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ABSTRACT 

Since  t h e  i n s t a l l a t i o n  of p u r i t y  monitor ing sys-  

tems i n  1967, t h e  c o n t r o l  of t h e  p u r i t y  of t h e  primary 

and secondary sodium and cover  g a s  systems a t  t h e  

Experimental  Breeder Reactor  I1 (EBR-11) has  been ex- 

c e l l e n t .  

A r i g o r o u s  moni tor ing  program i s  be ing  used t o  

a s s u r e  t h a t  o p e r a t i n g  l i m i t s  f o r  more than 25 chemical 

and r a d i o a c t i v e  i m p u r i t i e s  a r e  n o t  exceeded. The pro- 

gram i n v o l v e s  t h e  use  of s o p h i s t i c a t e d  sampling and 

a n a l y s i s  techniques  and on- l ine  monitors  f o r  both 
sodium and cover  gas  systems. 

Sodium p u r i t y  c o n t r o l  is accomplished by essen-  

t i a l l y  cont inuous  co ld  t r a p p i n g  of a small s i d e  stream 
of t h e  to ta l  c i r c u l a t i n g  sodium. 

been found t o  be  very  e f f e c t i v e  f o r  t h e  removal o f  t h e  

major  chemical  i m p u r i t i e s  (oxygen and hydrogen) and 
t r i t i u m  b u t  are almost i n e f f e c t i v e  f o r  1311 and 137Cs 

t h a t  e n t e r  t h e  sodium from f u e l  c ladding  breaks .  

Purging w i t h  pure  argon main ta ins  t h e  cover  gas  p u r i t y .  

The co ld  t r a p s  have 

INTROWCT ION 

The a b i l i t y  t o  main ta in  lov l e v e l s  of  i m p u r i t i e s  
i n  t h e  EBR-I1 s o d i m  and cover  gas  systems has  been a 

major p o s i t i v e  f a c t o r  i n  t h e  almost  12 y e a r s  of  s a f e  

and r e l i a b l e  p l a n t  o p e r a t i o n .  I n  1975 t h e  p l a n t  capac- 

i t y  f a c t o r  vas over  65%. EBR-11, i n i t i a l l y  a demon- 
s t r a t i o n  f a s t  b r e e d e r  r e a c t o r  power p l a n t  w i t h  i n t e g r a l  

f u e l  r e p r o c e s s i n g  and r e f a b r i c a t i o n ,  is c u r r e n t l y  be ing  
used as an exper imenta l  i r r a d i a t i o n  test  f a c i l i t y  f o r  

f u e l s ,  materials. and n u c l e a r  ins t rumenta t ion .  

impor tan t  des ign  and c u r r e n t  o p e r a t i n g  paremeters  f o r  
t h e  EBR-11's pr imary and secondary sodium systems are 
given i n  Table  I. 

The 

For t h e  f i r s t  t h r e e  y e a r s  of power o p e r a t i o n  

(1964-1967) sodium p u r i t y  w a s  monitored 4 t h  p lugging  

tempera ture  i n d i c a t o r s  and i n f r e q u e n t  sodium semplee. 

Cover gas  p u r i t y  vas monitored by grab  sample? and on- 

l i n e  g a s  chromatographs. A f t e r  d i scovery  of  h i &  

copper c o n c e n t r a t i o n s  i n  t h e  primary sodium i n  e a r l y  

1967'l). a r i g o r o u s  r o u t i n e  of sodium and cover  gas  

Table I. E B R - I 1  Design and Operat ing Parameters  

Primary System Secondary System 

19.5 We* Power 62.5 MWt 

Volume of 341,0009. 37,9009. 
Sodium (90,000 g a l )  (10,000 g a l )  

Pumping 
Rate 

Hot Leg 48OoC 47OoC 

Cold Leg 37OoC 29OoC 

Cold Trap 959.pm 4511pm 

Temperature (900OF) (880'F) 

Temperature (70OOF) (520'F) 

Flow Rate (25 gpm) (12 gpm) 

E l e c t r i c i t y  is produced i n  a convent iona l  steam p a r e r  
p l a n t .  

p u r i t y  monitor ing v a s  implemented. (2*3)  

c a t i o n  by co ld  t r a p p i n g  has  been changed from t h e  
o r i g i n a l  as-needed b a s i s  t o  t h e  c u r r e n t l y  used,  n e a r l y  

cont inuous ,  co ld- t rap  o p e r a t i o n .  Sodium sampling capa- 

b i l i t i e s  have been improved from t h e  e a r l y  flow-through 

tube samplers  t o  t h e  c u r r e n t  u s e  of  overf low cup-type 

samplers  and specimen e q u i l i b r i u m  techniques .  (4) The 

use  of in-sodium meters f o r  cont inuous  hydrogen and 

oxygen monitor ing vas i n i t i a t e d  i n  1972.(5'6) 

than t h e  copper impur i ty  i n c r e a s e  p r i o r  t o  1967, EBR-I1 

h a s  opera ted  wi th  only  minor u p s e t s  i n  sodium and cover  

g a s  p u r i t y .  

Sodium p u r i f i -  

Other  

The sodium and cover  gas  monitor ing a c t i v i t i e s  a t  

EBR-I1 have proved u s e f u l  i n  d e t e c t i n g  and d iagnos ing  

abnormal c o n d i t i o n s .  For example, measurements o f  

1311 and 137Cs i n  primary sodium are r o u t i n e l y  used as 
an  a i d  i n  d lagnos ing  f u e l  c ladding  r u p t u r e s ;  increases 
of Sn i n  primary sodium have i n d i c a t e d  l o s s e s  of t h e  

t in-bismuth a l l o y  from t h e  seal t rough of t h e  r o t a t i n g  

p lug;  i n c r e a s e s  of  hydrogen and oxygen i n  sodium d u r i n g  

c o l d - t r a p  outages  have been used t o  estimate source  
rates and t o  i d e n t i f y  sources  of t h e s e  i m p u r i t i e s .  

p resence  of  hel ium i n  t h e  primary cover  gas  h a s  s i g -  
na led  lealrage from exper imenta l  subassemblies .  E r r a t i c  

i n c r e a s e s  of methane i n  t h e  primary cover  g a s  have been 

c o r r e l a t e d  wi th  hydrocarbon contaminat ion from t h e  f u e l  
handl ing  a c t i v i t i e s .  

