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EXPERIMENTAL INVESTIGATIONS OF 
SECONDARY CRITICAL CONFIGURATIONS 

(ZPR-III Assemblies 27 and 28) 

by 

W. Gemmell, J. K. Long, 
and W. P. Keeney 

ABSTRACT 

Two configurations of a fast reactor core following 
a postulated accidental meltdown were investigated. The 
configurations were chosen to represent nonuniform d is t r i ­
butions of fuel in which calculations of flux and reactivity 
worth could be compared with experimental values. The 
first configuration. Assembly 27, represented a case in which 
the center of a core had melted, and the top and center por­
tions had collapsed into a dense fuel mass in the bottom of 
the reactor . The dense region is then surrounded by an an-
nulus with the normal core composition, and this in turn is 
surrounded by the normal blanket. The second configuration, 
Assembly 28, represented a core in which vaporizing sodium 
caused the expulsion of all mater ia l from the axis of the 
core, and the annulus had melted and collapsed into a dense 
ring of fuel. 

If these situations were encountered in an actual 
meltdown, a secondary cri t ical or supercri t ical configuration 
of fuel could occur. The history of this secondary configur­
ation would be governed by the spatial relationships of the 
fuel worth, power distribution, and degree of crit icali ty. The 
relationship of the power and fuel-worth distributions would 
determine if further motion of the fuel would result in an 
autocatalytic configuration. The experiments in the Zero 
Power Reactor III, (ZPR-III) provided fission-rate and 
reactivity-worth distributions which may be used to evaluate 
calculational methods designed to describe the history of 
possible accident configurations. 

1. INTRODUCTION 

Cri t ical studies for the Enrico Fe rmi Fast Reactor have been per­
formed at Argonne National Laboratory 's ZPR-III facility under a contractual 
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arrangement [AT( 1 1-l)-476] between the Power Reactor Development 
Corporation (PRDC) and the United States Atomic Energy Commission. 
The original ser ies of crit ical experiments in this programU) were begun 
in 1958. 

The discussions leading to the PRDC cri t ical program had shown 
the desirability of meltdown experiments. Meltdown of a fast reactor con­
taining more than 400 kg of enriched U"^ certainly presents the possibility 
of formation of a secondary crit ical configuration. Moreover, in this con­
centrated reactor, decay heat builds up to a level sufficient to melt the core 
by its own gamma field in the event of loss of sodium coolant. Although the 
loss of sodium is almost inconceivable, a realist ic examination of the con­
sequences of this type of accident is in order . It was not until I960 that an 
experimental program for such an examination was devised to utilize the 
unique flexibility of the ZPR-III machine and that could contribute in a very 
general fashion to the safety analysis of fast r eac tors . 

The mathematical treatment of meltdown events is subject to two gen­
eral areas of complication which lead to uncertainties in the resul ts obtained. 
The first is the thermal-mechanical problem leading to some sort of collapse 
of the core. If the time behavior of the core elements during collapse were 
known, it would be possible to estimate the rate of reactivity increase and, 
starting from a normal subcritical configuration, to predict at what speed 
and in what geometry a secondary crit ical mass would be assembled. The 
heterogeneous nature of the reactor and the varying physical propert ies of 
the supporting structure during collapse are complications which have been 
a deterrent to an exact treatment of this phase of the problem. 

The second area of consideration may be thought of as taking place 
after a secondary crit ical configuration has been achieved. If, at this time 
a fairly large excess of reactivity has been accumulated, the subsequent 
course of the excursion will be rapid enough that further gravity collapse 
of the core can be either neglected or very simply approximated as by a 
linear ramp function. The problem then involves the nuclear reaction cal­
culation with generation of heat, p re s su re waves, and expansion until the 
reactor is disassembled. Methods for handling this part of the calculation 
have been proposed by Bethe and Tait,(2) as well as by Jankus(3) and 
Nicholson.''*' 

