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A TWO-ZONE FAST CRITICAL EXPERIMENT 
(ZPR-III Assembly 42) 

by 

P. I. Amundson, R. L. McVean, and J. K. Long 

ABSTRACT 

This study was conducted to determine what p rope r ­
t ies of a previously studied dilute power reac tor could be 
duplicated in a smal le r two-zone assembly. Reactivity 
m e a s u r e m e n t s performed included determinat ions of p la te-
or ientat ion worth, homogeneity co r rec t ions , reac tor -segment 
worths , cen t ra l react ivi ty coefficients, and radial worth d i s ­
tr ibutions of axial columns of core ma te r i a l s . Spectral in­
dex determinat ions included: cen t ra l fission ra t ios , nuclear 
t r ack emulsion m e a s u r e m e n t s , fission counter t r a v e r s e s , 
Ross i -a lpha m e a s u r e m e n t s , sodium activation, and natural 
and enr iched uran ium foil n i easurement s . 

INTRODUCTION 

Explora tory work into two-zone sys tems is based on the inability 
of exper in ienta l i s t s to a s semble mockups of very large fast power b reede r 
r eac to r s because the size is l imited in present c r i t ica l faci l i t ies . 

The two-zone sys tem was conceived to try to fit a portion of a very 
large power b reede r r eac to r into an existing cr i t ica l facility, A small , 
subcr i t ica l portion of a la rge dilute sys tem is positioned in the center of 
the c r i t i ca l facility ma t r ix and surrounded by enough higli-enrichnient 
d r iver m a t e r i a l to make the sys tem cr i t ica l . If the dr iver diluents and a 
filter between the d r ive r and core a r e chosen properly, the h igher -energy 
dr iver flux can be modified enough to allow neutron equil ibrium over a 
major port ion of the dilute cen t ra l a r ea . Should this system prove work­
able, it may be possible to study some of the more in teres t ing p a r a m e t e r s 
of the large dilute sys tems , such as the sodium void coefficient vs . sodium 
fraction, clad composition, and core height for a s e r i e s of very large 
r e a c t o r s . 

The p r i m a r y purpose of the ZPR-II I Assembly 42 was to determine 
how much meaningful information can be derived from the two-zone meth­
od To do this , the cen t ra l core a r ea of Assembly 42 was made an exact 
duplicate of a previously run dilute, s imulated uranium carbide reac tor 



(Assembly 34).^-'-/ The d r i \ e r zone u'as chosen because it would imitate 
the conditions expected with future, l a rger two-zone s y s t e m s . These con­
ditions a r e : a d r i \ e r spect rum harder than the cent ra l spectrum; a r e l a ­
tively high power density and react ivi ty density; a s imple composition 
that would yield to analys is ; and s ta inless steel and graphite used to t em­
per the dr iver spectrimi. The purpose of the filter which separa tes the 
two zones is to make gross shifts in the neut ron-energy spect rum between 
the dr iver and core , so that as large as possible a region of the cent ra l 
zone will be useful for physics s tudies . 

THE ZPR-III MACHINE 

ZPR-III IS a c r i t i ca l assembly divided into two separable halves 
that allow for loading safety and ease of loading from the radia l niidplane. 
In the separa ted (shutdown or loading) state the r eac t i \ i t y hazard is small . 

The p r imary reac tor feature allowing simple assembly design con­
sis ts of a 31 X 31 a r r a y of horizontal s ta inless steel tubes, each having a 
c ros s - sec t i ona l a r e a of 4.57 sq in. and a depth of 33.5 in. A view of the 
ZPR-III machine is given in Fig. 1. All control ins t rumentat ion is located 

Fig. 1. View of ZPR-III 



above the machine halves . Safety-control rods which feature e lec t r ica l 
drive and pneumatic s c r a m power a r e inser ted from the axial ends of the 
reac tor (five safety control rods enter each half). 

Assembl ies a r e constructed by preloading perforated stainless steel 
d rawer s with the normal ly p resc r ibed composition of -|—in.-thick plates of 
fuel and diluent ma te r i a l s (see Fig. 2). These core d rawers a re inser ted 
into the ma t r i ce s of each half in a repeti t ive pat tern until cr i t ical i ty can 
be achieved with the halves together and all control-safety rods inser ted. 
A more complete descr ipt ion of the ZPR-III facility has been given by 
Cerutt i et al.^^) 

f 

Fig. 2. Typical Drawer Structure 

PHYSICAL DESCRIPTION OF ASSEMBLY 

Assembly 42 is a two-zone cylindrical reac tor that consists of two 
fuel zones separa ted by a filter of depleted uranium. The two zones a re 
completely blanketed both axially and radially with depleted uranium. 

A face view of one-half of the assembly is shown in Fig. 3. For 
safety purposes , the assembly is positioned in the ZPR-III mat r ix with the 
cylinder lying on i ts side. This procedure is normally followed in ZPR-III 
so that inser t ion of the fuel-containing control-safety rods will resul t in 
react ivi ty changes that a re predictable and nonhazardous. In Assembly 42 
control-safety rod t ravel is l imited to movement through the axial blanket 
into the zone for which a specific control-safety rod is designed. 

The cent ra l zone (core area) is 34.06 in. in length and has an ef­
fective radius of 9.22 in. Each drawer in this zone contains one column 
of enriched uranium, two columns of graphite, two columns of depleted 
uranium, three columns of s ta inless s teel , two columns of 100% aluminum, 
two columns of 63% reduced-densi ty aluminum, and four columns of 45% 
reduced-densi ty aluminum. The core a r ea drawer column ar rangement is 
shown in Fig. 4. This a r rangement is a duplicate of that of Assembly 34. 
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Fig. 3. Face View of One-half Assembly 

Fig. 4 

Core Area 
Drawer Loading 

ASSEMBLY NO. 42 
LOADING NO. 
DRAWER NO. All Core 

The radial per iphery of the core zone is surrounded by a nominal 
-|--in.-thick depleted uranium fil ter. The filter has the same axial length 
as does the core zone. Although the mass of depleted uranium in the filter 
would indicate a radial dimension slightly in excess of ^ ^'^- ^^ thickness 
with an inner radius of 9.22 in., the filter zone is actually 0.71 in. in radius 
due to the volume taken up by the s ta inless steel in the mat r ix and pe r ­
forated d r a w e r s , and inherent construction voids cha rac te r i s t i c of all 
d rawer loadings. 



Surrounding the filter zone radially and with an axial length equal 
to it is a d r iver zone containing approximately twice the U^ ^ volume f rac­
tion of the core . The dr iver zone has an effective inner radius of 9.93 in. 
and an effective outer radius of 13,11 in. Each full drawer in the dr iver 
zone contains 2 columns of enriched uranium, one column of depleted u ra ­
nium, 9 columns of graphite , and 4 columns of s tainless s teel . The m a ­
te r ia l a r r angemen t in a typical d r iver drawer is given in Fig, 5, All half 
d r awer s in the dr iver contain the same mate r ia l a r rangements as a full 
drawer up to the point in the drawer where blanket n ia ter ia l s t a r t s . A 
portion of the dr iver d rawers above and below the filter have the columns 
of ma te r i a l in a horizontal plane as shown in Fig, 6. This a r rangement of 
ma te r i a l was necess i ta ted for some of the 3/4 d rawers because of the lack 
of sma l l - s i zed pieces of var ious mate r i a l s necessary to make a 3/4 drawer 
with columns in the ver t ica l plane. 

