 

3.18 I .233 1.445 
3 I .163 1.364 
2.68 I .839 1.218 
2.18 0.84s 0.991 
1.86 0.721 0.845 
2.58 1.173 

CODE 
HAA-3 
HAA-4 

HAARM-3 
CONTAIN 

AVERAGE 
QUICKM 

(a) Test AB7 resu l t  for NaOH = 2.55 t 0.4 
(bl Test A87 rem1 t for Nd = 2.28 t 0.4 

- -  

NaOH N d  

Rat i o  51 ind 
fos t -Tes t 01 id Rat i o  

code code 
code to  code to code to code to  

Post-Test . 

USER (Nicron) Average Test (a) (Hiwon) Average Test (b) 

HEDL 2.78 1 .m 1.589 2.78 I .311 1.794 
RI/ESG 2.4 1.896 I .371 2.4 1.132 1.548 

HEDL 2.21 1 .ea I .m 2.21 1 .e42 I .426 
SNL 1.96 6.895 1.220 1.72 8.81 1 1.116 

2.19 I .251 2.12 1.368 
BCL 1.6 0.731 8.914 1.44 0.783 8.961 
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CODE 

USER 

HAA-3 

BI ind 
Post-Test 1 ' O j 0  lPo!!$h I Q/O 1 

Code 

(a) Average Test (01 Aver- Test (b) 
code to code to code to code to 

HAA-4 
HA ARM-3 
CONTAIN 
QUICKM 
AVERAGE 

USER 
HEDL 

RI/ESG 
HEDL 
SNL 
BCL 

Table J1 
LEAKED MASS AT 608 SECONDS 

NaOH I NaI I 

1(-I) (c) 0.946 0.988 
l.M(-l) 0.984 1 .m 
9.95(-2) 0.941 0.975 
1.13(-1> 1.869 1.188 
1.12(-1) 1.868 1.098 

1.036 

(a) Test AB7 result for NaOH = t.02(-1) 
(b) Test AB7 real t for No1 = 8 
(c> Elumbers in parenthesis are exponents of 10. 

1.8(-2) 

Table J2 
LEAKED MASS AT 908 SECONDS 

CODE 
HAA-3 
HAA-4 

HA ARM-3 
CONTAIN 
QUICKM 

AVERAGE 

I I ! 1 Nd I NaOH 

HEDL 
RUESG 

I . 9?W (c) 8.942 I .e31 t.ex-31 8.936 i .e18 
2.08(-1) 8.994 1.82(-3) 0.936 1.010 

SNL 2.I?(-t) 1.837 1.136 1.3763) 1.257 1 .a 
BCL 2.28(-1) 1.888 1.194 1(-3> 8.917 , 0.998 

(a) Test AB7 result for NaOH = 1.91(-1) t 2.0(-2) 
(b> Test AB7 result for No1 = 1.0!(-3> 2 1.0(-4) 
(c> Numbers in parenthesis are exponents of 18. 

J- 2 



-r 
5.28(-1) 
5.66(-I) 
5.89(-1) 

m7-p-  
HAA-4 RUESG 

1.633 I .  151 1.m-2) 1.m 1.866 
1.112 1.239 1.74(-2) 1.851 1.848 

1.114 1 .@(-a 8.W 

HAARM-3 1 HEDL 

NaOH NaI 1 

Rat i o  BI ind BI id 
code , c o d e  

code to code to code to code! to 

Rat i o  Post -Tes t Post-Test 

CODE USER . (9) Averoge Test (01 (9) Aver- Test (b) 
4 

HAA-3 HEDL 6.25(-1)(~) 8.988 8.989 3.3(-2> 0.925 1.115 
HAA-4 RI/ESG 6.81(-1) 8.M- 1 .878 3.3N-a 8.942 1.135 

HAARM-3 HEDL 6.32(-1> 8.918 I .688 3.4(-2) 8.B 1.149 
CONTAIN SNL 7.211-1) 1.856 1.158 3.86(-2) 1.882 1.384 
QUICKM BCL 7.76(-1) 1.128 1.228 3.91(-2> 1.896 . 1.321 

AVERAGE 6.882(-I 1 I .m 3.m-2) 1.285 
1 

CONTAIN I SNL 
QUICKM I BCL 

AVERAGE I 

Tab I e J3 
LEAKED MASS AT 1800 SECONDS 

l a N d  NaOH . _  

Post-Test B l i n d  1 Rat io  1 Post-Test B l i n d  I Rat io  

5.l(-l) 1.682 1.116 1.N-2) 0.966 
4.7l(-l) 8.925 1 .e31 1.58(-2) 8.954 

(a) Test AB7 result for Naal = 4.57(-1> t 5.8(-2) 
(b) Test AB7 result for NaI = 1.66(-2l 
(c) Numbers in parenthesis are exponents of 18. 

