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TWO SPHERICAL FAST CRITICAL EXPERIMENTS 
(ZPR-III Assembl ies 38 and 39) 

by 

J. C. Ba tes , W. G. Davey, 
P . I. Anaundson, J . M. Gasidlo, 
J . K. Long, and W. P . Keeney 

ABSTRACT 

Two spher ical vers ions of ea r l i e r cylindrical a s s e m ­
bl ies have been used for a cr i t ica l study of shape effects for 
fast r eac to r cores with volumes of 300-400 l i t e r s . A s s e m ­
bl ies 24 (cylindrical) and 38 (spherical) had a high-density 
metal l ic u ran ium blanket, whereas the set of assembl ies 
numbered 31 (cylindrical) and 39 (spherical) had a low-
density uranium-fueled core (with steel and aluminum 
diluents) with a high-densi ty blanket of depleted uranium. 

The main features of these assembl ies a re sum­
mar i zed below. 

Rat io of 
Length to 
T3iameter V o l u m e C r i t i c a l M e a s u r e d 

for of Sphe re M a s s of Shape 
Cy l inde r ( l i t e r s ) Sphe re F a c t o r 

24 38 High High 0.927 298.7 424 kg 0.920 1.003 

31 39 Low High 0.732 391.4 426 .? 0 . 9 2 1 1 . 0 0 2 

Reactivity coefficients of a small number of fissile 
and nonfissile ma te r i a l s were measured in both assembl ies 
(38 and 39). In Assembly 38 the effects of environment, e tc . , 
upon fission ra t e s measu red with absolute fission chambers 
were investigated. 

Radial f ission ra te t r a v e r s e s in different directions 
were made in Assembly 39 to reveal any flux asymmetry 
due to heterogenei ty of the core ; no such effect was detected. 

I. INTRODUCTION 

Assemblies Densiti 

Cylinder Sphere Core Reflector 

Assembl ies 38 and 39 were designed specifically to obtain shape 
factors appropr ia te to large cores diluted with U and with r ep re sen t a ­
tive s t ruc tura l m a t e r i a l s , respect ively . 
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The shape factor of a r eac to r core is defined as the inverse of the 
rat io of its c r i t i ca l m a s s to the c r i t i ca l m a s s of a spher ica l r eac to r ; the 
two r e a c t o r s being compared must have identical core composit ions and 
s imi la r blanket p a r a m e t e r s . 

The invest igat ions were prompted by some recen t calculat ions of 
shape factors for fast r e a c t o r s . These pa r t i cu la r a s semb l i e s were chosen 
for their s imi la r i ty to computed cases and thus to provide a d i rec t check 
upon the accuracy . Care was taken to reproduce the same core coiTiposi-
tion as that of the corresponding cyl indrical co re , and to design as good a 
sphere as is p rac t icab le with the available m a t e r i a l s . 

Some reac t iv i ty coefficients and fission ra te r a t io s were m e a s ­
ured . Where poss ib le , these were compared with va lues for the cyl indrical 
v e r s i o n s , which mus t have had spec t ra closely s imi la r to those of the 
corresponding sphe re s . 

Other measurenaents included the effects of environment and of wall 
thickness of the f ission chamber upon m e a s u r e d f ission r a t i o s , and fission 
r a t e t r a v e r s e s to detect a syramet ry of flux dis t r ibut ion. 

F o r the sake of c la r i ty , Assembl ies 38 and 39 have been t r ea t ed 
independently. 

II. DESCRIPTION OF ZPR-II I 

The ZPR-II I a s sembly is a machine which is divided into ha lves , 
one fixed and the other movable. The pr incipal feature of each half is a 
ma t r i x consisting of a 31 x 31 a r r a y of s ta in less s teel tubes , each 2.1755 in. 
high, 2.1835 in. -wide, and 33.5 in. in depth. The neut ron and g a m m a - r a y 
de tec tors which drive the r eac to r ins t rumenta t ion a re located on top of 
each ma t r ix . F ive control rods enter each ma t r i x f rom the r e a r . F i g ­
u re 1 is a photograph of the machine . A complete descr ip t ion of the 
ZPR-II I facility has been given by Cerut t i et al. (^) 

Reactor co res a r e s imulated in ZPR-II I by loading s ta in less steel 
d r a w e r s , containing core and blanket i na t e r i a l s , into both m a t r i c e s . Each 
core drawer contains the core m a t e r i a l s in the de s i r ed propor t ions loaded 
to a length of half the co re , so that each m a t r i x contains half the core . The 
halves a r e then brought together to form the complete assembly . 

In an assembly , the core d rawer s a r e not n e c e s s a r i l y of the same 
composit ion, but may be of seve ra l types . In all c a s e s , however , these 
a re loaded in the m a t r i x in a repet i t ive pa t t e rn called the unit cell . 



Fig. 1. The ZPR-III Cri t ical Faci l i ty 

III. ASSEMBLY 38, A SPHERICAL VERSION OF ASSEMBLY 24 

A. Design of Assembly 24 

Assembly 38 was designed to be as far as possible identical with 
Assembly 24 (see below), except that the core boundary was made 
"spher ica l " ra ther than "cyl indr ical ," it being recognized that only approx­
imations to these geomet r ies can be built with the available ma te r i a l s . 
Because of this s imi lar i ty it is advantageous to descr ibe Assembly 24 
fairly completely. 

Assembly 24 was constructed with a f ive-drawer unit cell , there 
being eight -^--in.-thick columns of 93% enriched uranium distributed 
through the 5 d r a w e r s . The only other mate r ia l in the s ta inless steel 
d rawer s was depleted uran ium as both core diluent and blanket. F igures 2 
through 6 show schematic loading d iagrams for the 5 bas ic d rawers with 
the enr iched columns made up of 2 x 2 x-g-in. and 3 x 2 x-g--in. p ieces , 
and with the depleted uran ium a var ie ty of -g--in.-thick plates and 1-in.-
thick b locks . Although not shown in the f igures , the enriched and depleted 
pieces were loaded in a specified pa t tern in each drawer , and this pat tern 
was r igorously adhered to throughout the core . 
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Fig. 6 

Master No. 5, 
Assembly 24 

These d rawers were loaded into the ZPR-III ma t r ix tubes to forna 
a pseudocylinder whose dimensions and composition are given in Table I. 

Table I 

ASSEMBLY 24 DATA 

Core : 

Assumed Density of 
Quantity Volume 100 v/o Mater ia l 

Mater ia l (kg) Pe rcen t (g/cm^) 

U235 460 
Xj238 4 4 9 ^ 

Stainless 
Steel 

Blanket: 

Mater 

U235 

U238 

Stainl* 
Steel 

237 

ia l 

2 S S 

7 
3 

6 

V 
P 

7 
72. 