Fig. 5 

Top View of General 
Driver Drawer Loading 

ASSMBLY NO. 42 
LOADING NO. 
DRAWER NO. Driver 
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The c o m p o s i t i o n s of the v a r i o u s z o n e s a r e g iven in Tab le I. A l ­
though the c o r e d r a w e r a r r a n g e m e n t s a r e the s a m e a s in A s s e n i b l y 34, the 
vo lume f r a c t i o n s dif fer s l igh t ly b e c a u s e the f i l t e r cu t s i n to p o r t i o n s of the 
edge of the c o r e ; a l s o , the r a t i o of the c o n t r o l - s a f e t y d r a w e r s t a i n l e s s 
m a s s is d i f fe ren t f r o m the to ta l c o r e m a s s . 

T.ible I 

REACTOR CONSTANTS 

V o l u m e "1. fg cc) 

u«Mi9.o) 
S t a i n l e s s S tee l i7 .85) 
G r a p h i t e ' 1 .43 ) 
A l u m i n u m (2.7) 

V o l u m e l i t e r s ) 
O u t e r R a d i u s ( cm) 
L e n g t h (cm) 

C o r e 

T.04 
11.0 
22 . h 
12.=; 
25.b 

I4Q.12 
23.4 
86. t̂  

F i l t e r 

0.17 
80.1 

' . .9 

2;..8t 
2S.2 
8b. 5 

D r i v e r 

9.29 
b .^4 

28. t. 
"=.1.3 

1 5 7.20 

8( .^ 

B l a n k e t 

R a d i a l I n n e r 

0.17 
b3 .5 

Q.I 

o98 .2 

142.4 

R a d i a l O u t e r 

0.17 
83.1 

7.3 

9'3 3.8 
70.2 

142.4 

Ax ia l 

0.17 
82 .3 

•3.3 

0.02 

201.1 
33 .3 

r = =S5.9 

To ta l 

0.17 
83.2 

8.2 

18Q5.1 
70.2 

142.4 

The c o m p l e t e r e a c t o r , i nc lud ing the f i l t e r and b lanke t , i s 56.06 in. 
long, h a s an effect ive r a d i u s of 27 .63 in . , and a v o l u m e of 134,440 in.^ 
(2 ,203 l i t e r s ) . 

A P P R O A C H TO CRITICAL 

On the b a s i s of e x p e r i e n c e g a t h e r e d whi le conduc t ing the e x p e r i -
n i en t a l p r o g r a m of A s s e n i b l y 34, the i n i t i a l load ing con ta ined the full e x ­
pec t ed c o r e zone for A s s e m b l y 42 . Since A s s e m b l y 34 w a s c r i t i c a l with 
o v e r 500 kg U '̂̂ ,̂ a loading con ta in ing the s a m e r a t i o of fuel to d i luen t s and 
141 kg U^^^ would be far s u b c r i t i c a l . Th i s s u b c r i t i c a l c o r e was c o m p l e t e l y 
b l a n k e t e d bo th r a d i a l l y and ax i a l l y with dep le t ed u r a n i u m to a d i s t a n c e e x ­
pec t ed for the c r i t i c a l r e a c t o r , i nc lud ing a s u r r o u n d i n g 12- in . blanket. ' -^) 

T h e a p p r o a c h to c r i t i c a l c o n s i s t e d of s t e p w i s e r a d i a l r e p l a c e m e n t s 
of b l a n k e t d r a w e r s wi th d r a w e r s con ta in ing the m a t e r i a l s cons t i t u t i ng the 
d r i v e r zone . After each i n c r e m e n t a l add i t ion of d r i v e r m a t e r i a l , the h a l v e s 
w e r e b r o u g h t t o g e t h e r and the d e g r e e of s u b c r i t i c a l i t y e s t i m a t e d a s b a s e d 
on the i n v e r s e of the n e u t r o n count r a t e f r om two p r o p o r t i o n a l c o u n t e r s 
s i t u a t e d a t the a x i a l c o r e - b l a n k e t i n t e r f a c e in d r a w e r s 1 and 2 - 0 - 1 4 . The 
c o u n t e r s w e r e pos i t i oned to m i n i m i z e n o n l i n e a r i t i e s in the c r i t i c a l - a p p r o a c h 
c u r v e , tha t i s , the plot of i n v e r s e count r a t e v s . m a s s of U^^^ ( s e e F i g . 7). 

Af te r r e a c h i n g c r i t i c a l i t y , c o n t r o l r o d No. lU w a s c a l i b r a t e d by m e a s ­
u r ing the s t ab l e p e r i o d a s s o c i a t e d with e a c h i n c r e m e n t a l change in c o n t r o l 
rod pos i t ion . By a l t e r n a t e l y ad jus t ing two c o n t r o l r o d s in oppos i t e d i r e c ­
t ions and by a s s u m i n g tha t the c o n t r o l rods have no i n t e r a c t i o n , a c a l i b r a t i o n 



over severa l inches of rod No. 10 was made. This control rod, located in 
the d r ive r region, indicated a worth of approximately 80 Ih with a differen­
tial worth near the center of the rod of approximately 9 Ih/in. The ca l i ­
brat ion curve for rod No. 10 is given in Fig. 8. The react iv i ty-per iod 
curve used is reproduced in Fig, 9. 

Fig. 7 

Cri t ical Approach 

MASS, kg 

The reactivity worth of core 
ma te r i a l substituted for blanket m a ­
te r ia l at the edge of the dr iver was 
measured as a function of the change 
in c r i t i ca l rod position. After sub­
stitution of ha l f -drawers at cer ta in 
locations to round off the shape of 
the cyl indrical r eac to r , the edge 
worth of dr iver ma te r i a l was m e a s ­
ured as 25 Ih/kg U"5. This worth, 
along with the control rod ca l ib ra ­
tion, was used to calculate an exact 
c r i t i ca l mass of 379.4 kg U^^ ,̂ ex­
clusive of the 0,7 kgU^^^ in the fi l ter. 

ASSEMBLY 42 
#10 ROD WORTH 

Fig. 8. Control Rod Calibration 
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Fig. 9 

Reactivity Per iod Curve 

PLATE ORIENTATION EXPERIMENTS 

Some concern has been expressed about the effects of plate or ien­
tation in regions where the flux gradient is steep. In o rde r to clarify the 
existence of reactivity changes due to these effects and to ineasure these 
effects semiquantitat ively if possible, two exper iments were conducted. 

To check for possible effects on reactivity of core plate or ien ta­
tion in core ma te r i a l near the dr iver , the fuel plates in d rawers 1 and 
2, L-14 and 18, and 1 and 2, R-14 and 18 (see Fig. 10) were oriented 90° 

I 2 3 4 5 6 ? 8 9 10 II 12 13 14 iS 16 17 18 19 iO 21 H 25 24 25 26 21 28 29 30 31 

Fig. 10 

Core Fuel Plate 
Reorientat ion 

HALF H 
NO BOTH 1 

X = CONTROL L 
AND M 

SAFETY RODS «i 

+='MODIFIED ° 
DRAWERS 

ASSEMBLY NO 
_ 4 2 _ 
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to make the fuel plates para l le l to the filter ma te r ia l in this region. The 
orientat ion process involved keeping the plates in positions that resul ted 
in the same average center of mass for each drawer r ega rd les s of or ien­
tation of fuel p la tes . This p rocess would eliminate the possibility of any 
net radia l shifting of fuel if the gradient in the vicinity was l inear . 

The result ing react ivi ty change was 1.26 Ih for an orientation of 
9.2 kg of enriched uranium at an average radius of 6.17 in. 

The second exper iment consis ted of orienting the columns of en­
riched uranium in the dr iver at a radius such that the gradient would be 
steep. The fuel columns in d rawers 1 and 2, 1-15, 16, and 17, and 1 and 
2, U-15, 16, and 17 (see Fig. 11) were oriented 90°, result ing in a r e a c ­
tivity change of 2.36 Ih for 27.6 kg U '̂'̂  at an average radius of 13.23 in. 

