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ABSTRACT 

In the safety ana lys i s  of sodium-cooled r e a c t o r s ,  a  remaining 

a r e a  of significant uncer ta inty  h a s  been the fa te  of var ious  f i s s ion  

products  that  m a y  be r e l ea sed  to the coolant in  the  event of a fuel  

e lement  fa i lu re ;  that  i s ,  the d e g r e e  of the i r  re ta inment  in  the 

sodium, movement  t o  the  r eac to r  cover  ga s  s y s t e m  o r  deposit ion 

in  o ther  por t ions  of the p r i m a r y  s y s t e m .  During the recovery  

p rocedu re s  following the fuel  e l emen t  damage that  o c c u r r e d  a t  the 

Sodium Reac tor  Exper iment  (SRE) in  July 1 9 5 9 f j 2  the opportunity 

was provided f o r  obtaining such data  on a fu l l - s ca l e  ba s i s .  As  a 

consequence, the col lect ion and ana lys i s  of per t inent  informat ion 

f r o m  this  incident was  under taken a s  p a r t  of the  object ives  of a 

concur ren t  p ro jec t  which involved exper imenta l  investigation into 

the  solubility of c e r t a in  f i s s ion  produc ts  in  sodium. 
3 

Although the necess i ty  f o r  compatibil i ty with the r eac to r  r e -  

covery  effor ts  imposed  s e v e r e  r e s t r i c t i ons  on c e r t a i n  a spec t s  of 

the project ,  a  number  of conclusions  can be drawn f r o m  the data .  

The pr incipal  ones  a r e :  

1. Although significant  fuel  mel t ing did not occur ,  some  de -  

g r e e  of p re fe ren t ia l  f i s s i on  products  volati l i ty i s  involved 

in the re la t ive  r e l e a s e  of the var ious  f i s s ion  products  into 

the p r i m a r y  coolant. 

2.  Only Xe and K r  isotopes  we re  found in  the r eac to r  cover  

gas  (hel ium).  i 
3.  The carbonaceous par t i cu la te  ma te r i a l ,  resul t ing f r o m  

the decomposit ion of t e t r a l i n  which leaked into the p r i m a r y  

sodium, p roved  to be a n  effective f i s s ion  product scaven-  

g e r .  A genera l ly  non- se lec t ive  concentra t ion of activity 
3 

by this  m a t e r i a l  of 10 to lo4 t i m e s  that  of the f i l t e red  

sodium was m e a s u r e d .  

4. The cold t r a p  located in  the p r i m a r y  sys t em was effective 

i n  removing f i s s i on  product  contamination.  



5.  Appreciable  deposit ion of f i s s i on  product contamination 

o c c u r r e d  throughout the p r i m a r y  piping s y s t e m .  A m a r k e d  

se lec t iv i ty  was evident in  th i s  p roces s ,  with S r ,  Ce  and 

Z r - N b  deposit ion being m u c h  g r e a t e r  than that  of C s  o r  I. 

6 .  Although 5,000 to 10,000 c u r i e s  of f iss ion product  act iv i ty  

we re  unexpectedly r e l e a s e d  to the p r i m a r y  sodium sys tem,  

no radiological  emergency  of any na ture  o c c u r r e d .  M o r e -  

over ,  r e cove ry  opera t ions  we re  completed a t  a reasonable  

speed  well within accep ted  personne l  exposure  l i m i t s .  The  

s a m e  sodium i s  s t i l l  in use  dur ing c u r r e n t  opera t ion  of - 
the SRE, with only Cs  37 and  poss ibly  Sb 

12s  
remain ing  

a s  significant ,  dissolved,  long -l ived contamination.  Even 
2 2  

t he se  a r e  now reduced to the s a m e  o r d e r  a s  the Na a c t i -  

vity ( - 1 0 - ~ ~ c / ~ r a m ) ,  and  t h e i r  p r e s e n c e  should not a p p r e -  

ciably affect  fu tu re  ope ra t i ons  of the r eac to r .  



INTRODUCTION 

One of the  unique qual i t ies  of sodium-cooled r e a c t o r s  with r e spec t  to r ad i -  

ological  safety i s  the potential  f i ss ion-product  re tent ion abil i ty of the coolant. 

The pr incipal  f ac to r s  providing th is  abil i ty a r e :  (1 )  the occu r r ence  of chemica l  

react ions  between the coolant  and ce r t a in  f i s s ion  produc ts  leading to l e s s  vbla- 

t i l e  compounds (e .  g. NaI), and ( 2 )  the mechanica l  trapping na ture  of the liquid 

coolant  f o r  par t i cu la te  f i s s i on  products  in  gene ra l .  The maintenance of a cool- 

an t  pool above the c o r e  in  sodium r e a c t o r s  even with the postulat ion of s e v e r e  

r eac to r  accidents  e n s u r e s  the continued effect iveness  of th i s  capacity.  