It was largely as a result of suggestions by Bethe and Nicholson that 
it became apparent that ZPR-III cr i t ical experiments could best be applied 
to idealized configurations postulated for the first phase to gain a general 
understanding of the second phase of the problem. A key point m the prob­
lem requires criticality calculations of the nonuniform fuel distribution of 
the secondary cri t ical m a s s . Although such calculations are straightforward 
with high-speed numerical methods, there is probably no previous experi­
mental information available by which to gauge the reliability of the calcu­
lations; at least this is t rue in the case of dilute fast power r eac to r s . The 
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ZPR-III facility could be used to construct nonuniform fuel distributions 
which are thought to be typical of possible meltdown configurations, and 
the criticality calculations verified. Moreover, in the ZPR-III, the patterns 
of flux and reactivity worth throughout the nonuniform core can be deter ­
mined experimentally, these patterns being required in subsequent stages 
of the excursion calculation. In fact, the expansion of the secondary cr i t ical 
mass is governed by the p ressu re gradient pattern which is closely related 
to the pattern of the flux gradient. Then, as the reactor expands, the change 
in k will be governed by the pattern of the gradient of reactivity worth. In 
general, if the fuel expands into a region of higher worth, the reaction is 
autocatalytic and considerably more violent than if this does not happen. 

Two nonuniform fuel distributions were chosen for study on ZPR-III. 
Although they are not derived from rigorous calculations of phase one of 
the problem, they are related in a qualitative way to various courses that 
a meltdown might conceivably take. 

The first of these studies, designated as Assembly 27, Fig. 1, con­
sists of an annular core of "normal" composition and an interior cylindrical 
core of a reduced height, in which the normal core constitutents have been 
condensed by removing the aluminum which is used to simulate the sodium. 
This configuration could be hypothesized as resulting from an accident in 
which the central portion of the core mel ts , the coolant vaporizes, the 
central portion collapses to form a condensed or "dense" core at the bottom 
of the reactor . 
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Fig. 1. Interface Views of Assemblies 27 and 28 

The second study. Assembly 28, Fig. 1, was an annular dense core 
of reduced height, with a central void. A configuration of this type could 
resul t from general core melting and the core collapsing with the central 
mater ia l being ejected fronn the core region by the vaporizing coolant. 
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The dimensions of the experiment and the composition of the nornnal 
core and blanket utilized in these experiments were s imilar to those of the 
previous Enrico Fermi Fast Reactor crit ical performed in ZPR-III.U) 

These results were transmitted to PRDC in prel iminary form at the 
time the experiments were performed in order that the safety analysis by 
Nicholson(4) might include these data. Since that time the numerical data 
have been rechecked and a number of corrections made. In general , these 
corrections have not altered the shape of the t r ave r se curves greatly, al­
though magnitudes have been shifted in some cases . Since the gradients of 
the flux and reactivity are the quantities entering the excursion analysis 
rather than the magnitudes, it is not expected that the new^ values will alter 
any conclusions from Nicholson's already completed analysis. 

II. DESCRIPTION OF ZPR-III 

The ZPR-III is a split-half critical assembly, each half being com-
posedofa31 squarematr ix constructed of stainless steel channels, 2.1755 in. 
(5.526 cm) high, 2.1835 in. (5.546 cm) wide, and 33.5 in. (85.1 cm) long. Into 
this matrix stainless steel drawers containing the mater ia ls composing the 
experiment are loaded. A complete description of the facility is contained 
in the Hazard Evaluation Report.(5) Figure 2 is a view of the facility. 

ID-103-20gg 

Fig. 2. General View of ZPR-III in Shutdown Condition 
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III. ASSEMBLY 27 

To utilize the preferential expansion of the fuel along the axis of 
the drawers in the ZPR-III as a safety factor in this assembly, the axis of 
the cylindrical core was oriented vertically at the center (interface) of the 
machine. This is in contrast to the usual pract ice of orienting the axis 
horizontally. To insure cumulative expansion in the positive radial direction 
of the core, aluminum spacers were placed in the regions designated as 
void. F igures 3 and 4 a re typical drawer-loading diagrams. 
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Figure 5, a top view of one quarter of the reactor , shows the approxi­
mate outline of the regions of the experiment and a side view with the cri t ical 
dimensions. A representative cross section of the core is shown in Fig. 6, 
where a row of drawers has been partially extracted from the matr ix to 
show the fine detail. 

file:///DEPLEItD
file:///DEPlErEIl
file:///llRtlllllN
file:///aluninuh


14 

t 14 

TOP VIEW OF ASSEMBLY QU4DRANT 

COLUMN NO. 
16 18 20 22 24 26 28 30 

INTERFACE VIEW 

k 
LOADED DIRECTLY 
N 

NOR 

M TRIX 

L 
BLANKET IN" 

h-1 
MAL CORE 

"T^ 
~w DENSE 

J 

EMPTY TUBES 

NORMAL 
CORE 

DEfteE 
CORE 

NORMAL 
CORE 

Z 
•39.16" 

