
v 

I 

O A K  RIDGE N A T I O N A L  LABORATORY 
operated by 

U N I O N  CARBIDE CORPORATION 
for the 

U.S. ATOMIC ENERGY C O M M I S S I O N  

ORNL- TM-7 

COPYNO. - 367 
DATE - 9-25-61 I 3 4456 0548479 4 

P'LZOT PW\TT SHUTDOWN AND %-A1 PROCESSING 

J. C .  Bresee 

AESTRACT 

The large aque.ous p i l o t  p lan t  f a c i l i t i e s  a t  ORNL have been cleaned and 
7 are being put i n  standby condition. 

the year as anion exchange was used t o  recover more than one kg of plutonium 

l e f t  i n  the exploded evaporator system. 

t o  a new recovery program j u s t  beginning i n  c e l l  1 of Building 4507. 

Valuable e q e r i e n c e  was gained during 

mis experience i s  being applied 

NOTICE 

T h i s  document conta ins information of  a prel iminary nature and was prepared 
pr imcr i ly  for internal  use at the Oak Ridge Nat ional  Laboratory. It i s  subject  
to  rev is ion  or correction and therefore does not represent a f ina l  report. The 
information i s  not to  be abstracted, reprinted or otherwise g iven publ ic d is -  
semination without the approval of  the ORNL patent branch, Lega l  and Infor- 
mation Control Department. 
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LEGAL NOTICE 

T h i s  report was prepared as an account o f  Government sponsored work. Neither the Uni ted States, 

nor the Commission, nor any person act ing on behalf of the Commission: 

A. Makes any warranty or representation. expressed or implied, w i th  respect t o  the occuracy, 

completeness, or usefulness of the information contained i n  th i s  report, or thot  the use of 

any information, opparotus, method, or process d isc losed in  th i s  report may no t  in f r inge 

pr ivate ly  owned r ights; or 

6. Assumes any l i ab i l i t i es  w i th  respect t o  the use of, or for damages resul t ing from the use of  

any information, opparotus, method, or process d isc losed i n  th i s  report. 

As used in the above, "person act ing on behalf of the Commission" inc ludes any employee or 

contractor of the Commission, or employee of such contractor, t o  the extent  thot  such employee 

or contractor of the Commission, or employee of  such contractor prepares, disseminates, or 

provides access to, any information pursuant t o  h i s  employment or contract w i t h  the Commission, 

or h i s  employment w i th  such contractor. 
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PILMT PLANT SHUTDOWN AND Pu-KL PROCESSING 

J. C .  Bresee 

( t o  be presented a t  the Chemical Technology Division 
Annual Information Meeting September 28 and 29, 1961) 

This morning I w i l l  discuss two programs: f i r s t ,  the work of placing 

the solvent extract ion p i l o t  p lan ts  i n  standby and second, anion exchange 

recovery of plutonium during and a f t e r  p lan t  cleanup. 

By way of an introduction, i n  the F a l l  of 1959, the solvent extract ion 

complex of Buildings 3019 and 3505 (known as  the Thorex P i lo t  Plant and the 

Metal Recovery P lan t )  had been used t o  process highly i r rad ia ted  plutonium 

and were engaged in  a decontamination program when an explosion occurred in 

c e l l  6 of Building 3019. 

Figure 1 shows a sect ion through the Thorex P i l o t  Plant and the cubicles 

The evaporator equipment in  the upper r i g h t  hand i n  the double c e l l  6 and 7. 
.-. 

* corner of c e l l  6 exploded and the door opposite was blobm open, re leasing 

alpha a c t i v i t y  t o  the s t r e e t .  A t  l a s t  year 's  seminar it was reported t h a t  

i n t e rna l  cleanout of process equipment resu l ted  in  the recovery of 1100 grams 

of plutonium from the ruptured evaporator. This plutonium was stored in 

three clean process vessels f o r  l a t e r  pur i f ica t ion  and concentration. 

P 
? 

