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After slautdoTm the Homogeneous Reactor Experiment 
system was decontaminated S-n about one mnth, without 
deseaxing, from an a c t i v i t y  l eve l  0% IQOQ r/hr to 
5-200 r/hra 
The treatment eonsfsted in washing twice wtth each of 
the  Teagents 55 nitric acid., 35$ n i t r i c  acid, and. 10% 
sodium hydroxide -1 5% ssditm tartrate-1 5% hydrogen 
peroxide and numerous % f m s  w E t b  water, Overall 
decontamination factors wexe 22-25, i zluding decay, 
Decontamtnation f a c t o r s  wlth a s ing le  rt?sigen% were 
between 1 and 2*225. More khan 2000 curies each of 
cerium and ztrconitam, mre $,hala 8000 eur-Ses each of 
barium, strontium, and lanthanum, and large amomts 
of niobium, ruthenium, and lodine were removed. The 
significant contaminmts remaining were niobium and 
zircontun. These could have been removed only by 
descalfng the system, whfch laboratory experiments 
indicated would have gfven a further decontamination 
fac tor  of about 100, 

Thls  was sufflelent tu permit dismantling, 

Shor t ly  a f t e r  shutdown, t h e  radiation readings i n  the Homogen- 

eous Reactor Experiment (ERE) ceUs were of the order of 1000 r/hr. 

The objec t ive  of the work reported bere w a s  to decontaminate the 

system t o  an activity l eve l  sufficiently Pot3 to permit dismantling 

it within one snon%h. 

Previous deeontamimtfon elrperfence at. 0RNE had. been concerned 

largely with type 347 stafnlcf is  s t e a l  contamim%ed at temperatures 

below the boiling point by w m y l  a i t r a i x - n i t r i c  acid solutions of 

f i s s i o n  products t h a t  had decayed f o r  several months (Purex type 

system). 

nants ,  

the rue%. was a uraqyl. sulfate-sulfurfe  acFd ~oSu%bon and %he 

sgrstem was operated a t  8 temperature wear 25Q @, The fission 

products had decayed fo r  only 8, f e w  clays, and shor%-lifved isotopes 

were present. Corrosion is severe in such a sys%emns and under KEB 

operating condit-lons a protectfve clxide % i l n  f o r m  on t y p e  347 

~ ~ r c o n i m  and niobium were tbe nost important contami- 

The HEX system was also of' type 347 stainless s t e e l ,  but 
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dump tank, the pump that brought fuel from the  dump tank t o  the 

high-pressure system, the f u e l  make-up equipment 

and the r e s t  of %tie associated ec:Qipment, The inner 8ump t anks  

were a t  the  bottoms of the c e l l s  and were n o t  shiel&ed from t he  

cell. i n t e r i o r s .  

the gas sys tern, 

The decontaminating reageaa.ta ifere intro6Juced in t a  the dump 

tank, from which they wer2 pmped i.t.,to the ciseu%at9ng f u e l  system, 

being backwashed through the system f i l t e r .  

the reactor, thii? filter presumably had collec.t;ed any insoluble 

f i s s i o n  products and detached corrosion scale, which carries some 

f i s s i o n  products and T J ~ S  probably one of the most radioactive 

parts of the system. It is  unfomunate that the decontaminating 

so lu t ions  had to contact a highly radioact ive part of the system 

f jrst and therefore probably esrrisd some fissfon products from 

the f i l t e r  through the  rest of t h e  system. This would be expected 

t o  decrease the  efficlerncy of t he  decontamimt i r i  solution f u r  

the res t  of tbe system. A 1 1  so lu t ions  WPE intmduced a t  o r  near 

room temperature, but the circulating pmp laea,ted them t o  about 

~ O C .  

w a s  drained. Since a heel of about  PO liters remained, the 

subsequent water wash was r ea l ly  a d i l u t e  decontaminating reagent. 

A 25-ml. sample of e ~ c h  decontaminating reagent was removed j u s t  

before the s o l u t i o n  was dumped, an3 the radiation reading at 

contact  was determined, This reading i s  a rough measure o f  the 

gama-emitt ing f issfon product removed by the reagent Par t  of 

this sample was later analyzed f o r  in&ividunl  f i s s i o n  products. 

During operation of 

after the  reagent bad cireuhateci for the desired time, it 

After  the so9utian bad been dra ined ,  the md2at ion  Level i n  

each c e l l  was measwed with a probe droppea througb. a hole in the  

sh ie ld ing  plug a t  the top  of the ecEl, The probe WES 9.5 ft dovn 

in the r eac to r  and heat exchanger cells and 19.5 ft down i n  the 

fuel so lu t ion  cePP The readings therefore depended largely on. 

the r ad ioac t iv i ty  of t h e  equipment closest t o  the probe, b u t  the 

readings f o r  any one cell. a t  d i f f e r e n t  d l ~ e s  may be compared with 
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some si@*ificance. 

The reactor  had operated f o r  a t o t a l  of 580 M~-hr and had 

produced about 25 g of f i s s i o n  products (Sec.  9 . 2 ) ,  It operated 

f o r  most of i t s  power in December 1953 and Jqnuary 1954. 

shut down a t  9 AM, March 3,  1954, after )+O hr continuous operation 

a t  400 kw. 

10 8s t h e  reactor  w a s  made s u b c r i t i c a l .  The f u e l  solut ion c e l l  

a c t i v i t y  l e v e l  decreased by a f a c t o r  of 3 because i t s  l e v e l  was 

more dependent on f i s s i o n  product a c t j v i t y  than on prompt a c t i v i t y  

(j .e.,  that emitted at, the time o f  f i s s i o n  or neutron capture) .  

From t h e  readings taken a f t e r  the f u e l  was drained, it T s  obvious 

t h a t  a large p a r t  of the  g a m - e m i t t i n g  f i s s i o n  products remained 

i n  the  system and d i d  not follow the  f u e l  solut ion.  

It w a s  

The a c t t v i t y  leve ls  were seduced by a f a c t o r  of about 

The reactor  system w a s  washed with water nine times between 

shutdown and the beginning of the  decontamination. The r i n s e  water 

was condensate from d i s t i l l a t i o n  of' the f u e l  solut ion,  and v o l a t i l e  

f i s s i o n  products therefore  may have been reintroduced i n t o  the 

system with each wash. The East r i n s e  solut ion w a s  sampled f o r  

radiochemical analysis .  The decrease of a c t i v i t y  d u r i n g  r insing,  

by a f a c t o r  of  7-20, w a s  the  r e s u l t  of both decay and, espec ia l ly  

f o r  the  f i rs t  r i n s e ,  decontamination. 

After  the r inse ,  the  fuel dmy tanks were i so la ted  from the  

r e s t  of the system by f reez ing  water i n  the  dra in  l i n e ,  and 

decontamination vas s t a r t e d  on March 18. Two hundred l i t e r s  of 

reagent w a s  used i n  each case u n t i l  near the  end, when t h e  

approximately 500-l i ter  system w a s  completely f i l l e d  with four  

of the solut ions (320%. 14, 15, 20). 

t o  about 100°C for some of  the water washes. 

was concluded on April  14,  writh dumping of the  f i n a l  r i n s e  so lu t ion  

ak  4 PM. 

The temperature was increased 

Decontamination 

When the  top  plugs of the  c e l l  shielding had been removed, 

a f t e r  the decontamination, the a c t i v i t y  over the c e l l s ,  a t  f l o o r  

level  on top of the sh ie ld ,  varied from a maxiwm of 5 r/hr,  i n  



a f a i r l y  w e l l  defined beam apparent ly  coming from the par t  of 

the  bottom of the fu@B cell t h a t  was not sh ie lded  by the c e l l  

equipment, t o  a f e w  hurdred mill irmntgens per hour elsewhere. 