ASSEMBLY INTERFACE 0 7 59" 14.96" 
15 2 

33-8" 

Fig. 5. Assembly 27, Top and Interface View of Assembly 

ID-103-2102 

Fig. 6. Assembly 27, Representative View through Cross Section of Cor 



15 

A. Approach to Cri t ical 

The approach to cr i t ical was made by first loading the dense and 
normal core regions with depleted uranium occupying the positions of the 
enriched uranium. In three increments enriched uranium was substituted 
for depleted uranium in the normal core region. Next, the enriched ura-
niunn was substituted in small increments in the dense core region, pro­
gressing from the bottom to the top row. To arr ive at a crit ical loading, 
and at the same time permit the construction of a top row of uniform level 
height in the dense core region within the limits of inventory, it was nec­
essary to expand the dense core radially in the three central drawers of 
both halves. This was done in the final loadings by extending the dense 
region and displacing the normal region radially by 0.5 in. The mass 
additions and the associated inverse count rates for two counting channels, 
Ci andc^, are tabulated in Table I. 

Table I 

APPROACH TO CRITICAL, ASSEMBLY 27 

Loading 
No. 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Mass Loaded 
(kg) 

299.99 
316.59 
333.19 
341.78 
349.78 
358.38 
366.38 
371.36 
375.62 
377.24 
379.34 
380.574 
381.434 

Control R 

( l / c , ) X 10^ 

882 
655 
450 
353 
236 
155 

88 
64 
32.5 
22.5 
13.3 

ods "Out" 

( l / c 2 ) X 10' 

306 
301 
248 
210 
161 
112 

64 
48 
24.2 
16.0 

9.8 

Control Rods "In" 

( l / c j X 10' 

882 
752 
439 
321 
250 
159 

81 
49 
13.3 

7.9 

(1/C2) X 10' 

320 
294 
247 
209 
169 
112 
60 
37 

9.5 
5.6 

Critical 
+ 59.4 Ih supercri t ical^ 

+ 171.6 Ih supercri t ical^ 

a Determined by calibration of control rod. 
1̂  Entire dense core region loaded to 4.75 drawers high. 

The cri t ical height was calculated from the increment in the U^̂ ^ 
between loadings 14 and 15, 0.86013 kg, which represented an increase in 
reactivity of 112.2 Ih. Based on an average dense core mass per row of 
17.147 kg of U^", this addition represented 4.4708 x 10'* row/lh. As the 
total excess reactivity of loading 15 was 171.6 Ih, the crit ical height was 
4.673 rows at 2.1755 in. /row, or a crit ical height of 10.17 in. The cri t ical 
mass was then 80.13 kg in the dense core and 299.99 kg of U"^ in the normal 
core. The composition and average dimensions of the various zones are 



16 

shown in Tab le II. The a v e r a g e d .mensTons w e r e c a l c u l a t e d ^^^^^^^^^^^^^ 
vo lume of each r eg ion and ca lcu la t ing the r a d i u s of a cyUnder of equa l v o l u m e . 

Table II 

COMPOSITION OF ASSEMBLY 27 BY ZONES 

Volume Fractions 

Region 

Normal Core 
Dense Core 
Void 
Blanket 

0.0616 
0.1412 

U^ Al 

0.1995 

0 .4091 

0 .2584 

0.0422 
0.1347 

Z r 

0 .0454 

0 .0490 

Mo SS 

0.0011 0.4870 

Critical Dimensions and Masses 

0.0530 0.1459 
0.1497 0.1417 

0.0932 
0.210 

Dense Core 
Average Radius 
Height 
Mass 

Normal Core 
Average Outer Radius 

Height 
Mass 

7.59 in., 19.28 cm 
10.17 in., 25.82 cm 
80.13 kg of U^'' 

14.96 in., 37.99 cm 
30.46 in., 77.36 cm 

299.99 kg of U^" 

B. F i s s i o n Ra te T r a v e r s e s 

The f i ss ion r a t e d i s t r i b u t i o n s w e r e m e a s u r e d along the axis of the 
c o r e and rad ia l ly at seven ax ia l e l eva t ions t h r o u g h the c o r e . The c o u n t e r s 
u s e d w e r e 0 . 5 - i n . - d i a m e t e r U^^^ f i s s ion c h a m b e r s , e n r i c h e d to 93.2% in U^^^, 
having a s ens i t i ve length of a p p r o x i m a t e l y 2 in. 