An opportunity was recent ly  afforded to obtain a t  l e a s t  some quali tat ive data  

on this  a spec t  of sodium-cooled r e a c t o r s  subsequent to the fuel  e lement  damage 

tha t  o c c u r r e d  in the Sodium Reac tor  Exper iment  (SRE) i n  July 1959. This  

r e p o r t  i s  a s u m m a r y  of the f i s s ion  product r e l e a s e  and  dis t r ibut ion data which 

we re  col lected during the  in te rva l  of modification and cleaning of the r eac to r  

p r i o r  to the  a t t a inment  of c r i t i ca l i ty  with the  second c o r e  loading in  Sep tember  

1960. 



I. THE SODIUM REACTOR EXPERIMENT 

A. REACTOR SYSTEM DESIGN 

The brief descr ipt ion of the SRE presen ted  h e r e  i s  intended only to provide 

the neces sa ry  background f o r  th i s  r epo r t .  Additional deta i ls  m a y  be found in 

Reference 4. 

The S R E  i s  a sodium-cooled,  g raphi te -modera ted ,  t he rma l  power r eac to r .  

It was built p r imar i l y  a s  a development tool with emphas i s  on  investigation of 

fue l  m a t e r i a l s .  A cutaway view of the  r eac to r  i s  shown in F i g u r e  1. 

1. Coolant Sys tems  

Reac tor  coolant flow i s  single pass ,  with sodium flowing up through the  

c o r e  and collecting above i t  in a top pool. Over  th is  pool, helium, a s  a blanket 

gas ,  is maintained a t  -3 psig.  Induced ~a~~ act ivi ty  in the p r i m a r y  loop in t ro  - 

duces the desi rabi l i ty  f o r  an  in te rmedia te  heat  exchanger  in  which the r e a c t o r  

hea t  i s  t r a n s f e r r e d  to the secondary loop containing nonradioactive sodium.  

F i g u r e  2 p re sen t s  a schematic  represen ta t ion  of the cooling s y s t e m .  At 

full power (20 Mw) the sodium a t  a t e m p e r a t u r e  of 500°F  p a s s e s  f r o m  the lower  

plenum up through the fuel  channels,  absorbing heat  f r o m  the fuel  e lements ,  and 

d i scharges  into the upper  pool about 6 f t  deep a t  a mixed mean  t empera tu re  of 

960°F .  

Cold t r a p s  maintain  sodium oxide content a t  specified low leve ls  in the 

sodium cooling s y s t e m s .  The cold t r a p  cons i s t s  of a tank containing s t a in l e s s  

s t ee l  wire  m e s h  which s e r v e s  a s  a f i l ter ing agent  fo r  the oxide precipi ta ted 

f r o m  the cooled sodium flowing through the t r ap .  These t r aps  a r e  capable of 

maintaining the oxide content of the sodium a t  l e s s  than 10 ppm. 

2. Iner t  G a s  System 

Helium i s  supplied to p a r t s  of the sys t em containing a f r e e  sur face  of 

sodium. In the p r i m a r y  coolant sys tem,  the c o r e  helium blanket and helium 

maintained i n  the  p r i m a r y  sodium fi l l  tank a r e  in terconnected and vented through 

the gaseous waste sys t em.  The g a s e s  d i scharged  f r o m  th i s  s y s t e m  a r e  diver ted 

to one of four  shielded s to rage  tanks .  If neces sa ry ,  they a r e  held up h e r e  for  

radioact ive  decay p r i o r  to r e l ea se  a t  pe rmi s s ib l e  concentra t ions  through the 

building exhaust  sy s t em.  
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1 
T 

L 
v 

I-""-' ---- --"" -""'-' -' "' 1 team Generator 

I 
11 I 

I I Expansion 
I Sodium Fill Tank I Tank\, 
I 
I 
I - 

L 
I 

r 

Eddy 
Current 
Brake 

I Airblast Heat Exchanger 
Heat I 

Exchangerl 

1- 
1 

I 
F 

I 

I 
L 

F 

I Cold Trap 
I 
I 1: :: 

I 

I 
I 

I Expansion 
I Tank 

I 
I 
I 

F i g u r e  2 .  SRE Cooling Sys t em - 

3 .  Fue l  E l emen t s  

E.M. Pump 

F; 
Sodium 

Fill 
Tank 

The or ig ina l  fuel  e lements  (F igu re  3)  were  fabr ica ted  i n  c l u s t e r s  of ' 

seven  rods,  e a c h  cons i s t ing  of a 6-ft-high column of u ran ium s lugs  i n  a thin- 

walled (0.0 10- in .  ) s t a i n l e s s  s tee l  jacket  tube .  The 12 s lugs  a r e  0.75 i n .  in  

d i ame te r  and 6 in .  long.  They a r e  t he rma l ly  bonded to the jacket  by a 0.0 10 - in .  