The 
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SODIUM AND COVER GAS PURITY MONITORING 

Monitoring Program 

The basic purpose of our purity monitoring program 

is to assure uninterrupted plant availability, and long 

component life. Sodium and cover gas purity is assured 

by holding to specified impurity limits through 

the use of a vigorous monitoring program. The program 

requires periodic sampling and analysis and in some 

cases, continuous monitoring of sodium and cover gas 

for the radioactive and nonradioactive impurities. In 

the primary sodium 13 nonradioactive species and 12 

radioisotopes are analyzed monthly. In the secondary 

sodium only one radioisotope (24Na) and three nonradio- 

active species are monitored monthly using flow-through 

sampling techniques. In the near future, additional 

nonradioactive species and 3H will be monitored in 

secondary sodium using a new overflow cup sampler and 

specimen equilibration device. The primary cover gas 

is monitdred continuously for He, H2, 02, and N2 by a 

gas chromatograph. The secondarv chromatograph moni- 
( 6 )  tors H2, 02, and N2. 

Sodium Samplers 

Two techniques are used for taking samples of 

EBR-I1 sodium for impurity analysis. 

the "flow-through" and "overflow" techniques. 

These are termed 
(2) 

In flow-through sampling, a length of tubing or 

other vessel is installed directly in-line in the 

sampling system. Sodium flow is initiated through the 

sampler and continued for a period of time to clean up 

or "condition" the sample tube or vessel. 

is then isolated and frozen. The sample vessel is 

The sample 

removed from the system and transported to the labora- 

tory for analysis. 

The principal disadvantage of analysis on flow- 

through samples is that either the total sample is not 

analyzed, or the sample must include a segment of 

tubing. 

impurity segregation. 

errors inherent in a tubing %lank". 

samples have been used mostly for oxygen, hydrogen, 

and carbon analysis by mercury amalgamation, amalgum 

reflux, and o&acidic flux methods respectively. 

With the development of equilibration methods for the 

analyses of these Impurities, the flow-through tech- 

nique now receives little use. 

The first case is subject to errors caused by 

The second case is subject to 

Flow-through 

(4) 

The preferred sampling method for most other im- 

purities is now the overflow technique. In overflow 

sampling, one or more cups of 3 to 60 g capacity are 

ium flows from spigots into the sample cups until they *- 

3 
placed on a rack in a vessel inerted with argon. Sod- 

overflow. Sodium level in the vessel is maintained 

below the sample cups by adjusting the argon cover gas 

pressure. Following the desired flushing period, the 

sampler is isolated and the samples are allowed to 

freeze. Samples are removed from the vessel and trans- 

ported to the laboratory for analysis. The total 

sample contained in the cup is used in the analysis to 

avoid potential errors due to impurity segregation. 

Equilibration Devices 

Since 1972 the EBR-I1 primary sodium system has 

been equipped with a device for equilibrating 0, H and 

C impurities with appropriate metal specimens. The 

equilibration device exposes specimens (wires or foils) 

to a flowing stream of 75OoC sodium. 

device has recently been put into service in the secon- 

dary sodium system. 

(for oxygen), low-carbon U-Cr, 8-Ni steel (for car- 

bon), and nickel-foil wrapped scandium (for hydrogen) 

are performed at 75OoC for 24 hours. These specimens 

are equilibrated with the impurity content in the 

sodium; after cooling, they are removed, cleaned in 

alcohol and analyzed by standard chemical methods. 

The impurity content of the sodium is related to the 

impurity content In the specimens from known chemical 
activity distribution relationships. (4) 

tages of the equilibration method are that (1) it 

measures chemical activity rather than total impurity 

content, (2) the exposed specimens are not contamina- 

ted by exposure to air, ( 3 )  the specimens are specific 

for the impurity of interest, (4) the method is not 
subject to errors caused by impurity segregation, and 

(5) the analytical sensitivity of the method is en- 

hanced because the concentration of the impurity in 

the equilibrated specimen is as much as 1000 times 

greater than in the sodium. 

An equilibration 

Combined exposures of vanadium 

The advan- 

Cover Gas Samplers 

I Carbonaceous gases (hydrocarbons) in both the 

prlmary and secondary cover gas are periodically 

sampled in a small diameter copper tube about 100 me 

in volume. 

that uses a flame ionization-type detector. (4) 

tivities of <1 p p  by volrmw are achieved. 

Analysis is by a laboratory chromatograph 

Semi- 
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SODIUM AND COVER GAS PURITY CONTROL Xenon fission product gases (133Xe and 135Xe) and 

41Ar, an acttvation product of the cover gas, are mea- 

sured six times daily by direct gama spectrometry on 

samples taken from the primary cover gas in 10 ma glass 

bulbs. These Xe analyses provide a method of monitor- 

ing for fuel cladding breaks. 

due to tramp fissionable material in the sodium, is 
3 3 about 1.2 x 10 nCi/a and 2 . 3  x 10 

135Xe respectively and about 3 . 2  nCi/!Z for 41Ar. 

The normal background, 

nCi/ll for 133Xe and 

Tritium is measured periodically in both primary 

and secondary cover gases using 21  glass sample flasks. 

The tritium is counted by scintillation techniques 

after being converted to water. ( 4 )  

On-line Monitors 

The primary sodium (since 1972) and secondary 
sodium (since 1975) have been equipped with on-line 

oxygen and hydrogen meters which are used to contin- 

uously monitor those systems. ( 6 )  

The oxygen meters are electrochemical cells with 

thoria-yttria ceramic electrolytes and air reference 

electrodes. (') Calibration is provided monthly by . 
analysis of the oxygen in sodium by the equilibration 

of vanadium specimens. 

The hydrogen meter uses a 0.25-nrm thick nickel 

membrane to allow diffusion of hydrogen into an ion- 

pumped vacuum system. (7) 

pressure is periodically measured using a vacuum gauge. 

The equilibrium pressure is related to the hydrogen 

content in sodium via Sievert's Law. An alternative 

(and continous) method for measuring hydrogen is to 

measure the ion pump current which can be related to 

hydrogen-in-sodium by calibration via the equilibrium 

pressure method. 

The hydrogen equilibrium 

The continuous signals from the oxygen and hydro- 

gen meters are monitored and are used to detect trends 

so that corrective action can be taken prior to reach- 

ing the limits for the reactor operating impurity con- 

cen trat ions. 

The primary cover gas is monitored continuously 

for He. H2, 02. and N2 by an on-line gas chromatograph. 