To perform the radial t r a v e r s e s , drawers w e r e modi f i ed a s shown 
in F i g . 7 to a c c o m m o d a t e a 0 . 5 - i n . - d i a m e t e r aluminum gu ide tube t h rough 
which the coun te r was d r i v e n by a r emote t ravers ing m e c h a n i s m . The guide 
tube is shown in p l ace in F i g . 2. A t u b e , i d e n t i c a l wi th t he connec t ing rod 
f rom the t r a v e r s e d r ive to the c o u n t e r , w a s loaded into the guide tube on the 
oppos i te end of the coun te r to avoid any a s y m m e t r i e s due to the p e r t u r b a t i o n 
of the flux by the connec t ing rod . T h i s was done only on the r a d i a l t r a v e r s e s . 

npplptpri Uranium 

VOID 
(contains 

traverse tube) 

npplptpri llranlrjm 

npplptpri llranliim 

Denletett Uranium 

llpplRtprt llranliim 

Denlptert Uranium 

VOID 
(contains 

traverse tube! 

F i g . 7 

A s s e m b l y 2 8 / 2 7 , F r o n t 
Views of C o r e and 
Blanket Reg ions of 
T r a v e r s e Dra \ve r 
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A t e a c h p o i n t i n t h e t r a v e r s e s t h e n u m b e r of t r a v e r s e f i s s i o n c o u n t e r 

c o u n t s p e r 10* c o u n t s o n a s t a t i o n a r y r e f e r e n c e f i s s i o n c o u n t e r w e r e r e ­

c o r d e d . T h e a x i a l f i s s i o n r a t e a t a n e l e v a t i o n Z of 5 . 4 4 i n , , m e a s u r e d f r o m 

t h e b o t t o m of t h e c o r e , w a s u s e d t o n o r m a l i z e t h e a x i a l f i s s i o n r a t e t o u n i t y . 

T h e r a d i a l t r a v e r s e s w e r e t h e n n o r m a l i z e d t o t h e a x i a l t r a v e r s e a t t h e i r 

p o i n t s of i n t e r s e c t i o n . T h e r a t e s a t t h e p o i n t s of i n t e r s e c t i o n w e r e d e t e r ­

m i n e d g r a p h i c a l l y . T h i s w a s n e c e s s a r y b e c a u s e a p o s t - e x p e r i m e n t a l X r a y 

of t h e t r a v e r s e c o u n t e r s r e d e f i n e d t h e c e n t e r of t h e s e n s i t i v e l e n g t h a n d a 

m o r e p r e c i s e m e a s u r e m e n t of t h e n n a t r i x c e n t e r s p a c i n g w a s u t i l i z e d i n t h e 

c o m p u t a t i o n of t h e d a t a . T h e d i s c r e p a n c y d u e t o t h e a x i a l t r a v e r s e t u b e b e ­

i n g a t a r a d i a l p o s i t i o n of ~ 0 . 3 i n . w a s n e g l e c t e d d u e t o t h e s m a l l g r a d i e n t 

of t h e r a d i a l t r a v e r s e s a t t h e c e n t e r of t h e c o r e . 

T h e t r a v e r s e d a t a a r e t a b u l a t e d i n T a b l e s 111 a n d IV, a n d g r a p h e d i n 

F i g s . 8 t h r o u g h 1 5 . 

T a b l e III 

A S S E M B L Y 2 7 , A X I A L T R A V E R S E , 
U " ^ F ISSION C O U N T E R , A T 

R = 0.3 i n . 

A x i a l 
P o s i t i o n ^ 

- 0 . 9 6 

0 .13 

1.20 

2 .31 

3 .37 

4 . 4 8 

5 .57 

6 .65 

7.71C 

7 .74 

8.31C 

8.83 

9.31*= 

R e l a t i v e 
C o u n t Rate*^ 

0 .551 

0 .652 

0 .775 

0 .889 

0 .959 

0 . 9 9 8 

1.000 

0 .965 

0 . 9 1 8 

0 . 9 0 8 

0 .849 

0 .785 

0 .739 

A x i a l 
P o s i t i o n ^ 

9 .92 

10.51C 

11.10= 

12.10 

1 2 . 1 1 ' : 

