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SUMMARY 

This da t a  record r e p o r t  summarizes the  r e s u l t s  from four  tests i n  
which the  behavior  of mixed a e r o s o l s  of uranium oxide and i r o n  oxide i n  
steam-air  atmospheres was s tud ied .  The tests were conducted i n  the  
Nuclear Sa fe ty  P i l o t  P l a n t ,  which is p a r t  of the  LWR Aerosol Release and 
Transpor t  Program a t  the  Oak Ridge Nat iona l  Laboratory.  This  r e sea rch  
i s  sponsored by the  Div i s ion  of Reactor  System Sa fe ty ,  Of f i ce  of Nuclear  
Regulatory Research, U . S .  Nuclear Regulatory Commission and the  purpose 
i s  t o  provide a d a t a  base on the  behavior of a e r o s o l s  i n  containment 
under cond i t ions  assumed t o  occur  i n  p o s t u l a t e d  LWR acc iden t  se- 
quences. These d a t a  are t o  provide exper imenta l  v a l i d a t i o n  of a e r o s o l  
behaviora l  codes under development elsewhere.  

In  t h r e e  of the  tests desc r ibed ,  t he  tes t  a e r o s o l s  were gene ra t ed  
and in t roduced  i n t o  a quas i - s teady-s ta te  s team-air  environment. The 
f o u r t h  t e s t  was i n  a dry  a i r  environment t o  provide da t a  f o r  comparison 
wi th  the  o the r  experiments.  The primary exper imenta l  obse rva t ion  was 
ae roso l  mass concen t r a t ion  as a f u n c t i o n  of time. Maximum s o l i d  a e r o s o l  
mass concen t r a t ions  i n  t h e s e  fou r  tests ranged from 0.82 t o  2.9 g/m3. 

The da ta  contained i n  t h i s  r e p o r t  should be u t i l i z e d  i n  p re fe rence  
t o  d a t a  conta ined  i n  prev ious  progress  r e p o r t s  of the  program. I n  par- 
t i c u l a r ,  the  a e r o s o l  mass concen t r a t ion  d a t a  conta ined  i n  t h i s  r e p o r t  
have been r ev i sed  and are lower than  those  repor ted  p rev ious ly  as t h e  
r e s u l t  of t he  c o r r e c t i o n  of an e r r o r  made i n  the  method of c a l c u l a t i n g  
a e r o s o l  sample  volumes. 

I n  t h i s  r e p o r t ,  a b r i e f  d e s c r i p t i o n  i s  g iven  of each tes t  toge the r  
wi th  the  r e s u l t s  i n  the  form of t a b l e s  and graphs.  Included are d a t a  on 
a e r o s o l  mass concen t r a t ion ,  ae roso l  f a l l o u t  and p l a t e o u t  r a t e s ,  t o t a l  
mass f a l l o u t  and p l a t e o u t ,  ae roso l  p a r t i c l e  s i z e ,  v e s s e l  atmosphere 
p r e s s u r e ,  v e s s e l  atmosphere temperatures  a t  var ious  l o c a t i o n s ,  tempera- 
t u r e  g r a d i e n t s  near t he  v e s s e l  wa l l ,  and steam condensat ion rates on t h e  
v e s s e l  wall .  
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ABSTRACT 

This  d a t a  record  r e p o r t  summarizes the  r e s u l t s  from 
t h r e e  tests invo lv ing  mixed a e r o s o l s  of uranium oxide  and 
i r o n  oxide i n  a steam-air environment and one test  i n  a dry 
environment. This  r e sea rch ,  sponsored by the  U. S .  Nuclear  
Regula tory  Commission, was  conducted i n  t h e  Nuclear Sa fe ty  
P i l o t  P l a n t  a t  t h e  Oak Ridge Nat iona l  Laboratory.  The 
purpose of t h i s  p r o j e c t  is t o  provide a d a t a  base on the  
behavior  of a e r o s o l s  i n  containment under c o n d i t i o n s  
assumed t o  occur  i n  p o s t u l a t e d  LWR a c c i d e n t  sequences;  t h i s  
d a t a  base w i l l  provide exper imenta l  v a l i d a t i o n  of a e r o s o l  
behav io ra l  codes under development. I n  t h e  r e p o r t ,  a b r i e f  
d e s c r i p t i o n  i s  g iven  of each test  t o g e t h e r  w i th  t h e  r e s u l t s  
i n  t h e  form of t a b l e s  and graphs. Included are d a t a  on 
a e r o s o l  mass c o n c e n t r a t i o n ,  a e r o s o l  f a l l o u t  and p l a t e o u t  
rates,  t o t a l  mass f a l l o u t  and p l a t e o u t ,  a e r o s o l  p a r t i c l e  
s i z e ,  v e s s e l  atmosphere p r e s s u r e ,  v e s s e l  atmosphere t e m -  
p e r a t u r e s ,  t empera ture  g r a d i e n t s  near  t h e  v e s s e l  w a l l ,  and 
steam condensa t ion  r a t e s  on t h e  v e s s e l  wal l .  

1. INTRODUCTION 

The Nuclear Sa fe ty  P i l o t  P l an t  (NSPP) p r o j e c t  is p a r t  of t he  LWR 
Aerosol Release and Transpor t  (ART) Program a t  t h e  Oak Ridge Na t iona l  
Labora tory ,  sponsored by the  Div i s ion  of Reactor  System S a f e t y ,  Of f i ce  
of Nuclear Regula tory  Research,  U.S. Nuclear Regula tory  Commission. The 
purpose of t h e  p r o j e c t  i s  t o  provide a d a t a  base on the  behavior  of 
a e r o s o l s  i n  containment under cond i t ions  assumed t o  occur i n  p o s t u l a t e d  
LWR acc iden t  sequences.  These da t a  are in tended  t o  provide exper imenta l  
v a l i d a t i o n  of a e r o s o l  behavior  codes under development elsewhere.  

The test  program provided f o r  t h e  s tudy  of t he  behavior ,  w i t h i n  
containment ,  of s imula ted  LWR a c c i d e n t  a e r o s o l s  emanating from f u e l ,  
r e a c t o r  core  s t r u c t u r a l  m a t e r i a l s ,  and from concrete-molten co re  mate- 
r ia ls  i n t e r a c t i o n s .  Aerosols  of U308 ( f u e l ) ,  Fe203 ( c o r e  s t r u c t u r e ) ,  
and conc re t e  were s t u d i e d  i n d i v i d u a l l y  t o  e s t a b l i s h  the  c h a r a c t e r i s t i c s  
of t h e i r  aerodynamic behavior .  Various mixtures  were then s t u d i e d  t o  
e s t a b l i s h  t h e i r  i n t e r a c t i v e  and c o l l e c t i v e  behavior .  Tests were con- 
ducted i n  an  environment of e i t h e r  d ry  a i r  [ r e l a t i v e  humidity (RH) l e s s  
t h a n  20%] o r  steam-air [ r e l a t i v e  humidity (RH) -loo%] wi th  a e r o s o l  mass 
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c o n c e n t r a t i o n  as a f u n c t i o n  of time being t h e  primary observa t ion .  This  
r e p o r t  covers  t h r e e  tests i n  a s team-air  environment and one tes t  i n  a 
d ry  atmosphere wi th  mixed a e r o s o l s  of uranium oxide  and i r o n  oxide.  

The d a t a  conta ined  i n  t h i s  r e p o r t  should be u t i l i z e d  i n  p r e f e r e n c e  
t o  d a t a  conta ined  i n  prev ious  progress  r e p o r t s  of t h e  program. I n  par- 
t i c u l a r ,  t he  a e r o s o l  mass c o n c e n t r a t i o n  d a t a  conta ined  h e r e i n  have been 
r ev i sed  and a r e  lower i n  magnitude than  those  r epor t ed  p r e v i o u s l y  as  t h e  
r e s u l t  of t h e  c o r r e c t i o n  of an e r r o r  made i n  t h e  method of c a l c u l a t i n g  
a e r o s o l  sample volumes. 
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2. NUCLEAR SAFETY PILOT PLANT (NSPP) 

2 .1  NSPP System 

The NSPP i s  composed of a tes t  v e s s e l ,  a e r o s o l  g e n e r a t i n g  equip- 
ment, a n a l y t i c a l  sampling equipment,  and system parameter  measuring 
equipment. A schematic  r e p r e s e n t a t i o n  of t h e  system i s  g iven  i n  
Fig. 1. The NSPP v e s s e l  is a s t a i n l e s s  s tee l  c y l i n d e r  w i th  d ished  ends 
having a d iameter  of 3 .05  m, a t o t a l  he igh t  of 5.49  m, and a volume of 
38.3  m3. The wall  t h i ckness  of t he  v e s s e l  i s  9 .53  mm, t h e  f l o o r  a r e a  i s  
7.7 m 2 ,  and t h e  i n t e r n a l  s u r f a c e  area ( i n c l u d i n g  top  and f l o o r )  i s  
68.9  m2. For c a l c u l a t i o n  of f a l l o u t  va lues ,  t he  t o t a l  a r e a  of upward- 
f a c i n g  h o r i z o n t a l  s u r f a c e s  i s  10.3  m2 and t h e  t o t a l  s u r f a c e  a r e a  f o r  
p l a t e o u t  w i t h i n  t h e  v e s s e l ,  i nc lud ing  both v e r t i c a l  and h o r i z o n t a l  
i n t e r n a l  s t r u c t u r a l  s u r f a c e s ,  is  75.3  m2. The v e s s e l  o u t e r  s u r f a c e  
(wi th  t h e  excep t ion  of two 0.91  m diam f l a n g e s  - one on t h e  top  and one 
on the  s idewa l l  of t he  v e s s e l )  is covered wi th  i n s u l a t i o n  c o n s i s t i n g  of 
13 mm of f i b e r g l a s s  and 76 mm of calcium s i l ica te .  The thermal  conduc- 
t i v i t y  va lues  a r e  43 .3  ( a t  294 K) and 60.6 ( a t  311 K) mW/(m K ) ,  respec-  
t i v e l y .  The des ign  tempera ture  l i m i t a t i o n  i s  423 K, and t h e  des ign  
p res su re  l i m i t a t i o n  is 0.41  MPa gauge p res su re .  

O r i g i n a l l y ,  a e r o s o l  s t u d i e s  i n  t h e  NSPP were r e l a t e d  t o  t h e  
behavior  of Na20 and U308 a e r o s o l s  r e l e a s e d  under assumed LMFBR 
a c c i d e n t  cond i t ions  i n t o  dry secondary containment.  To enable  a e r o s o l  
tes ts  t o  be conducted i n  steam-air environments,  as would be expec ted  t o  
occur  i n  LWR a c c i d e n t  s i t u a t i o n s ,  c e r t a i n  mod i f i ca t ions  of and a d d i t i o n s  
t o  t h e  f a c i l i t y  were requi red .  These mod i f i ca t ions  were completed 
be fo re  conduct of t he  U308 a e r o s o l  tests,  t h e  Fe203  a e r o s o l  tes ts ,  and 
t h e  l imes tone  conc re t e  a e r o s o l  t e s t s ,  which were r e p o r t e d  previ -  
ous ly  ( 1 , 2 , 3 ) .  

Most of t h e  major components of t h e  NSPP system were r e t a i n e d  f o r  
a p p l i c a t i o n  i n  t h e  LWR a e r o s o l  s t u d i e s .  The only  components removed 
were t h e  sodium i n j e c t i o n  system and t h e  sodium burn pan. The U3O8 
a e r o s o l  g e n e r a t o r ,  used p rev ious ly ,  w a s  r e t a ined .  S team is supp l i ed  t o  
t h e  NSPP by t h e  ORNL p l a n t  supply  system and i s  in t roduced  i n t o  t h e  ves- 
s e l  a t  a p o i n t  -0.6 m above t h e  low po in t  of t h e  v e s s e l  f l o o r .  I n s t r u -  
menta t ion  i s  inc luded  t o  measure the  tempera ture  and p r e s s u r e  of t h e  
steam a t  t h e  steam i n j e c t i o n  nozzle.  

I n  tes ts  where steam i n j e c t i o n  cont inued over  a number of hours ,  a 
s i g n i f i c a n t  amount of steam condensate  was c o l l e c t e d  on the  bottom of 
t h e  ves se l .  The system has been arranged so t h a t  t h i s  condensate  can be 
t r a n s f e r r e d  from t h e  v e s s e l  t o  t h e  weighing tank  without  s i g n i f i c a n t  
l o s s  of v e s s e l  p ressure .  

A small f a n  was mounted near  t h e  bottom of the  v e s s e l  t o  a i d  i n  
uniformly d i s p e r s i n g  t h e  test  a e r o s o l  i n  the  v e s s e l  atmosphere. 

X 
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5 

2.1.1 Equipment f o r  measurement of a e r o s o l  parameters  

A l l  of t h e  a e r o s o l  sampling systems i n  t h e  NSPP were o r i g i n a l l y  
designed f o r  ope ra t ion  i n  a low humidi ty  environment.  For s u c c e s s f u l  
a p p l i c a t i o n  i n  a steam-air environment some mod i f i ca t ions  were r e q u i r e d ,  
e i t h e r  i n  t h e  system or i n  t h e  method of ope ra t ion ;  t h e  primary problem 
i n  a l l  t h e  samplers was c o n t r o l  of t h e  steam condensate .  

Aerosol mass concen t r a t ion .  Aerosol mass concen t r a t ions  a re  
obta ined  wi th  two types  of f i l t e r  samplers. The in -vesse l  sampler  i s  a 
se l f -conta ined  u n i t  with 12  f i l t e r  t ubes ,  a s e q u e n t i a l  va lve ,  and a 
s t e p p i n g  motor; i t  is remotely opera ted  from t h e  c o n t r o l  room. The wal l  
a e r o s o l  sampler p e n e t r a t e s  t h e  v e s s e l  wall through a b a l l  va lve  and 
f l a n g e  arrangement;  it i s  i n s e r t e d  and r e t r i e v e d  manually. These sys-  
tems were modif ied by t h e  a d d i t i o n  of water t r a p s  and water  a d s o r p t i o n  
tubes  t o  prevent  mois ture  from reach ing  t h e  p re s su re -  and f low-measuring 
devices .  I n  a d d i t i o n ,  t o  prevent  steam from p e n e t r a t i n g  t h e  i n - v e s s e l  
sampling c a n i s t e r s ,  an e x t e r n a l l y  c o n t r o l l e d ,  p r e s s u r i z e d  a i r  system 
keeps t h e  i n t e r i o r  of t h e  c a n i s t e r s  a t  a p r e s s u r e  s l i g h t l y  h ighe r  t h a n  
t h e  v e s s e l  atmosphere s o  t h a t  any leakage  i s  outward from t h e  can- 
ister.  This f e a t u r e  p r o t e c t s  t h e  c o n t a c t  p o i n t s  of t h e  smal l  s t e p p i n g  
motor which are very  s u s c e p t i b l e  t o  moisture .  

The sampling procedure f o r  e i t h e r  type  of sampler r e q u i r e s  drawing 
a measured volume of containment v e s s e l  atmosphere through a sampling 
pack t h a t  c o n t a i n s  fou r  membrane f i l t e r s  i n  series. All a e r o s o l  mass 
c o n c e n t r a t i o n  v a l u e s  are  r e p o r t e d  under t h e  t es t  c o n d i t i o n s  t h a t  e x i s t e d  
wi th in  t h e  v e s s e l  a t  t h e  time t h a t  t h e  sample was taken.  The f i l t e r  
material i s  M i l l i p o r e  F luoropore  wi th  a 0.5 m-pore s i z e .  

