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ABSTRACT 

The Nuclear Safe ty  P i l o t  P l a n t  i s  a f a c i l i t y  for study- 
ing  t h e  behavior i n  a containment system of  f i s s i o n  products  
r e l eased  from overheated f u e l .  A t o t a l  o f  17 experiments 
have been conducted t o  da t e .  Contamination o f  t h e  main con- 
tainment v e s s e l  dur ing  t h e s e  experiments has  va r i ed  from 
molecular  i od ine  t o  mixed f i s s i o n  products  and U02. A c i t r a t e  
s o l u t i o n  proved e f f e c t i v e  i n  removal o f  UO;?, cerium, ruthenium 
and barium-lanthanum. Sodium hydroxide was used success fu l ly  
i n  removing iod ine  and cesium. 

NOTICE Th is  document contains information of o preliminary nature 
and was prepared primarily for internal use a t  the Oak Ridge Nat ional  
Laboratory. I t  i s  subject to revision or carrection and therefore does 
not represent a f inal  report. 
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INTRODUCTION 

. The Nuclear Sa fe ty  P i l o t  P l a n t  i s  a f a c i l i t y  f o r  s tudying t h e  behavior 

i n  a containment system o f  f i s s i o n  products  r e l eased  from overheated f u e l .  

It c o n s i s t s  of  a furnace us ing  a plasma t o r c h  as a hea t  source i n  which 

t h e  f i s s i o n  products  a r e  r e l eased  by me l t ing  t h e  f u e l  (normally,  c l ad  U 0 2 )  

and a 1350 cu f t  model c o n t a i m e n t  v e s s e l  (MCV),  F igure  I, i n  which observa- 

t i o n s  of  t h e  f i s s i o n  product  behavior a r e  made. The furnace  and MCV a r e  

f a b r i c a t e d  o f  type  304L s t a i n l e s s  s t e e l  so t h a t  t hey  may be decontaminated 

r e a d i l y  a f t e r  each run. 

a r e  provided t o  o b t a i n  samples o f  t h e  gas  e n t e r i n g  t h e  MCV, t h e  gas  i n  
t h e  MCV, t h e  condensate i n  t h e  MCV and t h e  gas  which purged from t h e  MCV 

a f t e r  a run.  F a c i l i t i e s  a r e  provided f o r  exposing a l a r g e  number o f  depo- 

s i t i o n  coupons i n  t h e  MCV dur ing  a run. Also,  f a c i l i t i e s  a r e  provided for 

decontaminating t h e  furnace and MCV i n  p l a c e  by c i r c u l a t i n g  s u i t a b l e  hea t -  

ed s o l u t i o n s  over  t h e i r  su r f aces .  

A number of remotely operable  sampling devices  

The seventeen runs  repor ted  he re  a r e  p a r t  o f  a program of  s tudying t h e  

behavior  of  f i s s i o n  products  r e l eased  under s imulated r eac to r -  core  melt -  

down cond i t ions  i n  t h e  NSPP, t h i s  covers  work from March 1964 through 

January 1967. 
v a r i e t y  of f i ss ion-product  t ypes  i n  a v e s s e l  o f  in te rmedia te  s i z e  and t o  

t r y  t o  understand t h e  laws governing t r a n s p o r t  and depos i t i on  behavior 

adequate ly  i n  o rde r  t o  p r e d i c t  t h e  behavior which w i l l  occur i n  a f u l l -  

s i zed  containment v e s s e l .  Addi t iona l  information on NSPP experiments can 

be found i n  o t h e r  0R.NL 

The purpose of t h e  program i s  t o  examine t h e  behavior  o f  a 

DESCRIPTION OF FACILITY AND EXPERIMENTS 

The model containment v e s s e l  con ta ins  numerous sampling s t a t i o n s  and 

a v a r i e t y  o f  s p e c i a l  purpose headers .  Steam, a i r ,  water  and decontamination 

headers  a r e  loca t ed  i n  t h e  t o p  p o r t i o n  o f  t h e  MCV. Two decontamination 

headers  a r e  provided, F igure  2. The s i d e  decontamination header has  f i f t e e n  

spray heads, d e l i v e r i n g  a f l a t  spray ( spray angle  of  68") a t  2.64 g p m  each. 