I 2 3 4 6 6 T e 9 10 II 12 13 14 15 16 17 18 18 28 21 K 23 24 25 26 2? 28 28 30 3i 

A 

B 

C 

D 

E 

F 

G 

HALF H 

NOBOJH I 
J 

K 

X=CONTROL L 
AND M 

SAFETY RODS N 
0 

#=M0DIF1ED P 
DRAWERS Q 

ASSEMBLY NO 
_ 4 i _ 

Fig. 11, Driver Fuel Plate Reorientation 

Although the resul ts indicated a small negative change in the core 
at R = 6.17 in., and a slightly l a rge r positive change in the dr iver at 
R = 13.23 in., no conclusions have been drawn since the evaluation does 
not take into account the possible effects of large nonlinear gradients r e ­
sulting in net effective shifts of fuel nor does the e r r o r due to closure of 
the halves of ± Y Ih allow any degree of confidence in the accuracy of 
ei ther experiment . 
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H E T E R O G E N E I T Y F U E L - B U N C H I N G E X P E R I M E N T S 

B e c a u s e of p r o b l e m s a s s o c i a t e d with o r i e n t a t i o n of fuel in the c o r e 
and d r i v e r and the l i m i t e d n u m b e r of e n r i c h e d u r a n i u m p i e c e s of c e r t a i n 
r e q u i r e d spec i f i c s i z e s , the h e t e r o g e n e i t y e x p e r i m e n t s for the c o r e and 
d r i v e r had to be conduc ted s e p a r a t e l y . It w a s a s s u m e d tha t s ince h e t e r o ­
gene i ty c o r r e c t i o n s a r e funct ions of l oca l p e r t u r b a t i o n s , t h e r e wil l be no 
g r o s s i n t e r a c t i o n b e t w e e n the c o r e and d r i v e r d u r i n g the a s s o c i a t e d bunch ­
ing e x p e r i m e n t s . ^ ' ^ ' T h i s a l lows a s i m p l e s u m m i n g of the effects in e a c h 
zone to a r r i v e a t an o v e r a l l h o m o g e n e i t y c o r r e c t i o n for the e n t i r e r e a c t o r . 
Ten d r a w e r s of a r e p r e s e n t a t i v e s e g i n e n t of each half of the c o r e zone 
( s ee F i g . 12) w e r e a l t e r n a t e l y bunched and unbunched . 

2 3 4 5 6 I 9 9 18 !l 12 13 '4 11 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

HALF H 

f ioBOTH 1 

X=CONTROL L 
AND M 

SAFETY RODS M 
0 

';=MODIFIED P 
DRAWERS Q 

ASSEMBLY NO 
4 2 . _ 

F i g . 12. C o r e H o m o g e n e i t y E x p e r i m e n t 

The 20 d r a w e r s con ta in ing 23.1 kg U^^^ when bunched ( see F i g . 13) 
r e s u l t e d in an i n c r e a s e in r e a c t i v i t y of 31.65 Ih. Bunching of the e n t i r e 
141 kg U^^^ in the c o r e would thus r e s u l t in a gain of 193 Ih. 

The s a m e 20 d r a w e r s w e r e u s e d to d e t e r m i n e the effect of c h a n g ­
ing the t h i c k n e s s of the fuel c o l u m n s f rom ^ to jg- in. Unbunching the 
-|—in. c o l u m n s in t h e s e 20 d r a w e r s to jg- - in . c o l u m n s ( s ee F i g . 14) i n ­
volved 23.14 kg U^^^, r e s u l t i n g in a l o s s of 20 Ih. If the e n t i r e c o r e zone 
had b e e n unbunched in th i s m a n n e r , the a s s o c i a t e d l o s s in r e a c t i v i t y would 
have b e e n 121.8 Ih. 
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d r i v e r zone . The d r i v e r bunch ing ( s e e F i g , 16) e x p e r i m e n t wi th 23,1 kg 
U '̂̂ ^ r e s u l t e d in a ga in of 15,3 Ih. E x t r a p o l a t i o n to the full 239-kg d r i v e r 
would r e s u l t in a r e a c t i v i t y ga in of 158 Ih. 

ASSEMBLY NO 42 
LOADING NO. 
DRAWER NO. 

F i g . 16 

D r i v e r Bunching 
A r r a n g e m e n t 
(for r e f e r e n c e 
s e e F i g . 5) 

Th i s s a m e s e g m e n t , now con ta in ing 23.14 kg U^^^ when unbunched 
( s e e F i g . 17) f r o m -g-- to j ^ "i'^-"t^^^*^^ c o l u m n s , r e s u l t e d in a l o s s in r e ­
ac t iv i ty of 4 .3 Ih. E x t r a p o l a t i o n to a c o m p l e t e l y unbunched d r i v e r r e s u l t s 
in a l o s s of 44.6 Ih. 
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F i g . 17. D r i v e r Unbunching A r r a n g e m e n t 
(for r e f e r e n c e s ee F i g . 5) 

The r e s u l t s of the bunch ing e x p e r i m e n t s a r e shown in F i g . 18, w h e r e 
r e l a t i v e r e a c t i v i t y is g iven a s a funct ion of fuel t h i c k n e s s and i n c l u d e s an 
e x t r a p o l a t i o n to z e r o t h i c k n e s s . S u m m a t i o n of the z e r o f u e l - t h i c k n e s s 
v a l u e s for both c o r e and d r i v e r would r e s u l t in c o n s i d e r a b l y l e s s than the 
n o m i n a l 450 Ih which c a n be t a k e n a s an a v e r a g e c o r r e c t i o n ( a p p r o x i ­
m a t e l y 1%; 0.7-1.5%) for m o s t r e c e n t l a r g e d i lu te a s s e m b l i e s . (5) 
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WORTH O F CORE DRAWERS AT VARIOUS RADIAL POSITIONS 

The r e a c t i v i t y w o r t h s of c o r e d r a w e r s a t t h r e e d i f fe ren t r a d i a l 
p o s i t i o n s w e r e m e a s u r e d , r e l a t i v e to void, by the t echn ique of s u b c r i t i c a l 
m u l t i p l i c a t i o n d e t e r m i n a t i o n . Th i s t echn ique invo lves r e m o v i n g a c o r e 
d r a w e r , thus c a u s i n g the r e a c t o r to be s u b c r i t i c a l with the h a l v e s t o ­
g e t h e r and a l l r o d s i n s e r t e d . A c a l i b r a t e d c o n t r o l rod is then moved to 
2 o r 3 d i f fe ren t p o s i t i o n s wi th two s e p a r a t e BF3 c o u n t e r s m e a s u r i n g the 
s u b c r i t i c a l coun t r a t e s a t e a c h c o n t r o l r o d pos i t i on . The r e c i p r o c a l 
count r a t e i s then u s e d to e x t r a p o l a t e to c r i t i c a l and the c o n t r o l rod c a l i ­
b r a t i o n u s e d to d e t e r n i i n e the d e g r e e of s u b c r i t i c a l i t y . Th i s r e a c t i v i t y is 
then added to the kno'wn e x c e s s of the r e f e r e n c e c o r e to d e t e r m i n e the 
w o r t h of the r e m o v e d d r a w e r . The r e s u l t s of t h e s e m e a s u r e m e n t s a r e 
g iven in T a b l e II. 