M Q S ~  of the dfsmmt2inag was dome in radia%fola levels t ha t  varied 

frcsu'1 a few %o 20?3 r m p / h r .  

air-driven hacksaw OF a cut t ing  torch on. the end of a Zoag pipe,  

the resulting pieces beihmg removed with the overhe& crane, 

The deeontmimt ion  was sufficient to permit this sor t  of destruc- 

t i v e  operation, but the more rigorous requirements of equipment 

remir, replacement I or modification probably could not have been 

met without further decontaminatiion. 

several weeks ahead of schedule, Radiation levels of Lhc system 

components, after the dismantling, are given in Table 15, 

The eqplipnent was cut  apart w-i th  ELXI 

The dismnt.$ing was e o q i e t e d  

It w a s  estimated t h t  an overall decontamination P ~ l c t a s  of 

abou'r; 10 should be obtained by the recornended procedure, 

procedure ac"%u&Ly carried o u t  resclted in o v e r d l  decontamination 

factors,  including about; s i x  weeks ' decay, of 22-25 f o r  the three 

ce l l s  concerned (Pig. 1, TabLee 1 and 14) ., With ciasealing (See ., 5 -0 )  

a decontamination. factor of the order of 2000 could probably have 

been obtained, provided that a l l  parts of t.be system could have been 

properiy coatl;actea by the s e ~ g e ~ t s ,  

The 

Nos t individual reagent decontztmimt ion  factors we re sl ightS y 

greater % b n  1; a f e w  were less, in3ieating that activity was 

transferred into the ce l l  umder BOW conditions, 

measurements w e r e  subJect t o  cons idesable error,  which could 

account for some of the variation, In general, larger decontami- 

nation factors w e r e  ob%aitxed when a sol-atian was used for the 

firs+ time or  wbem so= other csnditioaa wets changed fmm w h a t  it 

had been f o r  previous treatments* 

@e11 a c t i v i t y  

'Thus, w i t h  the first 35% n i t r i c  
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Table I. Rediation Levels of  ERE Cells during Decontamination 

Inihile operatfung at 400 kw 
After shutdown at 9:OQ AM 
and draining of fuel 

A f t e r  1 s t  water rinse 
A f L e r  9th water rinse 

I Length of 

-*- 

1 
2 
3 
4 

5 
6 
7 
8 
9 

LO 
bl 
12 
23 
24 

1 5  
16 
17 
1-8 
19 
20 

I 

Date 
3.e a ge nt 
Removed 

--- 
3 1x8 
3 1x9 
3 12.3 
3 124 

3 125 
3 /26 
3 /29 
3/31 
3/31 

4/3. 
4/2 
4/5 
4/7 

419 
4/9 
4/12 
4/12 
4/14 

411 

418 

Reading of 
25 mi 0:: 

Reagent Just 
before Dumping 

(k”/hd 

?uel Solution 
LP 
D.F. 

2.25 
l e 3 5  
1-04 
1.14 

3- e37 
0 .gb 
1 e 0 3  
0.51 
A D  .I 62 

~ 2 6  
1 .hl 
I. .28 
1 *07 
1.6k 

1 .oQ 
l e 0 6  
B *I3  
1.28 
4, .c)o 
1*24 

23.8 

Cell 
D*F. 

aEO$ sodium hydroxide--1 e 53 sodium tartrate -1 e 546, hydrogen peroxide 
bHeated to about 100°C for 1 hr, 
eWater emptied Prom heat exchanger outside of tube sheet. 
dFatise system, about 530 liters, filled w i t h  solution; 200 l i t e r s  used in 

a l l  other cases. 

Reat 
Excb.ange r 
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acid treatment, the decontamimtfoa f ac to r  i n  t h e  fuel solution 

cell was high; with the f irst  s$ n t t r t c  acid tmatri.r7xat there  was 

a la rge  decomtarninatton factor  i n  the o%ht.r two c e l l s  although 

t h e  a c t l v i t y  i n  the f ~ e l  so lu t ion  cell vas increased; and large 

decmtamfmation f a c t o r s  %rere obtained when a reagent  was heated 

for the f i m t  time and when the reactor  system was completely 

f i l l e d  fo r  the first  time. 

4 P Individual. Reagent Decointamiriatioix .__ 

Preliminary Water Wash, Nom of the eaz l i e r  water wsshes 

were sampled OF analyzed, and It is  so% Irio~cm -&a% Pissiosa pro- 

duc ts  they eomained * The last  pre3imimry water wash, before 

t h e  actual  decontamination w a s  s t a r t e d ,  contained fairly 1.arge 

amounts of cerium, iodine, and strc;r&im, aad sowe bariumj 

lanthani~m, and other rare ear ths  e 

and cerium remined  i n  the system, 

Large amouratx of s t ront ium 

P i s s t  35% H i t r i c  Acid, With the first  35$ n l t r i e  acid 

(No. 1) wash, decontamination factors  w e m  2.25 f o r  the f u e l  

solut ion c e l l  and about P for $he a t h e r  kwo ce?,ls, T M s  indicates  

that either t h e  other two eelas were not decontmimted by n i t r i c  

acid or s ufficiext eontamination was transferred i n t o  them from 

the f u e l  solut ion eel1 to maintain t h e i r  s e t i v i t y  nearly constant e 

This reagent rem.oved approxima%eEg lQQO _.- curies each of barfiam, 

lanthanum, and c e r i y ~ ~  together with s lignificant, amounf;s o f  

strotn%ium and zirconium. This  represents aEmo& eo 

of basPi;m aaad lanthnutri, Except f o r  z i r e o ~ ~ i u m ,  them are the 

f i s s i o n  products niost, l i ke ly  to preelpftate i b - 4  the -HRF: sys%em. 

- 

_ - _  

T i e  ~ O - ~ / I I P  reading of WE 25-d sample taken j u s t  before 

the n i t r i c  aeid was dumped (Table 1) fs more khan 10 times that  

of a.ny other  reagent, probably beesuse of the high g x m  a c t i v i t y  

of the  Ba 

g a m  radia t; ion e 

140 _,I40 
p a i r  and t h e  high ~ n e r g y  o f  the lanthanum 
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The n i t r i c  acid may have dissolved 8 o w  of the corrosion 

scale, since it W ~ B  pink when removed fmm the reac tor .  

S.later Wash Following Ffrst  355 Bi%r:lc Acid, The water wash 

(Hao. 2) that  fsl.itawed the first 35% nitr3.c acid remove4 signifi- 

cant amamts of z I r@o~%im,  miobirm, and ruthenium. Apparently 

diltxte acid,  formed by the water wash plus the concentrated 

seitrlc acid heel, w a s  more effectitre than concentrated acid f o r  

t hese  f i s s i o n  products, 

other acid treatments were a l so   ore e f f e c t i v e  f o r  niobium and 

zirconium than the acid so lu t ion  was, 

The water washes @IDS. 9 and 15) following 

The solution contairaed a s m d l  ~ M I C W A ~  of suspended solids 

when removed from the system. 

F i r s t  576 @Nitric. Acid, The first 5% n i t r i c  acid ( M a  8 )  

Greatmernt produced marked charages i n  all ce l l  r ad ia t ion  levels,  

nearly doubling the level i r a  %he fuel solution c e l l  halving 

it; im the seeentor and heat excharnser c e l l s ,  

the fuel soPution cell may have resu l ted  from a transfer of 

a c t i v i t y  into the cell., possibly from solids deposited on %he 

f f l te r ,  or merely from some of %he s o l u t i o n  being l e f t  i n  %he 

cell near the probe when the system w a s  drained, 

The high reading in. 

Large amoun%s of cerium, zfrcorsiurm, strontium, arid t r iva len t  

rare ear ths  were removed by this solution. The presence of such 

eas i ly  removed fission products 8s trivalent rare eartizs at th i s  

&age of' deconlaminatlon suggests that a new source of f i s s ion  

products WEW contacted, for example, a plugged tube 

T"h5 used stalution contained large amounts of sol ids  t h a ;  hsd 

the appe~~rca~ce 02 (ardimrg i ron  r ~ s % j  t h i a  m%erial ms also 

found f n  a l l  subsaque& reagents In smalker amomts, It is 

possPble %hat the di lu te  n i t r i c  a c i d  reacted w i t h  and loosened 

p a d  of the C O P ~ O E I ~ ~  film, which carried large amounts of radio- 

activity; and it was the transfer of %best? solfds, first to the 

f u e l  soEutfara c e l l  and finally oat of the system, t-bt caused %he 



changes i n  cell readings. The presence of t h i s  material ,  also, 

indicated t h a t  a plugged tube somewhere i n  tlie system m y  have 

opened. It i s  apparent t h a t  the decontarniuating reagents did 

a t t a c k  the corrosion f i l m ,  but a f t e r  LZle decontamination was 

completed, there  w a s  s t i l l  a f a i r l y  heavy oxide e;ta”iing on the 

inner surfetce of the system. 

P f r s t  Eea ted  Solution. The water wash (No. 8) foU.oving t h e  

f irst  ?$ n i t r i c  ac%d tsea%mnt was the f i r s t  reagent t h a t  was 

heated. 

1.62 i n  the  f u e l  so lu t ion  cell, and 1-33 i n  the heat exchanger 

c e l l .  

Decon-kmiination f a c t o r s  were 1.38 i n  the reac tor  c e l l ,  

F i r s t  Reagen-k That F i l l e d  the Fuel Solutioy1 Cel l  Equipment.. 