The l o c a t i o n s  of t h e  fou r  in -vesse l  samplers  and t h e  t h r e e  w a l l  
a e r o s o l  samplers  are noted i n  Table 1. 

Table  1. Locat ions of a e r o s o l  mass 
concen t r a t ion  samplers  

Radia l  
d i s t a n c e  from 

c e n t e r l i n e  

E l e v a t i o n  
from 

lowest  
p o i n t  

S amp1 e r Radial  
name p o s i t i o n  

Y ampi e r 
name P O S  

In -vesse l  151 East 4.15 0.58 
In-vesse l  152 Southeas t  4.15 1.06 
In-vesse l  153 East 2.80 1.09 
In-vesse l  154 Southeas t  1.34 1.11 
Wall 155 South 4.15 0.61 
Wall 156 Southeas t  2.80 (25 mm from wa l l )  
Wall 157 Southwest 2.80 1.06 



Aerosol  f a l l o u t  rate. Aerosol f a l l o u t  rate is measured with an 
inc remen ta l ,  r e t r i e v a b l e  coupon sampler.  This  system a l s o  p e n e t r a t e s  
t h e  v e s s e l  w a l l  through a b a l l  va lve  and f l a n g e  arrangement.  The 
sampler is l o c a t e d  i n  t h e  southwest  quadrant  a t  51 mm from t h e  v e s s e l  
w a l l  and i s  -0.56 EI above t h e  low po in t  of t h e  v e s s e l  f l o o r .  

Aerosol p l a t e o u t  rate. Aerosol p l a t e o u t  rate is  measured wi th  a n  
inc remen ta l ,  r e t r i e v a b l e  coupon sampler ;  t h e  coupon is  i n  t h e  form of a 
d i s k  and f i t s  f l u s h  wi th  t h e  v e s s e l  w a l l .  This  system p e n e t r a t e s  t h e  
v e s s e l  wa l l  through a b a l l  va lve  and f l a n g e  arrangement and i s  l o c a t e d  
i n  t h e  n o r t h e a s t  quadrant  -2.92 m above t h e  low p o i n t  of t he  v e s s e l  
f l o o r .  

T o t a l  f a l l o u t  (TFO) c o l l e c t o r s .  T o t a l  f a l l o u t  is determined wi th  
s i x  sha l low d i s h e s ,  65-mm i n  d iameter ,  p laced  a long  a v e s s e l  r a d i u s  nea r  
t h e  bottom of t h e  v e s s e l  w i t h i n  t h e  northwest  quadrant .  The d i s h e s  are 
p laced  -30 mm a p a r t ;  t h e  edge of t he  f i r s t  d i s h  (TFO-1) i s  13 mm from 
t h e  wal l .  The exposed c o l l e c t o r s  are r e t r i e v e d  wi th  remote t o o l s  a t  t h e  
end of tes t  o p e r a t i o n s  and before  l i q u i d  sp ray  decontaminat ion  of t h e  
i n t e r i o r  of t he  ves se l .  

T o t a l  p l a t e o u t  (TPO) c o l l e c t o r s .  T o t a l  p l a t e o u t  is determined with 
fou r  f l a t  d i s k s ,  61-mm diam, mounted f l a t  on the  v e s s e l  w a l l .  One d i s k  
(TPO-BE) is  mounted on t h e  east s i d e  of t h e  v e s s e l  a t  an e l e v a t i o n  of 
0.76 m from t h e  low po in t  of t he  v e s s e l  bottom. Two d i s k s  (TPO-BW and 
TPO-TW) are mounted on t h e  w e s t  s i d e  of t h e  v e s s e l ,  0.76 m and 2.67 m, 
r e s p e c t i v e l y ,  from t h e  bottom of t h e  v e s s e l .  The remaining d i s k  (TPO- 
TN) is mounted on t h e  no r th  s i d e  of t h e  v e s s e l  2.67 m from t h e  bottom of 
t h e  ves se l .  These p l a t e o u t  d i s k s  a r e  a l s o  r e t r i e v e d  wi th  remote t o o l s  
a long  with t h e  t o t a l  f a l l o u t  c o l l e c t o r s .  - 

Aerosol p a r t i c l e  s i z e .  Aerodynamic a e r o s o l  p a r t i c l e  s i z e  i s  mea- 
su red  wi th  two d i f f e r e n t  ins t ruments .  One ins t rument  used was a cascade 
impactor  (Andersen Mark 111 P a r t i c l e  S iz ing  Stack  Sampler). This  e i g h t -  
s t a g e  impactor  o p e r a t e s  a t  a gas  flow r a t e  of 236 mL/s  and covers  t h e  
aerodynamic mass median d iameter  (AMMD) range from 0.54 t o  13.6 um. The 
o t h e r  ins t rument  used was a modified v e r s i o n  of t he  Stb'ber S p i r a l  Duct 
Cen t r i fuge  by Research Developments, Los Alamos, NM, and des igna ted  as a 
S p i r a l  Cen t r i fuge  Aerosol Spectrometer  (4,5). This  in s t rumen t  was 
a p p l i e d  a t  a r o t o r  speed of 3000 rpm wi th  a gas  sample f low r a t e  of 
8.5 x m 3 / s ;  u s e f u l  range i n  t h i s  a p p l i c a t i o n  w a s  0.2 t o  6 l.im ae ro-  
dynamic mass median diameter .  

Ne i the r  ins t rument  can t o l e r a t e  condensa t ion  of a vapor du r ing  mea- 
surement of t h e  a e r o s o l  s i z e  d i s t r i b u t i o n .  One method by which a gas- 
a e r o s o l  sample ( c o n t a i n i n g  water  vapor)  can be processed e x t e r n a l  t o  t h e  
v e s s e l  i s  t o  d i l u t e  and "dry" t h e  a e r o s o l  sample wi th  ins t rument  a i r  
be fo re  i n t r o d u c t i o n  i n t o  t h e  s i z i n g  ins t rument .  A small a u x i l i a r y  
sampling v e s s e l  (0.18 m3 i n  volume) w a s  i n s t a l l e d  f o r  t h i s  purpose nex t  
t o  the  NSPP v e s s e l  a t  an e l e v a t i o n  of 2.9  m. The e x t e r n a l  impactors  and 
t h e  c e n t r i f u g e  draw samples from t h i s  a u x i l i a r y  tank.  

It  is recognized  t h a t  t he  AMMD of t he  "dr ied" a e r o s o l  is not neces- 
s a r i l y  t h e  same as t h a t  of t h e  a e r o s o l  e x i s t i n g  w i t h i n  t h e  v e s s e l  d u r i n g  
t h e  tes t .  Opera t ion  of a cascade impactor w i t h i n  a steam-air  environ-  
ment is not  a s t a n d a r d  a p p l i c a t i o n  and c a l i b r a t i o n  d a t a  a r e  not  a v a i l -  
ab l e .  However, t o  be a b l e  t o  pursue an approximate measurement of AMMD 
w i t h i n  t h e  v e s s e l ,  a c a l i b r a t i o n  curve w a s  c a l c u l a t e d  us ing  accep ted  
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mathematical  r e l a t i o n s h i p s  r e l a t i n g  t o  impactor s t a g e  cons t an t s  w i th  
c o r r e c t i o n s  made f o r  v i s c o s i t y  and s l i p  f a c t o r s  (6) .  Gas f low rates 
were chosen so t h a t  t h e  v e l o c i t y  of gas through the  holes  of t he  impac- 
t o r  p l a t e s  of t h e  i n t e r n a l  impactors  under tes t  cond i t ions  would be 
approximately t h e  same as t h a t  of t he  e x t e r n a l  impactors.  

Two impactors  were mounted wi th in  the  v e s s e l  a t  e l e v a t i o n s  of 
0.56 m (southwest  quadrant )  and 2.8 m ( s o u t h e a s t  quadrant) .  The impac- 
t o r s  were i n s t a l l e d  before  the  s tar t  of the  test and allowed t o  hea t  up 
and thermal ly  e q u i l i b r a t e  as the  v e s s e l  was heated dur ing  the  pre l imi-  
nary steam i n j e c t i o n  per iod.  

Samples of a e r o s o l  f o r  e l e c t r o n  microscopy a r e  a l s o  taken from the  
a u x i l i a r y  sampling v e s s e l .  The a e r o s o l  is depos i ted  onto carbon-coated 
copper g r i d s  us ing  a Model 3100 E l e c t r o s t a t i c  Aerosol Sampler (Thermo- 
System, Inc.  1. 

2.1.2 Equipment f o r  measurement of system parameters  

Temperature of t h e  v e s s e l  atmosphere. Twelve thermocouples 
(3.2-mm-diam sheathed Chromel-Alumel) are used f o r  t he  measurement of 
t h e  v e s s e l  a tmospheric  temperatures .  A t  each of t h r e e  e l e v a t i o n s  i n  t h e  
v e s s e l ,  t h e r e  are fou r  thermocouples (one placed i n  each quadrant ) .  The 
e l e v a t i o n s  are 1.22 m, 2.74 m,  and 4.27 m. Table 2 i d e n t i f i e s  and 
l o c a t e s  each thermocouple. Thermocouple responses  are recorded wi th  
s t r i p - c h a r t  r eco rde r s  and w i t h  a Dig i t rend  d a t a  logger .  

Wall temperature  g r a d i e n t s .  Two thermocouple a r r a y s ,  each having 
f i v e  thermocouples (1.6-mm-diam sheathed Chromel-Alumel) are mounted 
near  t he  wal l ,  one a t  2.7 m e l e v a t i o n  on t h e  east r a d i u s  and the  o t h e r  
a t  1.2 m e l e v a t i o n  on the  no r th  radius .  The t i p s  of t he  thermocouples 
i n  each a r r a y  are loca ted  a t  10 mm, 5 mm, 2.5 mm, and 1.25 mm d i s t a n c e  

Table 2. Locat ion of thermocouples f o r  measurement 
of temperature  of v e s s e l  atmosphere 

Thermocouple E leva t ion  Quadrant Radial  d i s t a n c e  
No. (m> (m) 

4- 1 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-20 
4-2 1 
4-22 
4-23 
4-24 

4.27 
4.27 
2.74 
2.74 
2.74 
1.22 
4.27 
1.22 
4.27 
1.22 
2.74 
1.22 

N 
W 
N 
S 
W 
W 
S 
S 
E 
E 
E 
N 

0.48 
1.07 
0.48 
0.97 
1.22 
1.07 
0.97 
0.61 

0.81 
0.99 
1.37 

0.48 
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from t h e  w a l l  and on t h e  w a l l  s u r f a c e ;  a s i x t h  thermocouple i s  l o c a t e d  
on t h e  o u t e r  s u r f a c e  of t h e  v e s s e l  a t  approximately t h e  same l o c a t i o n .  
Thermocouple responses  are recorded wi th  s t r i p - c h a r t  r eco rde r s  and wi th  
t h e  Dig i t r end  d a t a  logger .  

Vessel gas  pressure .  Vessel gas  p re s su re  i s  measured wi th  a pres-  
s u r e  ce l l ,  and t h e  pneumatic s i g n a l  is converted t o  an e q u i v a l e n t  elec- 
t r i c a l  s i g n a l  and recorded on a s t r i p - c h a r t  r eco rde r  and wi th  the  Digi-  
t r end  d a t a  logger .  

Vessel atmosphere mois ture  sampler.  The mass of steam per  u n i t  
volume w i t h i n  the  v e s s e l  was determined by removing a measured volume of 
gas  through a t rea tment  t r a i n  where the  steam w a s  condensed and t rapped  
i n  an absorbent  column. The mass of steam was then  determined by 
weighing. 

This  system produced r a t h e r  imprec ise  d a t a  wi th  a l a r g e  sp read  i n  
c a l c u l a t e d  va lues  of r e l a t i v e  humidity.  Values f o r  t he  v a r i o u s  tests 
ranged i n  a random f a s h i o n  from around 90% t o  about 110%. For t h i s  
reason  t h e  va lues  are not  inc luded  i n  t h i s  r e p o r t .  

Steam condensa t ion  rate samples. The rate a t  which steam condensed 
on t h e  v e s s e l  wal ls  was measured by d e f i n i n g  an a r e a  of t h e  w a l l  w i t h  
pe r ime te r  seals. A f t e r  steam condensed on t h i s  de f ined  area the  water 
flowed downward u n t i l  it reached a funne l ing  t rough a t  t h e  lower edge 
where i t  d ra ined  i n t o  a c o l l e c t i n g  tank o u t s i d e  t h e  tes t  v e s s e l  f o r  sub- 
sequent  volurile measurement. The de f ined  area was hexagonal i n  shape ,  
covered 0.324 m 2 ,  and was loca ted  a t  an approximate e l e v a t i o n  of 2.7 m. 

2.1.3 Aerosol g e n e r a t i n g  equipment 

The mixture  of t e s t  a e r o s o l s  w a s  genera ted  us ing  two plasma t o r c h  
(PT) g e n e r a t o r s  ( 7 ) .  Each c o n s i s t s  of a commercial plasma m e t a l i z i n g  
t o r c h  assembly (METCO 7 M  System) and a s p e c i a l  high-temperature  r e a c t i o n  
chamber i n t o  which t h e  i r o n  o r  uranium metal powder was i n j e c t e d  to-  
g e t h e r  wi th  argon and oxygen gases.  Each of t h e  tes t  a e r o s o l s  was 
formed by v a p o r i z a t i o n  and o x i d a t i o n  of t h e  powder i n  t h e  argon plasma 
flame. I n t r o d u c t i o n  of t h e  FepO3 a e r o s o l  was by way of a f l a n g e  on top  
of t he  ves se l .  The U308 a e r o s o l  was in t roduced  by way of a f l a n g e  on 
t h e  s i d e  of t h e  v e s s e l  ( s e e  Fig. 1) .  

2.2 NSPP LWR Aerosol Test  Procedures  

Experiments 611, 612, and 613 were i n  a s team-air  environment and 
experiment  631 was performed i n  d ry  a i r  (RH <20%) a t  ambient cond i t ions .  
The b a s i c  s t e p s  i n  t h e  steam-air  a e r o s o l  t es t s  were e s s e n t i a l l y  t h e  
same. The v e s s e l  i n i t i a l l y  conta ined  a i r  s i g n i f i c a n t l y  below ambient 
pressure .  The v e s s e l ,  and t h e  c a p t i v e  a i r  atmosphere,  were hea ted  by 
i n j e c t i n g  steam i n t o  t h e  v e s s e l ;  a f t e r  about  1 h t h e  tempera ture  of t h e  
v e s s e l  atmosphere reached the  d e s i r e d  value.  A t  t h i s  p o i n t  t h e  rate of 
steam i n j e c t i o n  w a s  reduced t o  a l e v e l  t o  match steam l o s s e s  t o  t h e  ves-  
se l  w a l l .  A f t e r  a per iod  of tempera ture  e q u i l i b r a t i o n ,  t h e  steam con- 
densa te  (produced du r ing  v e s s e l  hea tup)  was d ra ined  from t h e  v e s s e l  and 
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moved t o  the  weigh tank. Aerosol g e n e r a t i o n  commenced a f t e r  t h i s  po in t  
w i th  i n t r o d u c t i o n  i n t o  t h e  semi-steady-state steam-air environment f o r  a 
b r i e f  period. The two to rches  were s t a r t e d  s e p a r a t e l y  and o p e r a t i n g  
times were g e n e r a l l y  d i f f e r e n t .  A small fan-mixer l o c a t e d  near  t h e  
bottom of the v e s s e l  was employed t o  augment thermal convec t ion  f o r c e s  
and a i d  i n  mixing. Steam i n j e c t i o n  a t  the  low rate continued f o r  6 h 
a f t e r  s t a r t  of a e r o s o l  g e n e r a t i o n  i n  t h e s e  t h r e e  tests. T o t a l  t e s t  
d u r a t i o n  was 24 h i n  a l l  cases .  The small fan-mixer opera ted  f o r  t h e  
f i r s t  10 h of each test .  

