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ADDITIONAL MEASUREMENTS OF THE REACTIVITY' 

TRANSIENT IN lRRADUlTED THORIUM 

by 

Robert G'. Nisle and Dean A. ~ i l l s a ~  

SUMMARY 

In  a previous report  the  decay of Pa-233 in to  U-233 was t raced 
by a s e r i e s  of measurements of r eac t iv i ty  i n  the  Reactivity Measurement 
F a c i l i t y  (RMF) . 

The work reported herein consis ts  of a similar experiment on two 
pa i r  of thorium slugs.  One pa i r  of Savannah River type slugs were 
i r rad ia ted  i n  the  MTR in' L-58 f o r  an estimated 2.5 x 1020nvt a t  an 

14  estimated f lux  l e v e l  of 1.8 x 10 nv. The other pa i r  were Hanford 
type and were i r rad ia ted  i n  A-5 an estimated 6.6 x 1o2'nvt a t  an 
escl;imated l cvc l  of 2.0 x 3 0 ~ 3 ~ 7 ~ .  

Measurements i n  RMF were made i n  twopos i t ions .  Estimates of the 
decay constant of Pa-233 a;nd the U-233 content of the  slugs are  made. 
From the r e su l t s  it i s  concluded t h a t  (1) the  long term reac t iv i ty  
t rans ien t  i s  due t o  Pa-233 decay (2)  thorium slugs can be i r rad ia ted  
i n  the bfTR a t  f l u  leve ls  of 1 0 l k v  t q  a U-233 content of 6 grams 
without damage t o  the  slugs, and (3). the  in-pile cross sect ion of 
Pa-233 can be measured by t h i s  method prdvided an independent . measure- . 

ment of the  i r rad ia t ing  f lux  is  made. 
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ADDITIONAL MEASUREMENTS OF THE REACTIVITY 

TRANSIENT I N  IRRADIATED THORIUM 

by 

Robert G. N i s l e  and Dean A. Millsap 

I. INTRODUCTION 

I n  a previous report1 t he  decay of Pa-233 i n to  U-233 was t raced  
by a s e r i e s  of measurements of r e a c t i v i t y  i n  t he  React ivi ty  Measurement 
F a c i l i t y  (RMF). The work reported herein  cons i s t s  of a s imilar  
experiment. 

React ivi ty  measurements were made on one p a i r  of Hanford type 
thorium slugs during t he  period January, 1959 t o  December, 1959. The had 
been i r r ad i a t ed  i n  posi t ion A-5 i n  the  MTR f o r  an estimated 6.6 x 102Bnvt. 

The second p a i r  were Savannah River type. React ivi ty  measurements 
were made on them dwing  tlie period of ALI~LIS~ . ,  1.959 t,o Ansil ,  1960. They 
had been i r r ad i a t ed  i n  posi t ion L-58 i n  t he  MTR f o r  an estimated 2.5 x 1 0 ~ ~ n v - t .  
There was no evidence of any damage t o  them a s  a r e s u l t  of i r r ad i a t i on  i n  
a high f l ux  posi t ion such as  L-58. 

The r e s u l t s  of t h i s  experiment y i e ld  a value f o r  the  decay constant 
of Pa-233 and a rough est imate of the  i r r ad i a t i on  f lux .  Further support 
i s  a l so  given t o  t he  assumption, made i n  t he  previous . repor t ,  t h a t  t he  
f i s s i o n  products of U-233 contained i n  t he  s lug have a negl igible  e f f ec t  
on t he  r e a c t i v i t y  t r ans i en t .  This experiment gives no information about 
the  t o t a l  poison contribution of such f i s s i o n  products. 

11. DESCRIPTION OF THE EXPERIMENT 

The two Savannah River ty-pe slugs had previously received a 
considerable amount of i r r ad i a t i on  i n  t he  MTR. They had been renloved 
from the  MTR i n  May, 1959 and were being s tored i n  t h e  canal  t o  await 
t he  Pa-233 decay before measurement; i n  t he  RMF. Hence, &out 65 days 
elapsed between previous i r r ad i a t i on  and the  inse r t ion  i n t o  L-58. 
The Pa-233 from the  previous i r r ad i a t i on  was, therefore ,  near ly  a l l  
decayed out.  

The two Hanford type slugs were f r e sh  s lugs  when they were inse r ted  
i n  t he  MTR, and t he  e n t i r e  i r r ad i a t i on  was accomplished i n  posi t ion A-5.  
The locat ions  i n  t he  MTR during i r r ad i a t i on  a r e  shown i n  Figure 1. 



Reactivity measurements were begun four days a f t e r  removal from 
the MTR i n  the  case of the  Savannah River type slugs and two days a f t e r  
removal i n  the  case of the  Hanford type slugs. Thus, r eac t iv i ty  changes 
due t o  xenon-135 and samarium-149 were reduced. 