1.7(-3> 
- 
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-* 
HAA-4 RI/ESG 

6.84(-11 
7.52(-1) 

OUICKM I BCL 

I 8 

0.891 9.957 4.14(-2) 8.896 8.981 
8.988 I .852 4.27(-2) 8.925 1 .dl2 

AVERAGE I 

7.84(-1> 

8.721-1) 
7.67%-1) 

--.I 8.23-1) 

Tab 1 e J5 
LEAKED MASS AT 2708 SECONDS 

NaOH I Nd 1 

8.917 -- 0.985 4.41-2) 8.953 -- I .e43 
1.875 1.154 . 5.861-2) 1.896 1.188 
1.136 I .228 5.22(-2) 1.138 t 1237 

1 .e73 4.621-2) 1.894 

POS 'Iind t -Tes t I Roiio 1 POS ': t -Tes t j Raijo I 
Code 

(9) Average Test (a) Average Test (b) 
code to code to code to code to 

CODE 
HAA-3 

USER 
HEDL 

QUICKM 
AVERAGE 

(a) Test AEl7 result for NaOH = 7.N-1)  
(b> Test pB7 result for NaI 
(c) Numbers in parenthesis w e  exponents of 18. 

7.2(-2) 
4.22(-2) t 4.2(-3> 

BCL 

Tab 1 e J6 
LEAKED MASS AT 3000 SECONDS 

9.W-1) 
~ 

1.143 1 .a 6.481-2) 1.158 1.185 
8.3N-1) 

NaOH I NaI --1 

I .058 5.594(-2) I .023 

I I I I I 

7.33(-l>(c)I 8.874 r I 8.k4 I 4.84(-2) I 8.865 18.885 

- 

(01 Test AB7 result for NaoH = 7.93(-1) t 8.K-2) 
(b) Test 687 result for NaI = 5.47(-2) 2 5.5(-3) 
(c) Numbers in parenthesis are exponents of 10. 
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CODE 
1 (3 
1 .a 

HAA-3 0.685 0.552 8.M-2) 0.558 0.312 
8.884 8.713 1.12(-1> 8.711 0.483 HAA-4 

1.34 
1 .8 

HA ARM-3 
CONTAIN 

8.818 0.748 1.33(-1) 1 0 . 8 4  1 ::; 1 
1.301 . 2.858 2.18(-1) 1.384 

QUICKM 
AVERAGE 

I .n 
1.48 

USER 
HEDL 

RUE% 
HEDL 
SNL 

1.212 8.978 2.38(-1> I 3 1  0.856 
8.887 1.58(-1) 0.587 

BCL 

2.47 - 
2.33 ' 

I .n 

Table J9 
LEAKED MASS AT 10088 SECONDS 

1.399 8.943 3.9X-1) 1.587 8.684 
1.319 8.889 4.M-11 11871 0.887 

8.674 2.5821-1) 8.431 

NaOH I Nd I 

I I 

I I 

(a) Test AB7 result for NoOH = 1.81(8) 2 1.8(-1> 
(b) Test AB7 result for NaI = 2.78(-1> 2 2.8(-2) 
(c) Numbers in parenthesis we exponents of 18. 

HAA-3. 
HAA-4 

HA ARM-3 
CONTAIN 
QUICKM 

AVERAGE 

USER 
HEDL 

RI/ESG 
HEDL 
SNL 
BCL 
-- 

Table J1O 
LEAKED MASS AT 78088 SECONDS 

NaOH I Nd 

1.87 (dI 8.686 I 8.488 I 9.58(-2> I 8.383 I 8.165 I 

(a) Test AB7 resuit for NO(1H = 2.62(8) 
(b) Test AB7 result for NaI 
(c) Nunbers in parenthesis we exponents of 18. 