A t  t e rmina t ion  of tes t  o p e r a t i o n s  the steam condensate was removed 
from the  v e s s e l ,  weighed and t r a n s f e r r e d  t o  the l i q u i d  waste system. 
The v e s s e l  was then opened and t h e  v a r i o u s  samplers were removed; decon- 
t amina t ion  of the v e s s e l  i n t e r i o r  by l i q u i d  s p r a y s  completed the  tes t  
procedures.  

Test 631 was conducted t o  o b t a i n  d a t a  on the  behavior of mixed 
a e r o s o l s  under d ry  c o n d i t i o n s  f o r  use i n  e s t i m a t i n g  the  e x t e n t  of i n f l u -  
ence of steam on t h e  a e r o s o l  behavior.  A l l  s t e p s ,  wi th  t h e  excep t ion  of 
steam i n j e c t i o n ,  were t h e  same as f o r  t h e  steam-air tests. 

A l l  of t h e  sampling dev ices  ( f i l t e r  packs,  impactors ,  coupons , 
e t c . )  were d isassembled ,  packaged, and submitted t o  the  ORNL a n a l y t i c a l  
l a b o r a t o r y  f o r  de t e rmina t ion  of the a e r o s o l  content .  The phys ica l  char- 
a c t e r i s t i c s  of t h e  a e r o s o l  were s t u d i e d  by use of e l e c t r o n  microscopy. 
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3. DESCRIPTION OF I N D I V I D U A L  AEROSOL TESTS 

3.1 LWR Aerosol Test 611 

Experiment 611 was t h e  f i r s t  tes t  invo lv ing  a mixed a e r o s o l  of 
FepO3 and U3O8. To p repa re  t h e  t e s t  atmosphere*steam was in t roduced  
i n t o  t h e  v e s s e l ,  which was i n i t i a l l y  a t  36 W a ,  t o  b r i n g  t h e  v e s s e l  
atmosphere ( a i r )  t o  an  average  temperature of 382 K and a p r e s s u r e  of 
183 kPa. This  s t e p  r equ i r ed  about 1.3 h; a t  t h i s  p o i n t ,  t h e  r a t e  of 
steam i n j e c t i o n  was reduced,  and t h e  accumulated steam condensa te  was 
removed t o  a ho ld ing  vesse l .  The two a e r o s o l s  were then  produced wi th  
s e p a r a t e  PT g e n e r a t o r s  and mixed w i t h i n  t h e  v e s s e l .  The Fe2O3 a e r o s o l  
was genera ted  f o r  a per iod  of 11.5 min s t a r t i n g  a t  t i m e  0; t h e  U3O8 
a e r o s o l  g e n e r a t o r  was opera ted  f o r  a per iod  of 8 min s t a r t i n g  a t  a n  
e l apsed  t i m e  of 2 min, and ending a t  10 min, but  i t  appears  t h a t  a l l  of 
t h e  uranium metal powder was probably i n j e c t e d  i n t o  t h e  g e n e r a t o r  ove r  
t h e  f i r s t  4 min of ope ra t ion .  Steam i n j e c t i o n  a t  the  low rate  w a s  main- 
t a i n e d  f o r  -6 h t o  ba lance  steam l o s s e s  caused by w a l l  condensa t ion .  
Over t h i s  pe r iod ,  t h e  temperature  and p res su re  s lowly  inc reased  u n t i l ,  
a t  6 h ,  t h e  average  tempera ture  w a s  383 K and t h e  p r e s s u r e  w a s  203 kPa. 
The v e s s e l  w a s  al lowed t o  cool  f o r  18 h a f t e r  t e rmina t ion  of t h e  steam 
i n  j ec t ion. 

The two a e r o s o l s  were i n j e c t e d  i n t o  t h e  v e s s e l  i n  t h e  upper quad- 
r a n t  a t  two d i f f e r e n t  l o c a t i o n s ,  and t h e  steam was in t roduced  near t h e  
bottom of t h e  v e s s e l .  To f a c i l i t a t e  mixing, a smal l  fan-mixer was oper- 
a t ed  i n  t h e  c e n t e r  of t h e  v e s s e l  near  t he  bottom. This  fan-mixer pro- 
duced a f a i r l y  homogeneous mixture  of a e r o s o l  and steam as i n d i c a t e d  by 
r e s u l t s  from t h e  f o u r  in -vesse l  f i l t e r  samplers  i n s t a l l e d  a t  f o u r  
d i f f e r e n t  l o c a t i o n s  w i t h i n  t h e  ves se l .  

The f i r s t  set of a e r o s o l  mass c o n c e n t r a t i o n  samples was taken  a t  
4 min a f t e r  t e rmina t ion  of Fe2O3 a e r o s o l  gene ra t ion .  A t  t h i s  t i m e  t h e  
average  mass c o n c e n t r a t i o n s  of Fe2O3 and U3O8 a e r o s o l  were 0.88 and 
0.55 g/m3, r e s p e c t i v e l y .  E x t r a p o l a t i o n  of t h e s e  d a t a  t o  t h e  t i m e  of 
Fe2O3 a e r o s o l  g e n e r a t i o n  cu to f f  (11.5 min) y i e l d s  va lues  of 1.4 and 
0.9 g/m3 f o r  Fez03 and u308 a e r o s o l ,  r e s p e c t i v e l y .  These r a t i o s  of 
Fe2O3 and U308 a r e  about  1.6, s a t i s f a c t o r i l y  c l o s e  t o  a d e s i r e d  equa l  
c o n c e n t r a t i o n  r a t i o .  

The aerodynamic mass median d iameter  (AMMD) of t h e  a e r o s o l  was mea- 
sured  by both t h e  s p i r a l  c e n t r i f u g e  sampler and t h e  cascade impactor  
(Andersen Mark 111).  The "wet"  a e r o s o l  was d r i e d  by d i l u t i o n  wi th  c l e a n  
a i r  be fo re  i n t r o d u c t i o n  i n t o  t h e  samplers.  A t  18 min a f t e r  t e r m i n a t i o n  
of t he  Fe2O3 a e r o s o l  gene ra t ion ,  an AMMD of about 1 pm ( s t a n d a r d  devia-  
t i o n ,  u = 1.5) f o r  t h e  mixed a e r o s o l  w a s  determined by t h e  c e n t r i f u g e  
sampler?  a t  38.7 min, an impactor  sample i n d i c a t e d  an AMMD of 1.7 pm 
(u = 1.9) f o r  t h e  a e r o s o l  mixture.  Determinat ion of t h e  AMMD by us ing  

g 

* Unless  o therwise  s p e c i f i e d ,  a l l  p r e s s u r e s  c i t e d  a r e  abso lu te .  
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on ly  the  Fe203 mass f r a c t i o n  o r  t h e  U308 mass f r a c t i o n  y i e lded  equiva- 
l e n t  va lues  t o  those  determined us ing  t h e  t o t a l  mass of a e r o s o l ;  t h i s  
behavior  sugges t s  t h a t  t he  two a e r o s o l s  may be coagglomerating. The 
rate of d i sappearance  of t h e  two a e r o s o l s  from t h e  v e s s e l  atmosphere was 
about  t h e  same, a l s o  sugges t ing  coagglomerat ion (8). 

A t  t h e  t e rmina t ion  of t h e  tes t  (24 h ) ,  t h e  approximate d i s t r i b u t i o n  
of t h e  mixed a e r o s o l  (Fez03 + u308),  as determined by t h e  t o t a l  f a l l o u t  
samplers ,  t h e  t o t a l  p l a t e o u t  samplers ,  and t h e  f i n a l  f i l t e r  samples ,  was 
as fo l lows:  a e r o s o l  s e t t l e d  onto  the  f l o o r  of v e s s e l ,  83%; a e r o s o l  
p l a t e d  onto  i n t e r n a l  s u r f a c e s ,  17%; and a e r o s o l  s t i l l  suspended i n  t h e  
v e s s e l  atmosphere,  n i l .  

3.2 LWR Aerosol Experiment 612 

Experiment 612 was the  second tes t  invo lv ing  a mixed a e r o s o l  of 
Fe203 and u308. To p repa re  t h e  tes t  atmosphere,  steam was in t roduced  
i n t o  t h e  vessel ,  which was i n i t i a l l y  a t  36 kPa, t o  b r ing  t h e  v e s s e l  
atmosphere ( a i r )  t o  an average  tempera ture  of 385 K and a p r e s s u r e  of 
218 kPa. This s t e p  r equ i r ed  about 1.3 h;  a t  t h i s  po in t  t h e  rate of 
steam i n j e c t i o n  was reduced,  and t h e  accumulated steam condensate  was 
removed to  a hold ing  vesse l .  A s  befo re ,  t h e  two a e r o s o l s  were produced 
wi th  s e p a r a t e  plasma t o r c h  a e r o s o l  g e n e r a t o r s  and mixed w i t h i n  t h e  ves- 
sel .  The FepO3 a e r o s o l  was genera ted  f o r  a per iod  of 25.5 min s t a r t i n g  
a t  time 0 ;  t he  U308 a e r o s o l  g e n e r a t o r  was s t a r t e d  a t  an e l apsed  t i m e  of 
20 min and ope ra t ed  f o r  5 min, ending a t  an e l apsed  time of 25 min. 
Steam i n j e c t i o n  a t  t h e  low l e v e l  was maintained f o r  6 h t o  ba lance  steam 
l o s s e s  t o  v e s s e l  walls. Over t h i s  p e r i o d ,  t he  tempera ture  and p res su re  
inc reased  u n t i l ,  a t  6 h ,  t h e  average tempera ture  was 388 K and t h e  pres -  
s u r e  was 234 kPa. The v e s s e l  was allowed t o  cool  f o r  18 h a f t e r  t e r m i -  
n a t i o n  of steam i n j e c t i o n .  

The two a e r o s o l s  and the  steam were f a i r l y  w e l l  mixed by t h e  fan- 
mixer a s  i n d i c a t e d  by r e s u l t s  f o r  U3O8 a e r o s o l  from the  f o u r  in -vesse l  
f i l t e r  samplers  i n s t a l l e d  a t  f o u r  d i f f e r e n t  l o c a t i o n s  w i t h i n  t h e  ves- 
s e l  (8 ) .  

The f i r s t  set of a e r o s o l  mass c o n c e n t r a t i o n  samples was taken  a t  
2.8 min a f t e r  t e rmina t ion  of Fe2O3 a e r o s o l  genera t ion .  A t  t h i s  t i m e  t h e  
average mass c o n c e n t r a t i o n s  of FepO3 and U308 were 0.14 and 0.41 g/m3, 
r e s p e c t i v e l y .  E x t r a p o l a t i o n  of t h e s e  d a t a  t o  the  t i m e  of FepO3 a e r o s o l  
g e n e r a t o r  cu to f f  (25.5 min) y i e l d s  va lues  of 0.22 and 0.6 g/m3 f o r  Fe203 
and U3O8 a e r o s o l ,  r e s p e c t i v e l y .  These r a t i o s  of Fee03 t o  U 3 O 8  a r e  about  
0.3 t o  1; similar r a t i o s  f o r  Run 611 were about 1.6 t o  1. The rate of 
d i sappearance  of t he  two a e r o s o l  components from the  v e s s e l  atmosphere 
i s  approximately t h e  same, sugges t ing  t h a t  t he  two a e r o s o l  components 
were coagglomerated. 

The AMMD of t h e  a e r o s o l  was measured by a cascade impactor  
(Andersen Mark 111). Other samples of t h e  a e r o s o l  were taken  wi th  t h e  
s p i r a l  c e n t r i f u g e  sampler ,  but i n s u f f i c i e n t  material was ob ta ined  f o r  
chemical a n a l y s i s .  The w e t  a e r o s o l  was d r i e d  by d i l u t i o n  wi th  c l e a n  a i r  
b e f o r e  i n t r o d u c t i o n  t o  t h e  cascade impactor.  A t  4.5 n i n  a f t e r  termina- 
t i o n  of t h e  Fez03 a e r o s o l  g e n e r a t o r ,  an AMMD of about 1.5vm (ag = 2.1) 
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was determined f o r  the  mixed ae roso l .  Determina t ion  of the  AMMD by us- 
i ng  only t h e  Fe2O3 mass f r a c t i o n  produced a va lue  of 1.2 v m  (ag = 2.3); 
by us ing  t h e  U308 mass f r a c t i o n ,  an AMMD of 1.8 vm ( ag  = 1.9) w a s  
ob ta ined .  This  s i m i l a r i t y  i n  the  AMMD's and a ' s  provides  some suppor t  
f o r  the  o b s e r v a t i o n  t h a t  the  two a e r o s o l s  a r e  g s s i b l y  coagglomerated. 

A t  the  t e r m i n a t i o n  of t h e  test (24 h ) ,  t h e  approximate d i s t r i b u t i o n  
of the  mixed a e r o s o l  (Fe2O3 + U3O8), as determined by t h e  t o t a l  f a l l o u t  
samplers ,  t h e  t o t a l  p l a t e o u t  samplers ,  and t h e  f i n a l  f i l t e r  samples ,  was 
as fo l lows :  a e r o s o l  s e t t l e d  onto the  f l o o r  of t h e  v e s s e l ,  76%; a e r o s o l  
p l a t e d  onto i n t e r n a l  s u r f a c e s ,  24%; and a e r o s o l  s t i l l  suspended i n  t h e  
v e s s e l  atmosphere, n i l .  