Table II 

MEASUREMENTS OF DRAWER WORTHS 

Radius 
(in., cm) 

0,0 

8.71, 22.1 

10.9, 27.7 

Drawer 
Mat r ix Pos i t ion 

2 0 16 

2 K 16 

2 0 21 

Worth (Ih) 

107 ± 5 

84 ± 4 

130 i 6 

Comments 

Center of Core (Fig. 4) 

Core , Outer Edge (Fig. 4) 

Driver , Inner Edge (Fig. 5) 



C E N T R A L REACTIVITY M E A S U R E M E N T S 

M e a s u r e m e n t s w e r e m a d e of the r e a c t i v i t y change due to the i n s e r ­
t ion of v a r i o u s m a t e r i a l s at the c o r e c e n t e r . Al l the f i s s i l e m a t e r i a l s 
fU^^^, U^''^, and Pu^'*') in t h e s e m e a s u r e m e n t s w e r e a p p r o x i m a t e l y 2 x 2 x-j-in. 
in s i z e . The U '̂̂ ^ s a m p l e w a s in the f o r m of two -^ - in . - t h i ck p l a t e s , and the 
p lu ton ium and U^^^ s a m p l e s w e r e canned in a l u m i n u m . The r e f e r e n c e l o a d ­
ings for the s m a l l f i s s i l e s a n i p l e s con t a ined one c r o s s w i s e c o l u m n of 
45% a l u m i n u m and one of 63% a l u m i n u m in the f i r s t q u a r t e r - i n c h of two 
oppos ing c e n t r a l d r a w e r s . The f i s s i l e m a t e r i a l s w e r e s u b s t i t u t e d e i t h e r 
c lad in (in the c a s e of p lu ton ium and U^^^) or s a n d w i c h e d b e t w e e n (in the 
c a s e of U^^^) 100%i a h i m i n u m such tha t the ne t a l u m i n u m change w a s 
neg l ig ib l e . 

To m e a s u r e the c e n t r a l r e a c t i v i t y w o r t h s of nonf i s s i l e m a t e r i a l s 
(deple ted u r a n i u m emd t h o r i u m ) , a s p e c i a l se t of two d r a w e r s was used . 
The p e r f o r a t e d f ront s e c t i o n s of t h e s e d r a w e r s w e r e r e c e s s e d one inch 
into the d r a w e r . By use of t h e s e d r a w e r s in oppos ing c e n t r a l m a t r i x t u b e s , 
an 8-cu in. void w a s c r e a t e d a t the c o r e c e n t e r . The changes in r e a c t i v i t y 
w e r e m e a s u r e d for i. ^ Z :K 1-in. s a m p l e s i n s e r t e d in t h e s e s p a c e s , excep t 
for the m a t e r i a l s s i l v e r and b o r o n c a r b i d e , for wh ich a s ing le 1 x 2 x 2 - in . 
s a m p l e and a I x 2 x -j-iii . s a m p l e w e r e u sed , r e s p e c t i v e l y . 

The r e a c t i v i t y c h a n g e s m e a s u r e d w e r e t a k e n a s the d i f fe rence in 
the c a l i b r a t e d c o n t r o l rod pos i t ion for the changed c o r e o v e r tha t for the 
r e f e r e n c e c o r e for each s a m p l e . F o r l a r g e c h a n g e s in r e a c t i v i t y , the 
a s s o c i a t e d r e a c t i v i t i e s in i n h o u r s for e a c h c o n t r o l rod pos i t ion w e r e r e a d 
d i r e c t l y f r o m the con t ro l rod c a l i b r a t i o n c u r v e . F o r s m a l l c h a n g e s in 
r e a c t i \ i t y , to ob ta in the g r e a t e s t a c c u r a c y , the d i f f e r e n t i a l c a l i b r a t i o n 
ove r a lineair po r t i on of the c o n t r o l rod was used . 

The r e a c t i v i t y w o r t h s of the m a t e r i a l s e x a m i n e d a r e g iven in 
Tab le III. The e r r o r s c i t ed a r e b a s e d on an e s t i m a t e d ± 0 . 5 Ih for 
h a l f - c l o s u r e r e p r o d u c i b i l i t y . 

A p e r t u r b a t i o n t h e o r y code w r i t t e n by A. H e s s , p r o g r a m m e d for the 
IBM 1620, w a s u s e d to c a l c u l a t e s o m e of the c e n t r a l m a t e r i a l w o r t h s . ( ^ ) 
The r e s u l t s a r e g iven in T a b l e III. 



Table ffl 

CENTRAL REACTIVITY COEFFICIENTS 

[Al l values in mb/atom, normalized to ( i / - l ta f -c rc fo r Pu239] 

Material 

U235")' 
Pu239<W 
U233(b) 

U238(b) 

Thorium 
Zirconium 
Sodium's' 
Lead 
Carbon 
Bismuth 
Aluminum 
Ph- I Oxide<a.fi) 
P h - I Oxide's.* 
Niobiumfa' 
Molybdenum 
Mercury (a) 
AI2O3 
Oxygen'e' 
Lithium'a' 
Beryllium 
B10(c) 

Tantalum's' 
SS 
Silver 

.Mickel 
Chromium'a' 
SS 

Assembly 34 

Experimental 
(Ih/kg) 

107 ± 2.0 
182 ± 2.5 
206 ± 2.5 
-5.8 ± 0.3 

-12.7 ± 0.3 
-1.2 ± 0.5 
7.2 ± 5.0 

-0.09 ± 0.3 
36.6 ± 2.5 
-0.4 + 0.5 
0.94 ± 0.5 

-14.8 ± 2.5 
-13.4 ± 2.5 
-16.0 + 1.0 
-9.5 ± 0.5 
-5.0 ± 0.5 
8.1 ± 1.5 

-81.8 ±10.0 
84.8 ± 2.0 

-2060 ± 50 
-28.7 + 0.5 
-1.5 ± 0.5 

-44.2 ± 0.4 

-2.4 1 0.5 
-0.6 ± 1.0 
-1.5 ± 0.5 

Calc 
(mb/atom) 

Measured 
(mb/atom) 

Assenibly 42 

Experimental 
(Ih/kg) 

Using Cross-section Set 635'5» 

1910 
3404 
3630 
-105 
-240 
-13 
10 

21 

4 

-129 
-77 

15 

-1450 
-358 

-7 

1990 ± 35 
3404 ±40 
3700 ± 40 
-108 ± 5 
-230 ± 6 

- 8 ± 3 
13 ± 9 
- 1 ± 4 
34± 3 
- 6 ± 9 
2 ± 1 

-164 ± 30 
-141 ± 30 
-116+ 8 
-71 ± 4 
-78 ± 8 

21 :r 8 
-44 ± 5 
59 ± 1 

-1610 ± 40 
-400 ± 10 

- 6 + 2 
-370 ± 5 

Using Cross-section Set 14 

-9 
-10 
-6 

-11 ± 2 
- 2 ± 3 
- 6 ± 2 

117 ± 2.0 
197 + 2.5 
223 ± 2.5 
-8.0 ± 0.3 

-13.0 ± 0.3 
-1.3 I 0.5 
10.3 ± 5.0 
-0.3 ± 0.3 
35.5 ± 2.5 
-0.07 + 0.4 
0.2 ± 0.5 

-15.3 + 2.5 
-14.5 ± 2.5 
-16.6 ± 1.0 
-10.3 ± 0.5 
-5.4 ± 0.5 
8.3 ± 1.5 

-97.6 ±10.0 
83.1 ± 2.0 

-2290 ± 50.0 
-30.2 ± 0.5 
-1.7 ± 0.5 

-50.4 ± 0.8 

5(7) 

-2.5 + 0.5 
-0.7 ± 1.0 
-1.7 ± 0.5 

Calc 
(mb/atom) 

1916 
3402 
3636 
-105 
-240 
-14 

8 

19 

3 

-128 
-79 

14 

-1410 
-354 

-9 

-10 
-11 
-8 

Measured 
(mb/atom) 

2010 ±35 
3402 I 40 
3860 ±40 
-108 ± 5 
-217 I 6 

-9 ± 3 
17 ± 9 
-4 ± 4 
31 ± 3 
-1 ± 9 
0.4 ± 1 

-157 ± 30 
-142 ±30 
-111 ± 8 
-71 ± 4 
-78 + 8 

20 ± 8 
-41 ± 5 
54 ± 1 

-1650 ±40 
-394 ±10 

-7 ± 2 
-393 ±10 

-11 ± 2 
-3 ± 3 
-7 ± 2 

fa'Corrected for reactivity effects of stainless steel canning material. 
(b)Corrected for effects of all other isotopes contained in samples. 
'c'Corrected for effects of B U and carbon in enriched B4C sample. 
'•I'Physicum samples fully described in reference 8. 
'^'oxygen worth calculated from AI2O3 measurement. 