The secondary chromatograph monitors all but helium 

since tliere is no potential source of helium to the 

HCcOnd.?ry cover gas. (6) 

Operating Limits 

The operation of EBR-I1 requires the maintenance 

of sodium and cover gas purity to below set operating 

limits for the various impurities. Table I1 gives the 

normal impurity concentrations and the plant operating 

limits. Exceeding the limits uncontrollably for plug- 

ging temperature, oxygen, or hydrogen requires plant 
shutdown until the source is identified and minimized 

and the purity is returned to less than the limiting 

values. 

Exceeding the limits for other impurities in sod- 

ium or cover gas requires an investigation into the 

cause of the high concentration, its impact on contin- 

ued reactor operation and the minimization of the 

source of contamination. These limits do not auto- 

matically call for a reactor shutdown. 

Sodium Purity Control 

Impurities considered important and routinely 

analyzed in EBR-I1 sodium and cover gas are given in 

Table 11. 

controlled by cold trapping of a small side stream 

from the'primary and secondary sodium inventories. 

Other impurities. evidently not controlled by cold 

trapping, are simply monitored for unexpected changes 

in concentration. 

to identify the cause and to eliminate the source, if 

possible. 

Many of these (e.g., 0, H, Bi. Mn, 3H) are 

Observed changes are investigated 

Cold Trap 'Description 

EBR-I1 cold traps are essentially the same design 

as those developed in U. S .  reactor programs in the 

early 1950's. The crystallizer tank is a chamber fit- 

ted with stainless steel mesh. The chamber is divided 

into two nearly equal volumes by a cylindrical flow 

divider. 

downward through the outer, mesh-filled annulus. The 

sodium returns upwaf-d through the center, mesh-filled 

section. The primary cold trap crystallizer tank has 
about a 1100 liter volume and is about 0.95 meters in 

diameter. 

a 550 liter volume and is about 0.7 meters in diame- 

ter. Heat is regenerated between inlet and outlet 

streams by a toroidal-shaped, tube-and-shell economi- 

zer located immediatelv above the crystallizer tank. 

The in-flowing sodium is cooled as it passes 

* > ' > .  

The crystallizer for the secondary trap has 
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Table  11. Impuri ty  Concent ra t ions  f o r  EBR-I1 Sodium and Cover Gas Systems 

P a r a m e t e d  

Plugging Temperature 

Oxygen 
Hydrogen 
Carbon 

Boron 
Bismuth 
Chromium 
I r o n  
Li thium 
Manganese 
Nicke l  
S i l i c o n  
Tin  
Uranium 

N i  t rogen  

Hydrogen 
H e l i u m  
Carbon Compounds 

M e  thane  

Oxygen 

SODIUM SYSTEMS (BY Weight) 

PRIMARY SYSTEMS SECONDARY SYSTWS 

1975 
Normal 
Value 

<115OC 

1.1 pprn 
100.0 ppb 

0.2 ppm 

<0.05 ppm 
2.9 ppm 

(0.02 ppm 
0.07 ppm 

<0.0005 ppm 
(0.005 ppm 
(0.04 ppm 
0.2 ppm 

37.0 ppm 
~2.0 ppb 

85.0 nCi/g 
90.0 nCi/g 

2.6 mCi/g 
0.2 nCi/g 
2.0 nCi/g 

22.0 nCi/g 
11 .0  nCi/g 

3.6 nCi/g 
60.0 p c i / g  
64.0 nCi/g 

160.0 pCi/g 
< 0 . 3  p c i / g  

3000.0 t o  6000.0 ppm 
0 PPm 

0-200 ppm 
(10.0 pprn 

1-10 ppm 

1975 
Normal 

L i m i t  Value 

15OoC < 115OC 

2.0 ppm 
200.0 ppb 

0.7 ppm 

10.0 ppm 
5.0 ppm 

10.0 ppm 
10.0 ppm 
10.0 ppm 
10.0 ppm 
10.0 ppm 
10.0 ppm 
50.0 ppm 
10.0 ppb 

300.0 nCi/g 
200.0 nCi/g 

5.0 mCi/g 
1 . 0  nCi/g 
5.0 nCi/g 

50.0 nCi/g 
50.0 nCi/g 
10.0 nCi/g 
2 X normal+ 
2 X normal+ 

250.0 pCi/g 
10.0 ppb 

0.8 ppm 
120.0 ppb 

0 .3  ppm (1976) 

0 .5  pprn 

20.0 nCi/g 

COVER GAS SYSTEMS (By volume1 

7000.0 pprn 
1400.0 ppm 
280.0 ppm 
280.0 ppm 

* 

100.0 t o  500.0 ppm 

~10.0 ppm 
0 PPm 

-- 

1-5 ppm 

L i m i t  

16OoC 

3.5 ppm 
300.0 ppb 

0.7 ppm 

** 
** 
** 
** 
** 
** 
** 

10.0 ppm ** ** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

* 
* 

100.0 ppm -- 
* 

* ** 
+ 
$ 

No l i m i t  e s t a b l i s h e d  a t  t h i s  time. 
Not sampled and analyzed s i n c e  1972 when the  overf low cup sampler became 1noperab.le due t o  a sodium leak .  
1311 and l37Cs may i n c r e a s e  d r a m a t i c a l l y  fo l lowing  a f u e l  c ladding  breach.  
Other  i m p u r i t i e s  analyzed r o u t i n e l y  a r e :  Ag, A l ,  Ca, Co, Cu,  K ,  Mg, Mo, Pb, N, F,  C r  

The pr imary sodium cold  t r a p  is  cooled by a c i r -  des ign  f l o w r a t e s .  The des ign  d e f i c i e n c y  appears  t o  be 

in t h e  h e a t  t r a n s f e r  t h a t  can be achieved in t h e  econ- culatlng-NaK t o  s i l i c o n - o i l ,  t o  w a t e r ,  h e a t  t r a n s f e r  
system. The secondary sodium cold  t r a p  is cooled by omiper. 