The over lap ing  spray p a t t e r n ,  F igure  3, covers  t h e  e n t i r e  MCV per imeter  
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and t h e  v e r t i c a l  walls and bottom head a r e  decontaminated by wash-down 

technique.  The t o p  head decontamination header has  twenty spray  heads 

d e l i v e r i n g  a f u l l  cone type  spray of 1 . 2  gpm/sq. f t  a t  t h e  t o p  head sur- 

face ,  F igure  4.  
The decontamination s o l u t i o n  i s  ba t ch  mixed o u t s i d e  o f  t h e  c e l l  where 

t h e  MCV i s  loca ted .  The s o l u t i o n  i s  t r a n s f e r r e d  t o  t h e  tank  i n  t h e  c e l l  

where i t  i s  pumped t o  t h e  decontamination headers  through a steam j acke ted  

r iser.  

t h e  s o l u t i o n  f o r  extended p e r i o d s  of  t ime.  

A d r a i n  l i n e  i n  t h e  bottom of t h e  MCV permits r e c i r c u l a t i o n  o f  

The f u e l  capsules  used i n  t h e  NSPP experiments contained U02  f u e l  

m a t e r i a l .  F i s s i o n  products  i n  some experiments were produced by t r a c e  

i r r a d i a t i o n  o f  t h e  f u e l ;  i n  o t h e r s  a h igh  burnup fue l ,  whi le  i n  o t h e r s  

a s imulated f u e l  was employed. The simulant high-burnup f W l  contained 

measured amounts of U02, t r a c e r ,  and s t a b l e  i so topes  which were mixed and 

pressed  i n t o  p e l l e t s .  A number o f  runs  were performed i n  which iod ine  

only  was r e l eased  from pyrex ampules. The experimental  cond i t ions  f o r  

runs  1-17 a r e  given i n  Table 1. 

DECONTAMINATION SOLUTIONS 

A number of s o l u t i o n s  have been used i n  t h e  NSPP. I n  runs  1-4, a 

s o l u t i o n  developed for t h e  s p e c i f i c  removal o f  U02 w a s  used.7 

s o l u t i o n  i s  a combination o f  10.8 l b .  o x a l i c  acid,  5.0 l b .  g l a c i a l  a c e t i c  

ac id ,  36.0 l b .  30% hydrogen peroxide i n  36 g a l l o n s  o f  water .  The p H  o f  

t h e  s o l u t i o n  i s  ad jus t ed  t o  2 .5  wi th  ammonium hydroxide. It w a s  found 

t h a t  t h e  a p p l i c a t i o n  o f  t h i s  hot  (70°C) so lu t ion  by spray headers  r e s u l t -  

ed i n  excess ive  co r ros ion  of  carbon s t e e l  by a c e t i c  a c i d  fumes. Because 

o f  t h i s ,  5 .6  l b .  o f  ammonium c i t r a t e  has  been s u b s t i t u t e d  for t h e  g l a c i a l  

a c e t i c  a c i d  (Runs 3 t o  d a t e ) .  

The 

Th i s  r ev i sed  s o l u t i o n  i s  q u i t e  s a t i s f a c t o r y .  

I n  an at tempt  t o  improve iod ine  m a t e r i a l  balance a f t e r  an experiment, 

a s o l u t i o n  o f  1 l b .  sodium hydroxide i n  36 g a l l o n s  water  was used as t h e  

f i r s t  decontamination s o l u t i o n  i n  runs  5 through 17. 

I n  runs  9 and 10, a hot  water  r inse  was used a f te r  t h e  NaOH and a c i d  

I n  subsequent runs  a combination of s o l u t i o n s  was used; NaOH, s o l u t i o n s .  
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Table 1 NSPP Experiments 

Method o f  

Fuel  Matr ix  Fuel  Addi t ive  C 1 adding No. Re1 ease  

1 

2 

3 
4 
5 
6 

7 
8 

9 

10 

11 

12 

14 

1 5  

16 
17 

Plasma Torch 

Plasma Torch 

Plasma Torch 

Plasma Torch 

Plasma Torch 

Me c hani  ea1  

Plasma Torch 

Plasma Torch 

Plasma Torch 

Plasma Torch 

Plasma Torch 

Plasma Torch 

Plasma Torch 

Plasma Torch 

Mechanical 

Mechanic a1 

None 

None 

uo2 
Trace Irra- 

d i a t e d  U02 

Trace I r r a -  
d i a t e d  U02 

uo2 

uo2 

uo2 

20,000 MMD/MT 
Burnup U02 

20,000 MWD/MT 
Burnup U02 

None 

None 

None 

None 

NaI 

12 

I2 

12 

N a I  

None 

None 

Simulant, 5 i s o -  

Simulant, 5 i s o -  

S imuhnt ,  6 i s o -  

None 

topes  

topes  

t o p e s  

None 

I2 

I2 

S t a i n l e s s  S t e e l  

None 

S t a i n l e s s  S t e e l  

Pyrex 

Pyrex 

Pyrex 

S t a i n l e s s  S t e e l  

S t a i n l e s s  S t e e l  

S t a i n l e s s  S t e e l  

S t a i n l e s s  S t e e l  

S t a i n l e s s  S t e e l  

S t a i n l e s s  S t e e l  

Z i r c a l o y  

Z i r c a l o  y 

Pyrex 

Pyrex 

c 
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ac id ,  hot  water,  steam, l abora to ry  glassware de te rgent ,  and Versene. 