2.6(-1) 
5.80(-1) 2 5.8(-2) 
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CODE 
HAA-3 I HEDL 

USER 

;;;;; j BCL 

I .46 
2.51 

Table Jt 1 
LEAKED MASS AT 100000 SECONDS 

8.818 0.551 lS(-1) 8.588 8.253 
1.407 8.947 4.16(-1> 1.687 8.783 

1.87 (c)I 0.688 I 0.404 I 8.M-2) I 8.371 I 8.162 I 

2.37 
1.784 

1.51 I0.846 I8.578 I 1.41(-1> 18.545 I 8.238 I 

1 .m 8.894 4.gl(-l) 1.897 8.829 
0.673 2.N-1) 0.437 

-7m-pc 
AVERAGE 

2.55 
2.4 
1.8 

(a> Test AB7 resu l t  for NoOH = 2.65(8) 2 2.7(-11 
(b) Test AB7 result for N a I  = 5.92(-1) 2 6.8(-2) 
(cl Numbers in parenthesis are exponents of 18. 

1.417 8.955 4.41 (-1) I .637 0.730 
1 .m 8.M S.I8(-l> 1.827 0.858 

8.614 2.694(-1) 0.446 

CODE 1 USER 
HAA-3 I HEDL 

CONTAIN I SNL 

Table J12 
LEAKED MASS AT 288888 SECONDS 

I N d H  ! 1 Nd 1 
Pos B l i n d  t-Tes t I Roiio 1 Post-Tes Bi t ,I Raiio 1 

code 

(9) Average Test (01 Average Test (b) 
code to code to code to code to 

(a> Test AB7 result for NaOH = 2.67(0> 2 2.7c-11 
(b) Test AB7 result for Nd = 6.84(-1) 6.M-2) 
(cl Numbers in parenthesis are exponents of 18. 
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_I I -  . 

CODE 
HAA-3 

Table K1 
SETTLED MASS AT 600 SECONDS 

USER 
HEDL 

~~ 

(a) Test AB7 result not measured a t  this time. 
(b) Nuslbers in parenthesis are exponents of 18. 

3.59 
2 . N )  

Table K2 
SETTLED MASS AT 900 SECONDS 

8.16 2.6%-2) 8.275 
1.514 2.11(-1) 2.198 

2 . 3 m  
1.44(1) 
2.57(1) 
1 .9411) 

NaOH I NOI I 

1.229 1 S41-1) ! .599 
8.744 4.221-2) 8.438 . 

1.328 4.8(-2) 8.408 
9.6341-2) 

BI id 
Post-Test I I joiio I 

code 
(a) Aver- Test (01 AVWW Test (01 

codeto Codeto code to code to 

(a) Test AB7 result not mewed at this time. 
(b) Numbers in parenthesis we exponents of 18. 
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Table K3 
SETTLED .MASS AT 1888 SECONDS 

(a) Test AB7 result not meoased at this tiae. 
(b) Numbers in parenthesis are exponents of  10. 

4 

NoOH N d  
BI id Rot io  ,Post-Test 81 ind I Rot i o  
code code 

Post-Test -. 

codeto Codeto code to code to 
CODE USER cs) A v e r q  Test (01 bl Averqee Test (01 

HAA-3 HEDL 7.26(2> 1.352 8.12(1) 1.83 
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Table K5 
SETTLED MASS AT 2788 SECONDS 

NaOH 
BI ind Rat i o  Pos t-Test 
code 

code to Code to 
CODE USER (a) Average Test (a) 

HAA-3 HEDL 1.26(3> 1.373 
HAA-4 RI/ESG 1.33(3) 1.449 ’ 

HAARM-3 HEDL 7.91(2> 8.862 
CONTAIN SNL 2.9(2) 8.316 
QUICKM BCL 9.18(2) 1.888 

AVERAGE 9.18(2) 

CODE 
HAA-3 
HAA-4 

HAARM-3 
CONTAIN 
QUICKM 

AVERAGE 

No1 
BI ind Rat i o  Post -Tes t 
Code 

Code to  code to 
(g> Average Test (a) 

1.58(2> 1.834 
1.38(2> 1.682 
8.6(1) 0.998 
1.4(1> 0.163 
3.47(1) 8.403 
8.61 4( 1) 

USER 
HEDL 

RUESG 
HEDL 
SNL 
BCL 

(a> Test A67 result not measured at this time. 
(b> Numbers in parenthesis are exponents of  10. . 
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Table K7 
SmLED MASS AT 4288 SECONDS 