14.27 

20 .80 

2 7 . 3 4 

30 .09= 

31 .69 

32 .51 = 

34 .31= 

3 8 . 2 2 

R e l a t i v e 
C o u n t R a t e b 

0 .664 

0 .586 

0 .568 

0 .534 

0 .523 

0 .476 

0 .366 

0 .276 

0 .255 

0 .228 

0 .199 

0 .158 

0 .094 

a M e a s u r e d f r o m b o t t o m of c o r e . 

h A r b i t r a r i l y n o r m a l i z e d to u n i t y a t Z = 

c I n d i c a t e d p o i n t s w e r e t a k e n in r a n d o m 
d e t e r m i n e r e p r o d u c i b i l i t y . 

5.57 i n . 

o r d e r to 
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Table IV 

ASSEMBLY 27. RADIAL TRAVERSES, U"^ FISSION COUNTER 

Traverses Normalized to Axial F i ss ion Counter T r a v e r s e 

Radial 
Position^ 

21.15 
18.15 
17.15 
16.15 
15.45 
15.15 
14.65 
14.15 
13.15 
12.90 
12.15 
11.65 
11.15 
10.35 
10.15 
9.15 
8.15 
7.75 
7.15 
6.65 
6.15 
5.15 
4.15 
3.95 
3.15 
2.15 
1.15 
0.15 

-0.85 
-1.85 
-2.85 
-3.85 
-4.85 
-5.85 
-6.85 
-7.45 
-7.85 
-8.85 
-9.85 

-10.85 
- U . 8 5 
-12.85 
-13.85 
-15.15 
-15.85 
-16.85 
-17.55 

1 — _ ; ^Distance C 
' 'Position -
^Duplicatio 

Relative Count Rate 

1.09 

0.074 

0.200 

0.275 

0.327 

0.490 

0.569 

0.693 

0.792 

0.767 

3.26 

0.091 
0.148 
0.174 
0.208 

0.253 
0.264 
0.278 
0.322 

0.404 

0.499 
0.556 
0.576 
0.613 
0.651 
0.689 

0.830 

0.924 
0.919 
0.956 
0.957 
0.951 

0.881 
0.809 
0.763 
0.676 
0.640 
0.595 
0.542 

0.316 

L_i rom axis of core d 
14.85 inches. 

n of t rave r se to ch 

5.44 

0.094 
0.163 
0.189 
0.224 

0.263 

0.305 
0.350 

0.384 

0.436 

0.469 
0.522 
0.582 

0.639 

0.724 
0.815 
0.850 

0.930 
0.953 
0.980 
1.01 
0.989 
0.973 
0.970 
0.931 
0.872 
0.811 
0.732 

0.636 
0.582 
0.518 
0.472 
0.432 
0.376 
0.342 
0.289b 
0.268 
0.219 
0.199 

0.125 inc 

2ck repro 

Axial 

7.61 

0.098 
0.167 
0.198 
0.238 

0.280 
0.296 
0.310 
0.354 

0.438 

0.515 
0.584 
0.591 
0.619 
0.678 
0.687 

0.798 

0.887 
0.886 
0.915 

0.890 

0.835 

0.758 

0.628 

0.439 

0.209 

les. 

lucibility. 

Position 

9.79 

0.100 

0.204 
0.245 
0.266 

0.311 

0.371 

0.464 

0.544 
0.557 

0.595 

0.641 

0.683 

0.574 

0.295 

14.14 

0.090 

0.183 
0.216 
0.244 

0.264 

0.326 

0.400 

0.456 
0.469 

0.471 
0.479 

0.480 

0.484 

0.478 

0.483 

0.474 

0.468 

0.273 

20.67 

0.073 

0.145 
0.169 
0.184 

0.210 

0.254 

0.312 

0.354 
0.365 

0.369 
0.364 

0.366 

0.366 

0.369 

0.373 

0.365 

20.62= 

0.073 

0.141 
0.172 
0.186 

0.211 

0.255 

0.313 

0.362 
0.360 

0.368 
0.376 

0.363 

0.367 

0.369 

0.359 

0.373 

0.359 

0.217 

1 
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6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 

AXIAL DISTANCE FROM BOTTOM OF CORE IN INCHES, R = 0.3 in. 