Versene i s  t h e  disodium s a l t  o f  ethylenediaminetetraacetic a c i d .  

I n  a l l  ca ses  where a decontaminating s o l u t i o n  was used two t o  four  

water r i n s e s  were app l i ed  a f t e r  each so lu t ion .  

a l l  s o l u t i o n s  was 30 minutes each. The o rde r  o f  a p p l i c a t i o n  o f  t h e  solu-  

t i o n s  i n  each run i s  given i n  Table 3. 

The c i r c u l a t i o n  t ime f o r  

RESULTS OF DECONTAMlNATION 

The information obta ined  dur ing  decontamination o f  t h e  NSPP model 

containment v e s s e l  i s  presented  i n  Tables  2, 3 y  and 4. 
of m a t e r i a l  recovered a s  i n d i c a t e d  by a n a l y s i s  o f  t h e  s o l u t i o n s  was t h e  

b a s i s  f o r  t a b u l a t e d  va lues .  Because o f  t h e  h igh  l e v e l  o f  contamination 

i n  t h e  MCV a f t e r  each run, no at tempt  was made t o  e n t e r  t h e  v e s s e l  and 

only  a minimal amount o f  r a d i o l o g i c a l  survey work was done on t h e  v e s s e l  

i n t e r i o r .  After decontamination, a complete survey o f  t h e  v e s s e l  i n t e r i o r  

was conducted and i n  a l l  ca ses  t h e  v e s s e l  was found to be s u i t a b l e  f o r  

workers w i t h  contamination c lo th ing .  No r e s p i r a t o r s  were r equ i r ed .  

The t o t a l  moun t  

P r i o r  t o  run 15, a gama  s c i n t i l l a t i o n  counter  was i n s t a l l e d  on t h e  

o u t s i d e  o f  t h e  MCV. The counter  i s  loca ted  on t h e  west c e n t e r l i n e  a t  t h e  

v e s s e l  midplane. The u n i t  c r y s t a l  i s  sh i e lded  w i t h  a 1/4 i n .  l ead  s h i e l d  

and t h e  end o f  t h e  tube  i s  p laced  a g a i n s t  t h e  e x t e r i o r  su r face  o f  t h e  MCV. 

A lead s h i e l d  w a s  cons t ruc ted  around t h e  tube  so t h a t  t h e  main source o f  

a c t i v i t y  seen by t h e  tube  i s  t h e  MCV i n t e r i o r .  The main purpose i n  i n s t a l -  

l i n g  t h e  counter  was t o  fol low t h e  MCV a c t i v i t y  behavior  dur ing  an exper i -  

ment so t h a t  samples could be taken  a t  appropr i a t e  t imes .  The u n i t  was 

opera ted  dur ing  t h e  decontamination o f  t h e  furnace and MCV fol lowing 

run 15 ( t h e  l a s t  h igh  burnup r u n ) .  

Decontamination of  t h e  MCV s t a r t e d  on August 31 and t h e  d a t a  p r i o r  t o  t h i s  

i n d i c a t e  t h e  r e l a t i v e l y  small  e f f e c t  o f  furnace  decontamination. 

The r e s u l t s  a r e  shown i n  F igure  5 .  

The counter  i n d i c a t e d  an inc rease  i n  MCV a c t i v i t y  du r ing  t h e  i n i t i a l  

NaOH decontamination phase.  

r e d i s t r i b u t e d  dur ing  t h e  NaOH cyc le .  

of t h e  iod ine  and cesium. The a c i d  s o l u t i o n  removed a l a r g e  amount o f  t h e  

cerium and ruthenium and about h a l f  o f  t h e  barium and lanthanum. The 11.3 

This  was probably caused by a c t i v i t y  be ing  

The NaOH s o l u t i o n  removed t h e  m a j o r i t y  
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Table 2. Uranium Decontamination Summary 