During the measurement period the RMF was dismantled, reassembled, 
and recalibrated,  a l l  of which was necessitated by cer ta in  canal repairs .  
Consequently, the  raw data required an adjustment t o  account fo r  two 
d i f fe ren t  regulating rod cal ibrat ions .  This was accomplished through 
. the  intermediary of standard slugs, one of which was unirradiated and 
one of which had previously been i r rad ia ted  and allowed t o  cool f o r  
about four years . 

Measurements were made i n  posit ions 1 and 6 a s  indicated i n  
Figure 2. Because of the  high l eve l  of U-233 tha t  had been b u i l t  up 
i n  these slugs the  r eac t iv i ty  e f f ec t  was la rger  than could be accommo- 
dated by the RMF regulating rod. Therefore, i n  order t o  make a measure- 
ment on these slugs it Mas necessary t o  use an intermediate standard 
containing some U-233. An i r rad ia ted  slug t h a t  had been out of the  
reactor f o r  several  years was used f o r  t h i s  purpose. Each se t  of 
measurements, therefore, consisted of measurements on the r eac t iv i ty  
of the  unirradiated and intermediate standards (net  t o  the empty reactor)  
and on the r eac t iv i ty  of the  subject slugs, net  t o  the  intermediate 
standard. Hence, the  Lotal r eac t iv i ty  e f f ec t  due t o  the U-233 content 
was the sum of the e f fec t s .  

I 11. 'I'WTMENT OF THE DATA 

Each day's data consisted of a t  l e a s t  three readings on all - .  . *. 
slugs. These readings were averaged and the r e s u l t s  are given i n  
Table I. It w i l l  be noted t h a t  there  i s  a considerable var ia t ion 
i n  the r eac t iv i ty  worth of the  standard, 'even though there is  no 
reason t o  believe t h a t  anything has happened t o  it t o  cause such 
var ia t ions .  Hence, such var ia t ions  are  a t t r ibu ted  t o  s h i f t s  i n  reactor  
cal ibrat ion,  and the  raw dat'a were corrected by means of the following 
formula 

where R i s  the  corrected r eac t iv i ty  worth of a slug. 
C 

S i s  an average of the  r eac t iv i ty  worth of the  intermediate 
sE andard . 
R i s  average r eac t iv i ty  worth of a slug f o r  readings t&en on 
tke i - t h  day. ( ~ s b l e  I )  
S i  i s  the werage r eac t iv i ty  worth of the intermediate standard 
fo r  readings taken on the i - t h  day. (Table I )  
Rc, Sc, R i ,  and Si are  a l l  taken as net  t o  the  unirradiated slug. 

Table I1 l i s t s  the  r eac t iv i ty  worths i n  pk a f t e r  being corrected 
i n  t h i s  manner. Figures 3 and 4 are graphs drawn from the data i n  
Table 11. I n  order t o  derive a value of the  Pa-233 decay constant 



from these data, a l e a s t  squares f i t  of the  following equation was made: 

I n  order t o  use t.his equation it was necessary t o  estimate a value f o r  
t he  r eac t iv i ty  a t  time zero, ~ ( o )  . This was done by graphical extrapo- 
l a t i on .  The IBM 650 was programmed to  f ind  ~ ( m )  and A by an 
i t e r a t i v e  process when t and ~ ( t )  are given. It was found t h a t  the 
process was convergent and about one-half hour machine time was require.d 
f o r  a solution.  

Table I11 lists  the r e su l t s  of these calculations.  The half  l i f e  
of Pa-233 a s  derived from these data i s  seen t o  be 26.5 and 25.5 days. 
This compares favo~ably.  .with the l i t e r a t u r e  value' of 27.4 days. The 
standard deviations l i s t e d  i n  the  l a s t  column of Table I11 re fe r  t o  the  
deviations of the  values l i s t e d  i n  Table I1 from those calculated by the 
IBM 650. The data taken i n  posit ion 1 are  consistentJy be t t e r  than 
those taken i n  posit ion 6.  This is  a t t r ibu ted  t o  the  f a c t  t h a t  the f l ux  
gradients i n  t h i s  posit ion a re  much greater  than they are  i n  posit ion 
1 and hence any positioning e r ro r  i s  more conducive .Lo a r e a c t i v i t y .  
e r ro r .  

The U-233 content of these sl..i~gs v8.a estimated a t  t 0 aild ti't .the 
end of the  decay period by means of the  correla t ion given i n  IDO-16402 
(.Figure 4 of t h a t  report  is  reproduced here as Figure 5) .  The r e su l t s  
are  given i n  Table I V .  I f  an independent measurement of the  f l ux  were 
available it would be possible t o  calculate  an in-pi le  cross section 
of Pa-233 from these data. By an IBM calculation s imilar  t o  t h a t  
described i n  IDO-16504 , a rough estimate of the  f l ux  i n  the  two cases , . 

w a s  made from the  data i n  Table I V .  'Yhe f lux  l eve l  f o r  the  Savannah 
River t q g  slugs i n  the  L-58 posit ion was estimated t o  be about 
1.8 x 10 nv and f o r  the  Hanford type slugs i n  A-5 it was estimated 
t o  be about 2 x 1013nv. 