9. 

olume 
ercent 

0.19 
83.30 

7.31 

57 
9 

3 

A 

18.75 
19.00 

7.85 

ssumed Density 
(g/cm^) 

18.75 
19.00 

7.85 

Dimensions: 

Core 
Diameter (D) 
Length (L) 
L/D 

Blanket 

76.88 cm (average) 
71.27 cm 

0.927 

Radial Thickness 33.7 cm (average) 
Axial Thickness 30.5 cm 
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B. Design of Assembly 38 

Assembly 24 most closely r e sembled Reactor 1 of the cases ex­
amined by Loewenstein and Main;(^) hence this case was used in the design 
of Assembly 38. 

The calculations of Loewenstein and Main indicated that for the 
L/D of 0.927 for Assembly 24, the shape factor was 0.985; hence A s s e m ­
bly 38 should have had a c r i t ica l U^" loading of 0.985 x 460.7 = 453.8 kg. 
At the U^̂ ^ concentration of Assembly 24 (7.57 v /o at a density of 
18.75 g/cm' ' ) , this c r i t i ca l mass cor responds to a sphere of 42.42-cm 
(l6.70-in.) r ad ius . A pseudosphere of this radius was designed in l aye r s 
of thickness equal to half the drawer height. In the region of the equator, 
the upper and lower halves of a drawer should have contained almost equal 
quantit ies of U^''^, and in these instances they were made exactly equal. 
Near the poles of the sphere the upper and lower halves of a drawer con­
tained different amounts of fuel. 

In each layer , the drawer sequence that was used in Assembly 24 
was reproduced exactly, except that the enriched uran ium columns -were 
te rmina ted so that their ends lay on as perfect a c i rc le as could be made 
with the available ma te r i a l s . The radi i of these c i rc les -were determined 
so as to contain the co r r ec t quantity of U^^ .̂ 

A compar ison of the ideal U^̂ ^ content of each layer (Fig. 7, l aye r s 
H through X) and the mass obtained by the procedure outlined above is 
given in Table II. It can be seen that the des i red m a s s in each layer was 
reproduced ve ry accura te ly in the p rac t ica l core design. 

2 3 4 5 6 7 P 9 10 II !2 U 14 15 if H 18 19 

Fig. 7 

Cr i t ica l Loading of 
Assembly 38 
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Table II 

IDEAL AND ACTUAL DESIGNED U^^^ MASSES(a) OF LAYERS OF 
DRAWERS IN ASSEMBLY 38 

Ideal U^" Mass (kg) Designed U^̂ ^ Mass (kg) 

L a y e r s 

H,X 
I,W 
J , V 
K,U 
L , T 
M,S 
N,R 
0 ,Q 
P 

Upper Half 

„ 

2.39 
7.47 

11.78 
15.37 
18.20 
20.25 
21.58 
22.15 

(b) Lower Half(b) 

0.18 
5.02 
9.73 

13.68 
16.87 
19.30 
21.00 
21.93 

(c) 

Upper Half 

-

2.39 
7.45 

11.84 
16.13 
18.77 
20.60 
21.72 
22.17 

(b) Lower Half(b) 

0.17 
5.06 
9.74 

13.65 
16.13 
18.77 
20.60 
21.72 

(c) 

Mass in Core 
(sum X 2) 453.80 453.82 

(^)lncluding the U^^^ content of the depleted uranium. 
(b)"Upper" and "Lower" re fer to the distance f rom the equator ia l 

P l ayer . 
('^)The equator l ies at the center of the P layer . 

C. Approach to Cr i t ica l i ty 

The approach to c r i t i ca l was pe r fo rmed in the usual manner by 
adding d r a w e r s at the edge of the co re . It was found that the sys tem b e ­
came c r i t i ca l at a loading of 426.7 kg of U^̂ ^ with the control rod withdrawn 
4.187 in. This is about 7% le s s than the designed loading; consequently, 
the c r i t i ca l core was not spher ica l . The ver t i ca l c r o s s section at the in­
ter face of the halves is shown in Fig . 7 together with the outline of the 
planned core . It can be seen h e r e that the main deviations f rom the design 
a r e the oiniss ions at the poles of the sphere . 

D. Edge Worth Measu remen t s and the Cr i t ica l Size of a Truly Spherical 
Assembly 38 

1. Edge Worth M e a s u r e m e n t s 

In o rde r to e s t ima te the c r i t i ca l s ize of a t ruly spher ica l 
Assembly 38, the effect of red is t r ibut ing about 7% of the fuel at the edge of 
the a s sembly had to be de te rmined . Accordingly, the edge worth of U^̂ ^ 
was m e a s u r e d at 4 pos i t ions . In o rde r to pe r fo rm these m e a s u r e m e n t s , 
the control rod was ca l ibra ted in the usual manner of determining the 
per iod corresponding to an inc rementa l change of rod posit ion. A computed 
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inhour curve was used to re la te per iod to worth m inhours The inhour 
curve and the control rod cal ibrat ion a re given m F i g s . 8 and 9 The 
posit ions at -which the measure inen t s were made are shown m Fig 10, 
and the r e su l t s of the measu remen t s a re given m Table III 

100 
90 
80 

70 

60 

50 

40 

30 

— ^ * ^ N » . 

— "̂̂ ^̂  
— ^ ^ \ 
~ ^ N v 
— ^ v 

— ^ \ , 

1 I 1 ! 1 1 1 1 
20 30 40 50 60 70 80 90100 

PERIOD, sec 
3 4 5 
ROD POS T ON n 

Fig . 8. Inhour Curve Used for 
Assembl ies 24 and 38 

Fig 9. Control Rod Calibrat ion 
Curve (Assembly 38) 
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(Assembly 38) 
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Table III 

EDGE WORTH OF U^̂ ^ 

Posi t ion (see Fig . 10) Worth (Ih/kg U^^ )̂ 

A, End of D r a w e r s , Equator 
B, Side D r a w e r s , Equator 
C, Po la r Cap 
D, "Latitude 45°" 

14 
13 
14 
13 

5 
1 
1 
6 

Table III shows that the edge worth of fuel does not vary 
grea t ly , which is to be expected, as the assembly is a lmost spher ica l . 
There i s , however , a var ia t ion in worth of 0.7 about the mean value of 
13.8 Ih/kg, and this must be ref lected as an uncer ta inty in the cr i t ica l 
m a s s of a t rue sphere . 

2. Cr i t i ca l Mass of a True Sphere 

The assembly was cr i t ica l at a loading of 426.7 kg U^̂ ^ with the 
control rod withdrawn 4.187 in. By means of the inhour curve of Fig. 8, 
this sys tem was found to be 38.5 inhours superc r i t i ca l . If the average fuel 
worth of 13.8 Ih/kg is used, then the assembly would be just c r i t ica l at 
423.9 kg of U^^^ 

Thus, the c r i t i ca l m a s s of the flattened sphere was 423.9 kg, 
and about 7% of edge fuel (i.e., about 453.8 - 423.9 ** 30 kg) miust be r e ­
dis t r ibuted to make the assembly spher ica l . This fuel is worth about the 
same amount at any point on the surface of the assembly , so that a t rue 
sphere would have a closely s imi la r c r i t i ca l m a s s . However, there is an 
uncer ta inty of about 5% (i .e . , 0.7 I h / l 3 . 8 Ih) in the edge worth of the 30 kg 
U^^^, and thus it is es t imated that the cr i t ica l mass of a truly spher ica l 
Assembly 38 is 424 + 1.5 kg. 