The f i r s t  reagent t h a t  f i l l e d  the equipment i n  the? f u e l  so1.ution 

c e l l  w a s  the second 35% n i t r i c  ac id  so lu t ion  (No. L i t ) .  

reagent a decontamination factor of 1~64, larger than any a f te r  

the f irst  n i t r i c  acid treatment, w a s  observed i n  the f u e l  so lu t ion  

c e l l -  Since some of the apparatus i n  t h i s  c e l l  had not previously 

been contacted with decontaminating reagents , the  increased decon- 

tamination was t o  be expected, 

With t h i s  

A l k d i ~ e  -Tartrate -Perox.ide. Decontamhation f a c t o r s  only 

s l i g h t l y  greater than 1. were obtained with alk8line-lai-trate- 

peroxide (Nos 3 amd 10). However, the  l a r g e r  decontamination 

f a c t o r s  observed with the  o ther  reagents were obtained only when 

some p r e c i p i t a t e  o r  contaminant %ha% could e a s i l y  be remved w a s  

dissolved. 

reaoved contaminants, it w a s  more e f f e c t i v e  fo r  niobium, and the 

second treatment removed about as much as the f i rs t .  It t h u s  

contributed siglif i can t ly  t o  the overall. decoaataminataioa even 

though Zrg54!Ibg5 was o r i g i n a l l y  only a sml-1 faac%ion of the  t o t a l  

contaminat ion a 

Although l e s s  e f fec t ive  than n i t r i c  acid f o r  e a s i l y  

-Last 5% N i t r i c  Acid, The Last 5% n i t r i c  ac id  (No. 20) did not 

remove much a c t i v i t y ,  bu t  most o f  t h e  f i s s i o n  producS;s hacl alreaay 

been removed from t h e  system by the time of t h i s  %seatmeat. 



4 2 Overall  Decontamination 

The o v e r a l l  decontamiaation f a c t o r ,  including decay, w a s  20- 

The decontamination f a c t o r  due t o  the reagents alone w a s  22, 

probably about 15. Since c e l l  a c t i v i t y  l eve l s  were low enough 

after the  las t  5% n i t r i c  ac id  wash f o r  d i m a n t l i n g  t o  begin, the  

reac tor  was washed with water t o  remove the  ac id  and dlsmantling 

was s t a r t e d .  

continued treatment,  but probably only with d i f f i c u l t y  and with 

removal of more of the corrosion f i l m .  

Further decontamination could have been achieved by 

The gross be t a  and gamma a c t i v i t i e s  of the f u e l  decayed by a 

f a c t o r  of about I..? during the  month of decontamination. The 

l i m i t i n g  a c t i v i t y  a f t e r  decontamination was Zr95-Hb959 so  tha t  the  

h a l f - l i f e  of the remaining contamination w a B  between one and two 

months 

It i s  possible  t h a t  decontamination of the port ions of the 

c e l l  t h a t  were t r e a t e d  with the  reagents w a s  greater than indicated 

by the  decontamination f a c t o r s  obtained, 

tanks a t  the  bottom of the f u e l  c e l l  undoubtedly resulted i n  higher 

r ad ia t ion  readings than would have been obtained from the  decontami- 

nated equipment alone. Also, the  bottom part of the fuel so lu t ion  

c e l l  and a l l  the equipment i n  it h%d apparent ly  been contaminated 

on the  outs ide and w a s  t he re fo re  n& properly decontaminated by the 

reagents.  The cont r ibu t ion  of t h i s  r ad ia t ion  t o  the c e l l  a c t i v i t y  

readings w a s  only a small f r a c t i o n  of the t o t a l  a% the  beginning of 

t h e  decontamination, but it may have been a s i g n i f i c a n t  proportion 

a t  the  end, after the  c e l l  a c t i v i t y  l e v e l s  had been reduced. 

Radiation Prom the  dump 

Specimens of types 347 and 3OhL s t a i n l e s s  steal, zirconium, and 

of t i t an ium and type 347 specimen holders were h. the reactor during 

operat ion and decontamination. When removed, the s t a i n l e s s  s t e e l s  

*Extensive s tudies  on the  nature and ex ten t  of corrosion were 
made by t he  Corrosion Group of tbe Reactor Experimental Engineering 
Divis  ion ORML . 

)c 
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were covered with a f a i r l y  heavy, loose ly  adhering rust-colored 

deposi t ,  with no evidence of the  blue-black oxide coating t h a t  

forms on stainless s tee l  under ERE opesating condi t ions,  The 

holders had an a c t i v i t y  of about 25 r/hs/cra2 at; near ly  contact 

by cut ie-pie  measurement. An alternate trcatmut w i t h  35$ n i t r i c  

ac id  and a lka l ine  - t a r t r a t e  -proxide gave a decontamination factor 

of only l,l per cycle.  The zirconiam and t i t a a i i m  were covered 

with a uniform oxide f i l m ,  blue colored on zirconium, vhic'n showed 

no evidence of a t t ack  by the decontaminatiag rsagarn-ts. Electsoly-tic 

descal ing decontaminated the type 304L s t a i n l e s s  s teel  by a f ac to r  

of 80 but t he  o ther  metals only s l i g h t l y .  

ac id  decontaminated the type 347 s t a i n l e s s  steel holders by a. f a c t o r  

of 100 - without ser ious corrosion- 

descaling so lu t ion  showed t h a t  more than 99$ of  the a c t i v i t y  r e m i n -  

ing i n  t he  sca le  on the  metals except zirconium after the  decontarni- 

nat ion of the  REG3 system w a s  due to Z r  95-~395 e 

contained some cerium* 

&sca l ing  wLth 1$ oxalic 

Analysis of t h e  e l e c t r o l y t i c  

 he zirconium scare 

The corrosion specimens were locaked a t  each. end of an  elbow 

between t h e  core and the  heat exchang2x i n  Lke fuel c i r c u l a t i n g  

system. The specimens were rectangular  sheets  mounted p a r a l l e l  t o  

the f u e l  flow, across t he  diameter of type 34rq s t a i n l e s s  steel sleeves 

t h a t  s l i pped  in to  the  ends of t he  elbow. One s e t  w a s  i n  the system 

throughout operat ion and decontamlaaation, and the other only during 

operation with the l a a t  fuel solut ion,  which w a s  f o r  most of the power 

operation, and decontarnimtioa. Since they were i x 1 (  t'nc heat exchmger 

c e l l  r a the r  than t h e  reac tor  cell, they were exposed only t o  the  

delayed neutron f lux of the fuel. The scale on the specimen. holders 

w a s  heavier and t h e  r ad ioac t iv i ty  per  u n i t  area was about five tirnes 

that of the type 347 specimens, bu t  the r e l a t i v e  amounts of fission 

products were the aarne on a l l  s-tainless steel samples, The higher 

s p e c i f i c  a c t i v i t y  of the holaers may have been dm t o  a bower f l o w  

ve loc i ty  around the edges of t h e  pipe than LE. i t s  i n t e r i o r ,  



The electsolybe fo r  $he descaling > T ~ B  5% su l fu r i c  ac id  inhibited 

wfth Whodine-77% 

the  sezmpS-es were brushed w d e r  water Lo remove any loosely 8dhering 

scale, The radioactivity level  of' each specimen T ~ B  measwed with 

a eutle-pie before and a f t e r  %he descaling, %ad the amounts of f i ss ion  

products remved by dascaling were determined by standartl radiachenfcal 

analyse 8 e 

After current hsd been. passed for  a f e w  minutes, 

Chemical. Desealing of Boldem e A decaataminatisn factor of  %he 

order of 100 w a s  obtained by chemical descaling; the -time and 

temperature r e q u i n d  f o r  %hfs amaunt of decontamination varied w i t h  

the reagento 

of the order s i  PO0 were obta-lned in about 30 hr ( P i g .  2), 

af" deeon%amin&ion was roughly proportional. to the oxalic acid camera- 

t r a t fon  up 'bo about 5$, the  highest  concentration t es ted .  

decontamination was obtained w i t h  L O O  M hydroek90ric acld---l,4 I4 

sufwic acid-0.2 14 'hydrogen peroxide inMb-Eted with alkyl pyridines 

BB ZE 3 to 5 kr at is, a f e w  minutes with concertrate3 su l fu r i c  

acid at L7Q°C; and in 6 days w i t h  .3-a reageant (348 hydrofluoric acid 

io XI$ n i t r i c  acid)  at room temperature. 