Before describing the f i n a l  cleanup and shutdown of the aqueous p i l o t  

plants ,  l e t  me f i rs t  point out  t h a t  d e t a i l s  of the incident and cleanup have 

been very completely reported i n  the open l i t e r a t u r e .  

p l e t e  reports  are  l i s t e d  i n  the top ica l  bibliography in  Table 1. 

Eight of the most com- 

A f t e r  the  plutonium had been removed from the i n t e r i o r  of the equipment, 

the d i f f i c u l t  job of ex terna l  decontamination remained. The first and most 

important s tep was t o  i n s t a l l  ea r ly  i n  October what was ca l led  a "greenhouse" 

(a s o r t  of reverse glove box w i t h  the man inside the box) which projected in- 

t o  the c e l l  through the c e l l  6 door. 

c e l l  was thoroughly wetted down from the box;and i n  a l l  l a t e r  c e l l  en t r i e s  

it served a s  an observation point.  Next, three men entered the c e l l  t o  load 

e ight  55-gal drums w i t h  the  debris (see Figure 3) from i n  f ron t  of the 

(See Figure 2 . )  The i n t e r i o r  of the 

---------- 
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Fig. 1. PLAN OF THOREX OPERATING AREA 
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Table 1 P 

1 REPORTS OF BUILDING 3019 INCIDENT AND CLZXNUP 

Topical Bibliography 
i 

1. "Plutonium Release from the Thorex P i l o t  Plant,' '  Nuclear Safety, Vol. 1, 
No. 3, pp. 78-80, March, 1960. 

2. "Safety i n  Chemical Processing," Reactor - Fuel Processing, V o l .  3, No. 2, 
pp. 6, April,  1960. 

3. "Chemistry of the Intercycle Evaporator Incident of November 20, 1959," 
W. Davis, Jr., W. H. Baldwin, and A. B. Meservey, ORNL2979, November 9, 
1960. 

4. "Decontamination Hazards," Nuclear Safety, Vol. 2, No. 2, pp. 49-51, 
December, 1960. 

5. "Plutonium Release lncident a t  Oak Ridge National lkboratory," L. J. 
King and J. C. Bresee, ORNL CF-60-9-57, (presented a t  the ANS Winter 
Meeting, San Francisco, Cal i fornia ,  December 12-14, 1960). 

a 
9 

6. "Plutonium Release Incident of November 20, 1959," L. J. King and W. T. 
McCarley, ORNL-2989, February 16, 1961. 

7 .  "Power Reactor Fuel Processing P i l o t  Plant:  
Plant Cleanout Operation, Run C O B - 1  Summary," W. T. McDuffee, ORNL 
C F - 6 1 - 5 4  March 20, 1961. 

Recovery of Plutonium During 

8. "Decontamination of Cel ls  6 and 7, Building 3019, Following Plutonium 
Release Incident," J. R. Parrot t ,  ORNL-3100, August 24, 1961. 
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b evaporator cubicle.  The men wore two-piece a i r  s u i t s ,  and t h i s  pract ice  con- 

. tinued u n t i l  a f t e r  e s sen t i a l ly  a l l  plutonium was removed by steam j e t  clean- 

.. mrem i n  one hour, the l a rges t  s ingle  exposure during the c e l l  cleanup opera- 
ing (by the end of February, 1961). One man during t h i s  en t ry  received 260 

t ions .  

program. 

No one received more than 1300 mrem per quarter during the cleanup 

Safe removal of d r u m s  of highly contaminated debris and shielding block 

required a spec ia l  technique which i s  i l l u s t r a t e d  in Figure 4. 
ning proceeded a l l  hazardous operations and prevented in ju r i e s  or the  spread 

of contamination. 