REACTIVITY WORTHS OF AXIAL COLUMNS OF 
REACTOR MATERIALS AT VARIOUS RADII 

To obtain a dis tr ibut ion of the react ivi ty wor ths of reac tor m a t e r i a l s 
at va r ious rad i i that would be amenable to calculation, measu remen t s v/ere 
made of the react ivi ty changes assoc ia ted with substi tution of full axial col­
umns of var ious m a t e r i a l s at th ree different radi i in the core and one in the 
dr iver . 

For aluminum, graphite , s ta in less steel, and depleted uranium in the 
core a drawer configuration shown in Fig. 19(a) was util ized. For these m a ­
t e r i a l s in the dr iver the drawer configuration of Fig. 19(b) was utilized. 

The react ivi ty m e a s u r e m e n t s were per formed by initially determining 
the c r i t i ca l rod position for full-density aluminum in the sample columns, 
and then for 45% aluminum in these same columns. The worth of a luminum 
was then de termined from the difference in c r i t i ca l rod position between the 
two runs and the m a s s change of aluminum between the two runs . The worth 
of aluminum was then used to calculate the react ivi ty of a reference core 
having these sample columns voided. This re fe rence core was then used as 
a bas i s for determining the worths of columns of graphite , s ta inless steel, 
and depleted uranium. 

The column worth of enriched uranium in the core was determined 
by replacing one g--in.-thick column of 100% aluminum. The drawer config­
urat ion for these m e a s u r e m e n t s is shown in Fig, 19(c). In these m e a s u r e ­
ments , the ^ - i n , column of aluminum was used as a fil ler to keep the 
-~-in, colunan of uran ium in a specific position. The react ivi ty effects a s ­
sociated with the p r e sence of this extra j ^ - i n . column of aluminum were 
accounted for in the calculation of the worth of the enriched uranium column. 

The column worth of enriched uran ium in the d r ive r was de termined 
by replacing a column of depleted uranium with a Tr-in. column of enriched 
uranium and a jg'-in, column of 100% aluminum [see Fig, 19(d)]. The r e ­
activity effects assoc ia ted with the withdrawal of the depleted uranium column 
and the addition of the ^^'-in, a luminum column were accounted for in the ca l ­
culation of the worth of the 7- - in. column of enriched uranium. 

The r e su l t s of these exper iments a r e given in Table IV, F r o m the 
column worth m e a s u r e m e n t s of enriched and depleted uranium, worths for 
pure columns of U^̂ ^ and Û ®̂ have been calculated and a r e given at the bot­
tom of the table. In making cor rec t ions to de te rmine the u^^- and u^^^ col­
umn worth, the assumpt ion was made that the react ivi ty effect per atom was 
the same for ei ther specific isotope whether the isotope was contained in 
enriched or depleted uranium. Although this assumpt ion is not necessa r i ly 
valid, any e r r o r assoc ia ted with it will be smal l compared with the react ivi ty 
m e a s u r e m e n t e r r o r due to c losure of the halves . 



(ai Drawer configuration for aluminum, 
graphite, stainless steel, and depleted 
uranium in the core. 

(b) Drawer configuration for aluminum, 
graphite, stainless steel, and depleted 
uranium in the driver. 
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Fig, 19. Drawer Arrangement for Column Worth Measurement 

l i ib le IV 

Mate r i a l 

En r i ched U r a n i u m 

Depleted U r a n i u m 

Staiailess Steel 

Aluminum 

GrEtphite 

U235 

U^is 

C O L U M N 

0 in . 

C o r e 

7 3 . 5 - O.q 

- 2 . ^ i X O.O'-i 

0 .12 - 0 .12 

3 .5 t 0 .3 

2'~>.4 r 1.1 

7'-l.0 -: O.'-T 

- 2 . 0 8 ± 0.0'-"> 

W O R T H (Ih kg i M E A S U R E M E N T S 

R a d i u s 

4 . 8 8 in . ( 1 2 . 4 c m ) 

C o r e 

7 2 . 5 -t 0.9 

- 2 . 3 5 - 0 . 0 5 

0 . 4 5 z 0 . 03 

3.7 + 0.2 

2 7 . 4 - 0 .3 

7 8 . 0 ^ O.'T 

-2 .4 ' - ' z. 0 . 0 5 

6."J ill. ( 1 7 . 5 c m ) 

C o r e 

67 .0 ± 0 . " 

- 2 . 0 8 * 0 .05 

0 .43 r 0 .03 

3.7 :r 0 .2 

2 3 . 8 t 0 .6 

7 2 . 0 ± 0.') 

- 2 . 2 0 ± 0 .05 

11 .75 in . (2'T.8 ciT.) 

D r i \ e r 

3 6 . 9 •!().••> 

0 .40 •' 0 .02 

2 . 6 0 : O.Ob 

6.6 z 0 .3 

23 .1 z O.b 

3<").7 - 0.'-> 

- 0 . 4 2 - 0 .02 



The drawer positions used in these exper iments a r e given m Fig. 20. 
Since the gradient in the core zone is not par t icular ly steep, the quoted ef­
fective radi i of the measu remen t s in this zone a r e probably quite accura te . 
The effective radi i quoted for the dr iver was taken as the physical center of 
the drawer and consequently may be in e r r o r due to a steep nonlinear flux 
gradient in this zone. Since the second derivat ive of the radia l flux shape 
will be negative over mos t of the dr iver (the flux shape is convex), the ef­
fective center may be at a radius somewhat l a rge r than 11.75 in. 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2S 24 25 26 27 28 29 30 31 
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LOADING NO 

Fig. 20. Posi t ions for Column Worth Measurements 

REACTIVITY MEASUREMENT ERRORS 

1. E r r o r Associated with the Closure of the Halves 

Based on experience gained over severa l ye a r s of operating ZPR-III, 
a half c losure e r r o r of ±0.5 Ih has been accepted as an average figure, a l ­
though smal ler numbers (of the order of ±0.35 Ih), have been recorded for 
a l imited number of exper iments on specific la rge a s sembl i e s . The previous 
value has been taken as appropr ia te for measu remen t s on this assembly. 

2. Tempera tu re Changes 

Although the t empera tu re coefficient of this assembly was not meas­
ured, experience with a la rge number of assembl ies indicates a reactivity 
t empera tu re coefficient of -1.5 Ih/°C. Since te inpera ture changes within 



the c o r e a r e r e l a t i v e l y s low, th i s e r r o r i s u n i m p o r t a n t and i s c o r r e c t e d in 
a l l c a s e s w h e r e t e m p e r a t u r e c h a n g e s b e t w e e n r u n s w e r e no t i ced . To avoid 
t e m p e r a t u r e c o r r e c t i o n s for r u n s involving only s m a l l changes in r e a c t i v i t y , 
m e a s u r e m e n t s of t h i s type w e r e m a d e p r e v i o u s to , o r fol lowing, the spec i f i c 
r e f e r e n c e . 

3. C o n t r o l Rod M o v e m e n t and B a c k l a s h 

The l o w e r l i m i t of r e a c t i v i t y change m e a s u r a b l e due to r e q u i r e d 
m o v e m e n t of the c o n t r o l r o d s i s r e p o r t e d a s ±0.04 Ih (or 10" Ak/k).{9) Th i s 
e r r o r i s v e r y s m a l l c o m p a r e d wi th the half c l o s u r e e r r o r and can be ignored 
for r e a c t i v i t y m e a s u r e m e n t s a s s o c i a t e d with th i s a s s e m b l y . 