3.3 LWR Aerosol Experiment 613 

Experiment 613 was the t h i r d  i n  a series invo lv ing  a mixed a e r o s o l  
of Fez03 and u308. To prepare  the tes t  atmosphere,  steam w a s  i n t roduced  
i n t o  the  v e s s e l ,  which was i n i t i a l l y  a t  37 kPa and ambient t empera tu re ,  
t o  br ing the  v e s s e l  atmosphere ( a i r )  t o  an average tempera ture  of 381 K 
and an a b s o l u t e  p re s su re  of 178 kPa. This h e a t i n g  s t e p  r equ i r ed  about 
1.2 h; a t  t h i s  p o i n t ,  the  r a t e  of steam i n j e c t i o n  was reduced and t h e  
accumulated steam condensate i n  the  bottom of the NSPP v e s s e l  was re- 
moved t o  a hold ing  v e s s e l .  The two tes t  a e r o s o l s  were then produced 
wi th  s e p a r a t e  plasma t o r c h  a e r o s o l  g e n e r a t o r s  and mixed w i t h i n  the  ves- 
sel. Fez03 a e r o s o l  was genera ted  f o r  a pe r iod  of 26 rnin s t a r t i n g  a t  
t i m e  0; the  u3O8 a e r o s o l  gene ra to r  w a s  opera ted  f o r  3 min s t a r t i n g  a t  
13 min and ending a t  16 min (measured from time 0) .  Steam i n j e c t i o n  a t  
t h e  low rate w a s  maintained f o r  -6 h to  ba lance  steam l o s s e s  a t  the  
v e s s e l  w a l l .  Over t h i s  p e r i o d ,  the  tempera ture  and p r e s s u r e  s lowly  
i n c r e a s e d  u n t i l ,  a t  6 h, the  average tempera ture  was 386 K and the  pres- 
s u r e  was 220 kPa. The v e s s e l  w a s  allowed t o  cool  f o r  18 h a f t e r  termi- 
n a t i o n  of steam i n j e c t i o n .  

The two a e r o s o l s  were i n j e c t e d  i n t o  t h e  v e s s e l  i n  the  upper quad- 
r a n t  a t  two d i f f e r e n t  l o c a t i o n s ,  and t h e  steam was in t roduced  near  t h e  
bottom of the  v e s s e l .  To f a c i l i t a t e  mixing of the  two a e r o s o l s  and the  
steam, a s m a l l  fan-mixer was i n s t a l l e d  i n  t h e  c e n t e r  of the  v e s s e l  near  
t h e  bottom. Opera t ion  of the  fan-mixer produced a f a i r l y  homogeneous 
mixture  of a e r o s o l  and steam as i n d i c a t e d  by t h e  r e s u l t s  f o r  Fe2Og aero-  
s o l  from the  f o u r  in -vesse l  f i l t e r  samplers i n s t a l l e d  a t  f o u r  d i f f e r e n t  
l o c a t i o n s  w i t h i n  t h e  v e s s e l  ( 9 ) .  

The f i r s t  set of a e r o s o l  mass c o n c e n t r a t i o n  samples was taken  a t  
24 min (2 min be fo re  t e rmina t ion  of a e r o s o l  g e n e r a t i o n ) ,  and t h e  a e r o s o l  
mass c o n c e n t r a t i o n  v a l u e s  were s c a t t e r e d  i n d i c a t i n g  nonhomogeneous con- 
d i t i o n s .  The second set of samples was taken a t  34.4 min (8.4 min a f t e r  
t e r m i n a t i o n  of a e r o s o l  g e n e r a t i o n ) ,  and the  va lues  were comparable, 
i n d i c a t i n g  nore complete mixing of t h e  a e r o s o l  w i t h i n  the  vessel. A t  
t h i s  t i m e ,  t h e  average mass c o n c e n t r a t i o n s  of Fez03 and U308 a e r o s o l  
were 0.58 and 0.072 g/m3, r e s p e c t i v e l y .  E x t r a p o l a t i o n  of t h e s e  d a t a  t o  
t h e  t i m e  of FepO3 a e r o s o l  gene ra to r  cu to f f  (26 min) y i e l d s  va lues  of 
0.80 and 0.13 g/m3 € o r  Fe2O3 and U308 a e r o s o l ,  r e s p e c t i v e l y .  The r a t i o  
of Fee03 t o  U3O8 was, t h e r e f o r e ,  6.2 t o  1, which is reasonably  c l o s e  t o  



13 

t h e  t a r g e t  r a t i o  of 10 t o  1. The rate of d i sappearance  of t he  two aero-  
s o l s  from the  v e s s e l  environment w a s  approximately t h e  same, sugges t ing  
t h a t  t h e  two a e r o s o l s  were coagglomerated (9) .  

The aerodynamic mass median d iameter  (AMMD) of t h e  a e r o s o l  was mea- 
sured  by both t h e  s p i r a l  c e n t r i f u g e  sampler and t h e  cascade impactor  
(Andersen Mark 111). The "wet"  a e r o s o l  was d r i e d  by d i l u t i o n  wi th  c l e a n  
a i r  be fo re  i n t r o d u c t i o n  i n t o  t h e  samplers.  A t  29.3 min a f t e r  s ta r t  of 
FepO3 a e r o s o l  g e n e r a t i o n ,  an AMMD of about 1.7 pm (a = 1.7) f o r  t h e  
mixed a e r o s o l  was determined by t h e  s p i r a l  c e n t r i  B uge sampler ;  a t  
138 min, an  impactor  sample i n d i c a t e d  an AMMD of 1.0 pm ( a  = 2.1) f o r  
t h e  a e r o s o l  mixture.  Determinat ion of t he  AMMD by us ing  only  t h e  Fe203 
mass f r a c t i o n  o r  t h e  U3O8 mass f r a c t i o n  y i e lded  n e a r l y  e q u i v a l e n t  v a l u e s  
f o r  t he  AMMD i n  t h e  prev ious  two mixed a e r o s o l  experiments  (Nos. 611 and 
612). The same behavior  was t rue  i n  t h i s  experiment  f o r  t h e  e a r l y  cen- 
t r i f u g e  sample; i n  the  l a te r  impactor  sample, t he  U308 mass f r a c t i o n  
produced an AMMD of 1.1 vrn (ag = 3.31, however. In t h i s  l a te r  sample 
(138 min),  t he  mass of sample taken  w a s  low, and t h i s  could account f o r  
t h e  l a r g e  d i f f e r e n c e  i n  the  va lue  of ag. On t h e  whole, t h e  s i z i n g  d a t a  
sugges t  coagglomerat ion of t he  two ae roso l s .  

A t  t h e  t e rmina t ion  of t h e  experiment  ( 2 4  h ) ,  t h e  approximate d i s -  
t r i b u t i o n  of t h e  mixed a e r o s o l  (Fe2O3 + U308), a s  determined by t h e  
t o t a l  f a l l o u t  samplers ,  t h e  t o t a l  p l a t e o u t  samplers ,  and t h e  f i n a l  
f i l t e r  samples was as  fo l lows:  a e r o s o l  s e t t l e d  onto f l o o r  of v e s s e l ,  
65%; a e r o s o l  p l a t e d  onto i n t e r n a l  s u r f a c e s ,  35%; and a e r o s o l  s t i l l  sus-  
pended i n  t h e  v e s s e l  atmosphere,  n i l .  

3.4 LWR Aerosol Experiment 631 

This  experiment involved s tudy  of t h e  behavior  of U3O8 and FepO3 
mixed a e r o s o l  i n  a d ry  a i r  environment.  R e s u l t s  from t h i s  t es t  serve t o  
i l l u s t r a t e  t h e  magnitude of t h e  i n f l u e n c e  of steam on mixed a e r o s o l  
behavior  as s t u d i e d  i n  Tests 611, 612, and 613. 

The two a e r o s o l s  were genera ted  s imul taneous ly  wi th  s e p a r a t e  PT 
a e r o s o l  g e n e r a t o r s  and mixed w i t h i n  t h e  v e s s e l .  The i n i t i a l  tes t  atmos- 
phe re  w a s  d ry  a i r  a t  ambient tempera ture  and p res su re ;  the r e l a t i v e  
humidi ty  was <20%. Fe2O3 a e r o s o l  was genera ted  f o r  a per iod  of 16.2 min 
s t a r t i n g  a t  t i m e  0; t h e  u3O8 a e r o s o l  was genera ted  f o r  a pe r iod  of 
4.3 min s t a r t i n g  a t  e l apsed  t i m e  11 min and ending a t  15.3 min. 

Although t h i s  experiment d id  not involve  steam, the  small fan-mixer 
w a s  opera ted  i n  t h e  same manner a s  i n  Tests 6 1 1 4 1 3  t o  promote mixing of 
t h e  two ae roso l s .  The mixing was f a i r l y  complete as  i n d i c a t e d  by the  
r e s u l t s  f o r  t h e  U308 a e r o s o l  component from t h r e e  of t h e  f o u r  in -vesse l  
f i l t e r  samplers ;  sampler 152 d i d  not  ope ra t e  s a t i s f a c t o r i l y  a f t e r  t h e  
f i r s t  sample was taken. 

The f i r s t  set of a e r o s o l  mass c o n c e n t r a t i o n  sanp le s  was taken  a t  
22.3 min (-6 min a f t e r  t e rmina t ion  of FepO3 a e r o s o l  g e n e r a t i o n ) .  A t  
t h i s  t i m e ,  t he  average mass concen t r a t ions  of Fez03 and U3O8 were 0.87 
and 1.17 g/m3, r e s p e c t i v e l y .  E x t r a p o l a t i o n  of t hese  da t a  t o  the  time of 
Fe2O3 a e r o s o l  gene ra to r  cu to f f  (16.2 min) y i e l d s  va lues  of 1.2 and 
1 .7  g/m3 f o r  Fe2O3 and U308 a e r o s o l ,  r e s p e c t i v e l y .  The ra te  of 
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d i sappea rance  of t h e  two a e r o s o l s  from t h e  v e s s e l  environment was ap- 
proximately t h e  same, sugges t ing  t h a t  t h e  two a e r o s o l s  were coagglomer- 
a t ed .  

The aerodynamic mass median d iameter  (AMMD) of t h e  a e r o s o l  was mea- 
sured by both t h e  s p i r a l  c e n t r i f u g e  sampler and t h e  cascade impactor  
(Andersen Mark 111). Although t h e  v e s s e l  d id  not  c o n t a i n  steam, sam- 
p l i n g  procedures  i d e n t i c a l  t o  those  used i n  steam, were followed. S i x  
samples as a f u n c t i o n  of e lapsed  t i m e  were t aken  f o r  s i z e  a n a l y s i s :  
fou r  were taken  from t h e  a u x i l i a r y  sampling t ank  e x t e r n a l  t o  t h e  NSPP 
v e s s e l ,  and two were taken i n s i d e  t h e  NSPP v e s s e l .  Determinat ion of t he  
AMMD was made i n  t h r e e  ways, one us ing  t h e  U3O8 f r a c t i o n a l  mass, one 
us ing  the  FepO3 f r a c t i o n a l  mass, and one us ing  t h e  t o t a l  a e r o s o l  mass, 
FepO3 + U3O8. For t h e  most p a r t ,  e q u i v a l e n t  va lues  were c a l c u l a t e d ,  
l ending  suppor t  t o  t he  con ten t ion  t h a t  t h e  two a e r o s o l s  were coagglomer- 
a t ed  (9) .  

A t  the  t e rmina t ion  of t he  experiment ( 2 4  h ) ,  t he  approximate d i s -  
t r i b u t i o n  of t h e  mixed a e r o s o l  (FepO3 + U308), as determined by t h e  
t o t a l  f a l l o u t  samplers ,  t h e  t o t a l  p l a t e o u t  samplers ,  and t h e  f i n a l  
f i l t e r  samples was as fo l lows:  a e r o s o l  s e t t l e d  onto  t h e  f l o o r  of t h e  
v e s s e l ,  52%; a e r o s o l  p l a t e d  onto  i n t e r n a l  s u r f a c e s ,  48%;  and a e r o s o l  
s t i l l  suspended i n  t h e  v e s s e l  atmosphere,  n i l .  
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4 .  RESULTS FROM I N D I V I D U A L  AEROSOL 

The r e s u l t s  from each tes t  are summarized i n  

TESTS 

t h i s  s e c t i o n  i n  t h e  
form of t a b l e s  and graphs.  A t  t h e  beginning of each subsec t ion  a sum- 
mary s h e e t  i s  p resen ted  l i s t i n g  informat ion  on a e r o s o l  sou rce ,  v e s s e l  
tes t  atmosphere,  a e r o s o l  parameters  and system parameters  f o r  each 
test .  Following t h i s  summary s h e e t  are graphs and t a b l e s  r e p o r t i n g  
a e r o s o l  mass c o n c e n t r a t i o n s ,  f a l l o u t  and p l a t e o u t  ra tes ,  t o t a l  f a l l o u t  
and p l a t e o u t  masses, a e r o s o l  p a r t i c l e  s i z e s ,  a b s o l u t e  v e s s e l  p r e s s u r e ,  
v e s s e l  atmosphere tempera tures ,  t empera ture  g r a d i e n t s  near  t h e  v e s s e l  
w a l l ,  and steam condensa t ion  rates on t h e  v e s s e l  wal l s .  Time is mea- 
sured  from start  of a e r o s o l  gene ra t ion .  To a i d  i n  the  i n t e r p r e t a t i o n  of 
t h e s e  graphs and t a b l e s ,  t h e  fo l lowing  comments are o f fe red .  

Mass concen t r a t ion .  R e s u l t s  from t h e  seven mass c o n c e n t r a t i o n  
f i l t e r  samplers  are p resen ted  i n  two forms; a t a b l e  l i s t s  t h e  v a l u e s  
ob ta ined  from each i n d i v i d u a l  sampler ,  and a graph p r e s e n t s  t he  numeri- 
cal  average va lue  ob ta ined  by computation from t h e  va lues  from i n d i -  
v i d u a l  samplers  opera ted  a t  the  same t i m e  per iod .  Values of mass con- 
c e n t r a t i o n s  a r e  f o r  t h e  Fe203 a e r o s o l  component and t h e  U 3 0 8  a e r o s o l  
component w i t h i n  the  v e s s e l  atmosphere computed under v e s s e l  a tmospheric  
cond i t ions  e x i s t i n g  a t  t h e  time of t h e  sample. The l o c a t i o n  of each 
sampler may be found i n  Table 1. 

Aerosol f a l l o u t  and p l a t e o u t  rates; cumulat ive va lues  f o r  f a l l o u t  
and p l a t e o u t  mass. The d a t a  r epor t ed  i n  t h e s e  t a b l e s  were ob ta ined  from 
t h e  coupon samplers .  An average f a l l o u t  o r  p l a t e o u t  ra te  w a s  computed 
from t h e  mass of a e r o s o l  depos i t ed  on t h e  coupon over  t h e  t i m e  i n t e r v a l  
of exposure.  The average  e l apsed  t i m e  from t h e  s tar t  of a e r o s o l  genera-  
t i o n  i s  taken  as one-half of t h e  t i m e  i n t e r v a l  of exposure added t o  t h e  
e l apsed  t i m e  a t  t h e  s t a r t  of t h e  coupon exposure.  

Values f o r  cumulat ive mass f a l l o u t  o r  p l a t e o u t  were computed by 
summing t h e  va lues  obta ined  by mul t ip ly ing  t h e  f a l l o u t  and p l a t e o u t  ra te  
by t h e  a p p r o p r i a t e  t i m e  per iod  f o r  exposure of t h e  coupon and t h e  
a p p r o p r i a t e  area w i t h i n  t h e  ves se l .  

~~ ~ 

T o t a l  a e r o s o l  f a l l o u t  and p l a t eou t .  F a l l o u t  cups p laced  nea r  t h e  
bottom of t h e  v e s s e l  and p l a t e o u t  coupons mounted on t h e  v e s s e l  w a l l  
were exposed over  t h e  f u l l  term of each experiment.  The mass of a e r o s o l  
c o l l e c t e d  by t h e s e  samplers  i s  used t o  estimate the  t o t a l  f a l l o u t  and 
p l a t e o u t  of a e r o s o l  w i t h i n  the  ves se l .  Values determined i n  t h i s  manner 
should be comparable wi th  t h e  t o t a l  va lues  computed from r e s u l t s  ob- 
t a i n e d  from the  rate samplers ,  but  t h i s  i s  not  t r u e  i n  every case. Dif- 
f i c u l t y  i n  o b t a i n i n g  r e p r e s e n t a t i v e  samples may be the  cause of t h e s e  
i n c o n s i s t e n t  da ta .  