-a  static-NaK t o  Dowtherm, t o  w a t e r ,  h e a t - t r a n s f e r  
system. Cold Trap Performance H i s t o r y  

The thermal  performance of bo th  EBR-I1 co ld  t r a p s  The i n i t i a l  c leanup of primary sodium was accom- 

is l e s s  than  d e s i g n  s p e c i f i c a t i o n .  

t r a p s  must be opera ted  a t  o n e - q u a r t e r  t o  one-half t h e i r  

As a r e s u l t ,  bo th  p l i s h q d  w i t h  a temporary co ld  t r a p  s i m i l a r  in des ign  t o  

t h e  permanent t r a p .  The f i r s t  permanent t r a p  was used 

I 

9 

i 
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Oxygen 0-10 g/day 5 t o  6 weeks Source is 
with  normal moisture 
f u e l  hand- from i n t e r -  

v i t h o u t  f u e l  i n s e r t i o n  6 
handling removal oper- 

Hydrogen 0-1 g/day l i n g .  longer  m i t t e n t  f u e l  

a t i o n s  

from March 1963 t o  June 1968. It processed approxi- 

mately 87 m i l l i o n  l i ters  (23 m i l l i o n  g a l l o n s )  of sod- 

ium. From 1963 through 1966 i t  was opera ted  approxi- 
mately 15% of t h e  time. From 1966 u n t i l  i t  was removed 

i n  1968, i t  opera ted  75% of t h e  time. A more r igorous  
o p e r a t i o n  of t h e  co ld  t r a p s  followed t h e  discovery of 

copper in primary sodium i n  e a r l y  1967. 

The second primary t r a p  began o p e r a t i n g  i n  Nov- 
ember, 1968, and s t i l l  remains i n  s e r v i c e .  A t  t h e  end 

of January,  1976. i t  had processed 216 m i l l i o n  l i t e r s  

(57 m i l l i o n  g a l l o n s )  of  sodium and has  been opera ted  

66% of  t h e  t i m e !  

The f i r s t  co ld  t r a p  used f o r  t h e  secondary sodium 

plugged dur ing  i n i t i a l  system cleanup.  The temporary 
co ld  t r a p  used t o  p u r i f y  primary sodium vas i n s t a l l e d  

i n  t h e  secondary system t o  complete t h e  i n i t i a l  clean- 

UP * 

The second permanent secondary co ld  t r a p  opera ted  
from 1963 to  A p r i l ,  1972. I t  is  es t imated  t h a t  t h i s  

t r a p  w a s  on-line less than  50% of  t h e  time. 

The t h i r d ,  and c u r r e n t ,  secondary co ld  t r a p  began 
o p e r a t i o n  i n  June.  1972. A t  t h e  end of January,  1976, 

i t  had processed  72 m i l l i o n  l i ters  (19 m i l l i o n  ga l lons)  
and opera ted  86% of t h e  time. 

Oxygen and Hydrogen P u r i f i c a t i o n  

Oxygen and hydrogen p u r i t y  c o n t r o l  is of major 
concern to  p l a n t  o p e r a t i o n s  because of p o t e n t i a l  d e t r i -  

mental  e f f e c t  o f  t h e  oxygen on m a t e r i a l s  and because 

both form lov s o l u b i l i t y  sodium compounds t h a t  can 
cause  blockages i n  coolan t  channels .  EBR-I1 cold  t r a p s  

are e f f e c t i v e  i n  c o n t r o l l i n g  oxygen t o  less than  1 ppm 
i n  t h e  primary and secondary sodium. Hydrogen is con- 

t r o l l e d  to less than  100 ppb and less than  140 ppb in 

t h e  primary and secondary sodium r e s p e c t i v e l y .  

I 

The primary and secondary co ld  t r a p s  have been 
purpose ly  taken o u t  of  s e r v i c e  on occasion t o  measure 

t h e  oxygen and hydrogen source  r a t e s .  The r e s u l t s  a r e  
given on Table 111. 

The s o u r r e  rates for hydrogen and oxygen t o  t h e  

primary sodium e s s e n t i a l l y  correspond s t o i c h i o m e t r i c -  
a l l y  t o  water .  The maximum source  rates arc observed 

only  d u r i n g  p e r i o d s  of f u e l  i n n e r t i o n  and removal from 

t h e  p r i m r v  sodlum. A t  o t h e r  t lmes tliese source  r a t e s  

a r e  n e g l i g i b l e .  I t  is be l ieved  t h a t  water  is being 

in t roduced  from r e s i d u a l  moisture on t h e  f u e l  or t h e  

f u e l  liandllng e q u i p r n t  t h a t  is water-vashed and dry- 

Hydrogen 0-0.5 g/day 10  days i f  Hydrogen is  
r e a c t o r  is produced 
o p e r a t i n g  a t  from steam- 
pcuer. longer  s i d e  corro- 
i f  r e a c t o r  s i o n  t h a t  
is s h u t  doon d i f f u s e s  into 

t h e  sodium 

argon d r i e d  as p a r t  of normal o p e r a t i n g  procedures.  

Reactor o p e r a t i n g  l i m i t s  f o r  oxygen, hydrogen and plug- 
g ing  temperature vi11 be reached i n  5 t o  6 veeks i f  t h e  
primary co ld  t r a p  is inoperable  d u r i n g  f u e l  handl ing  
a c t i v i t i e s .  

During per iods  vhen t h e  reactor is opera ted  a t  
f u l l  pover ,  hydrogen is produced i n  t h e  steam genera- 

tors by water-side cor ros ion  a t  a f a i r l y  r a p i d  rate. 
The hydrogen d i f f u s e s  through t h e  tube  ualls i n t o  t h e  

sodium at  a r a t e  of  about 0 . 5  glday.  This  source  rate 

causes  t h e  hydrogen concent ra t ion  t o  change from i ts  

normal 80 ppb uhen t h e  p l a n t  is s h u t  down to  120-130 

ppb uhen t h e  reactor is a t  powr and t h e  co ld  t r a p  is 
opera t ing .  Without t h e  co ld  t r a p  o p e r a t i n g .  t h e  con- 

centration would cont inue  t o  rise and reach  its opcra- 
t i n g  l i m i t '  i n  about t e n  days.  

l i m i t  uould be reached a t  t h e  same ti-. 

t o  be no s i g n i f i c a n t  source  of oxygen t o  t h e  secondary 
sodium. 

The plugging temperature 

There appears  

Although EBR-I1 h a s  not  exper ienced  ua ter - to-  
sodium leaks .  such l e a k s  are a p o t e n t i a l  source  of bo th  

oxygen and hydrogen contamination. The normal hydrogen 
s o u r c e . r a t e  would b e  e q u a l  t o  a water l e a k  rate of 

about 20118 H20/sec. 

t h a t  are capable  of  alarming water l e a k  rates of 

<2 mg H20/sec (a r a t e  t h a t  is ve'll ,below those  t h a t  

A system of t e n  hydrogen meters 

. ,  
cause  rap id  damage) is descr ibed  i n  a companion 

paper. (10) 

The normal source  r a t e  of hydrogen is too spa11 t o  
i n t e r f e r e  v i t h  t h e  water-to-sodium l e a k  d e t e c t i o n  capa- 

b i  li t ies . 
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Impurity Removal by Cold Trapping  

The e f f e c t i v e n e s s  of EBR-I1 cold t r a p s  f o r  remov- 
i n g  v a r i o u s  i m p u r i t i e s  h a s  been measured u s i n g  d a t a  

d u r i n g  per iods  when t h e  source  rate of t h e  impur i ty  is 

e s s e n t i a l l y  zero  or a f t e r  t h e  co ld  t r a p  has  been put  

i n t o  opera t ion .  