Percent  of To ta l  Recovered Found i n  Each Step  

C i t r a t e  Decon. 
S o l  ' n 
Rinse #l 
Rinse #2 
Rinse #3 
Rinse #4 

Hot Water Rinse #l 
Hot Water Rinse #2 
Lab Detergent  

Rinse #1 
Rinse #2 
Rinse #3 

61. 81. 58.8 ' 45.6 42. 24. 64. 38 56.1 63.1 36.6 

5.9 15.8 9.3 15- 9.4 15.2 
3.8 8.5 

32. 4.2 20.3 9.7 11.1 

0.2 7.4 0.3 

5.3 11.4 10.7 2.1 6.2 4.7 3 -5 2.2 
0.7 4.9 1.6 0.7 1.6 1.6 2.9 2.8 

P u 
0.4 

3.1 
2.2 

Steam 0 

Versene #1 
Rinse #1 
Rinse #2 

3.1 3.4 
-9 

a9 
.6 

Versene #2 
Rinse #1 
Rinse #2 
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Table 4. Cerium, Ruthenium, Cesium, and Barium-Lanthanum Decontamination Summary 

Percent of Total  Recovered Found i n  Each Step 

Cerium Ruthenium 
141 144 
3 290a 

Experiment 
Act ion  8 9 io 11 12 14 15 

NaOH Decon. Sol 'n  0 0  0 0 o 23.7 0.2 
Rinse #1 27. 0 0 0 0 2.9 0.2 

Rinse #3 0 0 0 0 0 

C i t r a t e  Decon. Sol 'n  73. 18.9 22.5 100.0 14.4 1.0 49.6 
Rinse #1 o 47.2 26.3 0 11.3 0.1 10.6 
Rinse #2 0 0 28.8 0 10.0 1.8 7.7 

Rinse #4 

Rinse #2 0 0 0 0 1.7 5.1 

Rinse #3 0 0  0 0 1.3 

Hot Water Rinse #1 33.9 0 
Hot Water Rinse #2 0 

Lab. Detergent 52.1 
Rinse #1 0.1 
Rinse #2 0.4 
Rinse #3 0.6 

Steam 1 . 2  
Versene #1 9.1 18.6 

Rinse #2 0.7 0.4  
Lab. Detergent 0.8 

Rinse #1 0.3 

Rinse #1 2.8 4.4 

Rinse #2 0.04 
Rinse #3 

Versene #2 1.6 0.6 
Rinse #1 0.8 0.5 
Rinse #2 0.2 0 
Rinse #3 0 

Steam 47.2 0 
Steam #2 16.9 0 

HN03 Decon. Sol 'n  0.4 
Rinse #1 0.2 
Rinse #2 0.2 

103 106 
41d 1.oy 

Experiment 

8 9 10 11 12 14 15 

0 23.5 18.8 55.4 0 9.0 1.9 
8.7 0.4 0 4.4 37.2 5.3 0 

0.9 3.4 0.3 o 7.1 2.8 
0 4.2 0.2 0 0.1 

79.1 46.5 29.0 29.8 75.2 22.1 45.4 
15.5 12.9 3.8 6.7 18.5 5.9 13.1 
3.4 3.2 3.4 1.7 6.2 4.0 12.4 
2.0 3.1 0.6 o 2.5 

0 0 
5.0 

19-3 
2.4 
1.1 
1.2 
0 

6.2 11.4 

0.4 2.9 
2.0 
1.5 
0.3 

6.0 3.9 

2.1 0.5 
1.0 0.4 
0.8 0.1 
0.3 

0 0.1 
0 0.002 

0.4 
0.3 
0.2 



Table 4. (Cont inued)  

- 
Cesium 

13 7 134 
2 6 . 6 ~  2 . 0 7 ~  Barium-Lanthanum-140 

Experiment Experiment 

8 9 10 11 1 2  14 15 8 9 14 15 

NaOH Decon. Sol'n 80.3 44.7 74.1 71.9 44.8 55.8 0 19.3 9.8 2 .2  
Rinse #1 12.4 39.0 17.0  17.0 13.3 12.3 0 o 18.0 1 . 7  
Rinse #2 7.3 10.1 3.0 3.8 6.0 7.3 0 0 5.4 2 . 1  
Rinse #3 0 3 . 1  1 .0  1 . 7  2.4 15.4 4.3 

C i t r a t e  Decon. S o l ' n  0 2.3 2.8 2.0 1 2 . 2  8 . 1  31.4 39.1 16.0 29.0 
Rinse #I 0 0.6 1.3 0.6  2.0 7.4 34.1 26.0 1.8 11.1 
Rinse F2 0 0.1 0.5 0.3 0.7 2.8 21.g 0 5 .2  
Rinse p3 0 0.4 0.2 0.3 
Rinse #4 