CODE 
HAA-3 

USER 
HEDL 

I HAA-4 I RI/ESG. 
1.94(3) 6) 
2(3) 
1.36(3> 
8.750 
1.733) 
1.59(3> 

1 CONTAIN I SNL 

1.224 2.54(2) 1.574 
1 .a 2.26(2) 1.488 
0.658 1.6612) 1.828 
8.552 6.13(1) 8.388 
1.104 8.98(1) 8.618 

1.615(2> 

NaOH I N d  

HAARM-3 
CONTAIN 

I I 

HEDL 
SNL 

(a) Test AB7 result not measured at this time. 
(b) Numbers in parenthesis me exponents of 18. 

Table K8 
SmLED MASS AT 7208 SECONDS 

I ! NaOH NaI 
I 1 

CODE I USER 
HAA-3 I HEDL 

AVERAGE I 

Pos t-Tes t 
code 

2.36(3> 8.987 

y4; 1.185 

81 ind 
Post-Test 

12.62a 

(a) Test M7 result not measured at this time. 
(b) Numbers in parenthesis are exponents of 18. 

Rat io I 

1.046 I . I  w 8.817 . 
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Table K9 
SETTLED MASS AT 10000 SECONDS 

NaOH I NaI 
BI ind 

Post-Test 
code 

(a) 
2.44(3> 
2.78(3) 
2.38(3> 

CODE 
HAA-3 
HAA-4 

Rat i o  Bl ind 

code 
code to code to Code to code to 
Average Test (01 (a) Averoge Test (01 

0.933 3.26(2> 1.102 
1.864 3.26(2> 1.162 
0.910 3.88(2> 1.041 

Rat i o Post -Test 

HAARM-3 
CONTAIN 
QUICKM 

2.55(3) 
2.92(3> 

AVERAGE 

0.976 2.53(2) 0.855 
1.117 2.66(2) ' 8.899 

USER 
HEDL 

RUESG 

2.51(3) b) 
2.97(3> 
2.55(3> 
2.98(3) 

HEDL 
SNL 
BCL 

8.875 3.3(2) 8.962 
1.036 3.51(2) 1.005 
0.W 3.32(2> 0.851 . 

1.039 3.4312) 0.982 
3.33(3) 
2.87 (3) 

1.161 3.84(2). 1.188 
3.492(2> 

(a> Test AB7 result not measured at this time. 
(bl kmbers in parenthesis are exponents o f  18. 

Table K1O 
SETTLED MASS AT 78000 SECONDS 

I CODE 
I HAA-3 

I CONTAIN 

I AVERAGE 

USER 
HEDL 

RUESG 
HEDL 
SNL 
BCL 

NaOH I N a I  I 

(a) Test AB7 result not mecrsured a t  this time. 
(b> Numbers in porenthesis are exponents o f  10. 
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NoOH 

Rat i o  

code to code to 

BI ind 
POS t-Test 

Code 

CODE USER (a) Average Test (a) 

HAA-3 HEDL 2.51(3) (b) 8.874 
HAA-4 RUESG 2.98(3> 1.638 

HAARM-3 HEDL 2.533) 8.888 
CONTAIN SNL 2.99(3> 1.841 
QUICKM BCL 3.33(3> 1.159 

AVERAGE 2.87X3) 

(a) Test m7 result not measured at this tine. 
(b) W r s  in parenthesis are exponents of 10. 

Nd 
Rot i o  

code to code to 

Bl ind 
POS t - T ~ s  t 

code 
(a) AVWW Test (a) 

3.3N2) 8.958 

3.32(2) 8.947 
3.46(2) 8.987 

3.51 (2) 

3.51(2) 1.881 - 

3 . 1 ~ 2 )  1.187 

. .. 