Aerosol p a r t i c l e  s i z e .  The d a t a  presented  were de r ived  wi th  an 
Andersen Mark 111 P a r t i c l e  S iz ing  Stack  Sampler (cascade  impactor )  and a 
S p i r a l  Cen t r i fuge  Aerosol Spectrometer .  The raw d a t a  were processed t o  
t h e  e x t e n t  necessary  t o  produce t h e  t a b l e s  i n  t h i s  r e p o r t .  An aero-  
dynamic mass median d iameter  (AMMD) may be determined by p l o t t i n g  on log  
p r o b a b i l i t y  paper  t h e  "percent  smaller than" va lues  a g a i n s t  t h e  ca l i -  
b r a t e d  aerodynamic d iameter  va lue  f o r  each s t a g e  and reading  t h e  AMMD 
va lue  a t  50%. 
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Vessel atmosphere pressure .  For a l l  tes ts ,  t h e  v e s s e l  i n i t i a l l y  
conta ined  a c a p t i v e  volume of a i r  a t  ambient p r e s s u r e ,  o r  below. The 
i n c r e a s e  i n  v e s s e l  p re s su re  r e s u l t e d  from t h e  steam i n j e c t i o n  and t h e  
ho t  gases  in t roduced  by t h e  plasma t o r c h  a e r o s o l  gene ra to r .  The graph 
d e p i c t s  t he  a b s o l u t e  p re s su re  as a f u n c t i o n  of t i m e  a f t e r  s ta r t  of aero- 
s o l  genera t ion .  

Vessel atmosphere temperatures. Three graphs are presented  d i s -  
p lay ing  the  tempera tures  wi th in  each of t h e  fou r  quadrants  a t  t h r e e  
e l e v a t i o n s .  The e l e v a t i o n s  are 1.22 m ,  2.74 m,  and 4.27 m from t h e  low 
po in t  on the  v e s s e l  f l o o r ;  r a d i a l  d i s t a n c e  of each thermocouple from t h e  
v e s s e l  c e n t e r l i n e  is given on each graph. Some of t he  thermocouples a t  
t h e  4.27 m l e v e l  can sense  t h e  hea t  of t he  plasma t o r c h  gene ra to r  and 
may temporar i ly  i n d i c a t e  a temperature  h igher  than  o t h e r s  a t  t h i s  l e v e l  
dur ing  a e r o s o l  gene ra t ion .  

Temperature p r o f i l e  near  v e s s e l  w a l l .  Two t a b l e s  are presented  
i n d i c a t i n g  t h e  temperature  p r o f i l e s  near  t h e  v e s s e l  w a l l  on t h e  n o r t h  
r a d i u s  a t  an e l e v a t i o n  of 1.22 m and on t h e  east r ad ius  a t  an e l e v a t i o n  
of 2.74 m. One thermocouple is a t t ached  t o  the  inne r  w a l l  s u r f a c e  and 
f i v e  o the r s  are l o c a t e d  a t  varying d i s t a n c e s  from the  v e s s e l  w a l l .  S e t s  
of d a t a  are l i s t e d  f o r  va r ious  times a f t e r  s t a r t  of a e r o s o l  gene ra t ion .  

4.1 Summary and Data L i s t i n g s  f o r  Test 611 

Aerosol source  

Mass of uranium meta l  powder i n t o  gene ra to r  
Mass of i r o n  meta l  powder i n t o  gene ra to r  
Durat ion of a e r o s o l  gene ra t ion  
Maximum measured Fez03 a e r o s o l  c o n c e n t r a t i o n  

( a t  4 min a f t e r  end of a e r o s o l  g e n e r a t i o n )  
Maximum measured U3O8 a e r o s o l  c o n c e n t r a t i o n  

( a t  4 min a f t e r  end of ae roso l  g e n e r a t i o n )  
Est imated average Fe2O3 a e r o s o l  c o n c e n t r a t i o n  

a t  end of a e r o s o l  gene ra t ion  
(under t e s t  c o n d i t i o n s )  

a t  end of a e r o s o l  gene ra t ion  
(under  t e  s t cond i t ions  ) 

Estimated average U308 a e r o s o l  concen t r a t ion  

Vessel atmosphere 

Vesse l  a i r  p re s su re  before  steam i n j e c t i o n  
R e l a t i v e  humidity a t  s t a r t  of ae roso l  g e n e r a t i o n  
Durat ion of steam i n j e c t i o n  a f t e r  s t a r t  of 

Mass of steam condensate c o l l e c t e d  a f t e r  
ae roso l  gene ra t ion  

s t a r t  of a e r o s o l  gene ra t ion  

Aerosol parameters  measured 

Aerosol mass concen t r a t ion  (average)  
Aerosol mass c o n c e n t r a t i o n  ( i n d i v i d u a l  

samplers ) 

0.2 kg 

11.5 min 
0.88 g/m3 

0.55 g/m3 

1.4 g/m3 

0.5 kg 

0.9 g/m3 

36 kPa 
-100% 

6 h  

237 kg 

Fig. 2 
Tables  3-4 
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Aerosol f a l l o u t  and p l a t e o u t  rates; cumulat ive 

Aerosol i n t e g r a l  f a l l o u t  and p l a t e o u t  mass 
Andersen impactor  d a t a  
S p i r a l  c e n t r i f u g e  a e r o s o l  sample d a t a  

f a l l o u t  and p l a t e o u t  mass 

System parameters  measured 

Vessel atmosphere p r e s s u r e  
Vessel atmosphere t empera tu re  
Temperature g r a d i e n t  near w a l l  
Steam condensat ion ra te  

Table 5 

Table 6 
Tables  7-8 

Table 9 

Fig. 3 
Figs. 4-6 

Tables  10-11 
Table  12 

Fig. 2 
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Average a e r o s o l  mass c o n c e n t r a t i o n  - NSPP T e s  :. t 611. 
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Table 3. Aerosol mass concentration as determined 
with individual in-vessel samplers - Test 611 

b Mass 
Sampler - Time a concentration, concentration, 
Sampler No. (min) Fe203 u3 08 

b Mass 

(g/m3 (g/m3 

151-1 
152-1 
153-1 
154-1 
15  1-2 
152-2 
153-2 
154-2 
151-3 
152-3 
153-3 
154-3 
151-4 
152-4 
153-4 
154-4 
15  1-5 
152-5 
153-5 
154-5 
151-6 
152-6 
153-6 
154-6 
151-7 
152-7 
153-7 
154-7 
151-8 
152-8 
153-8 
154-8 
151-9 
152-9 
153-9 
154-9 

14.1 
14.4 
16.3 
16.5 
21.0 
21.3 
23.2 
23.5 
28.9 
29.2 
30.9 
31.2 
36.4 
36.6 
36.8 
37.1 
47.1 
47.4 
47.7 
47.9 
67.9 
68.2 
68.4 
68.7 
90.7 
91.0 
91.3 
91.5 

119.5 
119.7 
119.9 
120.1 
159.4 

159.9 
160.2 

-- 

1.14 
1.17 
0.53 
0.68 
0.49 
0.37 
0.35 
0.28 
0.24 
0.17 
0.18 
0.14 
0.10 
0.12 
0.11 
0.097 
0.051 
0.049 
0.041 
0.044 
0.065 
0.013 
0.013 
0.021 
0.0062 
0.0021 
0.0042 
0.0065 
0.001 1 
0.00066 
0.0017 
0.0024 
0.00028 

0.0003 1 
0.0013 

-- 

0.51 
0.60 
0.43 
0.64 
0.25 
0.13 
0.24 
0.16 
0.13 
0.13 
0.083 
0.086 
0.070 
0.078 
0.060 
0.064 
0.039 
0.037 
0.029 
0.030 
0.081' 
0.013 
0.0091 
0.014 
0.0059 
0.0030 
0.0030 
0.0040 
0.0017 
0.0010 
0.0013 
0.00091 
0.00079 

0.00030 
0.00030 

-- 

%me measured from start of aerosol generation. 

bAerosol mass concentration in the vessel under test 
conditions that existed at time the sample was taken. 

%oubtful value omitted from calculation of average 
concentration. 
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Table 4. Aerosol mass concentration as determined 
with individual wall filter samplers - Test 611 

b 
Mass Mass 

Sampler - Time a concentrat ion, b concentration, 
Sampler No. bin) Fe203 u3 08 

(vg/m3) ( vg/m3 ) 

155-1 
156-1 
157-1 
155-2 
156-2 
157-2 
155-3 
156-3 
157-3 
155-4 
156-4 
157-4 
155-5 
156-5 
157-5 
155-6 
156-6 
157-6 

138.1 
138.1 
138.6 
188.1 
188.4 
188.8 
250.1 
250.3 
250.8 
376.0 
376.0 
376.0 
561.0 
561.0 
561.0 

1413.0 
1426.0 
1426.0 

190' 
380 
7 60 

2400d 

1100 
25 

170 
120 
110 
32 

320 

1 300d 

410 

-- 

-- 

-- 
-- 
-- 

610' 
220 
170 
150 

70 
64 

42 
39 

41  
28 
30 
28 
29 
23 
2 1  
15 

-- 

-- 

%he measured from start of aerosol generation. 

bAerosol mass concentration in the vessel under test 
conditions that existed at time the sample was taken. 

'Note units. These entries are 0.00019 g/m3 and 
0.00061 g / m 3 ,  respectively. 

dDoubtful value omitted from calculation of average 
concentration 



T a b l e  5. F a l l o u t  a n d  p l a t e o u t  d a t a  f o r  a e r o s o l  components ;  
r a t e  and  c u m u l a t i v e  mass vs  time - NSPP T e s t  611  

~~ 

F a l l o u t ,  Fez03 P l a t e o u t ,  Fez03 F a l l o u t ,  U308 P l a t e o u t ,  Us08 Midpoint D u r a t i o n  o f  
s a m p l i n g  name a s a m p l e  t i m e  

( S )  

Of a Rate Cumula t ive  Rate Cumulat i v e  Rate Cumula t ive  Rate Cumula t ive  Sampler  

[ v g / ( m 2 * s ) I  (P )  [vg/ (m**s)  I ( g )  [ u g / ( m 2 * s ) I  (g) [ug/ (m**s)  I ( g )  ( s )  

FO-1 
PO-1 

FO-2 
PO-2 

FO-3 
PO-3 

FO-4 
PO-4 

FO-5 
PO-5 

FO-6 
PO-6 

FO-7 
PO-7 

1 , 0 3 3  
8 2 0  

3 , 0 5 7  
2 , 6 1 2  

4 , 9 6 0  
4 .545  

8 , 0 2 4  
7 , 6 2 0  

12 ,697  
12,308 

25 ,034  
24 ,629  

6 0 , 6 4 2  
60 ,156  

2 ,065  347.6 
1 , 6 4 0  

1 , 4 9 6  128.7 
1 ,537  

1 , 8 4 8  25.6 
1 , 8 9 6  

3, a42  8.67 
3 ,897  

5,118 6.51 
5 ,088  

1 9 , 1 1 6  0.85 
1 9 , 2 2 8  

5 1 , 5 4 5  0.10 
5 1 , 4 6 9  

5.2 
628.7 

6.6 
136.1 

6 .9  
52.8 

7.1 
35.3 

7.3 
123.4 

7.4 
14.0 

7.4 
2.15 

177.6 
71.0 

59. a 
85.4 

67.2 
92.3 

4.5 
101.8 

3.1 
145.1 

0.52 
163.6 

0.26 
171.2 

2.7 
712.9 80.6 

3.4 
20.9 82.8 

4.3 
3.5 83.3 

4.4 
1.1 83.6 

4.5 
0.35 83.7 

4.6 
0.17 83.9 

4.7 
0.03 84. o 

a U n c e r t a i n t y  i n  s a m p l i n g  times, -5 s. 

h) 
0 
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Table  6. Aerosol  f a l l o u t  and p l a t e o u t  d a t a :  
i n t e g r a l  samples  - NSPP Test 611 

P 1 a t  eou t Fa 1 l o u t  

Sample mass, Sample mass, 
Fe203 u3 08 

(mg) (mg ) 

Sampler 
name 

Sample mass, Sample mass, 
Fe203 u308 

Sampler 
name (mg 1 (mg 1 
TFO-1 37.18 33.01 FPO-BW 0.26 1.23 

TFO-2 25.74 31.83 TPO-BE 0.14 1.00 

TFO-3 31.46 36.55 TPO-TW 0.13 1.20 
TFO-4 28.60 36.55 TPO-TN 0.12 1.19 

TFO-5 
TFO-6 34.32 36.55 

47.19 -- 

Average 34.08 34.90 Aver age  0.16 1.16 

Es t imateda  t o t a l  Es t imated  a t o  t a l  
f a l l o u t  74.7 g 76.5 g p 1 a t  e ou t 3.9 g 27.9 g 

aCa lcu la t ed  from vesse l - to-sample  a r e a  r a t i o s .  

Tab le  7. I n t e r n a l  Andersen impactor  d a t a  -Tes t  611 

Pe rcen t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
s m a l l e r  than  the  aerodynamic d i ame te r  l i s t e d  

Aerodynamic d i ame te r  ( pm) T i m e  

(min) 14.2 8.9 6.0 4.1 2.6 1.3 0.82 0.61 
Component No. 

l a  Fe203 45.3 94.7 90.5 82.8 71.3 53.7 20.7 5.8 1.2 

1 U308 45.3 97.8 95.2 88.6 83.4 70.8 26.1 8.2 2.1 

1 T o t a l  45.3 96.2 92.9 85.7 77.3 62.2 23.4 7.0 1.7 

4 m p a c t o r  a t  2.8 m e l e v a t i o n .  
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T a b l e  8. E x t e r n a l  Andersen impactor  d a t a  -Tes t  611  

P e r c e n t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller t h a n  t h e  aerodynamic d i a m e t e r  l i s t e d  

Aerodynamic d i a m e t e r  (um) Time 
(min) 13.7 8.5 5.8 4.0 2.5 1.3 0 . 7 8 0 . 5 3  

Component NO 

l a  Fe203 38.7 97.2 94.1 90.7 85.9 73.8 34.3 10.0 1.8 

1 U308 38.7 99.5 99.1 98.1 94.9 81.7 38.8 12.6 4.2 

1 T o t a l  38.7 97.9 95.5 92.8 88.5 76.0 35.6 10.8 2.5 

a Impactor  a t  2.8 m e l e v a t i o n .  

Table  9. S p i r a l  c e n t r i f u g e  a e r o s o l  sampler  d a t a  - Test 611 

P e r c e n t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller than  t h e  aerodynamic d iameter  l i s t e d  

~ ~~~ ~~~ 

Aerodynamic d i a m e t e r  (urn) Sample T ime  Component No. (min) 4.4 2.2 1.5 1.2 1.0 0.91 0.70 
~~ 

1 Fe203 17.9 95.5 90.0 81.3 64.7 46.1 39.6 13.1 

1 u308 17.9 98.3 90.4 77.7 63.3 50.7 39.4 18.0 

1 T o t a l  17.9 97.0 90.2 79.3 64.0 48.6 39.5 15.8 
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Fig. 3.  Vessel atmosphere a b s o l u t e  p r e s s u r e  - NSPP Test 611. 