The g e n e r a l  mathematical  equat ion  t h a t  d e s c r i b e s  

t h e  bulk  c o n c e n t r a t i o n  of  any s p e c i e s  is: 

d t  M - (f (C - Ce) + (1) 
1 - dC 

- D  

Product ion  Removal Rate 
Rate 

I is  t h e  t o t a l  s o u r c e  rate by in-leakage, d i f f u -  

s i o n ,  f i s s i o n , . n e u t r o n  c a p t u r e ,  decay or o t h e r  mechan- 
i s m .  M is t h e  t o t a l  mass of sodium (assumed t o  be w e l l -  
mixed), F is t h e  c r y s t a l l i z e r  flow r a t e ,  E is t h e  f r a c -  

t i o n  of t h e  impur i ty  removed p e r  pass  through t h e  
c r y s t a l l i z e r ,  C is c o n c e n t r a t i o n  of i m p u r i t y ,  and X is 

t h e  decay c o n s t a n t  f o r  t h e  i s o t o p e  of interest. The 
s o l u t i o n  of e q u a t i o n  (l), normalized t o  c 
( i n i t i a l  c o n c e n t r a t i o n  minus t h e  s o l u b i l i t y  concentra- 

t i o n  a t  t h e  co ld  t r a p  tempera ture) .  is: 

0 - ‘e 

c-ce + - 5 -  c -ce co-ce e 

1311 Evalua t ing  e q u a t i o n  (2) f o r  hydrogen, oxygen, , 
137Cs, 54Mn and 3 H l e d  t o  t h e  fo l lowing  conclusions: 

1. Hydrogen is t rapped  e f f e c t i v e l y  and r a p i d l y .  

The f r a c t i o n  removed p e r  p a s s  is about 3/4 f o r  t h e  p r i -  

mary co ld  t r a p  and about 1 / 2  f o r  t h e  secondary t r a p .  

2. Oxygen is  t rapped  r a p i d l y  but  t h e  f r a c t i o n  
removed p e r  p a s s  appears  t o  be less than  1/2.  

from an oxygen excurs ion  takes  longer  than from a 

hydrogen excurs ion .  

Cleanup 

3 .  1311 i s  n o t  removed e f f e c t i v e l y  by t h e  p r i -  

mary co ld  t r a p .  

than 1/20. 

r a d i o a c t i v e  decay (8.0 day h a l f - l i f e ) .  

The f r a c t i o n  removed p e r  p a s s  is less 
The major removal mechanism f o r  1311 is 

4. 137Cs shows anomalous behavior .  During t h e  

f i r s t  y e a r  of i ts  o p e r a t i o n  (1968-1969) t h e  p r e s e n t  
c o l d  t r a p  removed about 36% of t h e  137Cs from t h e  p r i -  

mary sodium. 

removed following t h e  s tepwise  i n c r e a s e  caused by 

c e r t a i n  f u e l  c ladding  f a i l u r e s .  A s i n g l e  measurement 

of t h e  137Cs/ 

Subsequently,  137Cs w a s  no t  e f f e c t i v e l y  

22 Na c o n c e n t r a t i o n  f a c t o r  (made i n  June 

22 1972) showed t h a t  t h e  r a t i o  of t h e  137Cs/ 

t i e s  i n  t h e  co ld  t r a p  were a f a c t o r  of 50 g r e a t e r  than  

t h e  same r a t i o  i n  t h e  37loC bulk  sodium. This  is 
approximately t h e  enhancement of a c t i v i t y  t h a t  would be 

caused by t h e  i n i t i a l  (30%) removal of 137Cs. 

Na a c t i v i -  

5 .  54Mn appears  t o  be e f f e c t i v e l y  removed by t h e  

primary co ld  t r a p .  About 3 /5  is removed per  pass .  The 

normal bulk  sodium concent ra t ion  is  maintained a t  

<1 nCi/g.  

6 .  The primary cold t r a p  c o n t r o l s  t h e  tritium 

c o n c e n t r a t i o n  i n  t h e  primary sodium t o  less than  100 

nCi/g. The e f f e c t i v e n e s s  of  t h e  primary co ld  t r a p  
v a r i e s  from about 1/10 t o  over  1 / 2  f r a c t i o n a l  removal 

p e r  pass .  

7. Although q u a n t i t a t i v e  d a t a  for f r a c t i o n a l  re- 

moval e s t i m a t e s  is n o t  a v a i l a b l e  t h e  fo l lowing  g e n e r a l  
conclus ions  have been reached: 

a .  I m p u r i t i e s  t h a t  appear t o  be e f f e c t i v e l y  
c o n t r o l l e d  by co ld  t rapping  inc lude :  

Bismuth 

Copper 
Manganese 

< 2 PPm 
<20 ppb 

< 5 PPb 

b. I m p u r i t i e s  t h a t  do n o t  appear t o  be w e l l  

c o n t r o l l e d  by co ld  t rapping  i n c l u d e  a l l  o t h e r  impuri-  
ties l i s t e d  on .Table  11 and n o t  prev ious ly  d iscussed .  

Cover Cas P u r i t y  Control 

The EBR-I1 primary and secondary cover  gas  is  

argon.  Its p u r i t y  i s  maintained w i t h i n  t h e  l i m i t s  

g iven  on Table I1 by r e p l a c i n g  argon los t  due t o  leak-  

age and o c c a s i o n a l l y  purposely adding and vent ing  f r e s h  
argon. 

t i o n  system w i l l  be  i n s t a l l e d  f o r  t h e  removal of  f i s -  
s i o n  product gases  (mainly X e  and Kr). The new system 

w i l l  permit continuous r e a c t o r  o p e r a t i o n  wi th  d e f e c t e d  

f u e l  c ladding .  

Within t h e  next  y e a r  a cryogenic gas-pur i f ica-  

The sources  and behavior of v a r i o u s  i m p u r i t i e s  in 

t h e  EBR-I1 cover gas  systems a r e  as fo l lows:  

1. Oxygen is introduced to  t h e  cover g a s  by a i r  

which e n t e r s  d u r i n g  f u e l  handling and c e r t a i n  mainten- 

ance o p e r a t i o n s .  I t  is normally not  d e t e c t e d  by t h e  

g a s  chromatograph since i t  r a p i d l y  r e a c t s  wi th  t h e  

sodium. 