~ i t t l  1% OXZCLLC acid at RO'C, decontamina5ion fs,etors 

The rate 

The same 

- 
- 

2 A piece of n specimen holder (about 120 CEL~ sixTace area)  that 

khad been trea%ed for a week w i t h  15 aml ic  acid at. abou% 70°C show?d 

s o w  corrosion, but microscopic exz~min&Ean showed it t o  be a more 

36- Work of A -  Ita OZsen, Reactor Eqer immxtak  Engineering Division. 



Table 2. Decontamiaation of" BRE Corrosion --- Specimens 
__1_- 

by E lec t ro ly t i c  Descai _.-. inga 

Set l" 

347 stainless 
steel  

Ti 

Z r  

304L s t a i n l e s s  
s t e e l  

T i  

1700 
4600 

1600 
1500 
1850 
1850 
1400 

3400 
3 7-00 

900 
1050 

800 
1000 
1150 

a Descaled e l e c t r o l y t i c a l l y  i n  5$ s u l f u r i c  ac id  inh ib i ted  w i t h  
Rhodine-77. Headings given. are average for the two s ides  of speci-  
met? 0 

bCutle-pie reading at about 0.5 in .  through several t h i c b e s s e s  
of  aluminum f o i l  which absorbed beta r ad ia t ion ,  

C 
Set  1 remained i n  reactor throughout operation and dscontarni- 

nation; s e t  2 vas i n  the  system only during operation with -the lant 
f u e l  solut ion,  which, was for most of the power operalion, axad 
decontamination. 
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Fig. 2 .  Corrosion Rate and Decontamination Factor of a Portiori of Type 347 Stainless 
Steel Corrosion Specimen Holder from HRE, Decontaminated with 4 %  Oxalic Acid at 80OC.  
Total surface area = 9 cm2;corrosion rate = O  0 3 3  mg/hr (0 .0017mi l /h r ) .  
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general  a t t ack  t h m  the intergranular  corrosion obta imd with 

strong mineral acids, I n  t h i s  e-xperimant deeontanination f ac to r s  

were 10 i n  1 day, ’25 i n  2 days, 60 i n  3 days, mid 160 i n  7 days, 

For lmge-scale use, oxa l ic  ac id  wou1.d probably be preferred t o  

mineral acids, although requir ing more t i m  f o r  &he same decon- 

taminab,lon, because of being less corrosive.  ln addi t ion,  the  

oxal ic  acid could be destroyed by hea t ,  and t h e  fission produc.t;s 

concentrated i n t o  a smil volume f o r  lower cost  s torage ,  

! j e 2  B s e a l i n g  of  Unmodified Film 

The oxide f - f l m  i n  t he  HRE had been modified considerably by 

t h e  decontamination treatment a In order t o  i nves t ig i t e  t h e  a b i l i t y  

of  o x a l i c  ac id  t o  deseale t he  unmodified corrosion f i l m ,  parts of 

art in-pi le  corrosion loop were contacted with 5% oxal ic  acid a t  

80°C for 30 hr. 

from paAs of t he  IgRF: system, The pa r t s  o f  the loop vere a l s o  

decontaminated from f i s s i o n  products, bu t  there W ~ B  a considerable 

amount of garma a c t i v i t y  remaining, r e su l t i ng  from neutron ac t iva t ion  

of chromium, i ron,  and cobal t .  Tn i t t a l ly ,  f i s s i o n  products COM- 

t r i bu ted  about 90% of the  gamma a c t i v i t y ,  and after tile desealing 

they  contributed only about 25$, t h e  other  75% being from chromium, 

i ron,  and cobalt, The most important fissixm product Contaminants 

were niobium and zirconium, but t he re  were also some ruthenium and 

a very little cerium. The decontamination and corrosion measurements 

were not completed, but the deeormtamina.tion f ac to r  fo r  f i s s i o n  product8 

appeared t o  be near 40 and the overall corrss ion between 0,P and 0.2 

m i l  0 

The sca l e  w a s  removed, although more slowly than 

The ac t ion  of oxal ic  ac id  appeared t o  be qu i t e  d i f f e ren t  from 

that of mineral acids .  

t he  scale  but  rather remove a layer under it, permitt ing it t o  f a l l  

off and leave a br ight  metal surface. With oxal ic  acid,  however, 

the red oxide i s  sPowPy replaced by a gray Coating which remains on 

the  surface. Some so l id s  f a l l  off  the surface and are not dissolved, 

The mineral acids presumably do n o t  dissolve 



This gray oxide WELS Ident i f ied  as y-Fe 0 by e lec t ron  d i f f r a c t i o n  

emminatqion.* 

type 347 s t a i n l e s s  steel exposed t o  hot oxa l ic  ac id  snd i n  a piece 

of the  corrosion specimen holder t h a t  was dcscaled t7ith oxa l ic  acid, 

Another pa-ttern observed with the l a t t e r  oarxple -is not a k~otm p a t t e r n  

of the  const i tuents  of stainless s t ee l  o r  of uranium and was mot 

idelz”ciPi.sd. 

2 3  
The same diffract ion.  p a t t e r n  was observed i n  nev 

5.3 Contamination on Specimens and Bolders Removed from the IXIE 

Results of  analyses of the e l e c t m l y t i c  descaliug so lu t ions  

showed that the r a d i o a c t i v i t y  i n  the sca le  on each metal except 

zirconium af ter  the mild decoz:tamination waa p r a c t i c a l l y  all due 

t o  Zr95-b%95 (Table 3 ) .  

zirconiiim, No eTridence was found f o r  neutron a c t i v a t i o n  of the 

metals. 

5/S, a value considerably higher than the equilibrium value obtained 

by zirconium decay. On t i tanium and zirconium metals, however, the 

ITb/Zr r a t i o  was about 1 .5 ,  approximtely the t h e o r e t i c a l  -value f o r  

the ERE f u e l  a t  the time of ana lys i s ,  It therefore appears that the 

corrosion f i l m  on zirconium and t i tanium i s  r e l a t i v e l y  imperwfous 

t o  attack by decontaminating reagenzs. On the other  band, the 

corrosion f i l m  on the s t a i n l e s s  s t e e l s  i s  more open t o  a t t a c k  by 

the  decontaminating reagents , resul-cing i n  s e l e c t i v e  removal o f  

sirconinn. 

s teel  specimens, about, 1% of the calculated amount of niobium 

produced by t h e  HBE and 0.3% of  the zlrconium w a s  l e f t  i n  the  system 

(about 10 

the specimen holders,  about f ive times as much was l e 9 t  i n  the system, 

There w a s  dome cerium contamination on the 

The m/Zr a c t i v i t y  r a t i o  on the stainless steel  w a s  aboxt 

On the  basis o f  the a c t i v i t y  on t h e  type 347 s t a i n l e s s  

5 2  em. surface area), and, Qn the  b a s i s  of the activity on 



Table 3. Fiss ion Products Removed by Electrolytic &scal ing 
of Corrosion Specimens a 

Specinen 

zr 

Ti 

3042 stainless steel 

347 stainless steel 

Act iv i ty  x lom7 

5.8 

18.2 

17.9 

36.5 

204 

774 

987 

Fereeatage of Total 

Zr 

40.1 

38.0 

16.6 

17.2 

i 

! 
55.3 1 4.4 

61.7 1 0.1 
I 

82.3 0 .k 

0.2 

0.2 

0.1 

0.1 

aAvesage amount of ffssion product removed from each sample of the  particular metal 
(92.7 cm 2 area). Ruthenium was not determined because of' an accident in sample preparation. 
The ruthenaim contributiori was probably not more than 1 OF 2$ of .the t o t a l  a c t i v i t y .  
Agalyzed 5/20/54 e 



6 .o DISTRIBUTION OF THE HBE-PRODUCED FISSION PRODUCTS 

O f  the  f i s s i o n  products found by ana lys i s  of the KFEE f u e l  and 

decontaminating reagents,  most of t he  cesium and of the  t r i v a l e n t  

rare earths except cerium and lanthanum were i n  the fue l ;  about 

half the cerium and strontium and aos t  of the zirconium, niobium, 

ruthenium, iodine,  barium, molybdenum, and lanthanum were io  the 

decontaminating so lu t ions ,  The grcss beta a c t i v i t y  of‘ a11 spent 

decmtaminating so lu t ions  was less than  that of the f u e l  a t  the 

same time, but  the gross gam a c t f v i t y  of several wag higher,  

which ind ica tes  the tendency of gamma-emitting f i s s i o n  products t o  

p r e c i p i t a t e  from the c i r c u l a t i n g  fuel so lu t ion ,  

only s t rong gamma-emitting f i s s i o n  product found i n  the f u e l ,  

a small f r a c t i o n  of t h e  plutonium formed was found i n  the  fuel, 

I n s u f f i c i e n t  data were obtained t o  determine the d i s t r i b u t i o n  of 

neptunium and of t e l lu r ium and o ther  short- l ived f i s s i o n  products,  