Fig. 4 .  Vessel atmosphere temperature  a t  1.22 m e l e v a t i o n  - NSPP 
t e s t  611. 
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ORNL-DWG 87-4815 ETD 

d 
TIME, s 

Fig. 5. Vessel atmosphere temperature at 2.74 m elevation - NSPP 
test 611. 

L-DWG 87-4816 ETD 

- 
TIME, s 

Fig. 6. Vessel atmosphere temperature at 4.27 m elevation - NSPP 
test 611. 
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Table 10. Temperature p r o f i l e  a t  1.22 m e l e v a t i o n  f o r  va r ious  
times a f t e r  s ta r t  of a e r o s o l  gene ra t ion  - NSPP Test 611 

Temperature readings  (K) 

Thermocouple l o c a t i o n s  - d i s t a n c e  from v e s s e l  w a l l  

On wall 1.25 mm 2.5 mm 5 mm 10 mm 255 mm 

T i  me 
(SI 

80 38 2 382 38 2 382 38 2 38 2 

1,074 382 383 383 383 383 383 

16,022 38 2 38 3 383 383 383 383 

18,122 38 2 383 383 383 383 383 

21,422 382 383 383 38 3 383 38 3 

31,073 366 366 366 366 367 366 

87,190 324 324 324 324 324 325 

Table 11. Temperature p r o f i l e  a t  2.74 m e l e v a t i o n  f o r  va r ious  
times a f t e r  s tar t  of ae roso l  gene ra t ion  - NSPP Test 611 

Temperature readings  (K) 

Thermocouple l o c a t i o n s  - d i s t a n c e  from v e s s e l  wall T i m e  
(SI 

On wa l l  1.25 mm 2.5 mm 5 mm 10 mm 533 mm 

80 38 1 38 1 38 1 38 1 38 1 38 2 

1,074 382 382 382 382 382 383 

16,022 38 2 382 382 38 2 38 2 383 

18,122 382 382 382 382 382 384 

21,422 382 38 2 383 382 383 384 

31,073 365 366 366 366 367 368 

87,190 324 325 325 325 325 325 
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Table 12.  Steam condensa t ion  rates 
on v e s s e l  w a l l  - T e s t  611 

S amp1 i n g  Sample Volume of 
d u r a t i o n  condensate 

(rnin) 

Sample s t a r t  Rate 
[ cm3/ (min m2) 1 

( a 3 )  
No. t i m e  

(rnin) 

0.0 

32.8 

61.4 

95.6 

163.7 

252.1 

368.3 

574.7 

32.3 

28.0 

33.6 

67.5 

87.3 

115.6 

206.0 

859.2 

37 

29 

22 

37 

54 

44 

14.5 

5 

3.5 

3.2 

2.0 

1.7 

1.9 

1.2 

0.22 

0.02 

NOTE: Area of sampler = 0.324 m2. 

4.2 Summary and Data L i s t i n g s  f o r  Test 612 

Aerosol sou rce  

Mass of uranium metal powder i n t o  g e n e r a t o r  
Mass of iron metal powder i n t o  g e n e r a t o r  
Duration of a e r o s o l  g e n e r a t i o n  
Maximum measured Fe2O3 a e r o s o l  c o n c e n t r a t i o n  

( a t  2.8 min a f t e r  end of a e r o s o l  g e n e r a t i o n )  
Maximum measured U308 a e r o s o l  c o n c e n t r a t i o n  

( a t  2.8 min a f t e r  end of a e r o s o l  g e n e r a t i o n )  
Estimated Fe2O3 c o n c e n t r a t i o n  a t  end of 

ae  r o s  o l  gene r a t i o n  (under tes t c o n d i t i o n s  ) 
Estimated U308 c o n c e n t r a t i o n  a t  end of a e r o s o l  

g e n e r a t i o n  (under tes t  c o n d i t i o n s )  

Vessel atmosphere 

Vessel a i r  p r e s s u r e  before  steam i n j e c t i o n  
R e l a t i v e  humidity a t  s t a r t  of a e r o s o l  g e n e r a t i o n  
Dura t ion  of steam i n j e c t i o n  a f t e r  s t a r t  of 

Mass of steam condensate c o l l e c t e d  a f t e r  
a e r o s o l  g e n e r a t i o n  

s t a r t  of a e r o s o l  g e n e r a t i o n  

0.1 kg 
0.9 kg 

25.5 min 
0.14 g/m3 

0.47 g/m3 

0.22 g/m3 

0.60 g/m3 

36 kPa 
-100% 

6 h  

314 kg 



27 

Aerosol parameters  measured 

Aerosol mass c o n c e n t r a t i o n  (average)  
Aerosol mass c o n c e n t r a t i o n  ( i n d i v i d u a l  

Aerosol f a l l o u t  and p l a t e o u t  rates; cumulat ive 

Aerosol i n t e g r a l  f a l l o u t  and p l a t e o u t  mass 
Andersen impactor  d a t a  

samplers )  

f a l l o u t  and p l a t e o u t  mass 

System parameters  measured 

Vessel atmosphere p re s su re  
Vessel atmosphere tempera ture  
Temperature g r a d i e n t  near  w a l l  
Steam condensa t ion  ra te  

Fig. 7 
Tables  13-14 

Table 15 

Table  16 
Tables  17-18 

Fig.  8 
Figs .  9-11 

Tables  19-20 
Table  21 

ORNl -nWG R7-AR17 €TO 

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

1 I I I I l l ~ l  I 

1 I I I I 1 1 1 1 1  I 
l a *  

I I I I I I I l l  
1 = = IRON OXIDE CONCENTRATION I I =  D 

'0 0 =URANIUM OXIDE CONCENTRATION 
4 0 =TOTAL CONCENTRATION . 
'0, 
hl -- 

TIME, min 

Fig.  7. Average a e r o s o l  mass c o n c e n t r a t i o n  - NSPP Test 612. 
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Table 13. Aerosol mass concentration as determined 
with individual in-vessel samplers - Test 612 

b Mass 
Sampler - Timea concentration, concentration, 
Sampler No. bin) Fe203 u3 08 

b Mass 

(g/m3) (g/m3) 

151-1 
152-1 
153-1 
154-1 
151-2 
152-2 
153-2 
154-2 
151-3 
152-3 
153-3 
154-3 
151-4 
152-4 
153-4 
154-4 
151-5 
152-5 
153-5 
154-5 
151-6 
152-6 
153-6 
154-6 
151-7 
152-7 
153-7 
154-7 
151-8 
152-8 
153-8 
154-8 

26.7 
27.3 
29.5 
29.7 
35.8 
36.3 
38.6 
38.9 
45.1 
45.5 
47.8 
48.1 
56.7 
57.4 
60.0 
60.3 
81.1 
81.5 
81.7 
82.0 

107.7 
108.0 
108.3 
108.4 
140.2 
140.5 
140.8 
141.1 
171.6 
172.1 
172.5 
172.9 

0.17 
0.17 
0.10 
0.13 
0.061 
0.036 
0.044 
0.029 
0.017 
0.023 
0.011 
0.020 
0.0087 
0.0045 
0.0043 
0.0026 
0.00030 
0.0010 

0.00043 
0.0038' 
0.00022 
0.00035 
0.00032 
0.0014 
0.00076 
0.00065 

0.0068' 
0.00034 
0.0001 3 
0.00013 

-- 

0. 0021' 

0.49 
0.56 
0.37 
0.47 
0.30 
0.25 
0.21 
0.20 
0.15 
0.14 
0.14 
0.12 
0.058 
0.057 
0.054 
0.054 
0.013 
0.0079 

0.010 
0.0014 
0.0013 
0.00095 
0.0012 
0.00023 
0.00019 
0.00048 
0.00023 
0.00010 
0.00018 
0.00013 
0.00013 

-- 

a 

bAerosol mass concentration in the vessel under test 

'Doubtful value omitted from calculation of average 

Time measured from start of aerosol generation. 

conditions that existed at time the sample was taken. 

concentration. 



29 

Table 14. Aerosol mass concentration as determined 
with individual wall filter samplers - Test 612 

b Mass 
Sampler - Ti mea concentration, concentration, 
Sampler No. (mid Fe203 u3 08 

b Mass 

( vg/m3 ) ( u/m3 1 

155-1 
156-1 
157-1 
155-2 
156-2 
15 7-2 
155-3 
156-3 
157-3 
155-4 
156-4 
157-4 
155-5 
156-5 
15 7-5 
155-6 
156-6 
157-6 

151.1 
151.5 
151.9 
205.4 
205.6 
205.8 
277.0 
278.0 
278.0 
401.0 
401.0 
401.0 
550.0 
550.0 
550.0 

1384.0 
1384.0 
1384.0 

1,700' 
2 ,900 
1 , 800 

13,000d 
1 , 6 0 0  
1 , 8 0 0  
2,100 

860 
510 
320 
410 
560 

1 , 2 0 0  
850 
210 
170 
410 
150 

250' 
69 
91 

100 
37 

110 
40 
28 
27  
82 

9 
1 4  
33 
11 
16  

9 
6 

10 

aTime measured from start of aerosol generation. 

bAerosol mass concentration in the vessel under test 
conditions that existed at time the sample was taken. 

'Note units. 
respectively. 

d 
concentration. 

These entries are 0.0017 and 0.00025 g/m3, 

Doubtful value omitted from calculation of average 



Tab le  15. F a l l o u t  and p l a t e o u t  d a t a  f o r  a e r o s o l  components;  
r a t e  and cumula t ive  mass vs  t i m e  -NSPP T e s t  612 

F a l l o u t ,  Fez03 P l a t e o u t ,  Fez03 F a l l o u t ,  U308 P l a t e o u t ,  U308 
Midpoint D u r a t i o n  

Cumulat ive of Rate Cumulat ive Rate Cumulat ive Rate Cumulat ive Rate 

( 8 )  (s ) [ ug / ( m2 9s ) I ( 8 )  tug/ (m2 s) 1 (g) [ug / (m**s ) I  ( g )  [ ~ ~ g / ( m ~ * s ) I  (8) 

of Sampler 
name samp 1 i n g  samples 

t i m e a  

FO-1 1 ,396  2,792 100.3 2.04 36.7 0.7 
PO-1 4.5 1 ,254  2,508 125.1 21.6 26.0 

FO-2 3 ,708  1 ,272  No sample 
PO-2 3,263 1 ,135  

FO-3 5 ,730  2,351 9.0 
PO-3 5,273 2,425 

FO-4 
PO-4 

FO-5 
PO-5 

FO-6 
PO-6 

FO-7 
PO-7 

9 ,179  
8 ,820  

14 ,299  
13,907 

25,236 
24,955 

58 ,101  
57,756 

4,147 
4 ,203  

5,658 
5,645 

16,004 
15,980 

49,076 
49,188 

4.2 

2.2 

0 .  a 

0.2 

No sample 
158.0 34.0 

30.2 

120.9 

22.8 

3.5 

1.5 

39.0 

74.0 

82.9 

86.8 

91.9 

12.9 

3.0 

1.5 

0.3 

0.2 

529.7 45.9 

25.9 50.2 

4.4 51.5 

3.1 52.7 

1.0 53.8 

0.1 54.1 
~ ~- 

% n c e r t a i n t y  i n  sampl ing  times, -5 8 .  

W 
0 



31 

Tab le  16. Aerosol  f a l l o u t  and p l a t e o u t  d a t a :  
i n t e g r a l  samples - NSPP Test 612 

Fa 1 l o u t  P l a  t eou t 

Sample mass Sample mass, 
Fe 0 u o  Sampler 

name 

Sample mass, Sample mass, 

<a ( 3  
u o  Samp 1 e r 

name (3 
TFO-1 24.31 11.28 TPO-BW 0.744 0.324 

TFO-2 27.17 14.38 TPO-BE 0.586 0.134 

TFO-3 24.31 13.79 TPO-TW 1.273 0.377 

TFO-4 32. a 9  17.33 TPO-TN 0.972 0.369 

TFO-5 28.60 12.26 

TFO-6 30.03 19.69 

Average 27. aa 14.79 Average 0. a94 0.301 

Es t imateda  t o t a l  E s t  ima teda  t o t a l  
f a l l o u t  61.1 g 32.4 g p l a t e o u t  21.6 g 7.26 g 

a c a l c u l a t e d  from vessel-to-sample area r a t i o s .  

Tab le  17 .  I n t e r n a l  Andersen impactor  d a t a  -Test  612 

P e r c e n t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller than  t h e  aerodynamic d i ame te r  l i s t e d  

Aerodynamic d i ame te r  (vm) 

14.2 8.9 6.0 4.1 2.6 1.3 0.82 0.61 

T i  m e  
( m i d  Component No. 

aa Fe203 77.8 82.0 78.9 75.7 70.1 67.0 63.6 35.8 16.2 

a T o t a l  77.8 89.0 86.0 78.2 71.7 65.2 55.4 26.5 10.2 

9 b  Fe203 120.5 87.2 78.0 69.9 57.4 41.5 33.7 9.0 2.6 

9 T o t a l  120.5 86.3 77.8 70.0 58.4 43.6 36.0 11.5 3.8 

a u300  77.8 95.4 92.5 80.6 73.2 63.6 48.0 17.9 4.6 

9 U308 120.5 - I n s u f f i c i e n t  sample 

%mpactor a t  2.8 m e l e v a t i o n .  

bImpactor a t  0.56 m e l e v a t i o n .  



Table 18. E x t e r n a l  Andersen impactor  d a t a  - Test 612 

Percent  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller than  t h e  aerodynamic d iameter  l i s t e d  

Aerodynamic d iameter  (pm) Sample Time Component 
No. (min) 13.7 8.5 5.8 4.0 2.5 1.3 0.78 0.53 

30.0 99.8 99.2 95.6 91.4 79.9 62.2 50.7 11.6 

30.0 99.2 99.1 95.5 88.1 69.8 32.7 11.5 7.9 

1 Tota l  30.0 99.4 99.1 95.5 88.9 72.2 39.9 21.1 8.8 

1 Fe203 

1 '3'8 

W 
h) 
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TI 

Fig. 8. Vessel atmosphere a b s o l u t e  p r e s s u r e  - NSPP Test 

0 

L 1 1  __...._.__............ TE 4-20 
_ _ _ _ _ _ - - - - -  TE 4-22 

TE 4-24 

0 m I -  
12 

TIME, s 

ORNL-C 

6 

io' 

612. 