2. Nitrogen is a l s o  introduced by a i r .  A r e s i d -  i 
u a l  of 1000-3000 ppm is  normal i n  Lhe primary cover 

g a s  but  can exceed 6000 ppm dur ing  times when f u e l  
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handl ing  a c t i v i t i e s  a r e  i n t e n s i f i e d .  A r e s i d u a l  of 

100-300 ppm n i t r o g e n  i n  t h e  secondary cover gas i s  nor- 

mal. 
+ 

j .  Hydrogen is in t roduced  from mois ture  i n  a i r  or 

t h e  f u e l  handl ing  o p e r a t i o n .  Hydrogen i n  t h e  primary 

cover  gas  can reach  200 ppm dur ing  f u e l  handl ing  but  

i t  r e a c t s  w i t h  t h e  sodium and is normally < l o  ppm. 

Moisture  i n t r o d u c t i o n  is t h e  l i k e l y  cause of t h e  hydro- 

gen excurs ions  i n  t h e  primary cover  gas .  Hydrogen is 
normally less than 4 ppm i n  t h e  secondary cover  gas .  

Higher l e v e l s  i n  t h e  secondary cover gas might i n d i c a t e  

t h e  presence of a water-to-sodium leak .  No water-to- 
sodium l e a k s  have occurred .  

I -a  

4. Methane i n  t h e  primary and secondary cover  gas  

is normally less than  5 ppm and is  t r a c e a b l e  t o  impur- 

i t ies  i n  t h e  argon supply.  A t  times, c o n c e n t r a t i o n s  up 

t o  100 ppm have been observed i n  t h e  primary cover  gas .  

These appear  t o  be  c o r r e l a t e d  wi th  f u e l  handl ing  oper- 

a t i o n s .  The source  is thought t o  be l u b r i c a n t s  from 

t h e  argon blowers  a s s o c i a t e d  wi th  t h e  f u e l  handl ing  

equipment. 

t h e  pr imary pumps. 

n a t u r a l  cover gas  leakage and,  p o s s i b l y ,  by i t s  slow 
r e a c t i o n  w i t h  sodium. 

Another p o t e n t i a l  source  is  l u b r i c a n t s  from 

The methane is removed by t h e  

5. H e l i u m  is normally not  d e t e c t a b l e  i n  t h e  p r i -  

mary cover  gas  b u t  can exceed 50 ppm i f  c e r t a i n  helium 

blanketed  f u e l  e lements  or experiments  l e a k . o r  are 

purpose ly  vented.  

6. Radio iso topes  i n c l u d i n g  those  of  Xe, Kr and 

The Ne are always p r e s e n t  i n  t h e  primary cover  gas .  
Xe and Kr are produced from background c o n c e n t r a t i o n s  

o f  f i s s i o n a b l e  material i n  t h e  sodium or on t h e  f u e l  

c l a d d i n g  or s t r u c t u r a l  materials. 
a c t i v a t i o n  product  of sodium t h a t  is  d e t e c t e d  only  by 

t h e  Germanium Lithium Argon Scanning System. 

f u e l  c ladding  r u p t u r e s  t h e  X e  and Kr a c t i v i t i e s  can ex- 
ceed s a f e  l i m i t s  i n  t h e  r e a c t o r  b u i l d i n g  and t h e  reac- 
tor  is s h u t  down. 

achieved by purg ing  w i t h  f r e s h  argon. 

Ne is  a s h o r t - l i v e d  

When a 

Removal of t h e  excess  a c t i v i t y  i s  

7. Act iv i t ies  of tritium i n  t h e  primary and 

secondary cover g a s e s  are v a r i a b l e .  

on a l a r g e  number of parameters ,  n o t  a l l  of  which can 

They are dependent 

7 ,  b e  measured a c c u r a t e l y .  . In g e n e r a l ,  t h e  a c t i v i t y  of  
I tritium i n  t h e  primary cover  gas  is  4-20 t imes  g r e a t e r  

than its a c t i v i t y  i n  t h e  secondary cover  gas. A t y p i -  

cal example is  given by t h e  samples of  primary and 

secondary cover  g a s  taken on Aug. 3, 1975. 
smnples shoved tritium ac t iv i t i e s  of 75 and 12 nCi/P. 

These 

. .  

r e s p e c t i v e l y .  In  t h i s  i n s t a n c e ,  t h e  r e a c t o r  had been 
a t  f u l l  power and t h e  co ld  t r a p s  had been o p e r a t i n g  

wi thout  i n t e r r u p t i o n  f o r  a t  l e a s t  11 days.  

RADIOACTIVITY BEHAVIOR I N  SODIUM SYSTEMS 

The c o n c e n t r a t i o n  of r a d i o n u c l i d e s  i n  t h e  E B R - I 1  

sodium systems has  i n  g e n e r a l  i n c r e a s e d  over  t h e  oper -  

a t i n g  l i f e  of t h e  p l a n t . ( 3 )  The reasons  a r e :  

1. Long-lived r a d i o n u c l i d e s  a r e  s t i l l  approach- 

i n g  s a t u r a t i o n  a c t i v i t i e s .  

2 .  Increased  neutron a c t i v a t i o n .  as t h e  maximum 
r e a c t o r  power w a s  r a i s e d  from 30 MWt in 1964 through a 

number of s t e p s  t o  62.5 MWt i n  1970. 

3. Sof ten ing  of t h e  neut ron  s p e c t r a  by r e p l a c i n g  

t h e  deple ted  uranium blanket  w i t h  a s t a i n l e s s  s teel  

r e f l e c t o r  i n  1972. 

4. 
f u e l  e lements .  

Release of f i s s i o n  products  from ruptured  

5 .  Loss of t in-bismuth a l l o y  t o  t h e  sodium pro- 
v i d i n g  f o r  an i n c r e a s e  i n  c e r t a i n  a c t i v a t i o n  products .  

6 .  P r o g r e s s i v e ,  slow c o r r o s i o n  of t h e  s t a i n l e s s  

, 

steel  components, adding a c t i v a t e d  c o r r o s i o n  products  

t o  t h e  sodium. 