Careful plan- 

The sequence of operations f o r  removal of the shielding block walls which 

\ 

were as much a s  27 f e e t  t a l l  was: use of an elevator  i n to  which blocks were 

loaded t o  lower them t o  the f loor ,  t ransfer  t o  clean drums covered inside and 

out  with p l a s t i c ,  covering with clean l i d s  and removal of outer contaminated 

p l a s t i c  a s  the drum i s  raised,  recovering in the penthouse, monitoring and 

shipping. A l l  block was removed from the c e l l s  by the end of December, 1960 

and the remains of the evaporator were cu t  out  and removed i n  January, 1961. 
I’ 

Before, during, and a f t e r  block removal the walls and equipment were 

washed w i t h  a var ie ty  of reagents using a pumped spray and f i n a l l y  a steam 

j e t  cleaner (see Figure 5 ) .  The magnitude of the cleaning operation i s  more 

obvious when you consider t h a t  a f t e r  block removal there  was a t  l e a s t  10,000 

square f e e t  of surface remaining t o  be cleaned. 

There were between 150 and 200 grams of plutonium on ex terna l  surfaces 

in the c e l l .  

t o  process (> 0.01 g / l i t e r ) .  

l e v e l  waste storage tanks i n  a t o t a l  of 140,000 gallons.  

Only a f e w  grams were recovered in  concentration high enough 

The remainder was flushed t o  the ORNL high 

In addition t o  alpha smears and probes measured per iodical ly  throughout 

the cleanup program, another measure of success of the cleaning was the a i r  

a c t i v i t y  during the  program (see Figure 6) .  The a i r  a c t i v i t y  on semilog paper 

mirrored the work a c t i v i t i e s ,  w i t h  high a i r  counts a t  the time of dusty opera- 

t ions  and declining a c t i v i t y  a s  the cleaning was completed. 

- After f i n a l  smears and probes were recorded, the c e l l s  were painted with 

the r e s u l t s  shown i n  Figure 7. Note t h a t  the a i r  a c t i v i t y  reaches a very low 
- 
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Fig. 4. SHIELDING BLOCK REMOVAL FROM CELL 
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UNCLASSIFIED 
PHOTO 52317 

Fig. 5. CELL 6 DECONTAMINATION WITH SELLERS STEAM JET 
(photographed from cel I 6 greenhouse) 
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Fig. 6. LONG-LIVED ALPHA ACTIVITY DURING DECONTAMINATION OF CELLS 6 & 7 
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Fig. 7. LONG-LIVED ALPHA ACTIVITY DURING SHUTDOWN OF CELLS 6 & 7 
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value a t  the end of May 

per cubic m e t e r  of a i r ) .  

block removal i n  another c e l l  which resu l ted  i n  contaminated a i r  being drawn 

back through the hot  drain l ines .  Values in Ju ly  and August show averages 

which a re  safe  f o r  indef in i te  shutdown (below the masking l i m i t  of 2 x 

yc/cc i s  about one dis integrat ion every hour 

The increase i n  a c t i v i t y  in June i s  probably from 

yc a/cc) .  

One in te res t ing  side l i n e  t o  the simultaneous measurements of t ransfer-  

able surface contamination and a i r  a c t i v i t y  was the attempt t o  obtain resuspen- 

sion fac tors  -- r a t i o s  of a i r  t o  surface ac t iv i ty .  These varied from high 

10-9 t o  low 10-7 yc/cc per  yc/cm2 compared with a l i t e r a t u r e  value of 4 x lom8. 
Using the l i t e r a t u r e  value, average smear values of 11,000 d/min/100 sq  cm 

should by resuspension produce a i r  mpc f o r  plutonium. The average smear 

a c t i v i t y  i n  c e l l s  6 and 7 before paint ing was 19,000 d/min/100 sq cm and the 

present values are  orders of magnitude lower. 

Also i n  December, the 1100 grams of plutonium from the evaporator clean- 

out was moved by underground pipe l i n e  t o  the Metal Recovery Plant where 

equipment had been in s t a l l ed  fo r  anion exchange recovery and concentration 

of the plutonium. The plutonium solut ion contained n i t r i c  ac id  and HF, 

aluminum and boron cations,  as well a s  radiochemical impurities such a s  

zirconium - niobium. In addition t o  recovery, we were in te res ted  in obtain- 

ing data on the effect iveness  of one cycle plutonium decontamination by anion 

exchange under conditions s imilar  t o  those planned f o r  recovery of plutonium 

from i r r ad ia t ed  plutonium aluminum a l loy  t h i s  F a l l  in Building 4507. A com- 

parison of the two programs i s  shown in Figure 8. 
In the cleanout program, plutonium was concentrated by evaporation t o  

0.1 g / l i t e r  and by ion exchange t o  16 g / l i t e r  average. 

and f luoride contents were reduced e s sen t i a l ly  t o  zero and the f i s s ion  product 

a c t i v i t y  t o  plutonium background. 