Fig. 9. Vesse l  atmosphere tempera ture  a t  1.22 m e l e v a t i o n  - NSPP 
t e s t  612. 
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Table 19. Temperature p r o f i l e  a t  1.22 m e l e v a t i o n  f o r  va r ious  
times a f t e r  s ta r t  of a e r o s o l  gene ra t ion  - NSPP Test 612 

~ ~~ 

Temperature readings  (K) 

T ime  Thermocouple l o c a t i o n s  - d i s t a n c e  from v e s s e l  w a l l  
(SI 

On wal l  1.25 mm 2.5 mm 5 mm 10 mm 255 mm 

9 1  

1,081 

4,450 

8 ,138 

24,875 

30,875 

57,194 

84,989 

384 

3 85 

387 

389 

383 

370 

343 

324 

385 

386 

388 

388 

383 

370 

343 

3 24 

385 

386 

388 

3 89 

383 

370 

343 

3 24 

385 

386 

388 

389 

383 

370 

34 3 

324 

385 

386 

388 

3 89 

38 3 

370 

343 

324 

385 

386 

388 

3 89 

383 

370 

34 3 

325 

Table 20. Temperature p r o f i l e  a t  2.74 m e l e v a t i o n  f o r  v a r i o u s  
times a f t e r  s t a r t  of ae roso l  gene ra t ion  - NSPP Test 612 

- 

Temperature readings  (K) 

Thermocouple l o c a t i o n s  - d i s t a n c e  from v e s s e l  wal l  T i  me 
( S )  

On wal l  1.25 mm 2.5 mm 5 mm 10 mm 533 mm 

91 384 384 38 4 384 384 385 

1 ,081 385 385 385 385 385 386 

4 ,450 38 6 386 38 6 386 38 6 388 

8 ,138 388 388 388 388 388 389 

24,875 38 2 382 382 38 2 382 383 

30,875 374 374 374 374 374 375 

57 ,194 343 343 343 343 343 34 4 

84 ,989 324 325 325 325 325 3 25 
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Table 21. Steam condensa t ion  rates 
on v e s s e l  w a l l  - Test 612 

Sampling 
s t a r t  

NO time 
(min) 

Rate  
[cm3/(min m2) I 

Sample Volume of 
d u r a t i o n  condensate  Sample 

(min 1 (cm3) 

1 0.0 52.9 190 

2 53.5 15.0 7 

3 70.3 42.4 16 

4 113.6 71.6 29 

5 185.8 97.2 54 

6 283.9 256.4 10 

7 553.8 820.2 16 

11.1 

1.4 

1.2 

1.3 

1.7 

0.12 

0.06 

NOTE: Area of sampler = 0.324 m2. 

4.3 Summary and Data L i s t i n g s  f o r  Test 613 

Aerosol sou rce  

Mass of uranium metal  powder i n t o  g e n e r a t o r  0.1 kg 
Mass of i r o n  meta l  powder i n t o  g e n e r a t o r  0.9 kg 
Durat ion of a e r o s o l  gene ra t ion  26 min 
Maximum measured Fe2O3 c o n c e n t r a t i o n  0.58 g/m3 

Maximum measured U308 c o n c e n t r a t i o n  0.072 g/m3 

Est imated Fe203 c o n c e n t r a t i o n  a t  end of 0.80 g/m3 

Est imated U3O8 c o n c e n t r a t i o n  a t  end of 0.13 g/m3 

( a t  8.4 min a f t e r  end of a e r o s o l  g e n e r a t i o n )  

( a t  8.4 min a f t e r  end of a e r o s o l  g e n e r a t i o n )  

a e r o s o l  g e n e r a t i o n  (under t e s t  c o n d i t i o n s )  

a e r o s o l  g e n e r a t i o n  (under tes t  c o n d i t i o n s )  

Vessel atmosphere 

Vessel a i r  p r e s s u r e  a t  s tar t  of 

R e l a t i v e  humidity a t  s tar t  of a e r o s o l  gene ra t ion  
Dura t ion  of steam i n j e c t i o n  a f t e r  s t a r t  of 

Mass of steam condensate  c o l l e c t e d  a f t e r  

a e r o s o l  g e n e r a t i o n  

a e r o s o l  g e n e r a t i o n  

s t a r t  of a e r o s o l  g e n e r a t i o n  

37 kPa 

-100% 
6 h  

221 kg 
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Aerosol parameters  measured 

Aerosol mass c o n c e n t r a t i o n  
Aerosol mass c o n c e n t r a t i o n  

sample r s )  

(average 1 
( i n d i v i d u a l  

Aerosol  f a l l o u t  and p l a t e o u t  rates; cumulat ive 

Aerosol i n t e g r a l  f a l l o u t  and p l a t e o u t  mass 
Andersen impactor  d a t a  
S p i r a l  c e n t r i f u g e  a e r o s o l  sample d a t a  

f a l l o u t  and p l a t e o u t  mass 

System parameters  measured 

Vessel atmosphere p r e s s u r e  
Ves sel  atmosphere temper a t  u r  e 
Temperature g r a d i e n t  near  w a l l  
Steam condensat ion ra te  

Fig. 12 
Tables  22-23 

Table 24 

Table 25 
Tables  26-27 

Table 28 

Fig. 13 
Figs .  14-16 

Tables  29-30 
Table  31 

TIME, min 

Fig. 12. Average a e r o s o l  mass c o n c e n t r a t i o n  - NSPP Test 613. 
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Table 22. Aerosol mass concentration as determined 
with individual in-vessel samplers - Test 613 

b 
Mass b Mass 

Sampler - Ti me a concentration, concentration, 

Sampler No. (min) Fe203 u3°8 
(g/m3) (g/m3) 

151-1 
152-1 
153-1 
154-1 
151-2 
152-2 
153-2 
154-2 
151-3 
152-3 
153-3 
154-3 
151-4 
152-4 
153-4 
154-4 
151-5 
152-5 
153-5 
154-5 
151-6 
152-6 
153-6 
154-6 
151-7 
152-7 
153-7 
154-7 
151-8 
152-8 
153-8 
154-8 
151-9 
152-9 
153-9 
154-9 

22.5 
22.9 
25.8 
26.1 
32.6 
32.9 
35.9 
36.2 
43.5 
43.8 
47.2 

53.9 
54.1 
54.3 
54.7 
65.6 
65.8 
66.0 
66.2 
80.8 
81.1 
81.3 
81.5 

104.2 
104.4 
104.6 
104.8 
134.6 
134.8 
135.0 
135.2 
179.9 
180.1 
180.5 
180.8 

-- 

4.92 
1.41 
0.95 

0.60 
0.64 
0.50 

0.18 
0.20 
0.13 

0.077 
0.082 
0.090 
0.072 
0.052 
0.041 
0.045 
0.065 
0.023 
0.020 
0.020 
0.015 
0.0090 
0.0094 
0.0076 
0.0093 
0.0041 
0.0025 
0.0028 
0.0024 
0.00092 
0.00064 
0.00093 
0.0011 

-- 

-- 

-- 

0.61 
0.19 

0.092 
0.076 
0.077 
0.062 

0.028 
0.16' 
0.021 

0.014 
0.015 
0.017 
0.013 
0.011 
0.0081 
0.0093 
0.0095 
0.0056 
0.0047 
0.0049 
0.0037 
0.0026 
0.002 
0.0024 
0.0023 
0.0011 
0.00065 
0.00076 
0.00064 
0.00033 
0.00013 
0.00021 
0.00034 

-- 

-- 

-- 

a 

bAerosol mass concentration in the vessel under test 

'Doubtful value omitted from calculation of average 

Time measured from start of aerosol generation. 

conditions that existed at time the sample was taken. 

concentration. 
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Table 23. Aerosol mass concentration as determined 
with individual wall filter samplers - Test 613 

b Mass b Mass 
Sampler - Ti me a Concentration, concentration, 
Sampler No. (min) Fe*03 u3°8 

(ug/m3 1 (ug/m3 

155-1 
156-1 
157-1 
155-2 
156-2 
157-2 
155-3 
156-3 
157-3 
155-4 
156-4 
157-4 
155-5 
156-5 
157-5 
155-6 
156-6 
157-6 

156.7 
157.1 
157.4 
204.4 
204.7 
205.1 
263.3 
263.6 
263.9 
367.6 
367.7 
367.9 
521.0 
521.0 
521.0 

1438.0 
2438.0 
1438.0 

16,00OC 
6 , 300 

1,500 
2,100 

1,000 
-- 

1 , 300 
1,400 
2,600 
3 , 800 

550 
520 
7 90 
460 
290 
690 
820 
430 

380' 
150 
320 
200 

120 
100 
110 

35 
47 
34 

450 
15 
19 
23 
16 
19 

-- 

6d 

- ~ ~ ~ ~ ~ 

Time measured from start of aerosol generation. a 

bAerosol mass concentration in the vessel under test 

'Note units. 

dDoubtful value omitted from calculation of average 

conditions that existed at time the sample was taken. 

0.00038 g/m3, respectively. 

concentration. 

These entries are 0.016 g/m3 and 



T a b l e  24. F a l l o u t  and p l a t e o u t  d a t a  for a e r o s o l  components ;  
r a t e  and c u m u l a t i v e  mass vs time -NNSPP T e s t  613 

F a l l o u t ,  Fez03 P l a t e o u t ,  Fez03 F a l l o u t ,  U3.Q P l a t e o u t ,  U3Q D u r a t i o n  
of 

s a m p l i n g  U Rate  Cumula t ive  Rate Cumulat ive Rate Cumula t ive  R a t e  Cumulat ive 
of 

name times sample  

( S I  ug/ (m2*s ) I ( 8 )  [ u g / ( m 2 - s ) I  ( 8 )  [ug / (m2 . s ) I  ( g )  [ I J ~ / ( ~ ’ . S ) I  ( g )  (8 )  

FO-1 1 ,488  2 ,975  882.7 19.2 274.1 5.9 
PO-1 1 ,244  2 ,488  150.2 25.7 11.9 2.0 

FO-2 3 ,562  1,174 102.9 20.1 36.9 6.2 
PO-2 3 ,135  1,294 75.1 32.4 6.2 2.6 

FO-3 5 ,772  2,513 31.4 20.7 10.9 6.4 
PO-3 5.381 2,487 25.8 36.8 1.9 2.9 

FO-4 9 ,180  3.907 22.0 21.3 4.8 6.5 
PO-4 8 , 7 9 6  4,001 6.7 38.6 0.97 3.2 

FO-5 13,854 5 ,030  5.6 21.5 1.8 6.6 
PO-5 13,494 5 ,009  6.6 40.9 0.56 3.4 

FO-6 24 ,114  15,132 3.1 21.8 0.74 6.6 
PO-6 23,722 15.108 0.46 41.4 0.12 3.5 

PO-7 58 ,693  53,674 0.52 22.0 0.11 6.7 
PO-? 58,264 53,512 0.36 42.8 0.03 3.6 

P 
0 

e n c e r t a i n t y  i n  sampl ing  times, -5 S. 

. 
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T a b l e  25. Aerosol  f a l l o u t  and p l a t e o u t  d a t a :  
i n t e g r a l  samples  -NSPP Test 613 

F a l l o u t  P l a t e o u t  

Sample mass Sample mass, Sampler 
name 

Sample mass, Sample mass, 
Fe20  

(mg3 
Fe 2O Sampler 

name (mg3 

TFO-1 57.2 9.38 TPO-BW 3.86 0.60 

TFO-2 54.3 12.85 TPO-BE 4.43 0.48 

TFO-3 65.8 25.35 TPO-TW 4.29 0.71 

TFO-4 80.1 28.30 TPO-TN 3.86 0.54 

TFO-5 97.2 25.58 

TFO-6 107.3 20.75 

Average 77.08 20.4 Aver age 4.11 0.58 

Es t ima teda  t o t a l  Es t ima teda  t o t a l  
f a l l o u t  168.8 g 44.7 g p l a t e o u t  99.1 g 14.1 g 

% a l c u l a t e d  from vesse l - to-sample  area r a t i o s .  

T a b l e  26. I n t e r n a l  Andersen impactor  d a t a  - Test 613 

P e r c e n t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller t h a n  t h e  aerodynamic d i a m e t e r  l i s t e d  

Aerodynamic d i a m e t e r  (pm) 

14.2 8.9 6.0 4.1 2.6 1.3 0 . 8 2 0 . 6 1  

Time Component No. 

Fe203 54.6 96.2 91.0 79.5 72.4 53.3 20.4 5.1 1.0 

8 u308 54.6 98.2 94.8 87.2 82.6 68.5 36.6 12.8 3.3 

8 T o t a l  54.6 96.5 91.5 80.6 73.8 55.4 22.6 6.2 1.3 

9' Fe203 95.7 90.8 83.7 74.9 67.6 57.6 31.8 10.1 2.4 

9 u308 95.7 95.9 94.0 88.9 85.2 77.3 54.9 25.2 9.4 

9 T o t a l  95.7 91.5 85.2 76.9 70.2 60.4 35.1 12.3 3.4 

5 m p a c t o r  a t  2.8 m e l e v a t i o n .  

'Impactor a t  0.56 m e l e v a t i o n .  
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Tab le  27. E x t e r n a l  Andersen impactor  d a t a  - T e s t  613 

P e r c e n t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller t h a n  t h e  aerodynamic d i ame te r  l i s t e d  

Aerodynamic d i ame te r  (urn) Sample Time 

13.7 8.5 5.8 4.0 2.5 1.3 0.78 0.53 (min)  Component No. 
~ ~ ~- ~~~ 

2 Fez03 137.6 98.4 98.1 96.5 93.8 91.3 66.8 36.4 15.6 

2 U308 137.6 97.5 95.2 91.4 85.7 78.6 57.9 39.4 24.5 

2 T o t a l  137.6 98.2 97.5 95.5 92.2 88.8 65.0 37.0 17.4 

Table  28. S p i r a l  c e n t r i f u g e  a e r o s o l  sampler  d a t a  - T e s t  613 

~ ~- 

Percen t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller t h a n  t h e  aerodynamic d i ame te r  l i s t e d  

Aerodynamic d i ame te r  (urn) Time 

(min) 4.4 2.2 1.5 1.2 1.0 0.91 0.70 
Component 

No. 

1 Fez03 29.3 93.7 69.7 40.0 26.0 19.9 14.3 6.0 

1 U308 29.3 98.1 73.9 38.7 23.3 15.5 10.9 4.5 

2 Fez03 71.8 96.7 92.4 78.1 63.7 56.0 32.5 24.5 

2 U308 71.8 97.1 92.3 79.3 60.1 45.7 35.6 20.2 

2 T o t a l  45.3 71.8 92.4 78.2 63.5 55.4 32.8 24.2 

1 T o t a l  17.9 29.3 70.0 39.9 25.8 19.5 14.0 5.8 
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TE 4-3 
TE 4-4 
TE 4-5 
TE 4-23 

.__________ 

__-- - 

1 la' Id 
TIME. s 

ORNL-DWG 87-4825 ET0 

1 ob 

Fig. 15. Vessel atmosphere temperature at 2.74 m elevation - NSPP 
test 613. 