Cesium was the 

Only 

Slnce t h e  f i s s i o n  products i n  t h e  f u e l  removed from the  reac tor  

a t  the end of operat ion were determined a t  various times and long-  

time decay correct ions are d i f f i c u l t  t o  make, mter iz , l  balances were 

ca lcu la ted  from analyses of the spent decontaminating reagents and 

of  two f u e l  samples taken from the r eac to r  during operation (see 

a,ppendix for deta i l s ) .  

found i n  these so lu t ions  were campsred with t h e  amounts calculated 

t o  have been produced during operat ion,  Material balances were 

witinin +XI$, wh-lch i s  about t h e  bes t  that can be expected mder 

such conditions,  f o r  cesium, cerium, and the t r i v a l e n t  r a r e  ea r ths  

except cerium (Table 4) (I Ruthenium, niobl’.um, and molybdenum balances 

were lcw, Balances for the other f i s s i o n  product determined w e r e  

around 5O$, 

f a c t s  : 

The SUMS of the amounts of  f i s s i o n  products 

The low balances my have been caused by the following 

1. The two samples may not have been a t  equi l ibr ium when 

removed from the reactor, 

t o r i e s ,  and some of t h e  discrepancies  may have r e su l t ed  from 

They were analyzed in  d i f f e r e n t  labora- 



T r iRE 
except Ce 7 

Ce 

Z r  

Nb 

SP 

MO 

cs 

I 
---.--- 

14 

64 

43 

45 

20 

11 

5 i+ 

34 

P-W 

0.1 

45 
-------- 

70 

44 

4 

c i  

-1 

0.4 

- 2  

1 14 

9 

120 

I? 

aSumai;lon o f  'die percentages of the ealcul.a'czd m o u n t s  of  f i s s i o n  
products i n  a l l  decontaminating r c a g ~ n t s .  

%arj um analytical values i.1 the t"1-v.1 varied gmat ly ,  appearing 
t o  increase w i t h  t i m e .  



differences i n  a n a l y t i c a l  techniques. 

2. The vol-vtmes of the spent decontaminating reagents were 

not measured accurately and no acco-mt was taken of the heel  left 

i n  the  system each time a so lu t ion  ;ras dumped. 

3 .  Sml l -  amounts of s o l i d s ,  s imi la r  t o  the eolcroslon sca le  

i n  the  decontarnimtiag reagents,  were suspended i n  the f u e l  and they 

carried about RS mv.ch ruthonium, barium, niobium, and zirconium as 

t h e  f u e l  so lu t ion  d i d *  These s o l i d s  were difficult t o  dfsso lve ,  

and the leaching procedure f i n a l l y  sdopted may not have removed a l l  

the f i s s i o n  products from t h e  s o l i d s  before the solut ions were 

analyzed, 

4, Vola t i le  f l s s i o n  products may have l e f t  the solut ion during 

operation. A m i s t  trap i n  the KRE gas system caught large amounts 

o f  v o l a t i l e  f i s s l o n  products, notably the rubidium and strontium 

daughters of krypton. Other isotopes may have been l o s t  i n  the same 

m y ,  including daughters of xenon and possibly ruthenium and iodine 

5 .  The s;.lmples may not have been representat ive.  

6. Some zirconium and niobium remined i n  the  reac tor  after the 

decontami.lm t ion  * 

Barium appeared t o  increase with t i m e  1x1 the f u e l  samples, 

ind ica t ing  t h a t  barium s u l f a t e  may have dissolved slowly upon 

standing. Lanthanum w a s  nl:\rays fovnd wi.-th barium, probably as a 

r e s u l t  of barizm sulfate p r e c i p i t a t i n g  i n  %he system and partially 

decaying to lanthanum, which could not escape from the c r y s t a l  until 

t h e  barium s u l f a t e  was dissolved. 

The low percentage of cerium i n  the decontaminating reagents 

compared t o  t h e  o ther  rare earths would not  have been expected. 

Although it i s  the least soluble r r r e  e a r t h  i n  the t r i v a l e n t  form, 

itfi sol .ubi l i ty  pt-abably was not  reached i n  the HRE- However, the 

relative ease of i ts  oxidation t o  %he t e t r a v a l e n t  state and subseqiaent 

hydrolysis may have affected i t s  d i s t r i b u t i o n .  
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The behavior of molybdenum a.nd i t s  daughter, technetium, was 

of some i n t e r e s t  because o f  the possible  high neutron cross -section 

of technetium. 

~ F O S  s a c t i v i t y  before the decontaminating re8gents cou1.d he analyzed, 

arid on ly  a.bout 30% o f  t h e  calcul.nted amount of molybdenum vas  found 

i n  the fiiel.. The ca lcu la t ions  f o r  such a. s h m t - l i v e d  isotope as 

molybdenum are subject; t o  large e r ror ,  and analys is  f o r  technetium 

i n  such so lu t ions  i s  d i f f i c u l t  because o f  i t s  low speci.fic a c t i v i t y  

compared t o  the gross a c t i v i t y  of  the  ERE soLutioaas. However, 

indicat ions were t h a t  the  a.rnmm't o f  technetturn i n  the  fue l  was a t  

l e a s t  10 times t h a t  i n  the  decontaminating reagents 

Molybdenum had decayed t o  a sad1  f r a c t i o n  of the 

A l a rge  proportion o f  the plutonium produced by the IZ3.E was 

found i n  %he decontaminating reagents ,  The exact amount of plutonium 

produced is difficult 'co calculate because of t he  neutron energy 

spectrum of the reac tor ,  but i t  was calculated t o  be 74 mg (11 mg by 

tbermal capture and 63 mg by resonance capture)  on the b a s i s  of 660 
i'4w-h~ o f  operation.* In all so lu t ions  the amounts iwaswed as 

o n l y  a few counts pes  minute of activity, and determinations are 

therefore subjec t  t o  considerable error.  About 20% of t h i s  t 'neoretical 

amount of plutonium w m  found in. the f u e l  (11-8 mg i n  so lu t ion  and 

3 .k mg jn f u e l  s o l i d s ) .  

i n  the decontaminating reagents 

Seventy-six milligrams of plutonii.im was found 

Gaseous precursors  if of s u f f i c i e n t l y  long half-life, coul-d 

decrease the f i s s i o n  products i n  %he systein. The water from the gas 

recombiner could be the source o f  a f a i r l y  pure f r ac t ion  of fission 

products Daughters of gaseoias precursors v i t h  h a l f - l i v e s  long 

enoqfh t o  bc ca r r i ed  from the f u e l  system in the  gas stream--but 

short enough t o  decay before reaching the r e c o r a ' o i n e r - c o n d e n s e ~ ~ - ~ ~ ~ y  

dissolve i n  the condensate,  

*personal comiunicat,iov from P. M. Wood, Reactor Experimental 
Engineering Di vi s ion, OKNE 
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Many f i s s i o n  products i n  a homogeneous reactor w i l l  remh a 

salubllily l i m i t  and precipi ta te  in the  f u e l ,  f"w example, the 

rare emths9  barium, and strontium, Resul'cs of the decontamina- 

tion skudies  cm t3e BEE indicate t h a t  other  fission pmdmts- 

notably Z IL~~OMIURI~  nicblum, ruthenium, and iodine-wi3J- pmkjRb%y 

have ~a;1u%lsn, e i t h e ~  precipi ta t ing or adsmbing 93 t h e  wa3.l~ of 

the equipment. Th i s  laL%er group m y  be t i e d  s~p  w l t h  the ~ o ~ ~ ~ s i o n  

f i l m ,  which, apparently, continmuously flaked off stainleas steel  i n  

the ERE, where operation wad intermit tent  e A l l  these ~ I B E I ~ G ~  products 

w i l l .  probably be found in large q u a n t i t i e s  E n  the s o l i d s  removed from 

the KFG f u e l ,  Cesium SE the only BEE csmsi8ered here k h a t  w i L 3  almost 

ce r t a in ly  stay la: SoPutiotb in %'he fi~eZe9. 

some quant i ty  less than that. expected Yapom the fission yield, the 

~ ~ G U X I ~  being determined by sslubili-sy, adsorption, v ~ k a t l l l z a t ~ i s ~ ,  

or any process by which fission p.mducts can be removed Prom the f u e l ,  

The others will bui ld  up t o  

The decon-bamimtion achieved l :2  t he  KRE my not be suf%icieu+t 

fo r  decontamination of a large reactor system f o r  miatenance ssp 

niodificatiola. 1% ia doub%iU tha t  appreciably mare deeoatamiaatim 

could be achieved wilhoiat. deacaling t he  system, T"hezVefora -the whole 

problem of desealing and @orrosion resul t ing from desealing should 

be inves t iga ted ,  By descalfng the 3€E9 a, ~ e ~ O ~ t ~ ~ i ~ ~ ~ ~ ~  fac tor  of 