3. Shape Fac to r of Assembly 24 

The c r i t i ca l m a s s of Assembly 24 was 460.7 kg, and thus the 
apparent shape factor for this assembly was (424 + 1.5)/460.7, i .e . , 
0.920 + 0.003. 

It should be noted that although g rea t ca re had been taken to 
make Assembl ies 24 and 38 identical except in shape, uncer ta in t ies in, 
for example, the effects of roughness of the surface a r e not included in 
the above e r r o r . 



E. Reactivity Coefficients in Assembly 38 

Reactivity coefficients of a number of f issi le and nonfissile samples 
were m e a s u r e d re la t ive to void both at the center and nea r the edge of the 
assembly . At both pos i t ions , in the drawer in which the samples were 
placed and in the surrounding eight d r a w e r s , the -g--in.-thick U^̂ ^ plates in 
the f i r s t 6 in. were rep laced by -j^-in. p la tes , thus homogenizing the region 
of measu remen t to some degree . The react ivi ty changes upon addition of 
the samples were obtained in the usual manner by noting the change of pos i ­
tion of the control rod and by use of the cal ibrat ion curve . F ig . 9. 

The r e su l t s a r e p re sen ted in Table IV. In all c a ses cor rec t ions for 
the p resence of ma te r i a l s other than the pr incipal ones have been made. 

Table IV 

A. CENTRAL REACTIVITY COEFFICIENTS (P-16 DRAWERS)^ 

ample 

U233 

U23 5 

P u 2 3 9 

S 

w 
Th 

(Ih/kg) 

296 ± 5 
164 ± 2 
289 ± 3 
-19 ± 3 

-14 .4 ± 0.3 
-16 .0 + 0.3 

B . E D G E R E A C T I V I T Y C O E F F I C I E N T S ( P - 1 0 DRAWERS)^ 

S 2.0 ± 2.5 
W -0.6 ± 0.3 
Th -0.9 ± 0.3 

Stainless Steel 1.9 ± 0.5 

^^''See Fig . 7 for the position of these d r a w e r s . 

In all cases the e r r o r is a s sumed to be due solely to the ±0.5-Ih 
uncer ta inty ar is ing f rom opening and closing the halves of the machine 
to in se r t the samples . 

The cen t ra l react iv i ty coefficients of all these m a t e r i a l s (with the 
exception of tungsten) were also m e a s u r e d in Assembly 24. The resu l t s 
from both a s sembl ie s were in genera l agreement . 

F . Centra l F i s s ion Ratios 

A se r i e s of absolute fission chamber m e a s u r e m e n t s were made at 
the center of Assembly 38 to examine (1) repeatabi l i ty of m e a s u r e m e n t s , 
(2) effects of chamber design, and (3) effects of the local environment. 



1. Repeatabil i ty of Measurenaents 

The core composit ions of Assembl ies 24 and 38 a re identical 
and the core s izes a r e s imi l a r ; the re fore , the cent ra l spect ra and cent ra l 
f ission ra t ios should be s imi l a r . Hence, the repeatabil i ty of m e a s u r e ­
ments obtained with the Kirn absolute fission chambers could be checked 
by comparison of the cent ra l fission ra t ios in the 2 a s sembl i e s . Four such 
compar isons were made , the operating conditions of the chambers being 
de te rmined in the usual manner by measur ing their voltage and bias 
p la teaus . The same chambers that were used in Assembly 24 were also 
used in Assembly 38, in o rde r to minimize uncer ta in t ies in the compar i ­
son. The ra t ios were m e a s u r e d with the chambers in their usual posit ions 
at the fronts of the cent ra l d rawers ( l - P - 1 6 and 2 -P-16) , and the single 
-g—in.-thick fuel column in these d rawer s was replaced by two - ^ - i n . - t h i ck 
columns placed one on each side of the chamber cables . The fuel a r r a n g e ­
ments in the surrounding d r awer s were not a l tered. 

The r e su l t s of the compar i sons a re given in Table V, the e r r o r s 
quoted being one s tandard deviation and derived from the counting s ta t i s t ics 
only. 

Table V 

REPEATABILITY OF KIRN FISSION CHAMBER MEASUREMENTS 

F i s s ion Assy. 38 Value 

Ratio In Assembly 24 In Assembly 38 Assy. 24 Value 

1.17 ± 1% 1.03 ± 0.015 

1.44 ± 1% 1.00 ± 0.015 

0.268 ± 1% 1.09 ± 0.015 

-235 u . u ^ o ^ T 170 0.0308 ± 1% 1.08 + 0.015 

It is c lear f rom these data that the repeatabi l i ty of the Kirn 
fission chamber m e a s u r e m e n t s can be much worse than the counting 
s t a t i s t i c s . The fact that all the Assembly 38 values a re equal to or l a rge r 
than those in Assembly 24 suggests that the u^^^ data were suspect in one 
or both of the a s s e m b l i e s , but the 2 se ts of data cannot be brought into 
ag reement by assuming that only one chamber gives er roneous data. 
Hence, it must be concluded that at l eas t some of the fission ra t ios m e a s ­
u r e d with the Kirn fission chambers miay be in e r r o r by up to 9%, and that 
at p r e sen t it is probably n e c e s s a r y to assume that all the measu red ra t ios 
a r e uncer ta in to something l e s s than this value. 

p ^ 2 3 9 

U235 

U233 

U235 

U234 

U235 

U238 

1.14 ± 

1.44 ± 

0.246 ± 

n n?GzL + 

1% 

1% 

1% 

1 0 1 
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2. Some Effects of Chamber Design on Measured F i s s ion Ratios 

Davey and Curran(^) have shown that m e a s u r e m e n t s of the 
fission ra t ios of th reshold ma te r i a l s in fast spec t ra a re affected by the 
thickness of the s teel walls of the chambers and by the proximity of the 
cables used with them. The m e a s u r e d changes a re in rough agreement 
with those predic ted on the bas i s of inelast ic scat ter ing in the chamber 
wal ls , and it appears that this scat ter ing and the moderat ion occurr ing 
due to the p resence of hydrogenous ma te r i a l in the cable can cause 
changes of the o rde r of 5%. 