NaK annulus.  Above the column of s lugs  is  a void space  containing he l ium.  

This  gas - f i l l ed  space  a l lows  expansion of the  bonding NaK and s e r v e s  a s  a r e s e r -  

vo i r  fo r  any f i s s i on  g a s e s  escaping f r o m  the  fuel  s lugs .  The s i x  ou ts ide  rods  of 

the c lu s t e r  a r e  sp i r a l l y  wrapped with s t a in l e s s  s tee l  wi re  to provide spacing 

between adjacent  r ods  and  between rods  and  the p r o c e s s  channel within the 

m o d e r a t o r  can .  
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F i g u r e  3 .  Typical  SRE F u e l  E lement  

4. Sodium and Helium Sampling Fac i l i t i e s  

The capabil i ty f o r  taking p r i m a r y  sodium sample s  during r eac to r  o p e r a -  

tion was provided in  the  Mater ia l  Evaluations Fac i l i ty .  In pract ice ,  however, 

operat ing p rocedu re s  r equ i r ed  that  the r eac to r  be shut down and p r i m a r y  sodium 

flow .be stopped before  taking sodium spec imens .  In some  ins tances ,  sodium 

sample s  were  taken d i rec t ly  out of the p r i m a r y  pool through top shield plugs. 

In th is  case ,  flow could continue, but the r eac to r  had to be shut down. 

Connections a r e  provided f o r  taking s a m p l e s  f r o m  the ga s  decay tanks 
-----___I, ,--. - >.-I---- 

___-.__- ---- ---. 

: a t  any t ime .  Di rec t  s amp le s  f r o m  the p r i m a r y  pool blanket  gas  may  be taken 

I by drawing the helium into an  evacuated container  f r o m  a suitable connection, *: 
usual ly  the helium f i l l  l ine .  

:::At the  p r e s e n t  t ime ,  m e a n s  f o r  obtaining spot  s a m p l e s  of the r eac to r  cover  
ga s  a r e  provided on  the l ine  which suppl ies  the recen t ly  ins ta l led continuous 
cover  ga s  moni tor .5  



B. OPERATIONAL HISTORY PRIOR TO JULY 26, 1959 

A summary  of the operating h is tory  of the reac tor  appea r s  in  Table I. A 

detailed account of this his tory i s  given in Reference 1, and only i t ems  specif i -  

cally relating to the subject of this  r epor t  a r e  repeated h e r e .  

1. P r i m a r v  Sodium Samples 

At 20-Mwt power, the sa tura ted  ~a~~ activity of the p r imary  sodium i s  

-0.2 c / g .  The resul tant  radiation levels  usually prevent .routine a c c e s s  to p a r t s  

of the p r imary  .coolant sys tem f o r  one to two weeks a f t e r  reac tor  shutdown. 

Similari ly,  radioactive analyses  of p r i m a r y  sodium samples  were usually de - 

layed by a t  l e a s t  this length of t ime.  However, measu remen t s  were made  p e r i -  

odically, some typical resu l t s  being shown in  Table 11. The isotopes l i s ted  
2 2 

include those inherent  with the sodium activation ( ~ h ~ ,  Na ), m a s s  t r a n s f e r  
5 1 activation (e.  g . ,  C r  ), and f iss ion products  (e .  g . ,  1131). The f iss ion products 

identified may have originated e i ther  f r o m  " t ramp"  uranium in the sys tem ( a s  

a sodium impuri ty)  o r  smal l  fuel cladding imperfect ions.  The ana lyses  were  

made using a 256-channel gamma spec t rometer ,  e i ther  on  an  untreated sample,  

o r ,  on occasions,  following chemical  separa t ion  of the m a j o r  components indi-  

cated by the g r o s s  scan.  

2. Reactor  Cover  Gas  Samples  

The helium cover  gas  was periodically sampled  and assayed  f o r  radio-  

active content. Most of the samples  were  taken during shutdown in te rva ls  of 

reac tor  operation. Pr incipal ly  because of this  delay in obtaining gas  samples ,  1 
the dominant radioactive contamination was Xe 

133 
(Tl12 = 5.3 days) .  Attempts I 

---. 

to detect  iodine invariably gave negative r e su l t s .  The usual  i r r egu la r i ty  of 
a______ll_____/--------- -.^-----I 

reac tor  power and operating t ime makes  any quantitative relationship of cover  

gas  radioactivity difficult, but i t  i s  apparent  f r o m  Table I11 that the no rma l  
- 3 

~e~~~ concentration a t  20 Mwt was of the o r d e r  of 10 to pc / cc .  During 
--" *---------- --- ------------= ----- _.-<--I . .a--. a 

reac tor  operation, the presence  of s h o r t e r  l i ved - ra re  gas  isotopes (e .  g . , xel  35) - 
may have inc reased  the g ross  level  to perhaps c / c c  o r  so a s  evidenced 

-̂-- ----.E- --- -- Sr 

by the sample taken Februa ry  26, 1959. 