2000 instead of 25 probably could hsve beer, obtained. Oxalic acid 

solut ions show proraise with respect to decontamination and ease of 

storage,  but  ccrrosSon by oxa l i c  acid has not been invest igated -En 

detail. Until u98m is known about the corrosion problem, decontarai- 

aatfon wo-dd be Ifmfted t o  bhe same s o r t  of  psscedr~e  used %or tbe 

ELRE. This could probably be improved i n  effiicieney by wing  more 

n i t r i c  acid -t;raatments a t  first to dissolve any fission pmduct 

precipi ta tes  that; my be in %he system, ~(uc:h as rare earth8 ana 

barium, w%ii n f t r i c  ac id  bas little effect, T?xn alkaline tartrate- 

pea-uxfde should be wed aPtermtePy w i t h  n i t r i c  acSd in tb.e hope that 

it might rep118~e ~ o m e  of the n i o b i w  and z S ~ c v ~ i u m  l e f t  In %he sptea,  
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In  the  R” there  nlay be only sma1.1 amounts of fi .ssion product 

p rec ip i t a t e s  i n  t’ne reac tor  system since,  unlike i n  the Hm, so l ids  

w i l l  be eontinuously remov9d from the f u e l .  

For B homogeneous power r eac to r  the problem of decontamination 

would ’oe  ore concerned with time. shutdown of a 

100-Mw power s t a t i o n ,  because of equipmelit faTlua-e, would cost 

about a quar te r  of a mill ion d o l l a r s  pe r  day j u s t  f o r  replacetaeat 

of the power normally produced. Thus, t he  system must be repaired 

immediately, and n decontamination treatment would bc used only i f  

it could effect a large reduction i n  r ad ioac t iv i ty  i n  a few hours, 

at most. 

nat ion treatment euch as t h a t  used f o r  the HkW could not be considered. 

For example 
ti”. 

I - 1 :  

- 1  

c : r i  

The only hope o f  t h i s  would be by desealimg. A decontami- 

In a few preliminary scout ing experiments t o  dekemixae what 

might be expected i n  the Rl3.3, the  most important i n i t i a l  contaminant 

on type 347 s t a i n l e s s  s t e e l  coupons exposed t o  %Ill3 f u e l  af; room 

temperature w a s  found.  t o  he iodine; Zr9’4?bF5, rutfx1enium, and, i n  

one experiment, cesium were a l so  present  i n  significant amo~mts 

No evidence of any r a r e  ea-rth other  than cerium vas found. Gross 

g a m  decontamination f ac to r s  f o r  the first treatment of the  coupons 

were about 10 w i t h  alkaline-taptrate-peroxide f o r  a day and It with 

nitr-lc ac id  f o r  a few hours; factorei dropped t o  1-2 i n  subsequent 

treatments wlth any reagent.  

followed by a l ~ l i n e - t a ~ r a t e - p e P o x i d e  gave a gross gamma deeontami- 

ntxtion factor of about 3-00. 

Three cycles with 8 M n i t r i c  acid - 

For the experiments l-cm2 coupons of type 347 sta-inless s tee l  

were immersed a t  room terf ipmture i n  a sample of HRE f u e l  so lu t ion  

withdrawn from the reac tor  vhile it w a s  operating, i n  early Febrimry, 

1954. After being i n  the s o l u t i o n  f o r  one t o  three days, the eoupotts 

wexe renoved, r insed w i t h  water, and then imersed for  various lengths 



of time in  5% n i t r i c  acid,  35$ nit .r ie acid,  ?$I oxal ic  acid,  o r  

10% sodium hydroxide -1 5% sodiiiim t a 9 x a l e  -l. 5% hydrogen peroxide. 

The r ad ia t ion  leve1.8 were determined with a c u t i e  pie or a scin.ti.1- 

Lation spectrometer a f te r  each treatwmt, and tPbe eougoa was there 

immersed in one of the other  reagents, 

F O ~  removing iodine,  n i t r i c  ~ - - d  W B ~  the z n ~ s t  emxtri7re reagent, 

and there w ~ ~ t s  l i t t l e  difference betrlecvl 5$ and 354 .  

decontamiria t ion.  The a l ~ a l i n e - t % r t ~ ~ a ~ e - p ~ ~ ~ ~ i ~ ~  reagent gave poor 

iodir,e decontamination s;f%er the f i r s t  treatment e 

?later gavt? some 

For removal o f  ,r954b95, alte;:nate treatmeat w i t h  37% n i t r i c  

ac id  and alkaline-tartrate-pePoxide waa most effective.  Five percent 

nitric a c i d  was less eff‘ictem than 359. 

ruthenium decontamination factor was as Large as o r  somewhat larger  

than that of  Zrg5-YogS, so t h a t  rutlien-ium removal Tias never a 

ser ious problem. Cerium vas also remwed. wi%h l e s s  d i f f i c u l t y  t h m  

zirconium and nLobium I 

Vith a11 reagents the 



9.Q APPENDIX 

9 .I Counter Eff ic iency Factors 

Factors fo r  eonwesting counts per  minute (cpm) given by 

standard counting procedures t o  d i s in tegra t ions  per minute (dpm) 

fo r  a number of fisrsion products were supplied by S .  A ,  Reynolds 

of the Analyt ical  Chemistry Division, Oak Fidge Na-t ional Laboratory 

(Tables 5 and 61, The f a c t o r  i e  %he quant i ty  by which the eoiznting 

rate must be multiplied t o  obtain an approximate d js ln tegra t ion  

rate. For beta counts the counting rake referred t o  i s  t h a t  

obLained by making a mdiochemied. separation 

f i ss ion  product a c t i v i t y  on the second sheif OS the standard ORNL 

Geiger-MueIber be ta  countcr. For gamm c - , o ~ - t s  the  counting rate 

referred t o  is that obtained w i % h  an ana l f l i ca l  s c i n t i l l a t i o n  counter 

w i t h  a 5-g/cm lead absorber. The factor  includes geometry, self- 

sca t t e r ing ,  and absospt-ioea corrections. 

and count Fng the 

2 

The f ac to r s  for mixtures of fi-ssioa products (such as rare 
141 144 144 

earths @e -Ce -Pr , or  13.u'03-Buro6-B~106) depend upon bombard- 

ment and decay Lime .  The -PacZ;o-m f o r  such ernixturea were estimated 

from decay and absorption data. The errors i n  the f ac to r s  are not 

knom, b u t  RRE? probably ~10%  OXY than 10 to 15% f o r  such isotopes 8 s  

bariixnl, iodlne , strowrtim, and neptunium. These factors %JER rased 

t o  calculate tihe values reported in the tables oP this repor t  from. 

the  r e s u l t s  of radfochern:',cal analyses 

An approximte calculation was made on the Oracle or" t h e  amounts 

or" important f"issi0n products prodiiced i n  %he ERE tha-t; were present 

a t  various t i m s  after j - t s  shi~Ldown. A similar calculation 'a8 mde 

f o r  %he f i s s i o n  products i n  the two fuel samples removed from e'ne 

reac tor  before i t  w m  shut down, The ca lcu la t ions  were made 8 5  

follows ; 



- 27 - 

Several assumptions and approximations had t o  be made. Exarni- 

nat ion of the  FIRE log showed that i t ;  operated, fox the most p a r t ,  

f o r  several periods of a few day!: each and did not operate between 

these periods. 

8s i f  a l l  the power had been produced a t  the  median date of the  

period For short- l ived isotopes (those with ha l f - l ives  comparable 

%o the length of %he operating per isd)  and f o r  shor t  decay times, 

when suckr isotopes are inportant ,  t h i s  asswaption i s  c e r t a i n l y  a 

source of error, Most of the decay times of  irpterest were s u f f i -  

c i e n t l y  long t h a t  such short-l ived isotopes were not s i g n i f i c a n t .  

Ho~nlE*xvxr, i f  the problem should be done again, some of  t h e  longer 

operation periods, e s p e c i a l l y  toward the eu.d of the operation, 

should be broken up i n t o  smaller increments f o r  grea te r  accuracy. 