CODE USER 
HAA-3 HEDL 
HAA-4 RI/ESG 

HAARM-3 HEDL 

QUICKM BCL 
AVERAGE 

CONTAIN I SNL 

NoOH N d  

Ratio 81 ind 
Post -Tes t Rat io 

code code 
code to  code to code to code to 

(9) Averuge Test (01 (9) Average Test (b) 

Post B1 -Test id 

2.51(3> (c) 8.873 8.935 3 . m )  8.9s 0.812 
2.98(3> 1.036 1.118 3.52(2> 8.999 0.858 

3(3) 1.843 1.118 3.49(2) 8.991 8.843 
3.34(3> 1.161 1.244 3.92(2) 1.113 0.947 
2.88(3> 1 .e72 3.522(2) 8.851 

2.55(3> - 8.837 8.958 3.32(2> 8.943 8.882 
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CODE 

1.#(2> 
4.53 

HAA-3 

2.514 
0.m 

HAA-4 

CODE 
-HAA-3 

HA ARM-3 
CONTAIN 

NaOH N d  
Rat i o  Bi ind 

Pos t-Tes t Rat i o 51 id 
Pos t-Tes t 

code code 
code to code to code to code to 

USER (9) Averqse Test (a) (9) Average Test (a) 

HEDL 2.72(2> 6) 2.518 9.47(-1) 3.875 

QUICKM 
AVERAGE 

USER 
HEDL 

RI/ESG 
HEDL 
SNL 
BCL 

Table 11 
PLATED MASS AT 688 SECONDS 

NaOH I N d  
61 id I code 

cs) Aver- Test (0) Average Test (0) 

Post-Test I Raiio lfb%$ I 
code to code to code to code to 

8.85 I I I I 

2.68(-1) 18.884 I I I I I 

(a> Test AB7 result not measured at this time. 
(b) Numbers in parenthesis we exponents of 10. 

Table 12 
PLATED MASS AT 908 SECONDS 
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Table 13 
PLATED HAS AT 1888 SECONDS 

1.18(1) 
2.68(1) 8.151 9.48(-1> 
3 . 6 1 0  2.109 8.21 

I CODE 1 USER 

2.728 
8.219 
1.893 ' 

I AVERAGE I 

1.,83~1> 8.868 
8.39(-1> 8.885 
1.712O 

Post-Tes t I Ratio 

6.54(-1) 8.151 
7.52(-2) 8.817 
4.34 

'Iind 1 Ratio POS t-Tes t 

8.62 13.683 I 

(a) Test AB7 result not mesured at this time. 
(b) Numbers in parenthesis we exponents of 10. 

Table L4 
PLATED f lASS AT 2400 SECONDS 

1 
HAA-3 I HEDL 

I HAA-4 I RI/ESG 

I 

I QUICKM I BCL 
1 AVERAGE I 

NaOH I N a I  I 
81 id 1 Raiio I code 

ca, AVt?fO@? Test (a) Averqge Test (01 

ist-Test I RoiiO 
code lo code to code to code to 

(a) Test AB7 result not measured at this time. 
(b) Numbers in parenthesis we exponents of 18. 
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CODE 1 USER 

4.72a 
2.97(1> 
3 . 8 7 0  
i.13(1) 

I 

2.620 1.4(1) 2.481 
8.165 1.32 8.234 
2.148 1.18(1) 2.891 - 
8.m 9.51-1) 8.169 

HAA-3 I HEDL 

9.341-1) 
1 .@# 

HAA-4 I RI/ESG 

0.885 1.12(-1> 8.828 
5.64 

QUICKM I BCL ~- . 

AVERAGE I 

Table 15 
PLATED MASS AT 2708 SECONDS 

NaOH NaI 
I 1 

4.660 6) 2.6141 1.3111) 2.582 
2.8411) 8.161 1.15 8.227 
3.750 2.128 1.82(1) 2.811 
1.&8(1) 8.861 8.18(-1) 8.161 
8.9(-1) 8.085 9.!3(-2) 8.819 
1.7630 5.873 

(01 Test AB7 result not mosured ot this time. 
(b> W s  in parenthesis we exponents of 10. 

Table 16 
PLATED HAS AT 3808 SECONDS 

CODE 
HAA-3 
HAA-4 

HA ARM-3 
CONTAIN 
QUICKM 
AVERAGE 

USER 
HEDL 

SNL 
BCL 

NaOH I N d  I 
BI id 1 code 

(a) Average Test (01 Aver- Test (0) 

Post-Test 1 "iio ~ P ~ ~ t  1 
code to code to code to code to 

(01 Test 887 result not trreosored at this tine. 
(b) Numbers in parenthesis are exponents of 10. 
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PLATED 