TABLE I 

P o w e r  
Run. 

T i m e  Interval  

SUMMARY O F  S R E  POWER OPERATION 
( P r i o r  t o  J u l y  26, 1959) 

Actual  Ope ra t ing  
Days 

Average  T h e r m a l  
P o w e r  (Mw) 

Tota l  I r  r ad i  - 
at ion (Mwd) 

Tota l  I r rad ia t ion  
Accumulated  
Since  S ta r tup  

(Mwd) 



TABLE I1 

TYPICAL RADIOACTIVITY LEVELS O F  SRE 
PRIMARY SODIUM PFUOR TO RUN 14 

R - 2 4  

2 / 6 / 5 9  1 / 2 9 / 5 9  1 .2 ( -2 )  - - -  - - -  

4 / 1 4 / 5 9  4 / 6 / 5 9  - - -  -.- .-- 4 . 3 ( - 2 )  

"Ma te r~a l  Evaluation Facility 
tValues  in parentheses indicate power of ten by which preceding numbers should be multiplied. 

3 .  Miscellaneous I t ems  of Radiological I n t e r e s t  

a .  P r i m a r y  Sys t em Components 

Normal ly  a c c e s s  to the  m a i n  p r i m a r y  ga l l e ry  i s  not  a t t empted  until 

a t  l e a s t  two weeks a f t e r  r e a c t o r  shutdown which p e r m i t s  sufficient decay of the 
24 

Na . However, a g r adua l  buildup of long- l ived radia t ion f i e lds  in  the ga l l e ry  

was noted a s  opera t ion  of the r e a c t o r  continued. At the l a s t  m e a s u r e m e n t  

(April  18, 1959) p r i o r  to run  14, the radia t ion l eve l s  ranged f r o m  50 to 420 

m r / h r .  Since a t  the t i m e  of t he se  m e a s u r e m e n t s  the p r i m a r y  sodium had been 

dra ined  to f i l l  tank and  no significant  decay o c c u r r e d  during the next  5 days,  i t  

is probable  that  s o m e  deg ree  of long-lived act iv i ty  accumulat ion was taking place  

on the piping s u r f a c e s  although piping act ivat ion f r o m  neu t rons  leaking f r o m  the 

c o r e  was a l s o  a f ac to r .  

The  a tmosphe re  of the m a i n  p r i m a r y  ga l le ry  (nitrogen) was s amp led  - - - - -~~ - - - - -  -. - \ --CIS*- , _-_A -- ----.-- - ---4- 
occasional ly  f o r  radioact iv i ty .  The usual  l eve l s  were  -1 x 10 p c / c c .  
\----- - - 

Radiation m e a s u r e m e n t s  w e r e  a l s o  t aken  per iodical ly  n e a r  the p r i -  

m a r y  sy s t em cold t r a p .  Since th i s  t r a p  is not ope ra t ed  continuously, the quan -  

t i ta t ive  significance of t he se  data is difficult to i n t e rp re t ,  but i t  does  s e r v e  to 

indicate  re la t ive  amounts  of fore ign radioact ivi ty  removal  f r o m  the p r i m a r y  

sodium. The  l eve l s  m e a s u r e d  p r i o r  to run  14  usual ly  v a r i e d  f r o m  a few m r / h r  
24 

to about 1 r / h r  a t  -1 f t  f r o m  the surface ,  a f t e r  the  decay of Na . 



TABLE 111 

TYPICAL RADIOACTIVITY ANALYSIS 
O F  SRE COVER GAS 
PRIOR TO RUN 14 

i 
I 

- 
*Taken sho r t l y  a f t e r  r eac to r  shutdown 

Date Sample Taken 

12 /11 /58  

b .  Routinely Occupied A r e a s  of the Reac tor  Building 

Specific Activity 
( p c / c c )  - . . -. . . . - - - - 

1.9 x 

Radiation l eve l s  in routinely occupied a r e a s  in  and around the r e a c t o r  - \ 

building a r e  normal ly  qui te  low; however, t he re  have been specific ins tances  of 
L-- -- 
t empora ry  re la t ively  high radiation f ie lds  a n d / o r  a i rbo rne  radioactivity. Often 

these  have been a t t r ibu tab le  to some pa r t i cu l a r  operation,  such a s  fuel  handling. 

On seve ra l  occasions ,  however, above no rma l  a i rbo rne  radioactivity was detec - 
ted i n  the high-bay a r e a  o v e r  the r eac to r  loading face  during routine operation 

of r eac to r .  It i s  l ikely  that  some  sma l l  leakage of the cover  gas  volume usually 
- - -- -- - - 

exis ted through the r e a c t o r  loading face  complex into the  high-bay a r e a .  This --- 
slow leakage coupled with the comparat ively  low leve ls  -- of radioactivity - .. - exist ing - - -- ----- 
in the cover  g a s  no rma l ly  precluded detection a f t e r  mixing with the l a rge  volume 

& 

of a i r  above.  Occasionally,  i nc rea sed  act ivi ty  l eve ls  i n  the cover  gas ,  perhaps  
'7 

coupled with i n c r e a s e d  leakage ra tes ,  probably resu l ted  in the  appearance of -- - 
re la t ively  high a i r b o r n e  activity in the r eac to r  f loor  a r e a .  