V. CONCLUSIONS 

The r e su l t s  reported herein lead t o  the  following conclusions: 

(1)  The long term reac t iv i ty  t raneient  observed i n  i r rad ia ted  
thorium i s  due t o  the  deca.y of Pa-233 and the presence of 
U-233 f i s s ion  products produces a negligible e f fec t ,  since 
the  measured half  l i f e  was nearly the accepted value f o r  
Pa-233. 

(2) Savannah River type thor i  slugs can be i r rad ia ted  i n  the  1r MTR a t  f lux  leve ls  of 10 nv u n t i l  the  U-233 content has been 
b u i l t  up t o  6 grams without damage t o  the  slugs. 

(3) The in-pi le  cross section of Pa-233 can be measured by 
t h i s  method provided an independent measurement of 
i r rad ia t ing  f lux  i s  made. 
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AVERAGED REACTIVITY DATA BY DAYS 

Savannah River Type  slug^ 

A P i n  ~-tk 
( ~ e t  t o  Unirradiated s lug)  

R, 
I I 

Slug 009E6 Slug 590D1 Intermediate Standard 
Date Days Pos. 1 Pos. 6 Pos. 1 POS.. 6 POS. 1 POS. 6 



TABm I. (continued.) 

AVERAGED REACTIVITY DATA BY DAYS 

Hanford Type Slugs 

A P in vk 
(Net to Unirradiated slug) 

R , S ; 
I J. 

Slug No. 21-75 Slug No. 21-76-Intermediate Standard 
Date Days Pos. 1 Pos. 6 Pos. 1 Pos. 6 POS. 1 POS. 6 

1/51 59 2 1197.5 1327.1 1115.9 1241.3 88.1.6 982. o 



TABU 11. 

CORRECTED REACTIVITY DATA 

Savannah River Type Slugs 

s (posi t ion 1) = 855 
C 

s (posi t ion 6) = 960 
C 

0 0 9 ~ 6  590D1 
Days POS. 1 Pos. 6 Pos. 1 POS. 6 

Note: 'l'he r e a c t i v i t y  values of Ap, i n  t he  body of t he  t ab l e  are calcula ted 
from those i n  Table I by means of equation (1). 



TABLE 11. (continued) 

CORRECTED REACTIVITY DATA 

Hanford Type Slugs 

A p i n I - l k  

s (posi t ion 1) = 870.5 
C 

sc (posi t ion 6) = 972.3 

s l ug  21-75 s lug  21-76 
Days Pos. 1 POS. 6 Pos. 1 Pos. 6 

Note : The r e a c t i v i t y  values &I, i n  , the  body of 'the t a b l e  are calcula ted 
from those i n  Table I by means of equation (1). 



TABU I11 

MEASURED VALUES OF Fa-233 DGCAY CONSTANT AND HALF LIFE 

Slug No. Position ' E s t i m .  IBM IBM Days Days Std. Dev. of Data 

Averages 0.2616 26.5 

21-75 1 1173 1174 1283 0.02707 25.6 2.4 

21-75 6 1307 1303 1431 0.02716 25.5 . 3.6 

21-76 1 1098 1102 1199 0.02679 25.8 5.5 

6 1224 21-76 '1215 1338. 0.02732 25.3 7.7 

Averages 0.02708 25.5 



TABLE I V .  

ESTIMATED U-233 CONTENT 

Slug No. Time . u-233.7 g 

0 0 9 ~ 6  o 6.1 

0 0 9 ~ 6  247 days 7.5 

Difference 1 .4  

0 

247 days 

Difference 1.0 

345 days 6.9 

Difference 0 .8  

Difference 0.8 

Note: The difference i n  U-233 content shown i n  t h i s  t ab l e  
represents t he  Pa-233 produced i n  the  s lug during t he  i r r ad i a t i on  
period of t h i s  experiment. 



FIG. I 
MTR THERMAL NEUTRON FLUX AT REACTOR MID-PLANE 

- LOCATION OF SLUGS I N  M T R  DURING IRRADIAT ION 
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FIG. 2 
RMF CORE SHOWING LOCATIONS OF EXPERIMENTAL POSITIONS 
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U-233 CONTENT MEASURED BY CHEMICAL- MASS SPECTROGRAPH METHOD 

U-233 = 26.15 - 8.33 In (23.06- X lo4 )  

FIG. 5 
REACTIVITY U-233 C O N T E N T  