In o rde r to evaluate these effects in ZPR-III a s s e mb l i e s , 2 
types of fission chambers were used. One of these was essent ia l ly identical 
with the Kirn chambers in all dimensions (in par t i cu la r it pos ses sed fairly 
thick walls) and differed only in that the f issi le foil is removable and that it 
is a gas-flow chamber . The other type of chamber was also a gas-flow 
chamber from which the f issi le foil could be removed. The external di­
mensions were closely s imi la r to the heavy-wal led chamber and the Kirn 
chamber except for the addition of a meta l l ic extension to the connector, 
so that the cable was removed 2 in. further from the f issi le ma te r i a l . The 
walls of the chamber , however , were very much thinner than in the other 
types, and scat ter ing in these walls should be t r iv ia l . 

Compar ison of a fission rat io measu red with thick- and thin-
walled gas-flow counters gives a m e a s u r e of the moderat ing effects of both 
wall and cable. The effect of the cable alone was es t imated by obtaining 
ra t ios with the Kirn counters with and without an additional 3 in. of cable 
laid behind the counters . The re su l t s of these measu remen t s a r e given 
in Table VI. In all these measu remen t s the -|--in. fuel column in the center 
drawer was rep laced by two -j^-in. fuel columns placed one on each side 
of the chamber cable. In all cases the (one s tandard deviation) counting 
e r r o r v/as 1%. 

Compar ison of Exper iments 1 and 2, and of 3 and 4, shows 
that in Assembly 38 the cable did not significantly affect the U^^^/u^^^ or 
U238ŷ u235 fission r a t i o s . 

Compar ison of Exper iments 1 and 5 shows that the Kirn cham­
b e r s and the thick-wal led gas-flow chambers gave the same U^^yU^^^ ra t io . 

Compar ison of Exper iments 5 and 6 shows that the U^^yU^^^ 
fission rat io was dec rea sed by 7 Y ± 1-|-% by the use of thick-walled cham­
b e r s . This r e su l t is in reasonable ag reement with that obtained by Hess 
et al. in ZPR-II I Assembly 35, and it therefore appears probable that all 
•Q238^1J235 j^atios m e a s u r e d with Kirn chaixibers in ZPR-III a s sembl ies were 
about 7% to 8% too low due to inelast ic scat ter ing in the chamber wal ls . 



Table VI 

E F F E C T S OF WALL THICKNESS AND CABLE ON 
MEASURED FISSION RATIOS 

Additional 
Chamber Expt 3 in of Cable Ratio 

Kirn 

Kirn 

Kirn 

Kirn 

Thick-wall 
Gas Flow 

Thin-wall 
Gas Flow 

No 

Y e s 

No 

Y e s 

No 

No 

U 2-^8 

U 235 

u 238 

U 235 

0 . 0 3 0 8 ± 0 0003 

0.0308 + 0 0003 

^ 2 3 4 

^y^ 0.268 ± 0 . 0 0 3 
U 

U 234 

u 235 

238 

0.264 ± 0 . 0 0 3 

255" 0 0 3 1 2 ± 0 . 0 0 0 3 

y2^8 
—^ 0.033 5 + 0 . 0 0 0 3 

It should be noted that this type of e r r o r will be p resen t not 
only in the Kirn chamber m e a s u r e m e n t s of the xj^^yu^-^^ ra t io , but also in 
all such m e a s u r e m e n t s involving threshold fissionable ma te r i a l s (see 
Davey and Curran(3) for e s t ima tes of these effects) 

U 2 3 8 , U 235 
A further point of in te res t is that the thin-walled gas-flow-

rat io of 0.0312 is 18% higher than the value of 0 0284 obtained 
with Kirn chambers in Assembly 24 (see Tabic V) 

3. Some Effects of the Local Environment upon Measured 
ig238/ij235 F i s s ion Ratios 

It is always n e c e s s a r y to remove some core ma te r i a l in o rde r 
to inser t f ission c h a m b e r s , and frequently this necess i t a tes the movement 
of fuel within the d r a w e r s containing the chambers Usually, the •|--in. 
fuel in these d r awer s is rep laced with - ^ - i n fuel (i.e , the drawer is 
homogenized to some extent), and on occasion this homogenization is also 
c a r r i e d out in the d r awer s surrounding the chambers . 

In the p r e sen t a s sembly , an atteinpt was inade to a s s e s s the 
magnitude of the changes in the xĵ '̂̂ /U^^^ rat io caused by redis t r ibut ion of 
fuel in the vicinity of the chamber s , as it was believed that this would give 
a m e a s u r e of the validity of such m e a s u r e m e n t s with fission chambers . 
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The resu l t s of these p r e l im ina ry m e a s u r e m e n t s a r e p resen ted 
in Table VII. Included in Table VII a re some relevant data which have a l ­
ready been quoted in Table VI. The e r r o r s in all cases (one standard 
deviation) a re 1%. 

Table VII 

SOME E F F E C T S OF LOCAL ENVIRONMENT ON THE 
MEASURED u^^s/u^as FISSION RATIO 

235 

Case Fuel Arrangement(^) 

2 x- j j - in . pla tes symmet r i ca l 
in center d r awer s 

2 x^^ - in . pla tes symmet r i ca l 
in center d rawer s 

2 x - ^ - i n . pla tes both on one 
side of center d r awer s 

2 x ^ - i n . pla tes both on one 
side of center d r awer s 

4 X ]^-in. plates in center d r a w e r s : 
9 cent ra l d r a w e r s homogenized 

2 x-|--in. pla tes in center d r a w e r s : 
9 cent ra l d r awer s homogenized 

Chamber 

Kirn 

Thin-walled 

gas flow-

Kirn 

Thin-walled 
gas flow 

Kirn 

Kirn 

U238/u 

Rat io 

0.0308 

0.0335 

0.0318 

0.0352 

0.0309 

0.0307 

\^/In the f i r s t 4 c a s e s , the fuel was r e a r r a n g e d only in the 
cent ra l d r a w e r s . 

Cases 1 and 2, and 3 and 4, show that the xj^^yU^^^ ratio was 
changed by 3% to 5% by placing the fuel a symmet r i ca l ly in the center 
d r a w e r s . 

Case 1, 5, and 6 show that the U^^yU^^^ ra t io does not ap­
parent ly depend upon the number of d rawer s homogenized or a l ter when 
the amount of fuel in the cent ra l drawer is doubled. 

It mus t be emphas ized that these data a re p re l imina ry , and 
it is inadvisable at p r e sen t to a s sume these effects a r e p re sen t in all 
assenabl ies , but only to recognize that some fission ra t ios may be slightly 
affected by the local environment . 
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G. Summary of Conclusions 

1. The cr i t ica l m a s s of Assembly 38 was 424 ± 1.5 kg U^^ .̂ The 
shape factor for Assembly 24 was thus 424/460.7 = 0.920 ±0.003. 

2. The cent ra l react iv i ty coefficients of a number of ma te r i a l s 
were in reasonable agreement for Assembl ies 24 and 38. 

3. The repeatabi l i ty of measu remen t s with the Kirn fission chamber 
was appreciably worse than the s ta t i s t ica l accuracy and may be no bet ter 
than about ±5%. 