II. FISSION PRODUCT DATA SUBSEQUENT TO JULY, 1959 SHUTDOWN 

During the course of power run 14 on the SRE, a number of fuel cladding 

fa i lures  occurred.  As a resul t  of these fai lures ,  significant quantities (es t i -  

mated at 5,000 to 10,000 cur ies)  of f iss ion products were released to the p r i m a r y  

coolant sys tem.  Following the shutdown of the reactor  on July 26, 1959 recovery 

procedures were immediately undertaken. In addition, numerous sys tem modi- 

fications5 were made during the recovery interval leading to the reattainment of 

crit icali ty with a thorium -uranium fuel loading on ~ e ~ t e m ' b e r  7, 1960. 

It i s  apparent the vast majori ty  of the f iss ion product re lease  to the p r imary  - 
coolant took place during run 14, July 12 to 26, 1959. Principally based on evi- 

dence of radioactivity in the gas decay tanks and occurrences  of high a i rborne  

radioactivity in the operating area ,  i t  would appear  that a t  l eas t  some and p e r -  - 
haps most  of the re lease  occurred  during the f i r s t  few days of this period. -------- / 

--- 

However, since reac tor  operation continued until 1120 on July 26, this l a t t e r  

date will be used a s  the zero decay point fo r  f iss ion product contamination ca l -  

culations. A complete description and analysis of the events leading up to the 

fuel  element damage and of subsequent recovery operations may  be found in the 

two repor ts  issued by the Atomics International Ad Hoc ~ o m m i t t e e . ' , ~  

A. PRIMARY SODIUM SAMPLES 

The ~a~~ activity in the pr imary  coolant delayed the procurement  of the 
-~ . -~ .. .-. __. __.______ __-. 

f i r s t  sodium sample until August 2, about 7 days af te r  reactor  shutdown. It 
-- . -  -. ~ 

4-.-.,.- 
. C _ _ :  --li__. 

- -- - .. -. a.-L -; = >*. --=- _, .. 
should be noted that during this interval, circulation and cold-trapping of the 

pr imary  sodium continued; thus the loss  of some portion of the fission product 

activity originally present  pr ior  to obtaining the f i r s t  sample was certainly 

possible. Subsequent sodium samples were taken a t  i r r egu la r  intervals, pr in-  

cipally because of the inconvenient methods available and a necessary  compa- 

tibility with recovery operations.  Table IV presents  a tabulation of the resul t s  

of the f iss ion product analyses of the initial sodium sample and also compares 

the fraction of each isotope re leased  based on calculations of the total reac tor  

inventory a s  of July 26, 1959. 



- p~ 

I so tope  

TABLE IV 

INITIAL FISSION PRODUCT ANALYSIS O F  SRE 

-up-- 

Pri Coolan t  Act .  
( p c l g  Na)96 

1.26 

0 .o 2 

20 .o 
0.97 

0.74 

4.38 

5.18 

1.65 

13.9 

0.95 

PRIMARY SODIUM 

- -- .- 

I 
F r a c t i o n  of Inv. 

R e l e a s e d t  

*As of Ju ly  26, 1959 
TMultiply va lue s  i n  t h i s  co lumn  b y  -3 to ad ju s t  f r a c t i on  r e l e a s e d  to a v e r a g e  va lue s  f o r  t hose  fue l  

e l e m e n t s  which  s u f f e r e d  cladding f a i l u r e s  ( 1 4  of 43  e l e m e n t s  f a i l ed ) .  
§ F r o m  neu t ron  cap tu r e  i n  c s l  33; e s t i m a t e d .  

Tota l  Coolan t  Inv. 
(curies) ' '  

The next sodium s a m p l e  was obtained on October  16. The f i s s ion  product 

ana lys i s  of this  s amp le  indicated surpr i s ing ly  l a r g e  d e c r e a s e s  in  contamination, 

in  s o m e  c a s e s  g r e a t e r  than a thousand-fold. However, subsequent s amp le s  

showed that, f o r  s o m e  reason ,  th is  second s ample  was  not represen ta t ive .  The  

data  f r o m  this  s amp le  a r e  l i s t ed  in the appendix f o r  informat ion only. The t h i r d  

sodium sample  was taken o n  October  31, 1959. S ince  approximately  3 months  

e lapsed  between th i s  s a m p l e  and the init ial  one, i t  i s  in te res t ing  to compare  the  

d e c r e a s e  in f i s s ion  produc t  contamination beyond tha t  due to radioactive decay.  