Fig. 16. Vessel atmosphere temperature at 4.27 m elevation- NSPP 
test 613. 
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Table 29. Temperature p r o f i l e  a t  1.22 m e l e v a t i o n  f o r  va r ious  
times a f t e r  s ta r t  of a e r o s o l  gene ra t ion  - NSPP Test 613 

Temperature readings  (K) 

T i m e  Thermocouple l o c a t i o n s  - d i s t a n c e  from v e s s e l  wal l  

On wal l  1.25 mm 2.5 mm 5 mm 10 mm 255 mm 
(SI 

15 380 382 38 2 38 2 382 382 

7 58 38 1 382 383 383 383 384 

3 ,603 383 384 384 384 384 384 

11 ,438 384 385 385 385 386 386 

20,349 38 6 386 38 7 38 7 38 7 387 

28,742 372 373 373 374 374 ' 374 

71 ,878 329 329 329 329 329 330 

Table 30. Tempera ture  p r o f i l e  a t  2.74 m e l e v a t i o n  f o r  va r ious  
t imes a f t e r  s ta r t  of a e r o s o l  gene ra t ion  - NSPP Test 613 

Temperature readings  (K) 

Thermocouple l o c a t i o n s  - d i s t a n c e  from v e s s e l  w a l l  

On w a l l  1.25 mm 2.5 mm 5 mm 10 mm 533 mm 

T i m e  
( 6 )  

15 380 380 380 380 380 38 2 

7 58 382 382 382 382 382 383 

3,603 383 38 3 383 38 3 38 3 384 

11 ,438 3 84 384 384 384 384 386 

20,349 38 6 386 386 386 38 6 388 

28,742 372 372 372 372 372 374 

71 ,878 329 329 329 329 329 330 
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Table 31. Steam condensa t ion  rates 
on v e s s e l  w a l l  - Test 613 

Sampling 
Sample s t a r t  

t i m e  
(min) 

Rate 
[cm3/(min m2) I 

Sample Volume of 
d u r a t i o n  condensate  

(min) (cm3> NO 

- 

1 

2 

3 

4 

5 

6 

7 

8 

~~ ~ 

0.0 

47.2 

71.2 

114.7 

184.3 

271.6 

375.4 

526.0 

47.0 

22.9 

43.2 

69.3 

86.3 

103.2 

150.2 

895.2 

94.0 

10.5 

13.0 

26.0 

42.0 

44.0 

1.55 

1.0 

6.2 

1.4 

0.93 

1.2 

1.5 

1.3 

0.03 

0.003 

NOTE: Area of sampler = 0.324 m2. 

4.4 Summary and Data L i s t i n g s  f o r  Test 631 

(Dry Atmosphere) 

Aerosol sou rce  
Mass of uranium metal powder i n t o  g e n e r a t o r  0.19 kg 
Mass of i r o n  metal powder i n t o  g e n e r a t o r  0.50 kg 
Dura t ion  of a e r o s o l  g e n e r a t i o n  16.2 min 
Maximum measured FepO3 c o n c e n t r a t i o n  0.87 g/m3 

Maximum measured U308 c o n c e n t r a t i o n  1.17 g/m3 

Es t imated  Fe2O3 c o n c e n t r a t i o n  a t  end of 1.2 g/m3 

Est imated U308 c o n c e n t r a t i o n  a t  end of 1.7 g/m3 

a t  6 min a f t e r  end of a e r o s o l  g e n e r a t i o n )  

( a t  6 min a f t e r  end of a e r o s o l  g e n e r a t i o n )  

a e r o s o l  g e n e r a t i o n  (under test  c o n d i t i o n s )  

a e r o s o l  g e n e r a t i o n  (under  t e s t  c o n d i t i o n s )  

Vessel atmosphere 
Vessel a i r  p re s su re  a t  s t a r t  of a e r o s o l  g e n e r a t i o n  Ambient 
R e l a t i v e  humidi ty  a t  s t a r t  of a e r o s o l  g e n e r a t i o n  < 20% 
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Aerosol parameters  measured 

Aerosol mss c o n c e n t r a t i o n  
Aerosol mass c o n c e n t r a t i o n  

samplers  ) 

( ave rage )  
( i n d i v i d u a l  

Aerosol f a l l o u t  and p l a t e o u t  rates; cumulat ive 

Aerosol i n t e g r a l  f a l l o u t  and p l a t e o u t  mass 
Andersen impactor  d a t a  
S p i r a l  c e n t r i f u g e  a e r o s o l  sample  d a t a  

f a l l o u t  and p l a t e o u t  mass 

System parameters  measured 

Ves s e 1 atmosphere p re s  s u r  e 
Vessel atmosphere temperature  
Temperature g r a d i e n t  nea r  w a l l  

Fig. 17 
Tables  32-33 

Table 34 

Table 35 
Tables  36-37 

Table 38 

Fig. 18 
Figs .  19-21 

Tables  39-40 

Fig. 17. Average a e r o s o l  mass c o n c e n t r a t i o n  - NSPP T e s t  631.  
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Table 32. Aerosol mass concentration as determined 
with individual in-vessel samplers - Test 631 

b Mass 
Sampler - Ti mea concentration, concentration, 
Sampler No. (mid Fe203 u308 

b Mass 

(g/m3 (g/m3) 

151-1 20.8 1.22 1.46 
152-1' -- 
153-1 23.4 0.64 0.88 
154-1 23.6 0.63 1.02 
15 1-2 30.4 0.89 1.22 
152-2 
153-2 30.9 0.63 0.89 
154-2 31.1 0.62 0.84 
151-3 37.9 0.60 0.78 
152-3 
153-3 38.2 0.40 0.60 
154-3 38.4 0.33 0.62 
15  1-4 50.3 0.30 0.45 
152-4 
153-4 50.5 0.24 0.42 
154-4 50.7 0.24 0 - 5 0  
151-5 61.6 0.29 0.49 
152-5 
153-5 61.8 0.22 0.39 
154-5 62.2 0.24 0.49 
151-6 76.0 0.19 0.31 
152-6 
153-6 76.3 0.17 0.32 
154-6 76.6 0.19 0.36 
151-7 100.8 0.12 0.20 
152-7 
153-7 101.0 0.075 0.18 
154-7 101.2 0.081 0.21 
15 1-8 134.1 0.090 0.16 
152-5 
153-8 134.4 0.11 0.14 
154-8 134.6 0.046 0 - 1 5  
151-9 171.4 0.036 0.10 
152-9 
153-9 171.7 0.028 0.085 
154-9 172.0 0.027 0.10 

-- -- 

-- -- -- 

-- -- -- 

-- -- -- 

-- -- -- 

-- -- -- 

-- -- -- 

-- -- -- 

-- -- -- 

aTime measured from start of aerosol generation. 
bAerosol mass concentration i n  the vessel under test 

conditions that existed at time the sample was taken. 

'Sampler 152 did not operate satisfactorily. 
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Table 33. Aerosol mass concentration as determined 
with individual wall filter samplers - Test 631 

Mass Mass 
Sampler - Time concentration, concentration, 
Sampler No. (min) Fe203 u308 

( d m 3  1 (g/m3) 

155-1 
156-1 
157-1 
155-2 
156-2 
157-2 
155-3 
156-3 
157-3 
155-4 
156-4 
157-4 
155-5 
156-5 
157-5 
155-6 
156-6 
157-6 

148.6 
199.4 
150.3 
193.8 
194.0 
194.6 
256.4 
256.7 
257.0 
368.0 
368.0 

584.0 
584.0 
584.0 

1,451.0 
1,451.0 
1,451.0 

368.0 

0.063 
0.056 
0.038 
0.028 
0.028 
0.019 
0.016 
0.014 
0.015 
0.0068 
0.0058 
0.0063 
0.0023 
0.0020 
0.0019 
0.00072 
0.00028 
0.00030 

0.13 
0.13 
0.098 
0.080 
0.072 
0.080 
0.053 
0.049 
0.057 
0.030 
0.031 
0.032 
0.013 
0.015 
0.014 
0.0028 
0.0030 
0.0028 

. 



T a b l e  34. Aerosol  f a l l o u t  and p l a t e o u t  d a t a  f o r  a e r o s o l  components ;  
r a t e  and c u m u l a t i v e  mass vs  time -NNSPP T e s t  631 

P l a t e o u t ,  U3 08 F a l l o u t ,  Fez03 P l a t e o u t ,  Fez03 F a l l o u t ,  U 3 0 8  Midpoint D u r a t i o n  
s a m p l i n g  sample Of a Rate Cumul a t  i v e  Rate Cumula t ive  R a t e  Cumula t ive  Rate Cumu 1 a t  i v e  

of  

t i m e a  name 
( 5 )  (’) [ug/(m2.s)1 (g) [ug/(m2*s) I ( g )  [ug/(m2*s) I ( g )  [ug/(m2*s)I (g) 

FO-1 1,054 2,107 515.2 7.9 703.6 10.8 
PO-1 892  1 , 7 8 3  21.0 2.6 11.7 1.4 

FO-2 2,824 1,434 293.0 11.0 423.8 15.2 
PO-2 2,522 1,477 11.1 3.7 9.2 2.3 

FO-3 5 ,189  2,534 24.2 11.4 165.2 18.3 
PO-3 4 ,939  2,614 29.1 8.9 5.2 3.2 

FO-4 8 , 5 4 7  3,804 18.9 11.9 55.8 19.8 
PO-4 8 , 2 9 3  3 ,815  3.2 9.7 1.8 3.7 

FO-5 12,994 4,789 6.2 12.1 20.2 20.5 
PO-5 12 ,801  4 ,811  3.1 10.7 1.3 4.1 

FO-6 25 ,028  19,004 1.0 12.2 5.8 21.3 
PO-6 24 ,815  18 ,958  0.04 10.8 0.23 4.4 

FO- 7 60 ,554  51,723 0.33 12.3 1.6 21.9 
PO-7 60 ,225  51,530 0.44 12.4 0.07 4.6 

UI 
0 

a I l n c e r t a i n t y  i n  sampl ing  times, -5 8 .  

. 
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Tab le  35. Aerosol  f a l l o u t  and 
i n t e g r a l  samples  - NSPP 

p l a t e o u t  d a t a :  
Test 631 

Sample mass, Sample mass, 
u3 08 

(mg ) (mg) (mg) (mg) 

Sampler 
name 

Sample mass, Sample mass, 
Fe203 u308 

Sampler 
name Fe203  

~ 

TFO-1 31.46 36.20 FPO-BW 3.15 4.15 

TFO-2 32.89 35.84 TPO-BE 2.29 3.15 

TFO-3 32.89 37.02 TPO-TW 2.15 3.51 

TFO-4 34.32 39.85 TPO-TN 2.43 3.33 

TFO-5 34.32 37.26 

TFO-6 34.32 38.02 
~~~ 

Average 33.37 37.36 Average 2.50 3.54 
~~~~ 

Est imateda  t o t a l  Es t imateda  t o t a l  
f a l l o u t  73.14 g 81.9 g p l a t  eou t 60.4 g 85.3 g 

% a l c u l a t e d  from vesse l - to-sample  area r a t i o s .  

Table  36. I n t e r n a l  Andersen impactor  d a t a  -Tes t  631 

P e r c e n t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller t h a n  t h e  aerodynamic d i ame te r  l i s t e d  

Aerodynamic d i ame te r  (urn) T ime 
( m i d  13.7 8.5 5.8 4.0 2.5 1.3 0.78 0.53 

Component No. 

Ba Fe2O3 40.2 98.1 94.8 85.8 74.2 51.9 29.6 14.0 7.0 

8 u308 40.2 98.7 96.4 91.1 83.2 63.4 40.2 21.0 11.4 

8 T o t a l  40.2 98.5 95.8 89.0 79.7 59.0 36.1 18.3 9.7 

Fe203 111.9 99.9 99.8 99.7 99.6 84.4 44.6 23.6 12.9 9 

9 u308 111.9 99.5 99.0 98.0 96.4 85.6 52.3 35.1 23.1 

9 T o t a l  111.9 99.6 99.2 98.4 97.3 85.2 50.1 31.9 20.2 

b 

CZ Impactor a t  2.8 m e l e v a t i o n .  

Impactor  a t  0.56 m e l e v a t i o n .  b 
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Table  37. E x t e r n a l  Andersen impactor  d a t a  - T e s t  6 3 1  

Percen t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller t h a n  t h e  aerodynamic d i ame te r  l i s t e d  

Aerodynamic d i ame te r  (pm) 

13.7 8.5 5.8 4.0 2.5 1.3 0.78 0.53 

Sample Time 
(min)  Component NO. 

1 Fe203 19.6 99.4 98.2 92.2 78.1 53.9 20.6 3.9 1.3 

1 u308 19.6 99.6 98.8 94.8 86.4 63.2 23.2 4.5 1.5 

1 Total  19.6 99.5 98.6 93.6 82.6 59.0 22.0 4.29 1.39 

Table 38. S p i r a l  c e n t r i f u g e  a e r o s o l  sampler  d a t a  - Test 631 

P e r c e n t  of t o t a l  sampled a e r o s o l  mass made up of p a r t i c l e s  
smaller t h a n  t h e  aerodynamic d i ame te r  l i s t e d  

Aerodynamic d i ame te r  (um) Sample Time Component No. (mi n )  4.4 3.0 2.2 1.8 1.5 1.31 1.0 
~ ~~~ 

1 Fe203 26.0 90.3 81.2 61.1 42.6 31.4 23.4 14.8 

1 u308 26.0 97.3 89.3 62.4 37.4 20.7 12.6 4.5 

1 T o t a l  26.0 93.7 85.2 61.7 40.0 26.1 18.0 9.7 

2 Fe203 73.5 92.7 73.1 51.4 38.1 29.2 23.5 18.3 

2 u308 73.5 72.1 48.6 23.9 11.8 6.68 4.5 2.1 

2 T o t a l  73.5 80.4 58.5 35.0 22.4 15.7 12.2 8.6 
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ORNL-DWG 87-4830 ET0 

1u 
TIME, s 

Fig. 20. Vessel atmosphere temperature  a t  2.74 m e l e v a t i o n  - NSPP 
tes t  631. 

t es t  
Fig.  21. 
631. 

Vessel atmosphere temperature  a t  4.27 m e l e v a t i  .on - NSPP 
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8 

Table 39. Temperature p r o f i l e  a t  1.22 m e l e v a t i o n  f o r  var ious  
times a f t e r  s t a r t  of a e r o s o l  gene ra t ion  - NSPP Test 631 

Temperature readings  (K)  

T ime  Thermocouple l o c a t i o n s  - d i s t a n c e  from v e s s e l  wal l  

On w a l l  1.25 mm 2.5 mm 5 mm 10 mm 255 mm 

(SI 

93 298 298 298 298 298 300 

13,014 299 300 301 301 301 302 

26,854 298 30 2 302 30 2 30 2 30 2 

89,406 298 299 299 299 299 300 

Table 40. Temperature p r o f i l e  a t  2.74 m e l e v a t i o n  f o r  va r ious  
times a f t e r  s tar t  of ae roso l  gene ra t ion  - NSPP Test 631 

Temperature readings  (K) 

T i m e  Thermocouple l o c a t i o n s  - d i s t a n c e  from v e s s e l  wal l  

On w a l l  1.25 mm 2.5 mm 5 mm 10  ma^ 255 mm 
(SI 

93 298 29 8 29 8 298 29 8 300 

13,014 300 301 30 1 30 1 301 30 2 

26,854 30 1 30 1 30 1 30 1 30 1 303 

89,406 299 299 299 299 299 300 
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postulated LWR accident sequences; this data base will provide experimental 
validation of aerosol behavioral codes under development. In the report a brief 
description is given of each test together with the results in the form of tables 
and graphs. Included are data on aerosol mass concentration, aerosol fallout and 
plateout rates, total mass fallout and plateout, aerosol particle size, vessel 
atmosphere pressure, vessel atmosphere temperatures, temperature gradients near the 
vessel wall, and steam condensation rates on the vessel wall. 
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