4. The chamber cable did not significantly affect the xj^^yU^^^ and 
yzssy'uzss fission r a t i o s . 

5. Kirn chamber m e a s u r e m e n t s of the xj^^y U^̂ ^ fission rat io were 
about 7% too low due to inelas t ic scat ter ing in the chamber wal ls . 

6. Some appreciable changes in the fuel a r rangement near the 
fission chambers did not affect the m e a s u r e d xj^^yU^^^ fission ra t io , but 
this was a l t e red by about 4% when the fuel loading in the center d rawers 
was a s y m m e t r i c . 
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IV. ASSEMBLY 39, A SPHERICAL VERSION OF ASSEMBLY 31 

A. Design of Assembly 31 

The unit cell of Assembly Si'' ^ consisted of 5 columns of enriched 
uranium and 7 columns of depleted uranium uniformly distr ibuted a c r o s s 
a horizontal sequence of 4 d rawers (see Fig. l l ) . Thus, the fuel plates 
were located in different positions in each drawer , and one drawer contained 
2 columns of fuel. Because of this uneven distr ibution of the fuel p la tes , 
the d rawers were loaded into the ma t r ix so that any given column of the 
ma t r ix always contained the same type of drawer . Thus, the columns of 
fuel within the d rawers lined up to form large columns of fuel throughout 
the mat r ix . This is the usual a r r angement of fuel plates in ZPR-III 
a s sembl i e s . 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

Q 

R 

S i 

T 

U 

V 

w 
X 

Y 

Z 

AA 

BB 

CC 

DD 

EE 

XORE DRAWER'ijOADING KEY 

~1r~~rr i;4-i"'-z~-3 4 iz'2~s::in~z~T-^ri~z"5 ?i" 

^ 
'i£?^rZ? 

J^ r 1 
-jrz^ r 

•CYLINDRICAL CORE 

-SPHERICAL CORE 

Fig. 11. Core Outlines (Assemblies 31 and 39) 

The other core mate r i a l s m the unit cell were the same for each 
drawer and consis ted of 3 columns of s ta in less s teel , 9 columns of 45%-
density aluminum, and one column of 63%-density aluminum. The a r range­
ment of the ma te r i a l s in the 4-drawer sequence is shown in Figs . 12-15. 
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The p a r a m e t e r s of the c r i t i ca l core a r e given in Table VIII, 

Table VIII 

PARAMETERS OF THE CRITICAL CORE 
(Assembly 31) 

Volumie Frac t ions 

Mater ia l 

U235 

XJ238 

Stainless Steel 
Aluminum 

Core 

Total 
Mass 
(kg) 

463.1 
738.4 
818.4 
269.6 

Assumed 
Density, 

g/cm^ 

18.75 
19.00 

7,85 
2.70 

Dimensions: 
Height 
Radius 
Volume 

Unit Cell 

0.05812 
0.09139 
0.2447 
0.2333 

Axial Blanket 
Radial Blanket 

Cr i t ica l 
Core 

0.0581 
0.0914 
0.2453 
0,2349 

66.2 cm 
45 

425 
33 
27 

2 cm 
0 l i t e r s 

.0 cm 
5 cm 

Blanket 

0.19 
83.30 

7.31 
-

The differences between the volume fractions of the cr i t ica l core and 
the unit cell we re caused by unequal util ization of the 4 types of d rawers ; 
54 d rawers containing 2 x 13-in. s ta in less s teel p ieces and one 1-in. and 
four 3-in.- long pieces of enr iched uranium, 

B. Design of Assembly 39 

Assembly 39 was designed on the basis of a shape factor of 0.92, ca l ­
culated by Loewenstein and Main(2) for a r eac to r s imi la r to Assembly 31, 
The planned c r i t i ca l m a s s of Assembly 39 was therefore 426,1 kg U^^ .̂ 

The des i red spher ica l core was approximated by a s e r i e s of discs 
of thickness equal to the 2-in. depth of a ma t r i x cell (see Fig. l l ) . The 
volume and U^̂ ^ content of each disc equalled that of the corresponding pa r t 
of the equivalent, perfect ly spher ica l co re . The edges of the discs were 
made as c i rcu la r as possible by means of-g x 2 x —-in. fuel and diluent 
p ieces . 

The core m a t e r i a l s were loaded following as closely as possible the 
4 bas ic drawer loadings used in Assembly 31 (see F igs . 12-15); the fuel and 
diluent columns were lengthened or shortened as neces sa ry . The type of 
drawer loading used in each column of Assembl ies 31 and 39 a r e shown in 
Fig. 11. As in Assembly 31, a number of d rawers (54) containing 2 x 13-in. 
s ta in less s teel p ieces (and mainly 3-in.- long fuel pieces) were dis t r ibuted 
through the core (see Fig. 16). 
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2 3 4 5 6 7 8 9 iC II 12 13 14 15 16 ? 18 1 2 2 22 23 24 25 26 2? 28 29 30 31 

Fig. 16. Posi t ion of Drawers Used in Edge-
worth Measurements , etc. ; Half No. 1 
(Assembly 39). 

Assembly 31 had depleted uranium axial and radial blankets, 
13 and 11 m. thick, respect ively; the blanket of Assembly 39 was 12 in. thick. 

Table IX compares the actual and ideal XĴ ss Xoadings in each layer 
of the core , as originally planned (this core was very slightly subcri t ical) . 

Tab It- IX 

IDEAL AND ACTUAL IvtASSES OF u " * 
II\ LAYERS OF THE CORE 

(As Orig inal ly Planned) 

I g oi U"^ 

Layer 

H, X 
I, W 
J, V 
K, U 
L, T 
M, S 
N R 
O, Q 
P 

Ideal 

2.313 
10.570 
18.077 
21.428 
2°.629 
33.669 
30.554 
38.2QZ 
38.863 

Actual 

2.306 
10.557 
18.061 
24.407 
29.654 
33.785 
36.556 
38.297 
38.876 

Total foi Core - 426 1 kg 
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Details of the c r i t i ca l core a r e given in Table X below: 

Table X 

PARAMETERS OF THE CRITICAL CORE 
(Assembly 39) 

Mater ia l 

U " 5 

U238 

s ta in less Steel 
Alumiinum 

Total 
Mass 
(kg) 

426.5 
674.3 
754.0 
247.3 

Assuixied 
Density 
(g/cm^) 

18.75 
19.00 

7.85 
2.70 

Core Dimensions: 

Volume Frac t ions 

Assembly 39 

0.0581 
0.091 
0.245 
0.234 

Radius 
Volume 
Blanket 

Assembly 31 

(0.0581) 
(0.0914) 
(0.245) 
(0.235) 

45.4 cm 
391 

30 
.4 l i t e r s 
c m 

Blanket 

0.19 
83.30 

7.31 
-

^Approx imate figure; the columns of depleted uran ium continue into 
the blanket. 