Table V p re sen t s  such  a compar i son  f o r  these  i so topes  identified in both s amp le s .  

To t a l  R e a c t o r  Inv. 
( c u r i e s ) *  

Following the p r o c u r e m e n t  of the October  31 sodium sample ,  extensive e f -  

f o r t s  followed in  the next few months  to c leanse  physically the p r i m a r y  sodium 

of fo re ign  m a t t  e r ,  pr incipal ly  of the carbonaceous m a t e r i a l  f o r m e d  by the de- 

composit ion of t e t r a l i n .  These  p rocedu re s  included draining the en t i re  p r i m a r y  

sys t em into the  drain-and-f i l l  tank through a specia l ly  cons t ruc ted  w i r e  m e s h  

f i l t e r ,  vacuuming the ca rbonaceous  m a t e r i a l  f r o m  the top of the mode ra to r  cans ,  

and prolonged sodium circula t ion accompanied by cold trapping.  The l a s t  



sod ium sample  taken fo r  radioactive ana lys i s  p r i o r  to s t a r t u p  of the  r e a c t o r  

with the new fuel  loading was  obtained on Ju ly  26, 1960. The r e su l t s  a r e  given 

i n  Table VI. 

TABLE V 

FISSION PRODUCT CONTAMINATION DECREASE IN PRIMARY SODIUM 
(August  2 to October  31, 1959) 

Isotope 

C s  
137 

Cs  
134 

90 S r  

89 
S r  

11 3 1 

F i s s i o n  Produc t  Contamination 

Aug 2 Oct 31 
(p red ic ted)"  

~- - 

Oct 31 
(ac tua l )  

0.45 

0.006 

0.060 

0.25 

0.00012 

0 .OOOO88 

0 .OOO3 1 

0 .OO67 

0.0045 

Oct 31 (ac tua l )  
Rat io  

Oct  31 (p red ic ted)  

0.36 

0.3 

0 .O62 

0.043 

0.63 

0.00016 

0 .OOOO8 

0.001 3 

0.024 

*On the bas i s  of radioact ive  decay  of August  2 s amp le .  

TABLE VI 

FINAL RADIOACTIVITY ANALYSIS O F  SRE PRIMARY 
SODIUM PRIOR TO STARTUP WITH NEW CORE LOADING 

Concentra t ion Isotope 
( y e a r s )  ( , d g  w* 

1.2 x 
22 Na 

C s  137 
3 0 2.8 x 

I 

2.6 



The disappearance of the 1131, Ba-La  140 ce14', and to a l e s s e r  extent, 

~ r - ~ b ~ ~ ,  f r o m  this  f inal  sample  would be expected f r o m  natural  radioactive 

decay during this interval  of about one y e a r .  However, the major i ty  of the 
103 

dec rease  in  the Ce 144 , Ru (both undetectable' in  final sodium samplej ,  and 
- -7. -------_- _ 

C S " ~  must  be a t t r ibutable  to other causes .  Although a strontium analysis  was 

not made on this  f inal  sample  before startup,  i t s  dec rease  ove r  and above radio-  

active decay was es tabl ished by e a r l i e r  samples  ( s e e  Table V). 

B. COVER GAS SAMPLES 

The f i r s t  helium cover  gas  sample  during run  14 which gave an indication 

of unusually high radioactivity was taken on July 18. Since the radiation level 
P P 

a t  the surface of the 2- l i t e r  sample chamber  was -30 m r / h r ,  no fu r the r  a t tempt  

was made  to a s s a y  the concentration quanti tat ively.  However, assuming that the 
135 - 

activity was prmcipal ly  ~ e 1 ~ ~  + Xe , a rough es t imate  would p x e z  

a t  2 to 10 P C / C C .  It i s  difficult to i n t e rp re t  cover  g a s  samples  subsequent to tHe --- - 
P 

July 26 shutdown s ince bleeding and flushing operat ions  to the gas  decay tanks 

and out the s tack were  a lmos t  immediately commenced.  A sample  taken on 
/ 4 Y August 12, indicated a g r o s s  level of about 1 p c / c c .  gamma spec t rometer  

_I-- _ 
i - scan on September  14, of this sample identified the principal remaining contr i -  

butions a s  Xe 33 and ~ 2 ~ .  Extrapolating the decay of these two isotopes back 

to shutdown on July 26, y-cc f o r - ~ e l ~ ~  and 0.01 

The p re sence  of s h o r t e r  lived r a r e  gas  isotopes  probably c r ea t ed  a higher g ros -  , 

level a t  shutdown, but t he re  i s  some evidence that  a n  appreciable  t ime  delay 

exis ts  between r e l e a s e  of the f iss ion g a s e s  f r o m  the fuel and the i r  escape to the - 
133 

cover  gas  volume. The Xe value in  this  sample  i s  -ugh ag_r_sement with 
8 5 the es t imate  made  f r o m  the sample t a k z  July 18. Using the X> 33 and Kr  - - -. i------C-----zz 

values obtained f r o m  the August 12 sample,  an  a t tempt  was made to es t imate  

the f rac t ion  r e l ea sed  f r o m  the core .  Table VII p re sen t s  these data. 