T h u s , for p r a c t i c a l p u r p o s e s , the l i m i t a t i o n of m e a s u r e m e n t of r e a c ­
t iv i ty c h a n g e s in A s s e m b l y 4Z i s a s s o c i a t e d ina in ly with half c l o s u r e e r r o r 
( i t em I) . T h i s i n h e r e n t e r r o r (±0.5 Ih) i s the b a s i s for a l l r e a c t i v i t y m e a s ­
u r e m e n t e r r o r l i m i t s quoted in t h i s r e p o r t . 

FISSION RATIOS 

F i s s i o n r a t i o s of v a r i o u s f i s s i l e m a t e r i a l s to U w e r e m e a s u r e d a t 
the c o r e c e n t e r wi th f i s s i o n c h a m b e r s of a p a r a l l e l p l a t e - t y p e cons t ruc t ion . ! 1 0) 
P r e c i s e c o n s t r u c t i o n t e c h n i q u e s and the r e p o r t e d a c c u r a c y of the m a s s of the 
con ta ined f i s s i l e m a t e r i a l (±1%) m a k e a c c u r a t e m e a s u r e m e n t s of effect ive 
c r o s s - s e c t i o n r a t i o s p o s s i b l e . 

Two oppos ing c e n t r a l d r a w e r s ( l a n d 2 - 0 - 1 6 ) w e r e r e l o a d e d to al low 
for pos i t i on ing of a c o u n t e r a t the f ront of each d r a w e r ( s ee F i g . 21). A U^^^ 
c o u n t e r (No. 5), u s e d a s a s t a n d a r d in flux m o n i t o r i n g , w a s p laced in the 

1 I 1 1 1 M I I I 1 1 ! 1 1 i 1 M M I I I 
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front of one of the cen t ra l d r awer s and maintained the re throughout this 
experiment . The other counters were placed, one at a tirae, at the front of 
the opposing d rawer . With the assembly at constant power the count ra te 
of both the standard U^̂ ^ counter and the adjacent f ission counter were taken. 

To c o r r e c t for power var ia t ions between different runs , the count-
ra te data from the exper imenta l fission counter were normal ized to the count 
ra te from the standard U^̂ ^ counter. A set of s imultaneous l inear equations 
p rogrammed for the IBM 162 0 computer was used to c o r r e c t for isotopic 
content of the counters used. The exper imenta l f ission ra t ios a r e given in 
Table V along with calculated ra t ios from the DSN spec t rum using c r o s s -
section Set GSS!-*-̂ / and from a one-dimension cyl indrical diffusion-theory 
calculation using c r o s s - s e c t i o n Set 192.(12) Also l is ted a r e the fission 
ra t ios , both exper imenta l and calculated, for Assembly 34. The centra l 
spect ra result ing from Set 192 a r e given in Table VI. 

Table V 

CENTRAL FISSION RATIOS 

Rat ios 

Of U"s 

Of U-^ 

Of U"̂ = 

Of U"5 

Of Pu^^9 

Of U235 

-f U"^ 

Calculated 

Diffusion 
Theory 

0.039 

0.091 

0.287 

0.296 

1.13 

1.54 

DSN 

0.0407 

0.0-^49 

0.303 

0.3111 

1.153 

1.545 

Assembly 34 

Measured 

O.OM 

0.080 

0.247 

0.271 

1.07 

1.45 

C o r r e c t e d ( l l ' ' 3 ) 

0.037 

0.085 

0.2 57 

0.282 

1.07 

1.45 

Assembly 42 

Calculated 
Diffusion 
Theory 

0.039 

o.oqi 

0.287 

0.296 

1.13 

1.54 

Measured 

0.034 

0.07O 

0.252 

0.282 

1.08 

1.43 

Cor rec t ed 
for c^^ 

0.037 

0.084 

0.262 

0.293 

1.08 

1.43 



Table VI 

CALCULATED CENTRAL SPECTRA AND ADJOINTS 
CROSS-SECTION SET 192 (RE-122)(12) 

Group 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Assembly 34 

0 

0,0186 
0.0371 
0.0676 
0.1041 
0.1421 
0,1513 
0.1297 
0.0970 
0,0793 
0.0685 
0.0336 
0.0364 
0.0181 
0,00718 
0.00776 
0.00149 

i* 

0.0616 
0,0610 
0.0581 
0.0539 
0,0549 
0.0579 
0,0601 
0,0622 
0.0632 
0.0641 
0.0656 
0.0662 
0,0682 
0.0684 
0,0683 
0,0664 

Assembly 42 } 

* 

0,0187 
0.0370 
0.0671 
0.1035 
0.1424 
0.1521 
0,1303 
0,0977 
0,0796 
0,0685 
0.0336 
0,0359 
0.0177 
0,0070 
0,00748 
0,00142 

1 

0* 

0.0629 I 
0.0620 
0.0588 
0.0542 
0.0550 
0.0579 
0.0601 
0.0620 
0.0630 
0.0638 
0.0652 
0,0658 ! 
0.0677 
0.0679 
0.0678 
0.0660 

NUCLEAR TRACK EMULSION EXPOSURES 

Severa l i r rad ia t ion runs were made in which 400-,u-thick Ilford E - 1 , 
100-^u-thick Ilford L-4, and 100-/ i - thick Gevaert 307 emulsions were ex­
posed to total integrated fluxes of from 1 x 10^ to 6 x lO' nvt. Twenty-one 
emulsion packets represen t ing seven of each type were sent to Northwestern 
Universi ty for ana lys is . Nine mix ture Ilford L-4 cadmium-covered emulsion 
packets were sent to Centre d'Etudes de L 'Energie Nucleaire , Mol-Donk, 
Belgium. 

FISSION RATE AND REACTION RATE TRAVERSES 

Relat ive fission r a t e s of var ious f issi le isotopes and react ion r a t e s 
of boron-10 have been m e a s u r e d along radi i extending through the core center 
and a lso along the core axial midline. The relat ive fission r a t e s of U^^ ,̂ u^^*, 

238 ,239 10 and Pu ^, a s well as the react ion ra t e of B as measured by an enriched U' 
BF3 counter, we re m e a s u r e d both axially and radially, 
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The r a d i a l m e a s u r e m e n t s w e r e m a d e by t r a v e r s i n g m i n i a t u r e cy l in ­
d r i c a l c o u n t e r s t h r o u g h a guide tube r a d i a l l y f r o m the top of the c o r e down 
t h r o u g h the c o r e c e n t e r . A v e r t i c a l gu ide tube i s r e c e s s e d into the 1 6th rov/ 
of the ITiovable half (Half No. 2) by i n s e r t i n g the tube in h o l e s d r i l l e d t h r o u g h 
the tops and b o t t o m s of the m a t r i x t u b e s in t h i s row. T h e c o u n t e r s u sed in 
t h i s m a n n e r a r e d i s p l a c e d a x i a l l y a p p r o x i m a t e l y ~ in. f r o m the c o r e c e n t e r . 
The — - in , a x i a l d i s p l a c e m e n t d o e s not a l t e r the f i s s i o n r a t e r e s u l t s in f a s t 
r e a c t o r s of t h i s s i z e . 