C. Approach to Cr i t ica l and Cr i t ica l Mass 

Additions to the core were made by replacing depleted uranium with 
core m a t e r i a l at the edge of the existing core . With the planned loading of 
426,1 kg U^̂ ^ in place, the approach curves indicated a c r i t i ca l m a s s of 
426.7 kg (see Fig. 17). The r eac to r was made c r i t i ca l with a loading of 
429.3 kg and control rod No. 10 withdrawn 7.100 in. The BF3 counters used 
during the approach to c r i t i ca l and the neutron sources were then moved 
away from the core and the spaces filled with blanket m a t e r i a l . The c r i t i ca l 
position of rod No. 10 was 7.524 in. and the c r i t i ca l m a s s of the fully blanketed 
core was es t imated as 426.5 kg U^^ ,̂ 

D. Control Rod Cal ibrat ion 

Measuremen t s were made to find the stable r eac to r per iod c o r r e ­
sponding to a m e a s u r e d movement of the control rod f rom a balance position. 
The re la t ionship between per iod and react iv i ty was that used for Assembly 31 
and is shown in Fig. 18. The per iod was kept within acceptable l imi ts by 
moving rod No. 1. 

The cal ibra t ion curve for rod No. 10 is shown in Fig. 19. 
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E, The Reactivity Worth of Core Edge Mater ia l 

The worth of core ma te r i a l re la t ive to blanket ma te r i a l at the edge 
of the core was measu red by replacing var ious core d r awer s with depleted 
uranium and finding the change in c r i t i ca l position of rod No. 10. 

The d rawers involved, the m a s s of U^̂ ^ involved, the loss of react ivi ty , 
and the loss of react ivi ty per kg U^̂ ^ a re given in Table XI. Figure 16 shows 
the positions of the d r awer s involved. 

Table XI 

REACTIVITY WORTH OF CORE EDGE MATERIAL 

Mass of Loss of 
U^̂ ^ Removed Reactivi ty, 

Drawers Replaced (kg) (ih) Ih/kg 

P-8 and P -24 , both halves 0.937 22.2 ± 0.5 23.7 ± 0.5 
1-K'-IO and 2-K-22 1.274 35.2 27.6 ± 0.4 
H- lb and X-16, both halves 1.074 23.7 22.1 ± 0 . 5 

1.002 23.2 23.2 ± 0.5 H~14 and X-14, both halves 1 
H-18 and X-18, Half No. 1 J 
O and Q-15. 16 and 17Mh 
Half No. 1 J 

0.934 28.4 30.4 + 0.5 

Average = 25.4 

'3-)Core ma te r i a l was removed from the r e a r of these d r a w e r s | 
2 in. f rom O and Q-16 and Z~ in. from O and Q-15 and 17. 

The spread of the r e su l t s is at t r ibuted to: 

1 . differences in the mean distance from the core center of 
the ma te r i a l involved; 

2, the varying amount and composition of the core diluents 
removed along with the U^^ ;̂ and 

3. the core not being t ruly spher ica l . 

Since the es t imate of c r i t i ca l m a s s was made from subcr i t ica l data, 
the accuracy of the edge-^vorth measu remen t is unimportant as r ega rds the 
fo rmer : however, the c r i t i ca l m a s s , obtained from the f i r s t superc r i t i ca l 
loading data and the average edge-worth value, is 426.3 kg, 0.05% lower 
than obtained from the approach cu rves . 

A lower value for edge worth was obtained for Assembly 31 ( l8 Ih/kg), 
as the value quoted was a mean value for the whole length of the cylindrical 
co r e . 



F. Effect of "Stepwise" Construction of the Core 

Due to the differences in d iameter of the cylindrically shaped layers 
compris ing the core , there a r e "s teps" in the core surface. The effect of 
changing the size of these steps at one of the "polar caps" was measured . 
The radi i of the var ious cyl indrical l aye r s of core ma te r i a l a r e given in 
Table XII; in the upper two layers the 2-in. s teps were replaced by 1-in. 
s teps . 

Table XII 

RADII OF THE VARIOUS LAYERS OF THE CORE 

Original Radius, Radius after "Smoothing", 
Row (in.) (in.) 

H 4.35 H upper, 1.83 
H lower, 5.88 

I 9.31 I upper, 8.3 

I lower, 10.16 

J 12.17 

K 14.15 

L 15.58 

M 16.61 

N 17.31 

O 17.72 

P 17.85 

The change was made without a l ter ing the total m a s s of fuel involved. 

The react ivi ty i nc r ea se was 9.8 ± 0 . 5 Ih, equivalent to 0.1% of the 
cr i t ica l m a s s . 

G. Shape Fac tor of Assembly 31 

The c r i t i ca l m a s s of Assembly 39, uncor rec ted for heterogeneity, 
separa t ion of the ha lves , and "s tepwise" construction, was found to be 
426.5 kg U^^ .̂ The corresponding m a s s for Assembly 31 was 463.1 kg. The 
major uncer ta inty in a shape factor for Assembly 31, derived from these 
m a s s e s , is expected to be due to the differing degrees to which the cores 
approximate a cylinder and a sphere . (The outlines of the cores a r e com­
pared in Fig. 11.) 
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A purely subjective es t imate of " roughness" indicates that it is about 
the same for both c o r e s . In view of the snaall effect of smoothing a "polar 
cap" of the spher ica l co re , it is believed that the shape factor for a t ruly 
cylindrical vers ion of Assembly 31 has been determined within K O . 2 % and 
that the shape factor is 0.921 + 0.002. 

H, Reactivity Coefficient Measurements 

Substitutions were made at the core center and near the core edge 
(at a radius of 13.1 in.). The posit ions of the substitutions a r e shown in 
Fig. 16. 

The samples of r aa te r i a l s of low reactivi ty were 8 in.^ in volume, 
whereas those of U^^ ,̂ Pu^^', and polyethylene were smal l . 

The samples were loaded as for Assembly 3l(4) and resu l t s for the 
samples a r e re la t ive to void. 

Results for U^̂ ^ and Pu^^' at the core center agreed, within exper i ­
mental e r r o r , with resu l t s for Assembly 31 (see Table XIIl), although r e ­
activity coefficients for these isotopes a r e not sensi t ive to spect ra . 

Table XIII 

COMPARISON OF CENTRAL REACTIVITY COEFFICIENTS OF 
FISSIONABLE MATERIALS FOR ASSEMBLIES 31 AND 39 

Worth (Ih + 0.5) 

Mater ia l 

Enr iched U (93.1%) 
Pu^^' Mixture(a) 

U235 

Pu239 (a) 

Sample Mass , 
(kg) 

0.2878 
0.1860 

Assembly 31 

29.0 
34.0 

Worth 

Assembly 31 

108 ± 1.9 
192 + 2.8 

Assembly 39 

29.0 
35.0 

(Ih/kg) 

Assembly 39 

108 + 1.9 
197 + 2.8 

(^) The isotopic concentrat ions were 94.51% P u " ' , 5.11% Pû "**̂ ^ 
and 0.38% Pu^*\ The isotopic value for P u " ' was calculated 
on the assumpt ion that the Pu^*° has -| of the worth of Pu^^*'. 