Fig. 8. Assembly 27, Axial U Fission Counter Traverse 

0.8 

o.r 

2 0.6 

i 0.5 o 
u 0.4 

> < 0 3 

•^ 0.2 

0.1 

j.^-"^ o 

1 1 1 I 1 1 1 
22 20 16 le 14 12 10 6 6 4 

RADIAL POSITION, m 

Fig. 9. Assembly 27, Radial U"* 
Fission Counter Traverse ; 
Axial Position, 1.09 in. 

Fig. 10. Assembly 27, Radial U " ' 
Fission Counter Traverse ; 
Axial Position, 3.26 in. 

1.0 

0 9 

0 8 

0 7 

0 6 

0 5 

0 4 

0 i 

0.2 

0 1 

^.X-~^ 
/"^ ^̂ V 

/ v 
/ \ 

/ \ X fy 
d" ^ ^ 

yf ^ V 
- y^ ^ ^ 

1 1 1 1 i 1 I l l 
iz 10 e 6 

IflOlflL POSITION,. 

Fig. 11. Assembly 27, Radial U"^ 
Fission Counter Traverse ; 
Axial Position, 5.44 in. 

DIAL POSITION, 

Fig. 12. Assembly 27, Radial U"^ 
Fission Counter Traverse ; 
Axial Position, 7.61 in. 
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RADIAL POSITION, ii 

Fig. 13. Assembly 27, Radial U " ' 
FissionCounter Traverse ; 
Axial Position, 9.79 in. 

RADIAL POSITION, in. 

Fig. 15. Assembly 27, Radial U"^ 
FissionCounter Traverse ; 
Axial Position, 20.67 in. 
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RADIAL POSITION, ii 

Fig. 14. Assembly 27, Radial U"^ 
Fission Counter Traverse ; 
Axial Position, 14.14 in. 

C. Reactivity Worth Traverses 

To eliminate the e r ro r due to 
the degree of reproducibility of half 
closure and save the time consumed 
in actually substituting the samples 
at the various positions within the 
assembly and determining the r e ­
activity perturbation, as compared 
with a void of the same volume, 
1/2-in.-diameter samples of the 
materials were obtained and fitted to 
connectors to attach them to the 

counter t raverse mechanism. These samples were t raversed through the 
core in the same manner as the fission counters. The isotopic composition 
and dimensions of each sample are given in Table V. 

Table V 

REACTIVITY WORTH TRAVERSE SAMPLES 

Sample 

U235 

U, Natural 

U, Mixed 

Approximate 
Length, in. 

0.5 

1 

2 

Diamete r , 
in. 

29/64 

3 / 8 

29/64 

Uranium 
Content, gm 

22.54 

32.15 

73.93 

E n r i c h m e n t , 
% 

93 

0 .7 

2 5 

Analys i s , 
% 

100 u 

100 u 

86.5 U 
=7.65 Mo 
= 2.87 Zr 
= 3.00 SS 

The experimental procedure consisted of first t raversing with a 
dummy sample connector attached to the connecting rod of the t r averse 
mechanism and determining the perturbation. Each of the samples was 
then run and the total perturbation of the sample, connector, and the 
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connecting rod obtained. Because of the relatively low worth of the per tur ­
bation, period measurements were not made; instead, the worth at each point 
•was determined by nnaking the reactor cr i t ical at each point at a power level 
of 0.5 W and determining the perturbation as a function of control rod posi­
tion. The control rod was then calibrated accurately over the region of in­
te res t by period measurements .* The worth per inch was applied to the 
cri t ical positions obtained to determine the total excess reactivity available 
in the reactor with the sample or "blank" located at that position. For the 
radial t r ave r se s it was then assumed that the samples and blank were worth 
zero at R = 21.0 in. and for the axial t r ave r se s at Z = 38 in. The worth of 
the blank was then subtracted from the sample and the worth normalized to 
zero at the above-mentioned points. 

In the radial position R = 21.0 in., the samples were 5.5 in. from the 
core, and in the axial position, Z = 38 in., the samples were 7.44 in. into the 
top axial blanket. 

The relative accuracy of the data is between 0.05 and 0.15 Ih. This 
estimate of the e r r o r is based upon the reproducibility of the cri t ical posi­
tion of the control rod and the sample. While taking the data using the U-
mixed sample, points were rerun by repeating t r ave r se positions out of 
sequence. The five positions which were repeated, at R = 0, gave an aver­
age e r r o r of control rod position of 0.0016 in., with the largest e r ro r being 
0.005 in. This is relatively independent of sample-position e r ro r due to the 
small worth gradient. A reproducibility of cri t ical position of control rod 
position of approximately 0.005 in. is assumed for ZPR-III. When the maxi­
mum rod worth per inch is applied to this position e r ro r of 0.005 in., the 
uncertainty is ±0.09 Ih. 