A x i a l m e a s u r e m e n t s w e r e m a d e by modifying two oppos ing c e n t r a l 
d r a w e r s (1 and 2 - 0 - 1 6 ) to a l low t h e m to a c c e p t the ~ - i n . - d i a m e t e r guide 
tube . T h i s guide tube i s f ixed in pos i t i on in the m o v a b l e half (Half No. 2) and 
i s a l lowed to s l ide t h r o u g h the c e n t e r of the s t a t i o n a r y half. Th i s a l lows 
c l o s u r e of the h a l v e s a f t e r the t r a v e r s e m e c h a n i s m h a s been bol ted to the 
m o v a b l e half and the t r a v e r s e c o u n t e r p o s i t i o n e d in the m o v a b l e half end of 
the gu ide tube . Both r a d i a l and a x i a l flux d i s t r i b u t i o n m e a s u r e m e n t s w e r e 
m a d e p a r a l l e l to the fuel p l a t e s to a s s u r e t ha t f i n e - s t r u c t u r e effects would 
not d i s r u p t a n o r m a l l y s m o o t h d i s t r i b u t i o n of flux due to v a r i a t i o n s in 
c o u n t e r - f u e l p r o x i m i t y . The m e a s u r e d f i s s i o n r a t e d i s t r i b u t i o n s a r e g iven 
in F i g s . 22 t h r o u g h 29, and r e a c t i o n r a t e d i s t r i b u t i o n s for b o r o n - 1 0 in 
F i g s . 30 and 3 1 . 

-5 -10 -15 -20 -25 
DISTANCE FROM CENTER, in. 

F i g . 22. R a d i a l U"^ F i s s i o n 
D i s t r i b u t i o n 

5 0 - 5 -10 -15 - 2 0 -25 -30 
DISTAtMCE FROM CENTER, in 

F i g . 23 . R a d i a l U"^ F i s s i o n 
D i s t r i b u t i o n 
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ROSSI-ALPHA MEASUREMENTS 

Since this r eac to r consisted of two zones differing greatly in compo­
sition, th ree different a r r a n g e m e n t s of four BF3 counters were used to de­
t e rmine if the different l i fet imes of each region can be measured . The 
r e su l t s a r e given in Table VII. 

Table VII 

ROSSI-ALPHA MEASUREMENTS 

Alpha at delayed c r i t i ca l 
( sec- i ^ 10"^) 

A, Both initiating and terminat ing 
counters at center of core 3.68 

B, Initiating counter at center of core -
te rminat ing counter in d r ive r region 3.76 

C, Rever se of B above 3.67 

Since the uncertainty of each m e a s u r e m e n t is of the order of 2%, 
the re is no credible divergence in the above r e su l t s . 

An in teres t ing computation can be performed in this connection. An 
average of the above r e su l t s gives a value of 3,70 x 10 sec" for alpha at 
delayed cr i t i ca l . Taking 0,0072 as a reasonable value for ^effective' ^̂ '̂  °^~ 
tain a l ifetime 

7,2 X 10-^ ,„ , ,„_8 L = - ^——-. = 19.5 X 1 0 ^ sec . 
3.70 X 10* 

However, if we ignore all the exper imenta l r e su l t s with this assembly , we 
can es t imate the l ifetime by use of the empi r ica l methods of Brunson et a l , ^ ^ 
F r o m fission ra te profi les for u^^^ and U^̂ ^ (see F igs . 22 and 23), it is e s t i -
n:iated that the re la t ive impor tance of the two regions is 1:1. This takes into 
account the fact that 140 kg of fuel in the cent ra l region sees a higher flux 
and occupies a position of g rea t e r impor tance than the 240 kg of U in the 
d r ive r region. 

F r o m previous r e su l t s the l ifet ime for Assembly 34 core composit ion 
is 24.7 X 10"^ sec. We can with somewhat l ess a s su rance es t imate the cha r ­
ac t e r i s t i c l ifet ime in the dr iver composition. We note from Yiftah, et aj . ,^ ' / 
that Assembly 12 with ~37 v / o graphi te has a l ifetime 14% grea te r than the 
predic ted l ifet ime of an a l l - me t a l a s sembly having the same V* (see below). 
Assembly 17 with ~53 v /o graphi te has a lifetimie 30% grea te r than a co r ­
responding a l l -me t a l sys tem. The d r ive r region has ^ 47 v /o graphite , and 



we obtain by hopeful interpolation an es t imate that the l ifet ime of this com­
position will fall 25% above that of an a l l -me ta l a s sembly of the same V*. 
The V* he re is 0.089, for which we reach an a l l -me ta l l ifetime of 
11,8 X 10~® sec. Applying the 25% cor rec t ion est imated above, we obtain a 
lifetime of 14,7 x 10~® sec. 

If we average these two l ifet imes on a 1:1 bas i s as d iscussed above, 
we obtain 

(^^•^:^ '^-^) 1 0 - = 1 9 . 7 x 1 0 - sec. 

In the above discussion the t e r m V* is taken as the volume fraction 
of U^̂ ^ plus -J- the volume fraction of U^̂ ®, 

FOIL IRRADIATIONS 

Natural and enriched uranium foils were i r rad ia ted at points along 
the radia l and axial midlines of the assembly . 

All the foils were i r rad ia ted during a 50 Whr run. The natural u ra ­
nium foils were all positioned in the stat ionary half (Half No. 1) and the 
enriched foils in the movable half (Half No. 2). 

The foils i r r ad ia ted along the cylindrical axis were positioned be­
tween sections of fuel in d r awer s 1 and 2-O-16 as shown in Fig. 32. The 
i r rad ia t ions along the radia l midline were performed by placing foils at the 
front and top of two d rawers in the core and one in the dr iver . A view of the 
foil posit ions for these d rawer s is given in Fig. 33. 

I I 1 I I I I I I I I I I I I I I i I I I I I I I I I I i I I I I I I I I I I I I 

I (21) 

m 

^ 
w 
m 

® 
UJ 

1 ® El 

& 
L5J 

_@ 
fsl 

® 1® 
1 f3l 1 

r ... :._ ..... .... a. 
I f 

E) 
1 

\ / 

/ DeDleted \ 
/ Uranium \ 

0 I 2 3 4 5 6 7 8 9 M II 12 B 14 15 16 17 18 19 20 21 

ASSEMBLY NO. 42 Enriched @ in 1-0-lft 
LOADING NO. ^'a*""! JXX] in 2-0-16 

DRAftER NO. 

Fig. 32. Foil I r radia t ion Posi t ions (Axial) 



Half no. 1 Half No 2 
Stationary Movable 

Enriclied Foils Natural Foils 

foil. 

, 

' 

% 
33 

30 

I 

1 

3? 

34 

38. 1 
35 

31 1 32 

+ 

1 

' 

.„.̂ ^J 
T 

1 ' 

— 

1 

1 

) 

16 

13 

10 

'n'hs 
14 

11 

+ 

..... J . . . 1 

1 

15 
1 

12 1 
1 

1 ,. 

f 

1 1 
1 

' 

J 

K 

L 

M 

N 

0 

P 

Q 

R 

S 

T 

11 12 13 14 15 16 17 18 19 20 21 21 20 19 18 17 16 15 14 13 12 11 

Fig, 33. Foil I r radia t ion Posit ions (Radial) 

In all cases the foils were wrapped in a double thickness of aluminum 

The radiochemical analysis of the foils was performed at Argonne, 
Ill inois. The U^̂ ®:U^̂ ^ fission and capture ra t ios were determined from the 
total induced activity of Mo ' ' and Np ' respect ively. A tabulation of the ex­
per imenta l resu l t s is given in Table VIII. 

Table VIII 

FISSION AND CAPTURE ANALYSIS OF DEPLETED 
AND ENRICHED URANIUM FOILS 

G r o u p 
N o . 

I - N 

2 - N 

3 - N 

4 - N 

5 - N 

6 - N 

1 - E 

2 - E 

3 - E 

4 - E 

5 - E 

6 - E 

F o i l 
N o . 