In-Sodium R e s u l t s  

Some s p e c i f i c  examples of r a d i o i s o t o p e  behavior  

are as fo l lows:  

1. Sodium-22 and 24Na are t h e  predominant a c t i v -  
i t i e s  i n  t h e  EBR-I1 primary sodium system. 22Na. w i t h  

i t s  2.6 year  h a l f  l i f e  has  increased  s t e a d i l y  over  t h e  

l i f e  of t h e  p l a n t .  
nCi/g. 

a f t e r  t h e  decay of 15 h r  24Na. 

of s t e p  i n c r e a s e s  i n  a c t i v i t y  r e l a t e d  t o  r e a c t o r  power 

changes and t h e  use of a s t a i n l e s s  s teel  r e f l e c t o r .  

now reaches  s a t u r a t i o n  a t  about 3 mCi/g a t  f u l l  power 

o p e r a t i o n .  

than  any o t h e r  r a d i o a c t i v i t y  i n  t h e  sodium. 

sample handl ing  or d i r e c t  maintenance on t h e  primary 

system r e q u i r e s  about  f i v e  days of decay of t h e  24Na 

a c t i v i t y .  I I 

Its c u r r e n t  a c t i v i t y  is near  100 

I t  is t h e  p r i n c i p a l  source  of r a d i o a c t i v i t y  

24Na has  shown a number 

I t  

This  a c t i v i t y  is  over  10.000 times g r e a t e r  
Sodium 

2. Cesium-137 is a dominant f i s s i o n  product  i n  

EBR-11 sodium. I t  is  in t roduced  by f u e l  c ladding  

breaks  and was f i r s t  noted i n  1967. Measurable s t e p  

i n c r e a s e s  have been noted and r e l a t e d  t o  s p e c i f i c  sub- 
assembly r u p t u r e s .  Its a c t i v i t y  is now near  70 nCi/g.  
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137Cs tends to concentrate in the cover gas regions and 

in the cold trap but in spite of this the 137Cs activ- 

ity continues to increase as additional fuel cladding 

ruptures take place. 

3. Iodine-131 is analyzed frequently as an indi- 

cator of the seriousness of a fuel cladding rupture. 

The iodine measured is possibly related to the size or 

nature of the cladding breach. 1311 reaches a satura- 

tion activity of 20-100 pCi/g during reactor operation 

and is produced by background fissionable materials. 

Activities close to 10,000 pCi/g have been measured 

following fuel cladding breaks. 

4. Tin-113 and '131n are produced by neutron cap- 

ture or electron capture in material from the tin- 
bismuth rotating plug seal alloy. A step increase in 

the activity of these isotopes was noted in 1972 and a 

steady increase has been noted since that time to their 

present activity of about 20 nCi/g. 

due to the ingress of the seal alloy which has been 

confirmed by a fourfold increase in the nonradioactive 

tin concentration over a ten-year period. 

The increases are 

5. Polonium-210 is another activity that results 

from the tin-bismuth seal alloy getting into the sod- 

ium. It is an activation and decay product of '09Bi. 

The *loPo is an alpha emitter with a 138-day half life. 

Its activity has steadily increased since it was first 

detected in 1971 to its current level of about 200 

pCiIg. 

6. Uranium and plutonium are both below their 

analytical detection limits (<1 ppb and ~ 0 . 5  pCi/g. 
respectively). 

blies with ruptured fuel cladding are removed immed- 

iately after the break is detected and essentially all 

cladding breaks to date have been rather innocuous. 

This is not surprising since subassem- 

RESULTS OF COMPONENT EXAMINATIONS 

The principal radionuclides found, more or less 
generally, on components in the EBR-I1 primary sodium 

system are "Ne, 54Mn, 137Cs and 6oCo. Somewhat less 

pervasive is '"Ta. 

amounts or in localized concentrations are 210Po (in 

deposits on the primary-pFp impeller) and 58C0 (in 

stainless steel from the SURV-3 subassembly and on cap- 

screws from primary pump No. 1). 
relatively short-lived (<3 days) radionuclides, or 
radionuclides on ip-core materials. 

Other radionuclides found in minor 

Not listed here are 

Results from examinations of specific componentb 
(11) are summarized below: 

f 1. The irradiated-fuel monitor thimble had been 

exposed to sodium in the primary tank for almost two 

years. Axial gamma scans with a GeLi detector measur- 

ed relative activities of 54Mn, 137Cs, and 6oCo. 
cleaning of the thimble removed 23% of the 54t-ln activ- 

ity, 93% of the 137Cs activity, and 0.3% of the 6oCo 

activity. 

i- 

Steam 

2. Primary pump No. 1 was removed in 1971 after 

32,000 hrs of service and almost seven years in the 

primary tank. Radiation levels, measured on the un- 

cleaned pump generally ranged from 15 mR/hr at 0.3 m 

(near the shield plug) to 130 mR/hr at 0.3 m (near the 

discharge). These radiation levels posed no serious 

problem during the repair of the pump. 

22 The 137Cs/ Na ratios found on Na/Na 0 depos- 

its on pump surfaces that resided in the cover-gas 

region were as high at 100-400X the ratios of 137Cs/ 

"Na in the bulk sodium before shutdown. This finding 

indicates that 137Cs is volatile and tends to condense 

in the cover gas regions of the primary tank. 

2 

Axial scans of the pump assembly and of the 

Be- pump components were made with a GeLi detector. 

sides "Na, the major activities found on uncleaned 

pump surfaces were 54Mn, 6oCo, 137Cs, and 18'Ta. 

contamination of the pump components by scrubbing in 

hot baths of organic acids removed 44-67% of the 54Mn 

activity, 42-929: of the 6oCo activity, and about 65% 

of the 137Cs activity (only one case studied). 

18'Ta activity was essentially not removed, but 

appeared to be redistributed. 

De- 

The 

Decontamination of the pump and successive 

acid treatments of the baffle-subassembly capscrews 

show that 54Mn and 137Cs are strongly attached to the 

stainless steel. Roughly half the activity from these 

radionuclides was removed by nondestructive decontami- 

nating solutions; the remainder yielded only to vigor- 

ous attack by hot mineral acids. 

3. The intermediate heat exchanger (IHX) is the 

original IHX installed in 1962. 
an estimated 60 x 10 

through it. 

Since wet criticality, 
6 3  m ,of primary sodium have passed 

4 i 
In 1971, several radiation scans were made 

along the axis of the IHX by lowering probes into the 

secondary inlet pipe after the sodium was pumped out. 