Measurements of sample-position e r r o r of this and other assemblies 
has been less than ±0.125 in. This e r r o r when applied to regions of large 
worth gradient of both sample and blank could produce uncertainties of 
='±0.15 Ih. To reduce the sample-blank position e r ro r each point in the 
t r ave r se s was approached from the same direction. 

The reactivity worth t r ave r se s are tabulated in Tables VI, VII, VIII 
and IX, and graphed in F igs . 16 through 32. The radial natural uraniunn 
t r ave r se s were not graphed because of the low worth and scat ter . 

* ZPR-III Inhour Curve No. 4, based upon APDA Tech. Memo No. 15, 
jSgff = 0.00687, 448 1h/%, 3 0 8 I h / $ w a s used. 
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ASSEMBLY 27, AXIAL WORTH TRAVERSES 

Sample Worths (Ih) v s . Axial Posit ion^ 

Pos i t i on 
(in.) 

3 24 

5 16 
5.42 
5.66 
5.91 
6.16 
6.41 
6.50 
6.66 
7.12 
7.59 
7.66 
8.16 
8.68 
9.77 

11.95 
14.08 
20.66 
27.19 
31.54 
38.07 

0.5-in. U"^ Sample 

Worth 

1.22 + 0.16 
2.04 + 0.16 
2.89 + 0.16 
4.10 + 0.16 
4.95 + 0.16 
5.63 + 0.16 

6.12 + 0.16 

6.18 + 0.17 

5.85 + 0.17 

4.95 ± 0.17 

3.96 + 0.17 
2.81 ± 0.17 
1.90 + 0.17 
1.48 + 0.17 
0.82 ± 0.14 
0.59 ± 0.14 
0.29 + 0.14 
oa 

Z-in. U-Mixed Sample 

Wor th 

2.20 ± 0.16 
3.13 + 0.16 
3.89 + 0.16 
4.35 + 0.16 
4.65 + 0.16 
4.76 + 0.16 
4.79 ± 0.14 
4.77 + 0.14 
4.81 + 0.14 
4.88 + 0.14 
4.86 + 0.14 
4.85 + 0.14 
4.79 ± 0.14 
4.74 + 0.14 
4.75 ± 0.16 
4.72 + 0.16 
4.71 ± 0.16 
4.60 + 0.16 
4.55 + 0.16 
4.48 + 0.16 
4.36 ± 0.16 
4.21 ± 0.16 
3.53 ± 0.16 
2.14 ± 0.16 
1.63 ± 0.16 
0.78 ± 0.14 
0.36 + 0.14 
0.20 ± 0.14 
0» 

1-in. Na tu ra l 

Axial P o s i t i o n 
(in.) 

1.16 
3.16 
4.16 
5.34 
6.44 
7.13 
8.56 

10.02 
10.66 
11.86 
14.16 
20.56 
27.14 
31.40 
37.96 

U Sample 

Wor th 

0.26 + 0.14 

0.40 ± 0.14 
-0 .02 ± 0.14 
-0 .18 ± 0.14 
-0 .15 ± 0.14 
-0 .02 + 0.14 

0.07 + 0.14 
0.39 + 0.15 
0.63 ± 0.15 
0.49 ± 0.15 
0.27 + 0.15 
0.24 ± 0.15 
0.07 ± 0.14 
0.13 + 0.14 

-0 .01 ± 0.14 
Oa 

^Sample wor th a s s u m e d z e r o at indicated pos i t ions . 

Table W: 

ASSEMBLY Z7, RADIAL WORTH TRAVERSES, 0.5-in, u235 SAMPLf 

Worth Uhl Relative 10 21.0 in.a 

Axiai 

Z. in. 

1,09 
3.26 
5.44 
7.61 
9.79 

14.14 
20.67 

a Worth 

Radial Position R, in. 