It was assumed that each period could be t r e a t e d  

There is  some question a s  t o  j u s t  how much of the HKE operat ien 

should be included i n  the  ca lcu la t ion ,  s ince it operated f o r  about a 

t e n t h  of" i t s  t o t a l  power with a d i f f e r e n t  f ie1  so lu t ion  from t h a t  

used i n  the la ter  work. The f irst  f u e l  became contaminated chemically 

and w a s  removed and processed early in 1953. A t  t h e  same time t h e  

reactor system was %horougUy washed, but it was not decontaminated 

t o  any great ex ten t .  Since th i s  operation was over a year before the  

times of i n t e r e s t ,  the  fission product contr ibut ion from t h i s  early 

period should be very smlB except f o r  long-lived f i s s i o n  products, 

of which the most important ( ce s im)  c e r t a i n l y  w a s  removed w i t h  the  

first f u e l .  For t h e  purposes of t h i s  calculat ion,  operation with 

only the last; fuel so lu t ion  was considered, The power values given 

i n  Table 7, which were obtained frem t h e  HHE records and may 'be low 

by 10 t o  205, were used i n  the ca lcu la t ions .  

The calculat ions were made f o r  the isotopes l i s t e d  in Table 8, 

using t h e  y ie ld  and  decay constant given. 
f o r  several  shorter l ived  f i s s i o n  products-Ce 143, Eu156 9 sm153, sm151 9 

In  addi t ion,  the constants 

Sr9', Y93f  Zr979 and 1133-.were coded for the Oracle and the 

amounts of" these isotopes w e r e  calculated. Calculation by t h i s  pro- 

cedure of such shert-lived f i s s i o n  product constants i s ,  however, 

subject  t o  barge error, and ?ion@ of these values are s i g n i f i c a n t  

except those f o r  f u e l  saraple 1 on February 4. 



Table 5.  C0unt.e~ Efficiency Factors f o r  Elemeats with Only One - 
Important Fiss ion  Prod.uct Isotope 

l_ll__ --LII---lll_ 

Isotope 

Ba-140 
cs -13 7 
1-131 

La -140 
Nb -95 
2 - 4 5  

Mo -99 
sr-89 
NP 4'3 9 

-. 
Beta Factor 

185 
26 

13 
12 
10 

Gamma Factor 

16.7 
5 * 2  
7 *Q 

2.7 
4.5 
4 97 

24 
-a_ - u I 

Table 6 .  Beta Counting Factors for Rare Earths, Cerium, Ruthenium -.I-_cL_ - ---J 

and Tellurium in RICE .-XI_ Fuel 

Date 
-- 

2/4/54 
2/12 

3 /1 

3 / 3 O  

4/15 
4/30 

5/15 
5/31 

Ruthen i urn - 
38 

38 
31 
24 

22 

20 

19 

17 

Ce r i im 

I 14 

14 
13 
12 

11 

I1 
10 

10 

--- 

Trivalent Raxe Earths 
except Cerium Te l l u r i m  

10 

10 

13 

3-3 
"I- 

--- 
I - m  



-- 

g2 

1 

2 

3 

4 

5 

6 
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Table 8. Yields ctnd Decay Coastants for  Same Fission Products 
-I__ 

Xsotope 

MO 
Ru 
Ru 

Zy” 
SI? 
SP 

I 
BEL 
Ce 

ee 
cs 
cs  

T 
Fr  . 
Nd 

Pm 
Pm 

A 

yu -̂ 

z 

42 
44 
44 

40 
38 
38 

53 
56 
58 

58 
55 
55 

39 
59 
60 

61 
61 

-.-- 

-------Le- 

Fisa  ion 
Y i e l d  

0.042 
0.037 
0.0040 

0.0677 

0.0610 

o .0297 
o .0607 
0 * 046 

0.0576 

0 0619 

0 ~ 6 2 4  

0.026 

0.026 
0 .on64 

0.046 

0 e 00006 

0,061 

I_ 

2-79 
39.8 

345 

65 
53 

7,300 

8.14 
1 2 n e  
33.1 

282 
13 

13 7 500 

57 
13 a 7  
11 e 3  

950 
48 

Decay Coaiatant 
(days 1 

0 248 
0.0174 
0.001y 

o .01066 
0,0131 
0.  oooogg 

0.0851 
0 .(I541 
0 ,, 0209 

0.00246 
0 90535 
o .os00513 

o -01216 
0 e 0506 
0.0613 

0 * 000729 
0 a144 

Since niobium d i d  not fit the specific Oracle code use it was 

calculated by hand f m ~ r a  the data of T a b l e  10. 

t o  be in equilibrium with BZL~‘’~ 

is much greater than that of barium, the activity of lanthaztum i s  

approximately 1015 time8 that of barim*?. 

L a n ~ ’ n a n . ~ ~ m ’ ~ ~  was assupbed 

Since the decay constant or“ lanthranm 

9.3 Detailed Tables o f  Data 
-_I - - . 1 _ _ _ . ~ ~  

Tables 9 through 14 are tables of detailed data, 
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Table 9. Fission Products Fourid i n  &contamination Reagents 

4/20 4/13 

18 0 .6 
14 0.4 

7.0 0.2 

18 1 .o 
10 0.2 
5 .0 0.1 
5.0 0.1 
15 0.4 
14 0.4 
13 0.4 

._....__--.-I_.I 

600 20 
800 18 

4/13 4/20 4/20 --- 
0.6 9.0 21 
0.3 5.0 25 
0.1 2.0 11 

0.5 1 ”!;! 1 !! 0.1 
0.1 
0.1 1.1 
0.4 4 .O 
0.4 5.0 100 
0.4 4.0 

18 
16 

I-- 

5 16 - 
0.04 0.6 3 .O 3.1 0.8 --- 

--- 0.1 1.4 5.2 2.4 0.7 --- \laterd --- 0.1 1.0 2.3 1-7 0.3 
20 3.6 0.1 2.7 8.4 2.8 0.7 

0.9 0.7 1.2 1.0 0.3 

!.!ate r 

--- --- Prater --- 

+he numbers were calculated from the  r e s u l t s  of etandard radiochemical analyses, which a r e  i n  uni t s  of 
counts per  minutt. p r  m i l l i l i t e r ,  by means of counter e f f ic iency  fac tors  tabulated i n  t h e  appendix. The 
niimbers i n  t h e  t a b l e  i n  LO7 d/m/ml a re  approximately equal t o  the  number of cur ies  of the  isotope i n  the 
e n t i r p  solut ion,  d i f f e r i n g  by a f a c t o r  of 0.91. The t o t a l  a c t i v i t y  of t h e  solut ion f o r  the 200-l i ter  volumes 
would be the number i n  the  tab le  x 2 x l o 5  x 107, o r  2 x 10l2 d/m/ml; a curie  i s  2.2 x l0lp d/m/ml. 

’Lanthanum was calculated from thp t r i m l e n t  rare e a r t h  ( T r i m )  garma count, asslrming t h a t  a l l  &amma 
a c t i v i t y  me due t o  lanthanum. 
represents a l l  the  rare ear ths  except cerium. 

The t r i v a l e n t  ra re  ear th  value was calculated f r o m t h e  be ta  count, and 

c l O $  sodium hydroxide --1.54 sodium t a r t r a t e  --1.5$ hydrogen peroxide. 

‘Keated t o  about lOOoC f o r  1 hr .  

‘Entire system f i l l e d  with solut ion,  t o  v o l i m  of  about 500 l i t e r s .  Otherwise, volume was 200 liters. 



I 

Gross 3 

b TriRE 

Ce 

except C e  

Lab 

Ba 

S r  

c s  

Zr 

m 
RU 

E 

MO 

Te 

‘ see ~ e c .  

I I 

18,000 

6 , 000 

--- 
410 

1,800 
--- 

50 
40 
20 

60 
3 
3 

I-- I --- I Gross 7 --- --- 
I 

9.2 f o r  rad ia t ion  history. 

I 75.5 49 
--- 

3,000 

1,400 U 

w 
Iu 

10 

I t 

270 

75 
16 
84 

8 
--- 
--e 

--- 

b~r . iva len t  rare e a r t h s  (including Isratharam, excluding cesium) calculated from beta  count; 

‘Range of  results calcula-ted. from Seta acid garam comts  = 44-101 f o r  z i r con im,  7-11 f o r  iodine.  

lalathanlam cezlculated from gamm. coaml 



Table 11, Fission. Products Found in Sol ids  and i n  supernatant of HIiE Fuel Sample 2 

I 

12 460 Gross p 10 

TriRE" 
except Ce 

Ce 

Laa 

Ba 

Sr 

CS 

Z r  

m 
Ru 

I 
MO 

Gross y 

Act iv i ty  (10'' d/m/ml) 

760 52 1 23 31 20 

6 000 

2,100 

20 

45 

69 

Vb 
11 

5 
LO 

0.4 

14 
13 

197 
1C 

o -8 

0.2 

10 

19 

5 

0.5 

6' 

3,380 
1,428 

9 
3 

278 

75 
1 2  

31 
1 

-e- 

-*- 

11 

71 
1 

7 
19 
0.5 

11 

25 
4 

&Privalent rare earth8 calculated from beta count, ( includes lanthanum) j lanthanum 

bRange of resu l t s  = 10-20; b e t s  and gamma counts di f fe ren t .  