The es t imated  r e l ea se  fractions,  although comparable  to those non-gaseous 

e lements  de te rmined  f r o m  sodium samples ,  a r e  probably somewhat lower  than 
133 actually occu r red .  Through radioactive decay of the Xe and cover gas  purg- 

ing operat ions ,  the f i s s ion  product contamination level  in the reac tor  cover gas  
- 3 85 was reduced to 4 x 10 pc / cc  (Kr  ) by September  29, 1959. 



TABLE VII 

FISSION PRODUCT CONTAMINATION IN COVER GAS 

Cover Gas  Conc. * Total  Cover  G a s  Total  Reac tor  F r a c t i o n  
Isotope 

Inv. *t ( c u r i e s )  Inv.* ( c u r i e s )  Re l ea sed  

*As of shutdown 7 /26 /59 .  
tIncludes a fac tor  of two fo r  probable l o s s e s  due to p r e s s u r e  manipulat ions  
on July 18. 

C. PRIMARY COOLANT PIPING SAMPLES 

Since i t  became apparen t  soon a f t e r  the  r e a c t o r  shutdown that  l a r g e  amounts  

of f i s s ion  product  contamination in  the p r i m a r y  sodium were  being removed  by 

m e a n s  o the r  than radioactive decay, deposit ion on  piping walls  was invest igated.  

Some of the deposit ion appeared  to involve s imp le  sett l ing in  low velocity por t ions  

of the  sodium sys tem,  a s  evidenced by radiation su rveys  following the  draining 

of the  p r i m a r y  sys t em.  Of perhaps  m o r e  i n t e r e s t  was the deposit ion which in -  

volved a "plating" type mechanism that  could not be  removed by s imple  flushing.  

This  type of act ivi ty  deposit ion could have a n  impor tan t  bear ing on the a c c e s s i -  

bility of ce r t a in  a r e a s  f o r  some t ime  to come.  In general ,  the piping s a m p l e s  

were  obtained f r o m  hot and cold t r a p  a r e a s  and  cons i s ted  of sho r t  sec t ions  of 

1-1 / 2  i n . ,  schedule 40, Type 304 s ta in less  s t ee l  pipe which w e r e  removed  by 

hack-sawing while filled with f rozen  sodium.  In the  ana lyses  the f rozen  sodium 

w a s  dug f r o m  the pipe a s  well  a s  possible .  Next, any res idua l  sodium w a s  d i s -  

solved in methanol  and w a t e r .  Finally,  the  pipe w a s  subjected to  a s e r i e s  of 

hydrochlor ic  acid  e tches ,  with dimensional  and weight checks between each  e tch .  

The sodium, methanol  wash,  and e tch solutions w e r e  each analyzed using a 2 5 6 -  

channel g a m m a  spec t rome te r .  Chemical  separa t ions  w e r e  made  on s o m e  of the  

e tch solutions for  s t ron t ium analysis  by beta  counting. Since the amount of 

f i s s ion  product deposit ion i n  any one region of piping i s  cer ta inly  s o m e  function 

of the exposure  conditions ( e .  g . ,  flow r a t e  and t empera tu re ,  to ta l  volume of 

flow, position i n  sys tem,  e t c . )  no a t tempt  t o  extrapolate  quanti tat ively t o  the  

tota l  piping s y s t e m  f r o m  the few isolated s amples  taken was  made .  However,  



the re la t ive  deposit ion between isotopes  of d i f ferent  e lements  i s  a l so  of i n t e r e s t  

and probably l e s s  sensi t ive  to  var iance  in  flow condit ions.  An example  of a n  

e tch solution ana lys i s  f o r  the "fixed" ( i .  e . ,  not removed  by the  methanol  wash)  

pipe contamination i s  shown i n  Table  VIII. 

TABLE VILI 

EXAMPLE O F  "FIXED" SRE PRIMARY-SODIUM 
FISSION-PRODUCT PIPING CONTAMINA'J'ION 

Isotope 

- 

89 S r  
9 0 S r  

9 5  Z r - N b  

Ce 
144 

~s~~~ 

Contamination 
Level  

( p/cm2i* 

2 
Ra tio:lc 

p / c m  of pipe sur face  

p / C C  of p r i m a r y  sodium'k 

':Corrected fo r  radioact ive  decay  s ince  Ju ly  26, 1959 fo r  compara t ive  purpose.  
The actual  contamination levels  of s r 8 9  and ~ r - ~ b 9 5  m a y  never  have been this  
high. 