Resul ts for substi tutions at the core center and near the core edge a r e 
given in Tables XIII through XV. E r r o r s a r e based on an a s sumed uncer ­
tainty of t o .5 Ih resul t ing from opening and closing the halves to change 
samples . 
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Table XIV 

CENTRAL REACTIVITY COEFFICIENTS OF NONFISSILE MATERIALS 
(Assembly 39) 

Mater ia l 

SS (Type 304) 
Sulphur (b) 
Tungsten(b) 
Thorium 
Beryl l ium 
Polyethylene 

Sample Mass , 
(kg) 

1.017 
0.200 
1.867 
1.5115 
0.2407 
0.01453 

Sample Worth, 
(Ih) 

-1.50 ± 0.5 
-1.35 ± 0.6 

-14.35 ± 0.6 
-14.75 + 0.5 
+22.50 ± 0.5 
+17.50 ± 0.5 

Reactivity Coefficient, 
(Ih/kg) 

-1.47 ± 0.5^^) 
-6.76 ± 3.0 
-7.69 ± 0.3 
-9.76 ± 0.3 

+93.5 ± 2.0 
+1204.0 ± 34 

(a)value for Assembly 31 = 1.4 + 0.5 Ih/kg. 

' ^ /These samples were canned in s ta inless s teel . The sample m a s s 
is that of the named miaterial only. The sample worth has been 
co r r ec t ed for the effect of s ta in less s teel . 

Table XV 

REACTIVITY COEFFICIENTS OF NONFISSILE MATERIALS 
AT A RADIUS OF 13.10 IN. 

Reactivity Coefficient 
(Ih/kg) 

+2.45 ± 0.5 
+1.80 ± 3.0 
-1,47 ± 0.3 
-2.38 ± 0.3 

Mater ia l 

SS (Type 304) 
Sulphur (a) 
Tungsteni^-) 
Thorium 

Sample Mass , 
(kg) 

1.017 
0.200 
1.867 
1.5115 

Sample Worth, 
(Ih) 

+2.50 ± 0.5 
+0.36 ± 0.6 
-2.75 ± 0.6 
-3.60 ± 0.5 

(a)see footnote (b) to Table XIV. 

I. F iss ion Rate Distributions 

Fiss ion ra te scans along a horizontal radius were made with en ­
r iched and depleted uranium fission c h a m b e r s . One set of scans was made 
along a radius para l le l to the planes of the fuel plates and another set 
perpendicular to the fuel p lanes . The main object of the measu remen t s 
was to detect any appreciable a s y m m e t r y of the flux distr ibut ion. 

In the case of the radia l scans para l le l to the fuel plates , the columns 
of fuel in d rawer s 1 - P - l 6 and 2 -P-16 were replaced by 2 rows of ^ -iii.~ 
thick plates (see Fig. 20). 
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Fig. 20. Drawer Loading for Fiss ion Rate 
Scan P a r a l l e l to Fuel -pla te Planes 
for Assembly 39. 

For the scans ac ross the fuel p la tes , the core ma te r i a l in the row P 
drawers of Half No. 2 of the reac tor was moved back 1 in. and the front of 
the d rawers loaded as shown in Fig. 21 . Since measu remen t s with the 
counter were always about the same distance from a fuel-plate plane, the 
effects of fine s t ruc ture were reduced. 

SIDE VIEv". 

I x j - m 

PIECES 

SCANNINSl 
TUBE 1 

-̂ ^ 

I x ^ - i n 

PIECES 

1 < | - in . 

PIECES 

CORE MATERIAL 

Fig. 21 . Drawer Loading for F iss ion Rate Scan 
Perpendicular to the Fuel P la tes for 
Assembly 39. 

In Tables XVI through XIX the e r r o r s quoted a r e based purely on 
the counting s ta t i s t ics and r ep re sen t 66% confidence l imi t s . It is c lear that 
these e r r o r s a r e unreal i s t ic and that e r r o r s must a r i s e from some or all 
of the following: 

1. inexact indication of the t r a v e r s e counter position; 
2. instabili ty of the t r a v e r s e or monitor counter channels; 
3. noise pulses ; 
4. f ine -s t ruc tu re effects. 
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HORIZONTAL RADIAL FISSION RATE DISTRIBUTION FOR 
ENRICHED URANIUM(a-) PARALLEL TO THE F U E L - P L A T E PLANES 

(Core Radius = 17.9 in.) 

Distance frona 
Core Center , 

(in.) 

0 
1 
2 
3 
4 
5 
6 
8 
9 

10 
12 
14 
15 
16 
17 

18 

19 
20 

Relat ive 
F i s s ion Rate 

1.000 ± 0.015(1^) 
0.998 i 0.015 
0.997 t 0.015 
0.979 + 0.015 
0.960 + 0.014 
0.939 ± 0.014 
0.919 i 0.014 
0.829 i 0.012 

0.786 + 0.012 
0.697 + 0.010 
0.645 + 0.010 

0.517 ± 0.008 
0.478 + 0.007 

0.419 + 0.006 
0.335 i 0.005 
0.268 + 0.004 

Distance frona 
Core Center , 

(in.) 

0 
- 1 
"2 
- 3 
. 4 

- 5 

-6 
-8 
-9 

-10 
- 1 2 
- 1 4 
- 1 5 
- 1 6 
- 1 7 
-17.8 

Relat ive 
F i s s ion Rate 

1.000 + 0.015(b) 
0.983 + 0.015 
0.984 1 0.015 
0.981 1 0.015 
0.966 + 0.014 
0.930 ± 0.014 
0.908 + 0.014 
0.886 ± 0.013 

0.802 + 0.012 
0.722 t 0.011 
0.648 + 0.010 
0.608 I 0.009 
0.548 + 0.008 
0.502 + 0.007 
0.476 r 0.007 

(a) 93.2% U^'^ 6% U-^^ and 1% U^^*. 

^'') See P a r a g r a p h I, Section IV for derivat ion of e r r o r s . 

Table XVII 

COMPARISON OF HORIZONTAL RADIAL FISSION RATE 
DISTRIBUTIONS FOR ENRICHED URANIUM^^) PARALLEL 
AND PERPENDICULAR TO THE F U E L - P L A T E PLANES 

(Core Radius = 17.9 in.) 

Scan P a r a l l e l to Fuel Scan Perpend icu la r to Fuel 

Distance from 
Core Center , 

(in.) 

0.09 
-

6.16 
-

9.19 
12.16 

-
17.16 

Relat ive 
F i s s ion Rate 

1.000 ± 0.004^^) 

0.928 ± 0.004 

0.828 i 0.003 
0.725 + 0.003 

0.495 1 0.002 

Di stance from 
Core Center , 

(in.) 