'This m l u e  is unreasonably high and is probably i n  error. 

calculated from T r i p 3  gamma count. 

I 

w 
W 

I 
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Table 13. Calculated Amounts of Fission Pro&~c t s  Prodrrced by the ERE dusiag Total Operation 
I - ---._I 

Values given for various dates arter shutdown 

Isotope 

Ce -141 
Ce -144 
Total  

nc-gr 
Pr -143 
Hd -1-47 
Pm-147 
PE-148 
La-140a 
Total  

zr-95 
Nb -95 
Total  

RU-103 
HU-106 
Total 

Ba-140" 

SX-89 
Sr-go 
T o t a l  

CS-136 
CB -137 
To ta l  

1-131 

M-99 

-- 
3 /e 

3,800 

T p E  
6,000 
2 , boo 

670 
370 

2. , 500 
2,200 
13,000 

6,000 
7,000 

3,000 

3 t o o  
1,90Q 

4,ooo 

v 

2 400 

13,000 

140 

4,000 
120 

0.6 
66 

410 

19 

4/20 

2,400 
2,300 
5,000 

4,000 
700 
170 
3 70 

1,100 
670 

7 y 000 

5,000 
6 , 000 
l1,OOQ 

2,200 
150 

2,300 

580 

3,000 
120 

3,000 

66 
7% 

60 

0,2  

4 0.1 

- 
4/30 

1. p 900 

4,000 
420 
94 

3 70 
950 
390 

6,ooo 
4 000 
6,000 

f0,OOO 

1,900 
139 

2,000 

340 

2,800 

2,900 

66 
G 
30 

120 

0.1 

mm- 

&Lanthanum reaches equ i l ib r ium v l t h  barium. Values f o r  lanthanum are 

?/I 

530 
3. goo 

1 , 800 
18 
2 

3 50 
380 
14 

2,300 

2% 

2,600 

k$% 
640 
110 
Boo 
10 

1, 200 
120 

1,300 

66 
55 
<1 

e-=.. 

*-re 

..l5 times those for barium. 
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Date 

3 -4-54 

3 -5-54 
3 -5-54 

3-8-54 

3 -8-54 

3-9-54 
3-9-54 
3-10-54 

3-10-54 
3 -ar-54 

3 -11 -54 
3 -1 2-54 
3-12-54 

3 -16-54 
3 -18-514 

3 -18-54 
3 -18-54 

3-19-54 

- 
Aetfv i ty  (s/hr) 

Reat Exchanger 
CehX Reanasks 

Rinsed f u e l  system. No. 2, drained t o  
outer  dump tanks 

Condensate tanks full 

No, 3 r in se  completed and system 

~ o ,  4 rinse completed and system 

No, 5 r in se  completed and ~ 3 0  kg 

Condensate weight tanks f u l l  

No, 6 r in se  completed 

Condensate i n  inner dump tanks w 

Inner dump tanks full t 

drained; condemake i n  weight tanks 

drained 

i n  inner dump tanks 

I 

-4 

Iiea% exchanger c q t y ;  condensake in 
inner  dump tanks 

Rinse Eo. 8 completed 

Inner dump tanks empty 

Condensate i n  inner  dump tanks; rinse 
No. 3 completed 

160 kg of condensate i n  system 

160 kg of  condensate drained t o  waste 

200 l i t e rs  of 8 M mo 
HNO drained t o  w a s t e ;  system empty 

System r insed and rinse drained t o  
waste evaporator; system empty 
during masuremnt 

evaporator, system empty 

in system 
- 3  

3 



Table 14. (Coat inued) 

Date 

3-20-54 

3 -23 -54 

3 -24-54 

3-25-54 

3 -29-54 

3-31-54 

3-31-54 
4-1-54 

4-2-54 

4-5-54 

4-7-54 

4-8-5b 

Time 

2:30 PM 

12:30 PM 

a : p  PA 
1o:oo AEI 

12:15 PM 

11:oo AI4 

3 :30 PM 

1:OO PM 

2:30 PM 

12:OO Noor 

4:OO PM 

5:30 PM 

Act iv i ty  ( r /h r )  

Fuel C e l l  
Reactor I Heat Sxchanger 

Cel l  j Cell 
j 

104 

104 

98 
93 

85 

49 

33 

27 

27 

27 

22 

11 

Remarks 

200 l i t e r s  of a lka l ine  t a r t r a t e  i n  

Alkaline t a r t r a t e  drained; fuel system 

Systerz r insed with water and drained 

System r insed again with water and 

system 

empty 

drained 

System r insed with water again and 

7% %803 c i rcu la ted  f o r  r d 9  Snr and 

Rinsed with water and drained 

System r insed with a l k a l i n e  tartrate 

Rinsed with water and drained 

System rinsed with water and drained 

System completely f i l l e d  with 8 M HNO 

System conipletely f i l l e d  with k 7 ~ C e r  

drained 

drained 

and drain3d 

c i rcu la ted ,  alsd drained - 3 j  

and drained (461 l i t e r s )  

a 

9 f t  6 tn. 
Probe i n  fue l  c e l l  a t  19 ft 6 i n .  from roof of c e l l ,  i n  r eac to r  and heat exchanges cells a t  



Table 1 7 .  Radiation Survey of Component@ in Storage Pool after P a r t i a l  Chemical 

Decontamination and 9O-day Decay 

-- 

Component 
- 

lrlaia cf rcu la t ing  pump 

Fuel feed pmp 

Righ-pressure gas bleed 
valve 

Steamer pot ,  fed  by 
condensate from 
dump-tank steam 

Off-gas condenser, vapors 
from c a t a l y t i c  recorn- 
biner 

condevlsate from flame.. 
recombiner 

G a s  condenser, for steam 
from dump-tank evapo- 
r a t o r  

Fuel dump valve and 
at tached l i n e s  

Steamer pot,  f ed  by 

Flame recombiner 

Core -to-dwp-tank 

Core-to-dump-tank t h r o t -  

l e t  -down heat exchanger 

t l i n g  valve 

Ma An -heat -exchanger tube 
b Lmdle - 

Posi t ions 

Intake f langc: 
Discharge flange 
Impeller-housing 
Rear 

Discharge flange 
F i l t e r  
Check housing 

Low-pressure f lange 
High-pressure flange 
Top of operator 

Top of pot 
Middle of poi; 
Bottom of pot 

Top of conderser 
Middle of condenser 
Bottom of cozaenser 

Top of pot 
Middle of poi; 
Bottom of g a t  

Top (near t he  leak) 
Middle of condenser 
Bottom of condenser 

Rupture -disk flange 
Open l i n e s  on rupture 

Low-pressure f lange 
Top of operator 
High-pressure f lange 
Valve seat 

A t  spark plugs 
Middle of  recombiner 
Bottom of recombiner 

Top l i n e  

d i s k  

Top of operator  
Middle o f  valve 
Valve seat 
Low-pressm~ flange 

A t  U sectior, of tubes 

Reading 
Ir/W 

2 
2 
1 
3. 

0 ‘GO 
4 * 5  
5 
0.80 
0 ~ 7 2  

2.8 
0.80 

1 
0 -60 
0.70 

O,O4 

2 

1 
I 
1 

5 Q 2  
P,2 
1.4 

3 

2 * 2  
3 
1 
1 
4 
6 
0 *30 
l e 5  

3 

Shielding 

4-5/8 i n .  of a i r  
4-5/8 i n .  of a i r  
A t  contact 
4-5/8 in .  of a i r  

A t  contact 
4-5/8 i n ,  of a i r  
A t  contact 

A t  contact 
A t  contact 
A t  contact 

A t  contact 
A t  contact 
A t  contact 

At contact 
A t  contact 
A t  contact 

A t  contact 
A t  contact 
A t  contact 

A t  eontac t 
A t  contact 
A t  contact 

A t  corntact 

At contact  
A t  contact 
A t  contact 
A t  contact 
A t  contact 

A t  contact; 
A t  contact 
A t  contact 

Through LO in, 
of water 

A t  contact 
A t  conLact 
A t  contact 
A t  contact 

Through 13.5 in, 
of water 