TSodium contamination level  a s  de te rmined  i n  f i r s t  s amp le  a f te r  r e a c t o r  shut- 
down. 

I 

I t  should a l s o  be noted h e r e  that  c e r t a in  non-f iss ion product contamination 
54 60 

on the piping walls  was a l s o  identified, pr incipal ly  Mn , Co , and ~ e ~ ~ .  The 

levels  of these  i so topes  were  roughly comparab le  to tha t  of the C S ~ ~ ~  given i n  - - 
Table VIII p /cmL a s  of 7 /26 /59) .  F i g u r e  4 i s  a   lot of the f i s s i on  p r o -  

duct data  obtained f r o m  this  s a m e  piping s amp le  a s  a function of the depth of 

succes s ive  e t ches .  

D. OTHER MEASUREMENTS AND SAMPLING DATA 

1 .  Uranium 

Since i t  was  planned to continue the u s e  of the p r i m a r y  sodium f o r  future  

r e a c t o r  operat ion,  i t  was impor tan t  to a s c e r t a i n  the amount  of uranium which 
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Figure  4. Fixed F i s s ion  Product  Con- 
tamination Remaining on SRE P r i m a r y  

Piping - vs  Depth of HCL Etch 

m a y  have contaminated the sodium a s  a resu l t  of the fuel  e lement  damage.  The 

principal concern was ove r  the effect that  uranium contamination might have on 

the future  accessibi l i ty  of the p r i m a r y  sys tem during per iods  of reac tor  shutdown. 

Such contamination could resu l t  in  high level f iss ion product deposition in  the 

piping sys tem.  A secondary concern was the possibil i ty of creat ing a n  abnor-  

mal ly  high Xe and K r  background activity level  in  the helium cover  gas ,  thus 

limiting the sensit ivity of the continuous cover  gas  monitor,  which was insta l led 

during the recovery  and modification effort .  P re l imina ry  calculations indicated 
3 5 

that  while 10 ppm of uran ium (2.8% d ) probably could be tolerated,  1 ppm o r  

l e s s  would be highly des i rab le .  An ana lys i s  conducted by Argonne National 

Laboratory showed a concentration of l e s s  than 0.2 ppm, which was considered 

negligible. 

2. Non-Fiss ion Product  Radioactivity 

54 The Mn , cobO, and ~e~~ contamination on the p r i m a r y  piping sys tem 

was mentioned e a r l i e r .  Af te r  appreciable  decay had taken place, sma l l  quanti t ies 



125 
of Sb were  a l s o  identified. Since the f i s s ion  yield of this isotope is quite 

sma l l  (0.0240/0), the p r i m a r y  sou rce  is probably due to neutron activation of 
124 125 

Sn impur i ty  in  the sodium and i t s  subsequent decay to Sb . The only 

o ther  significant non-f iss ion product activity was that  due to the format ion  of 
2 2 - 2 

Na iri the p r i m a r y  sodium (-1 x 10 pig Na a s  of October  1959). 

3. Carbonaceous Mater ia l  

i t  h a s  been es t imated  that f r o m  7 to 70 l b  of ca rbon  o r  carbonaceous 

m a t e r i a l  m a y  have been deposited in  t he  p r i m a r y  sodium a s  the r e su l t  of t e t ra l in  

leakage p r i o r  to run 14. A l a r g e  f rac t ion  of th is  amount maintained i t s  ex i s -  

tence a s  solid ca rbon  pa r t i c l e s  throughout the p r i m a r y  sys tem,  with some  s e t -  

tling occur r ing  in  low velocity flow a r e a s .  Almost  a l l  of the s o d i ~ i n  s amples  

obtained were  contaminated with sma l l  f l ecks  of carbon.  These  pa r t i c l e s  we re  

f i l t e r ed  f r o m  the sodium samples  a f t e r  dissolving and analyzed separa te ly .  In 

some cases ,  carbonaceous samples  were  obtained direct ly  f r o m  the top of the 

mode ra to r  cans  a f t e r  lowering of the sodium pool level .  Radioactivity analysis  

of th i s  m a t e r i a l  showed a much  higher  concentration of f i s s ion  product contami-  

nation pe r  unit weight than in the f i l t e r ed  sodium. Table IX gives  the  r e su l t s  

f r o m  a typical  s ample  and, fo r  compar i son  purposes ,  a l so  indicates the c o r r e  - 

sponding contamination of the accompanying sodium sample .  

TABLE IX 

RADIOACTIVIT Y ANALYSIS O F  T Y PICAL SAMPLE O F  CARBONACEOUS 
MATERIAL FROM PRIMARY SODIUM SAMPLE 

Isotope 

Activity of Carbonaceous 
Mater ia l*  

( p c  / g  of par t i c1es ) t  
Activity of Sodium 

(pig N a ) t  

+:Obtained f r o m  reac to r  on  101 31 159 
t A s  of 7 /26 /59  






