CODE 
HAA-3 

Table 17 
inSS AT 4288 SECONDS 

NaOH NUI 

BI id Rat i o  BI ind Ratio 
cade code 

Post-Tes t 
codeto Codeto cadet0 Codeto 

Pos t-Tes t 

USER (SI Averqse Test 61 (g) Average Test (01 
HEDL 4.W 0) 2.478 1.71(1) 2.831 

CODE 
HAA-3 
HAA-4 

HAARM-3 

HAARM-3 

QUICKH 
AVERAGE 

CONTAIN 

CONTAIN 
QUIM(H 

AVERAGE 

HEDL 4.510 2.262 2.08(1) 2.478 

BCL 1.23 0.M 2.27(-1) 8.827 
SNL 1.43(1) 8.872 1 .79 em 

1 .m 8.422 

USER 
HEDL 

RI/ESG 
HEDL 
SNL 
BCL 

NdH I Nd I 

4 . 6 0  ",I 2.550 I 
3.31(1) 0.174 
4 .190  2.283 -1 

8.187 

(01 Test AB7 result not mecrarred ot this tine. 
(b> NuAbers in parenthesis me expanents of 10. 

Table 18 
PLATED NASS AT 7200 SECONDS 

~ ~~ ~ 

(a> Test 887 result not measured at this time. 
(b) NunBers in parenthesis me exponents of  10. 
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CODE 
HEDL 
RI/ESG 
HEDL 

HAA-3 
HAA-4 

HA ARM-3 
CONTAIN 
QUICKM 

4.970 a) 2.454 1.75(1) 1.969 
3.74(1) 8.185 2.32 8.261 
4.620 2.281 2.23(1) 2.588 

AVERAGE 

SNL 
BCL 

Table L9 
PLATED MASS AT 10800 SECONDS 

I MQH NaI 
I 1 

MI) 8.875 2.85 8.231 
1.32 8.887 2.66(-1) 8.838 
2.830 8.89 

(a) Test AB7 result not mecrsored at this tine. 
(b) Nunbers in parenthesis are exponents of 18. 

Table LtO 
PLATED MASS AT 70088 SECONDS 

-l- 
HAA-4 

HA ARM-3 
CONTAIN 

RI/ESG 
HEDL 
SNL 

NQH No1 
I I 

4.780 2.207 . 2.45(1) 2.476 

1.81(1> 8.887 3.4 8.344 
1.87 I0.m I I .(.@(-I> I 8.817 I I 
2.8820 I I 18.895 I I I 

1 1 I I I I 

(a) Test AB7 result not m e w e d  at this time. 
(b) Numbers in parenthesis are exponents of 18. 
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CODE 

I .7 
2.0820 

HAA-3 

8.088 4.N-1) 8.849 
9.94 

HAA-4 
HA ARM-3 
CONTAIN 
QUICKM 

AVERAGE 

USER 
HEDL 

RI/ESG 
HEDL 
SNL 
BCL 

(01 Test AB7 result not meosured ot this tine. 
(b) Numbers in parenthesis are exponents of 10. 

Table 112 
PLATED MASS AT 280888 SECONDS 

CODE USER 
HAA-3 HEDL 

C 

RUESG 
HEDL 
SNL 

NoOH I Nd I 

I 

5.840 (d 2.428 2.145 1.86(1) 1.m 2.078 
3.88(1) 8.187 8.166 2.51 8.251 8.280 

’ 

t . m  8.848 8.m 3.g 8.386 8.431 
1 .M 8.888 8.887 5.24(-1) 8.852 8.859 
2.8830 8.886 te 1.117 

(0) Test AB7 result for NOOH = 2.35(2) 2 6.8(1> 
(b) Test AB7 result for NaI 2 8.95W 2.X-1) 
(c) Nunbers in parenthesis m e  exponents of 10. 
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CODE COMPARISONS OF INSTANTANEOUS REMUVAL RATE 
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. Table M1 
REMOVAL RATE AT 600 SECONDS 

2.03-5) 
1.76(-4> 

I 

0.266 
2.287 

I CODE 

NaOH Nd 
Post BI -Tes id t Rot i o  BI ind Ratio Pos t-Tes t 

codeto Codeto code to b& to 
code code 

USER b-1) Average Test (01 (s-1) Average Test (01 
HEDL 1 .8!(+ (b) t .783 t.81(-4) 1.1196 