. I  
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I 
E s s e n t i a l l y  a l l  t h e  observed r a d i a t i o n  o r i g i n a t e d  on 

t h e  primary s i d e  of t h e  IHX. Maximum dose rates 
measured n e a r  t h e  lower end of t h e  IHX were 230 mR/hr. 
Dose r a t e s  measured below t h e  l e v e l  of t h e  primary 

sodium were g e n e r a l l y  g r e a t e r  than 140 mR/hr. The 
c o n t r i b u t i o n  of  22Na t o  t h e s e  measurements is es t imated  

t o  be  less than 77 mR/hr. Thus. 50% or more of t h e  

measured dose rate must have o r i g i n a t e d  from d e p o s i t s  

o f  f i s s i o n  products  and a c t i v a t e d  cor ros ion  products .  

4. The pump duct  of t h e  fuel-element-rupture-  

d e t e c t o r  (FERD) loop  cont inuous ly  samples a 380 kpm 
s t ream of primary-sodium e f f l u e n t  from t h e  IHX. This  

stream of sodium is monitored f o r  delayed-neutron 

a c t i v i t y  and then r e t u r n e d  t o  t h e  primary tank. The 
pump d u c t  was rep laced  i n  A p r i l ,  1970. A rad iometr ic  

scan  of t h e  d r a i n e d ,  b u t  uncleaned,  duc t  wi th  a GeLi  

d e t e c t o r  revea led  only 54M and 6oCo a c t i v i t i e s .  An 
alcohol-water  r i n s e  removed 28% of t h e  54M and 52% of 

t h e  6oCo a c t i v i t i e s .  

Presumably t h e  137Cs d i f f u s e d  from t h e  pump s u r f a c e s  

i n t o  t h e  sodium when t h e  pump duct  was hea ted  b e f o r e  

t h e  sodium vas dra ined .  

Cesium-137 was n o t  de tec ted .  

5. The SURV subassemblies  are a set  of 10  

m a t e r i a l s - i r r a d i a t i o n  subassemblies  t h a t  were loaded 

i n t o  t h e  EBR-I1 on March 1, 1965. On Feb. 24, 1971, 

subassembly SURV-3 w a s  removed from t h e  r e a c t o r  core  

for examinat ion.  Wash water from i ts  c leaning  showed 
a high 182Ta a c t i v i t y .  

materials exposed t o  sodium. 

t h e  Type 304 s t a i n l e s s  s teel  shroud t h a t  guided t h e  
flow of  primary sodium p a s t  t h e  test materials. 

of  t h e s e  specimens w a s  examined by e l e c t r o p o l i s h i n g  

s u c c e s s i v e  1.3 x 10  
1 3  x mm of material had been removed. Measure- 

ments of t h e  a c t i v i t i e s  of t h e  p r i n c i p a l  r a d i o n u c l i d e s  

i n  t h e  e l e c t r o p o l i s h i n g  s o l u t i o n s  showed t h a t  182Ta 
w a s  t o t a l l y  removed w i t h  t h e  f i r s t  1 .3  x mm of  

steel .  
d i s t r i b u t e d  f a i r l y  uniformly throughout t h e  t o p  

1 3  x 
i t ies  were s l i g h t l y  h i g h e r  i n  t h e  o u t e r  1 .3  x 
l a y e r .  

Tantalum is one of t h e  test  
Specimens were c u t  from 

One 

-2 mm l a y e r s  from t h e  s u r f a c e  u n t i l  

The c o n c e n t r a t i o n s  of 54M, "Co and 6oCo were 

m of s u r f a c e ,  a l though "Co and 54Mn a c t i v -  

mm 

R e s u l t s  of E x t e r n a l  Cold Trap Gamma Scans 

Beginning i n  1971 and a t  i n t e r v a l s  t h e r e a f t e r ,  

r a d l a t i o n  l e v e l s  around t h e  per imeter  of t h e  primary 

co ld  t r a p  were measured us ing  survey meters. 5 e  
r a d i a t i o n  l e v e l  of  t h e  t r a p  has increased  roughly i n  

p r o p o r t i o n  t o  t h e  cumulat ive energy produced by t h e  

r e a c t o r .  I sodos ic  maps of  t h e  r a d i a t i o n  show tvo  
p e r s i s t e n t  "hot spots" .  One, near  t h e  b o t t a n  of t h e  

tank at  t h e  NaK-coolant i n l e t ,  w a s  t o  be expected 
because t h i s  a r e a  is  where p r e c i p i t a t i n g  i m p u r i t i e s  

should c o l l e c t .  The o t h e r  "hot spot"  was 3.14 r a d i a n s  

around t h e  tank from t h e  f i r s t  and near  t h e  t o p  of t h e  

tank. This  locus  of r a d i o a c t i v i t y  was n o t  expected 

and,  a t  t h e  moment, remains unexplained.  The most 

r e c e n t  survey ,  made i n  A p r i l  1975, showed r a d i a t i o n  

l e v e l s  of <1 R/hr a t  both of t h e s e  "hot s p o t s "  3 1  days 
a f t e r  t h e  t r a p  had been i s o l a t e d  from f lowing primary 

sodium ( Na was e s s e n t i a l l y  completely decayed). 24 

One gamna-energy scan of t h e  co ld  t r a p ,  made i n  
June ,  1972, 'us ing  a G e L i  d e t e c t o r ,  81  days a f t e r  s h u t -  
down, I d e n t i f i e d  2 2 N a ,  54M, 6oCo, 65Zn, 124Sb, 134Cs 

and 137Cs. 
i n  t h e  cold t r a p  v s  t h e  37OoC (700OF) bulk  sodium vas 

50. This  shows t h a t  t h e  co ld  t r a p  has  removed some 

(-30%) of t h e  137Cs a r i s i n g  from f i ss ion-product  

releases t o  t h e  sodium. The p r i n c i p a l  r a d i o i s o t o p e s  

found i n  t h i s  scan ,  l i s t e d  i n  descending o r d e r  of  

a c t i v i t y ,  were: 137Cs, "Mn, 12'Sb, 134Cs and "Na. 

The c o n c e n t r a t i o n  f a c t o r  f o r  137Cs/22Na 

EBR-I1  has  opera ted  i n  a s a f e  and r e l i a b l e  manner 

f o r  a lmost  1 2  years .  Exce l len t  sodium p u r i t y  c o n t r o l  

supported by a r igorous  p u r i t y  monitor ing program h a s  

been ins t rumenta l  i n  achiev ing  t h i s  h i s t o r y .  Sodium 
technology e f f o r t s  at EBR-I1  will cont inue  t o  c o n t r i b -  

u t e  t o  t h e  high a v a i l a b i l i t y  and o p e r a b i l i t y  of t h e  
r e a c t o r  and coolan t  systems. 
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