The aluminum, boron, 

In the design of the present plutonium-aluminum processing program, simi- 

l a r  chemical compositions are  expected in the feed, bu t  the f i s s i o n  product 

content d i f f e r s  eno,mously. 
6 obtain an over -a l l  d.f .  of a t  least 10 . In s p i t e  of the very high concentra- 

t i o n  of f i s s ion  products, the heat  content in the feed i s  r e l a t i v e l y  lor? due 

t o  long cooling of the fue l .  

Two cycles of anion exchange w i l l  be used t o  
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Fig. 8. ANION EXCHANGE PROCESSING OF PLUTONIUM FEED AND PRODUCT COMPOSITION 

BLDG. 3019 CLEANOUT PROGRAM Pu-AI PROCESSING PROGRAM 
COMPONENT 

FEED PRODUCT FEED* PRODUCT* 

Pu, g/1 iter 

FISSION PRODUCTS, g/liter 

HNO,, M 

AI3+, M 

F-, M 

GROSS y,  counts m i n - l  m i - '  

cur ies/m I 

HEAT, w/l iter 

0.11 15.9 0.26 

< 10-4 < 1 0 - ~  0.71 

7.2 1.8 7.2 

0.3 5 10-4 0.8 

0.04 - 0.03 

2 x 106 4 104 -3  x 10'0 

- 10-5 - 10-7 0.13 

- - 0.53 

- 20 
< 10-6 

2 

10-4 

I 

w 
I 

*PREDICTED 
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the cleanout program wa,s excel lent  (approxi- 

d i f f i c u l t y  during the anion exchange process 

recovery program the Metal Recovery Plant 

. 

. 

- was cleaned and placed i n  standby condition. Future plutonium processing w i l l  

be done i n  b e t t e r  contained f a c i l i t i e s  such a s  the manipulator c e l l s  in Build- 

ing 4507. 
The flowsheet f o r  processing the plutonium-aluminum a l loy  i s  shown i n  

the Figures 9 and 10. 

One rod i s  charged per run and i s  dissolved i n  43 l i t e r s  of 7 molar n i t r i c  

acid.  

n i t r i t e .  The feed i s  c l a r i f i e d  by f i l t r a t i o n  w i t h  a sand f i l t e r  and continu- 

ously adjusted with 13 - M HNO3 t o  the proper a c i d i t y  f o r  anion exchange. 

The adjusted feed i s  preheated t o  6O0c and fed t o  the f i r s t  ion exchange 

column where it i s  contacted w i t h  four percent cross linked Permutit SK 

strongly basic  r e s in  (see Figure 10). 

possible f’uture recovery of gram quant i t ies  of americium and curium. The bed 

i s  

The product i s  again adjusted t o  7 - M HN03 and loaded on a second iden t i ca l  

per l i t e r  plutonium i n  2 molar n i t r i c  acid.  

In Figure 9 the head end or  feed preparation i s  shown. 

Plutonium i s  reduced t o  +3 by ferrous sulfamate and oxidized to +4 by 

The waste and wash i s  accumulated f o r  

a loaded with plutonium from seven rods and e lu ted  with d i lu t e  n i t r i c  acid.  

3 r e s in  column. After washing, final e lu t ion  r e s u l t s  i n  approximately 20 grams 

I have three photographs of the f a c i l i t i e s  i n  c e l l  1, Building 4507, which 

w i l l  be used fo r  the plutonium recovery program. 