0 
5 

-
7 
9 

12 
14 
17 
18 
18.5 
19.5 

Relat ive 
F i s s ion Rate 

1.000 + 0.004(t>) 
0.947 + 0.004 

0.890 1 0.004 
0.833 + 0.003 
0.716 ± 0.003 
0.619 + 0.002 
0.482 + 0.002 
0.429 r 0.004 
0.387 + 0.004 
0.310 ± 0.003 

(a) 93.2% U"5, 6% U 3̂8̂  ^nd IV, u " 4 . 

(.b) See P a r a g r a p h I, Section IV for derivat ion of e r r o r s . 



Table XVIII 

HORIZONTAL RADIAL FISSION RATE DISTRIBUTION FOR 
D E P L E T E D URANIUM P A R A L L E L TO THE F U E L - P L A T E PLANES 

(Core Radius = 17.9 in.) 

Dis tance frona 
Core Cente r , 

(in.) 

0 
1 
2 
3 
4 
5 
6 
8 

10 
12 
14 
16 
17 
18 
19 
20 

Rela t ive 
F i s s i o n Rate 

1.000 + 0.015* 
1.027 + 0.015 
1.000 + 0.015 
0.984 + 0.015 
0.981 + 0.015 
0.976 i 0.015 
0.929 t 0.014 
0.886 + 0.013 
0.780 + 0.012 
0.687 + 0.010 
0.574 + 0.009 
0.429 t 0.006 
0.352 + 0.005 
0.218 t 0.003 
0.136 + 0.002 
0.078 1 0.001 

Dis tance f rom 
Core Center , 

(in.) 

0 
- 1 
-2 
- 3 
- 4 
- 5 
- 6 
-

- 1 0 
-

- 1 4 

Rela t ive 
F i s s i o n Rate 

1.000 ± 0.015* 
0.993 + 0.015 
0.999 + 0.015 
0.944 + 0.014 
0.957 + 0.014 
0.903 + 0.014 
0.898 + 0.013 

0.785 + 0.012 

0.586 + 0.009 

* See P a r a g r a p h I, Section IV for de r iva t ion of e r r o r s . 

Table XIX 

COMPARISON OF HORIZONTAL RADIAL FISSION RATE 
DISTRIBUTIONS FOR D E P L E T E D URANIUM P A R A L L E L 
AND PERPENDICULAR TO THE F U E L - P L A T E PLANES 

(Core Radius = 17.9 in.) 

Dis tance f rom 
Core Cen te r , 

(in.) 

0 
2 
5 

12 
14 
17 
18 

Scan P a r a l l e l to Fue l 
Rela t ive 

F i s s i o n Rate 

1.000 + 0.015* 
1.000 + 0.015 
0.940 i 0.014 
0.687 + 0.010 
0.574 + 0.009 
0.352 + 0.005 
0.218 + 0.003 

Scan P e r p e n d i c u l a r to Fuel 
Rela t ive 

F i s s i o n Rate 

1.000 + 0.015* 
0.918 + 0.009 
0.896 + 0.009 
0.648 ± 0.006 
0.551 i 0.006 
0.348 + 0.003 
0.254 + 0.003 

* See P a r a g r a p h I, Section IV for de r iva t ion of e r r o r s . 
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An attenapt was made to obtain more accura te resu l t s for a few 
posit ions on each of the enriched uranium scans. For this purpose, a BF3 
counter in the blanket (instead of a much less sensit ive fission chamber in 
the core) was used as a power monitor , and a total of wlO^ counts recorded 
for each position of the t r a v e r s e counter; about 10^ counts were recorded 
on the t r a v e r s e counter itself. Some positions of the t r a v e r s e counter co r ­
responding to posit ions shown on the control room indicator were measu red 
direct ly before or after a scan. 

The resu l t s of the more p rec i s e scans a re given in Table XVII and 
plotted in Fig. 22. The 2 scans a r e closely s imilar ; the maximum difference, 
of about 4%, occurs at the edge of the core . This difference is not accom­
modated by the quoted e r r o r s , but in view of the discrepancy between the 
quoted and actual e r r o r s for the other scans it cannot safely be regarded 
as rea l . 

ff P 
fe 

D-SCAN ACROSS FUEL PLANES-

FUEL PLANES-
-%n M^oUffoR 

-X-SCAN ACROSS FUEL PLANES-
FC MONITOR 

^oM-4-^ 

Fig. 22. Horizontal Radial F iss ion Rate 
Scans with Enr iched (93%) 
Uranium Pa ra l l e l and P e r ­
pendicular to the Fuel -pla te 
Planes for Assembly 39. 

6 8 10 12 14 16 18 20 22 
DISTANCE FROM CORE CENTER, in 

J. Central F i s s ion Ratios 

The cent ra l neutron spec t rum was expected to be essential ly un­
changed from Assembly 31; hence, only 3 fission chamber measuremen t s 
were per formed as a check on repeatabil i ty. The fission chambers , the 
same 3 which had been used in Assembly 31, were al ternately placed in 
the cent ra l spec t rum in an identical manner with that used in Assembly 31. 
The count r a t e s were m e a s u r e d re la t ive to the same U^^^ s tandard counter. 

The r e su l t s , as given in Table XX, indicate agreement within 1.5%, 
with no apparent sys temat ic deviation due to the reference counter. 
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Table XX 

COMPARISON OF FISSION COUNTERS IN ASSEMBLIES 31 AND 3Q 

Relat ivf Count Rate(a! 
[Counter " i " (U =̂-̂  Counter)] 

Counter P r inc ipa l A g r e e m e n t ' ^ ' 
No. Isotope Assembly 31 Assembly 39 (31,, 39) 

16 U - " 0.9°53 I 0.71% 0.<-tq6l i 0.32% -0.08% i 0.8% 
2 U-̂ *̂ 0.02924 i 0.7% 0.02967 1 0.5% -1.45% ± 0.86% 

19 Pu-^' 0.7368 ± 0.63% 0.7274 t 0.3% -. 1.3% i 0.7% 

"^'The e r r o r s quoted r e p r e s e n t 66% s ta t i s t ica l conficence (one 
s tandard deviation) with r e spec t to the count r a t e s . 

K. Sunamary of Conclusions 

1. The c r i t i ca l m a s s of Assembly 39 was 426.5 kg U^^^ and the 
shape factor for Assembly 31 was 0.921 ± 0.002. 

2. The rat io of the centra l react ivi ty coefficients of U^̂ ^ and Pu^'^'' 
for Assembl ies 31 and 39 were in agreenaent. 

3. Agreement of the Kirn fission chamber measu remen t s (for U^^ ,̂ 
U^^ ,̂ and Pu^^' loaded chambers) for Assembl ies 31 and 39 was within 1.5%. 

4. No asymmet ry of flux distribution, due to heterogeneity of the 
core, was detected in Assembly 39. 
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