1-2-3 

4 - 5 - 6 

7 - 8 - 9 

1 0 - 1 1 - 1 2 

1 3 - 1 4 - 1 5 

1 6 - 1 7 - 1 8 

2 1 - 2 2 - 2 3 

2 4 - 2 5 - 2 6 

2 7 - 2 8 - 2 9 

3 0 - 3 1 - 3 2 

3 3 - 3 4 - 3 5 

3 6 - 3 7 - 3 8 

T o t a l M a s s 

(g) 

1 1.6Z98 

I 1.4191 

11.8190 

11.3080 

11.4338 

11 .7325 

1.0790 

1.0750 

1.1273 

1.0613 

1.1132 

1.1239 

T o t a l 
F i s s i o n s 

8.93 .X 10^ 

8.02 X 1 0 ' 

5.33 X 10 ' 

8.24 X 10 ' 

7.39 X 10 ' 

7.06 X 10 ' 

1.85 X 10^" 

1.56 X 10^° 

1.17 X l O " 

1.79 X 1 0 " 

1.67 X l O " 

1.37 X l O " 

" 

F i s s i o n s , g 

7.67 X 10« 

7.02 X 10^ 

4 .51 X 10^ 

7.29 X 10^ 

6.46 X 10^ 

6.02 X 10^ 

1.72 X 10'° 

1.45 X 10^" 

1.04 X lO'" 

1.68 X 1 0 " 

1.50 X 1 0 " 

1.22 X i O " 

T o t a l 
C a p t u r e s 

2.21 X 1 0 " 

2 .00 X 1 0 " 

1.42 X 1 0 " 

2.19 X 1 0 " 

2 .06 X 1 0 " 

1.71 X 1 0 " 

C a p t u r e s , g 

1.90 X 10 ' 

1.75 X 10 ' 

1.20 X 10 ' 

1.94 X 10 ' 

1.80 X 10 ' 

1.46 X 10 ' 



The foils were analyzed in groups of th ree to get an average over the 
drawer for any one position and also to i nc r ea se the activity for bet ter s t a t i s ­
t ics . In all cases the e r r o r s a r e taken to be ±3%. 

The fission and capture ra t ios calculated froni this exper imental data 
a r e given in Table IX. 

Table IX 

ENRICHED AND NATURAL URANIUM FOIL IRRADIATIONS 

D i s t a n c e f r o m 
C o r e C e n t e r 

( cm) 

A x i a l 

0 
17.8 
35.6 

0 .6 
1 0.6 

0.6 

R a d i a l 

2 . 5 
2 . 5 
2 . 5 
8 .3 

18.8 
29.8 

F i s s i o n s / g 
U " 8 

6.39 X 10^ 
5.95 X 10^ 
3.79 X 10^ 
6.13 X 10^ 
5.43 X 10^ 
5.18 X 10^ 

C a p t u r e s / g 
U238 

1.91 X 10 ' 
1.76 X 10' 
1,21 X 10' 
1.95 X 10 ' 
1.81 X 10 ' 
1.47 X lO' 

F i s s i o n s / g 
U235 

1.85 X 1 0 " 
1.56 X 10^° 
1.12 X l O " 
1.80 X 1 0 " 
1.61 X 1 0 " 
1.31 X l O " 

Of U"8 

Of U " s 

0.035 
0.038 
0.034 
0.034 
0.034 
0.039 

5 c ^"' 
Of U " 5 

0.103 
0.113 
0.108 
0.108 
0.112 
0.112 

SODIUM IRRADIATIONS 

The increas ing t rend toward l a rge r (500-4000 l i te rs ) fast r eac to r 
co res has spur red in t e r e s t in low-energy spec t ra l indices . 

This exper iment a t tempts to uti l ize the (n, 7) react ion an the 2.85-keV 
sodium resonance . This m e a s u r e m e n t is useful in la rge sys tems containing 
m a t e r i a l s that have no interfer ing resonances and whose energy spec t ra is 
such that the resonance reac t ion is a constant fraction of the total sodium 
activation, and where the sample resonant flux depress ion is small enough 
so as not to change the percentage of activation due to resonant absorpt ion 
over the range of r eac to r spec t ra that a r e studied. 

One-dimensional diffusion-theory calculat ions (RE-122)v-'-^/ indicate 
that the (n, 7) react ion in the 2.85-keV sodium resonance accounts for 
86.6 ± 1% of the total sodium act ivat ions at any point in the core or d r ive r . 

SodiuiTi was i r r ad ia t ed in the form of sodium n i t ra te powder contained 
in ——in.-dia by 2-in.- long aluminum capsules . The capsules were placed in 
% 8 

•^-in.- thick voids c rea ted at var ious posit ions in the r eac to r . The na tura l 
and enriched uranium foils were i r r ad ia t ed (see Table IX) in symmet r i ca l 
posit ions during the same run. 



The s o d i u m n i t r a t e p o w d e r w a s then d u m p e d into a. !•- d r a m bo t t l e 
and w a s h e d . The bo t t l e w a s t hen f i l led wi th w a t e r to a p r e d e t e r m i n e d he igh t 
and w a s p l a c e d in a s c i n t i l l a t i o n w e l l c o u n t e r . An i n t e g r a l count of a l l 
g a m m a r a y s above 1 MeV w a s t a k e n . 

The r a t i o of the a b s o l u t e /3 d i s i n t e g r a t i o n r a t e to the o b s e r v e d 7 
count r a t e of the c a l i b r a t i o n s a m p l e w a s u sed to d e t e r m i n e the a b s o l u t e 
d e c a y r a t e of the i r r a d i a t e d s a m p l e s . To a c c o u n t for the r a d i a l flux s h a p e 
the m e a s u r e d sodiumi a c t i v i t y w a s d iv ided by the U f i s s i o n r a t e ( s e e 
T a b l e X). 

T a b l e X 

SODIUM A C T I V A T I O N M E A S U R E M E N T S 

Sample 

ID 

2D 

3D 

5D 

8D 

7D 

Location 

1 0 16 

1 M 16 

1 K 16 

1 I 16 

1 G 16 

1 G 17 

Radius, cm 

0 

11.2 

22.1 

33.3 

44.2 

44.7 

Counts /m 
g NaNOa 

4313 

4311 

3934 

3285 

1018 

748 

aa (Na) 
Qf (U235) 

(normalized to unity 
at core center) 

1.0 

1.057 

1.066 

1.18 

1.06 

0.804 

A plo t of the n o r m a l i z e d (unity a t c o r e c e n t e r ) ca lcu la ted^ "'' and e x ­
p e r i m e n t a l r a t i o s i s g iven in F i g . 34. 

An a b s o l u t e c a l i b r a t i o n w a s pe r fo rmied by count ing a c a l i b r a t i o n 
s a m p l e of a c t i v a t e d s o d i u m n i t r a t e so lu t ion . The a b s o l u t e ac t i v i t y of the 
c a l i b r a t i o n s a m p l e w a s d e t e r m i n e d by a 4TT jS c o u n t e r and a 47r l iquid 
s c i n t i l l a t o r . 

A p r e l i m i n a r y a b s o l u t e c a l i b r a t i o n y i e l d e d a v a l u e of OQ_ ( N a ) / 
Qf (U"5) = 0.70 X 10~3 ± 8%. 

P r e l i m i n a r y c a l c u l a t i o n s i n d i c a t e tha t the r e s o n a n t flux d e p r e s s i o n 
for the s a m p l e s i z e u s e d m a y b e a s l a r g e a s 40%. An e x p e r i m e n t to d e ­
t e r m i n e flux d e p r e s s i o n v s . s a m p l e s i z e wi l l c l a r i fy th i s po in t for fu tu re 
s o d i u m i r r a d i a t i o n s . 



34 

0.5 

FILTER 

I 
20 

RADIUS, cm. 

^a (^^) 
Fig. 34. Radial Distr ibution 

^f (U"S) 
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