Figure 11 i s  a view of the f loor  in c e l l  one. The dissolver ,  feed adjust-  

ment tank, and process vessels a s  wel l  a s  the ion exchange columns are  below 

the f loo r  l e v e l  which i s  now covered w i t h  s i x  inches of lead. Figure 12 i s  

a view of the west wal l  of the c e l l ,  showing the sampler in the background and 

the jacketed feed l i n e s  t o  the ion exchange columns. One in te res t ing  fea ture  

of the design i s  the i n s t a l l a t i o n  of the monitoring tubes which can be used 

to measure the rad ia t ion  in t ens i ty  near the r e s in  column and hopef’ully locate  

the band of plutonium. 

Figure 13 i s  a view of the e a s t  wal l  of the c e l l .  It shows the slug chute, 

the condenser, the off-gas scrubber, and the sand f i l t e r .  The hot  operation 

of t h i s  f a c i l i t y  w i l l  begin the middle of October. 
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Pu-AI ALLOY RODS 
( 1  /DISSOLVING) 

UNCLASSIFIED 
ORNL-LR-DWG 61088 

HN03 7 M  

Hg '+ 0.05 M 
F 0.05M 
- 

I DISSOLVING ACID I 

CAKE WASH 

* 
c 

b 

r t  
FILTER 

HN03 2 M  
F- 0.05 M 

0x1 DANT 

NaN02 2 . 5 M  
VALENCE ADJUSTMENT 

- ACID STORAGE T t .  
CONTINUOUS ADJUST M EN T 

CIRCLED NUMBERS INDICATE VOLUME ( l i ters)  

HN03 13 M 

Pu 0 . 3 g / l i t e r  
EFI 0 . 7 g / l i t e r  I 

ADJUSTED FEED 

AI 0 . 8 M  
H N 0 3  7 M  

~ 

Fig. 9. PLUTONIUM - ALUMINUM ALLOY PROCESSING FEED PREPARATION 

- TO ANION 
RESIN BEDS 
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FROM 
FEED PREPARATION 

STEP 

I ADJUSTED FEED 

AI 0.8 M 
H N 0 3  7.2 M 
Pu 0 .3  g/l i ter 
F. P. 0.7 g/ l i ter  

I F IRST W A S H *  I 
H N 0 3  7 M  

F- 0.05 M I A I  0.0544 I 

, SECOND WASH 

H N 0 3  7 M  

ELUTRIANT 

H N 0 3 0 . 7 M  
~ 

1 
FIRST CYCLE 

ANION RESIN BED 
(60°C)  

LOAD 7 BATCHES* 

ADJUSTING ACID 

HN03  13M 

F -  0.02 M 
 AI^+ 0 . 0 2 ~  +:7 h fl BATCH ADJUST 

H N 0 3  7M 
F -  0.01 SECOND CYCLE 

STORAGE FOR POSSIBLE 
Am - C m  RECOVERY 

WASH AND ELUTE 

- """ I . , "L - I  L 

( 3  BATCHES) m 
DISPOSAL 

NOTES: CIRCLED NUMBERS INDICATE 
VOLUME ( l i t e r s )  

HN03 - 2 M 

*BATCHES 1-6 PARTIALLY 
WASHED AFTER EACH BATCH; 
BED IS COMPLETELY WASHED 
AFTER SEVENTH BATCH 

SHIPPING 
CONTA I N E RS 

Fig. 10. PLUTONIUM- ALUMINUM ALLOY PROCESSING ANION EXCHANGE 
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Fig. 11. FLOOR OF CELL 1, BLDG. 4507 
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UNCL4SSIFIED 
PHOTO 551844 

Fig. 12. WEST WALL, CELL 1, BLDG. 4507 
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w In summary, the large aqueous p i l o t  p l an t  f a c i l i t i e s  a t  ORNL have been 

cleaned and are  being put  in standby condition. 

during the year as anion exchange was used t o  recover more than one kg of 

plutonium l e f t  in the exploded evaporator system. 

applied t o  a new recovery program j u s t  beginning i n  c e l l  1 of Building 4507. 

Valuable experience w a s  gained i 

*. This experience i s  being 
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