12.6 o 

Hot  Water Rinse #1 0 0 0 
Hot Water Rinse #2 0 0 

Lab. Detergent 2.4 4.7 
Rinse #l 5.3 19.8 

Rinse 83 0.2  0.6 
Rinse #2 0.3 

S t  eam 8 .6  
Versene #1 0.4 1.4 16.3 

Rinse #I 0.3 0 .6  5.4 6.8 

Lab. Detergent 0.3 19.0 

Rinse #2 0.1 0.2 

Rinse #2 0 .1  0 .2  1.7 0.4 

Rinse #I 0.4 5.8 

Rinse #3 
Versene #2 0.3 0.1 0 0.8 

Rinse #l 0 .2  0.1 3.0 0.3 
Rinse #2 0.1 0 . 1  
Rinse #3 0.04 

Steam #1 2.3 0.1 0 
Steam #2 - 3  0.1 0-7 
EX03 Decon. Sol'n 0.4 0.4 

Rinse #I 0.2 0 
Rinse #2 0 .1  0 

7 I 
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day h a l f - l i f e  i n d i c a t e d  i n  F igure  5 r e f l e c t s  t h e  r e s i d u a l  barium-lanthanum 

l e f t  on t h e  MCV w a l l s .  The r e s u l t s  ob ta ined  dur ing  run 15 i n d i c a t e  t h a t  

t h e  gamma s c i n t i l l a t i o n  counter  i s  a u s e f u l  t o o l  f o r  eva lua t ing  not  on ly  

t h e  p rogres s  o f  t h e  experiment bu t  a l s o  t h e  success  o f  v a r i o u s  phases  of 

decontamination. 

The model containment v e s s e l  has  a l a r g e  number o f  p e n e t r a t i o n s  vary ing  

i n  s i z e  from 1/2 t o  3 i n .  These p e n e t r a t i o n s  were not decontaminated as 

thoroughly as  t h e  o t h e r  MCV s u r f a c e s  because o f  t h e  f a c t  t h a t  t h e  decon- 

tamina t ion  s o l u t i o n s  were allowed t o  run down t h e  v e r t i c a l  w a l l  a f t e r  

a p p l i c a t i o n  by t h e  header nozz le .  This  washdown d id  not  go back i n t o  

t h e  p e n e t r a t i o n s  and a s  a r e s u l t  hand decontamination was necessary .  

same s o l u t i o n s  were used i n  t h i s  p rocess  as  were appl ied  p rev ious ly  and 

acceptab le  l e v e l s  of  decontamination obta ined .  

The 

The sodium-hydroxide s o l u t i o n  was found t o  be very  e f f e c t i v e  f o r  

removal o f  i od ine  and cesium. Cerium, ruthenium and barium-lanthanum 

were removed by t h e  a c i d  s o l u t i o n .  The l a b o r a t o r y  glassware de t e rgen t  

was e f f e c t i v e  i n  removing r e s i d u a l  iodine,  cerium and ruthenium. Steam, 

hot  water and Versene were not  ve ry  e f f i c i e n t  when app l i ed  a f t e r  t h e  NaOH 

and a c i d  s o l u t i o n s .  Some uranium was removed by t h e  NaOH, probably by 

t h e  phys ica l  washdown r a t h e r  t han  chemical a c t i o n .  The m a j o r i t y  o f  t h e  

UO2 was removed by t h e  a c i d  s o l u t i o n .  

SUMMARY ADID CONCLUSIONS 

The decontamination of  t h e  NSPP model containment v e s s e l  has  been 

very  success fu l .  The decontamination f a c i l i t i e s  i nc lud ing  two spray 

headers  i n s i d e  t h e  v e s s e l  and a s s o c i a t e d  pumping and hea t ing  components 

have enabled u s  t o  reduce t h e  l e v e l  of  contamination i n  t h e  MCV a f t e r  an  

experiment t o  an accep tab le  l e v e l  f o r  d i r e c t  maintenance. A c i t r a t e  

so lu t ion7  proved e f f e c t i v e  i n  removal o f  U02, cerium, ruthenium and 

barium-lanthanum. Sodium hydroxide was used s u c c e s s f u l l y  i n  removing 
iod ine  and cesium. The one d i f f i c u l t y  e n c x n t e r e d  was w i t h  i n e f f i c i e n t  

decontamination o f  t h e  many 1/2 t o  3 i n .  p e n e t r a t i o n s  i n  t h e  v e r t i c a l  s i d e  

o f  t h e  MCV. Decontamination o f  t h e s e  p e n e t r a t i o n s  was accomplished d i r e c -  

t l y  u s ing  brushes and wipes. 
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