RUES6 3.33(-5) 8.588 3.33(5> 0.658 
HEDL 6.81-5) 1.288 6.81-5) 1.344 
SNL 
BCL ?.a(-5) 0.429 1 . 4 ~ 7 )  0.883 

5.67 (-51 5.062(-5) 

I HAA-3 

- 
HA ARM-3 
CONTAIN 

I*- 
[ AVERAGE 

USER 
HEDL 

R U E S 6  
HEDL 
SNL 
BCL 

NaOH 
I 1 Ratio Pos t-Test 

1.64C-4) 2.131 I 

(a> Test A87 results not measured at this time. 
(b) Numbers in parenthesis are exponents of 18. 

r I CODE 

I HAA-4 

I QUICKM 

NaI 

*Iind I Rat io  Post-Tes t 

(a) Test AEI? result not measwed at this time. 
(b) Numbers in parenthesis w e  exponents of 10. 
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CODE 

1.79(-4) 

HAA-3 

1.m 1.627 1.79(-4) 1.255 
HAA-4 

1.62(-4) 
1.68(-4) 

HA ARM-3 
CONTAIN 

8.689 0.927 2.56(41 8.818 
I .523 t .43(-4) 

QUICKM 

HAARM-3 
CONTAIN 

AVERAGE 

HEDL 
SNL 

USER 
HEDL 

RUESG 

2C-4) 
3.m-4) 

HEDL 
SNL 
BCL 

8.581 I 1.688 
I -2.852 

Table N3 
REMOVAL RATE AT 1888 SECONDS 

NaOH Nd 

Rat io  BI ind 
Rat i o  Pos t-Tes t 

B I  id 
Post -Tes t 

2.5C-41 I 1.493 12.273 I 2.5C-4) I 1.753 I I 

(01 Test AB7 result for Mo(1H = 1.1(-4) t 2.2C-5) 
(b) Test AB7 result for NoI not meoaaed ot this tim. 
(c) Nunbets in parenthesis we exponents of 10. 

Table N4 
REMOVAL RATE AT 2408 SECONDS 

CODE USER 

HAA-4 I RUESG 

QUICKH I BCL 
AVERAGE I 

NaOH 
Bl id Rot i o Post-Test 

2.5(-41 18.781 I 2.888 
I I I 

(01 Test AB7 result for NaUi = t .25(-1) t 2.5(-5) 
(b) Test A67 result for NaI  not mewed at this tine. 
(c) Numbers in parenthesis ore exponents of le. 

M- 3 

N d  I 
BI ind Rot io  

bl 
2.5C-4) 8.810 



Table M5 
REMOVAL RATE AT 2700 SECONDS 

5.94(-4) (cl 
4.42C-4) 
2.54(-41 

CODE 
HAA-3 
HAA-4 

1.544 4.097 5.M-4) 1.824 
1.M 3.048 4 . 4 2 0  1.357 
8.668 1 .m 2.w-41 8.788 HAARM-3 

CONTAIN 
QUICKM 2 . 4 "  

3.85641 AVERAGE 
8.647 1.717 1.27(5) 8.839 

2.63 3.26(-41 

USER 
HEDL 

WESG 
HEDL 
SNL 
BCL 

I 'Iind I Ratio Post-Test I Ratio Post-Test 

~~ 

(a> Test AB7 result for NdH = 1.45(-4) 2 2.N-5) 
(b) Test AB7 result for Nd not measured ot this time. 
(c)  Numbers in parenthesis are exponents o f  10. 

Table M6 
REMOVAL RATE AT 3888 SECONDS 

I AVERAGE I 

NaOH I Nd 1 

I I I I I I 

4.56(-41 1.M 2.533 4.8641 1.311 11.49 
2.75(-41 8.663 1.528 2.75(4 8.781 6.875 

2.84C-4) 8.685 1.578 I.M(S) 8.858 8.433 
4.15641 2.303 3.48(-41 8.696 

(a) Test AB7 result for EQOH = I .88(-4) 2 1.8C-5) 
cb) Test AB7 result for N i t  = 4.N-5) t 1.5(-6) 
(c) Numbers in pcrenthesis me exponents o f  18. 
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Table H7 \ 

REMOVAL RATE AT 4208 SECONDS 

% F - p  
AVERAGE 

NaOH I No1 I 
Rot i o  

17.842 1 
::: -j 4.W-4) 1.183 

3.47C-4) 1.886 

2.01(-4) 0.788 1 .a 2.87(-5) 8.883 8.378 
4.1 1 (-4) 1 .gss 3 . 4 5 0  4.m 

(a> Test A67 result for NaOH = 2.1(-4> + 4.2(-5> 
(b> Test A67 result for NaI = 7.6(-5) i l .5(5> 
( c )  Numbers in parenthesis are exponent-s af - -10. - - -  

. _  

CODE 
HAA-3 
MA-4 

. H M - 3  
CONTAIN 
OUICKM 

AVERAGE 

USER 
HEDL 

WESG 
HEDL 
SNL 
BCL 

- 

_ _  

T&le-H8 
REHOVAL RATE AT 7268 SECONDS 

(01 T e d  A67 rem1 t for MH = 1.58(-4) t 2 .0 (5 )  
(b) Test AB7 result for M = 1.18i-4) 2 2.2(-5) 
(c) )(lobers in parenthesis me exponents o f  10. 
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i 

CODE 

I CODE I USER 

USER 

pcF-pE- 
HAA-4 RI/ESG 

5.7(-5) (c) 
3.62(-5) 
6.71C-9 

I HAARM-3 I HEDL 

t .274 1.541 5.7(5) 1 34 1.727 
9.889 9.878 3.62(5> 0.854 I .897 
1.M 1.814 6.71(5) t .582 2.833 

, 

t .87(-5) 
4.IC-5) 

Table M9 
REMOVAL RATE AT 18088 SECONDS 

8.118 a .!as 3.34(-6) 8.228 8.283 
1 .m 4.241 (-9 1 .285 

NQH I NaI I 
I . .  I 

Post-Test B l i n d  1 Roiio 1 Post-Test 'E 1 Roiio 1 
code 

(s-b Average Test (01 (s-1) Averaga Test (b) 
cods to code to code to code to 

2.2N-4) (c) t . tn I .788 2.2K-4) 1.270 2.152 
1.85(-4) 8.919 I .457 !.85(-4) 1.839 I .762 
2.7N-4) 1.371 2.173 2.7N-4 1.551 2.629 

(01 Test AB7 result for NdN = 1.2K-4) 2 2X-51 
(b) Test AB? result for Nd = 1.0X-4) 2 2.1(-5) 
(c) N u k s  in parenthesis are exponents of 18. 

rr 
t3iiq-X 

HAA-4 RI/ESG 

AVERAGE 

Table Hi8 
REMOVAL RATE AT 78888 SECONDS 

NaOH I Nd 1 
Post-Test 'Iind I Raiio 1 Post-Test B: 1 Roi io  1 

code 

(8-1) Average Test (a1 Cs-1) Average Test (b) 
code to code to code to code to 

(a) Test AB7 result for N O M  = 3.7C-5) 
(b) Test AB7 result for NaI = 3.3(-5) t 6.6(-6) 
(c) Numbers in parenthesis we exponents of to. 

7.5(-6) 

M-6 



, 

7.03(-6) 
3.02K-5) 

Table Mt t 
REMOVAL RATE AT 180088 SECONDS 

0.233 8.562 5.9(-6) 0.197 8.588 
2.418 3(5) 2.538 

CODE USER 
I HAA-3 I HEDL 

NUOH I N a I  1 

2.86(5> 0.742 1.188 2.~5) 8.m 1.192 
5.m-5) 1.555 2.384 5.9N-5) 1.618 2.496 

1.41(5) 8.366 8.542 8.09W 8.219 8.337 
3.853(-5) I .482 3.783(5> 1.543 

(01 Test AB7 rearit far NaOH = 2.K-5) ,+ 5.2(-6> 
(b) Test AB7 result for Nd = 2.4(-5) t 4.8(-6) 
(c) Etusrbers in parenthesis are exponents of 10. --- 

CODE 
HAA-3 
HAA-4 

HAAREI-3 
CONTAIN 
QUIRM 

AVERAE 

USER 
HEDL 

RUESG 
HEDL 
SNL 
BCL 

Td> 1 e -H 1 2 
REMOVAL RATE -AT 268888 SECONDS 

NaOH NaI 
1 I 

(01 Test AB7 result fer Nd t .25(-5) 3.7(-6) 
(b) Test AB7 result f& Nd = t.18C-5) t 3X-6) 
(c) Nwsbers in parenthesis we eqxments of 18. 
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