Zl.O 

0 ± O.W 
0 ± O.W 
0 ± O.W 
0 ± O.W 
0 ± 0.15 
0±0.14 
0 ± 0.14 

at 21.0 in. as 

15.3 

-0.43 t O.W 
0.38 ± O.W 
0.13 ± O.W 
0.10 ± O.W 
0.26 ± 0.15 
0.32 ± 0.14 
0.37 ± 0.14 

umed to be zero 

12.75 

0.53 ± 0.14 
0.71 ± 0.14 
0.49 ± 0.14 
0.30 ± 0.16 
0.67 ± 0.15 
0.55 ± 0.14 
0.51 ± O.W 

10.2 

1.00 ± O.W 
1.32 ± 0.14 
1.05 ± 0.14 
0.53 ± 0.16 
1.11 ±0.15 
0.77 ± O.W 
0.65 ± O.W 

7.6 

1.75 ± 0.16 
2.17 ±0.16 
1.98 ±0.17 
1.69 ± 0.16 
1.60 ±0.15 
0.% ± 0.14 
0.72 ± 0.14 

6.08 

2.26 ± 0.16 
3.29 ± 0.16 
3.13 ±0.17 
2.79 ±0.16 
1.88 ±0.15 
0.88 ± O.W 
0.81 ± O.W 

3.8 

3.20 ±0.16 
4.52 ± O.W 
4,77 ± 0.14 
4.02 ± 0.16 
2.25 ± 0.15 
1.02 ± 0.14 
0.77 ± 0.14 

0 

3.96 ± O.W 
5.42 ± O.W 
5.51 ± 0.14 
4.53 ± O.W 
2.96 ± 0.15 
1.1010.14 
0.79 ± 0.14 

-7.6 

1.95 ± 0.14 
2.56 ±0.15 
2.23 ± 0.15 
1.97 ± 0.15 
1.71 ± O.W 
0.99 ± O.W 
0.69 ± O.W 

-15.3 

0.63 ± 0.W 
0.73 ± 0.15 
0.6O ± 0.15 
0.07 ± 0.15 
0.47 ± 0.14 

-0.49 ± 0.14 
0,36 ± 0.14 

ASSEMBLY 27, RADIAL WORTH TRAVERSE, 2-in. NATURAL URANIUM SAMPLE 

Worth Uhl Relative to 21.0 in.a 

Axial 
Position 
Z, in. 

5.44 
9.79 

Radial Position, in. 

21.0 

0 ± O.W 
0 ± O.W 

15.3 

-O.W ± O.W 
0.10 ± O.W 

12.75 

-0.26 ± 0.W 
0.05 ± O.W 

10.2 

-0.14 ± O.W 
0 t 0.14 

7.6 

-0.09 ± O.W 
0.02 ± O.W 

6.08 

-0.11 ± 0.14 
-0.07 ± 0.14 

3.8 

-0.19 ± 0.14 
0.24 ±0.15 

0 

-0.51 ± O.W 
0.68 ± 0.15 

-7.6 

-0.23 ± 0.14 
0 ± 0.14 

-15.3 

-0.08 ± O.W 
0.03 ± O.W 

a Worth at 21.0 in. assumed to be zero. 
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ASSEMBLY 73, RADIAL WORTH TRAVERSES. I-in. U-MIXED SAMPlf 

Worth llhl Relative to 21.0 In.^ 

Axial 
Position 

Z. in. 

1.09 
3.26 
5.44 
7.61 
9.79 

U.14 
20.67 

21.0 

0 ± 0.14 
0 * O.W 
0 ± O.W 
0 ± O.W 
0 ± O.W 
0 ± O.W 
0 ± O.W 

15.3 

0.26 ± 0.14 
0.33 ± 0.14 
0.W ± 0.14 
0.26 ± 0.14 
0.24 ± 0.14 
0.25 ± 0.14 
0.36 ± 0.14 

12.75 

0.60 ± O.W 
0.68 ± O.W 
0.56 ± O.W 
0.44 ± O.W 
0.54 ± O.W 
0.44 ± O.W 
0.50 ± O.W 

10.2 

0.91 ± 0.14 
1.26 ± 0.15 
0.93 ± O.W 
0.97 ± 0.15 
0.98 t 0.14 
0.59 ± 0.W 
0.73 ± 0.14 

Radial Position R, in. 

7.6 

1.70 ±0.15 
2.20 ± 0.15 
2.04 ± 0.16 
1.91 ± 0.15 
1.23 ± 0.15 
0.69 ± 0.14 
0.79 ± 0.14 

6.08 

2.39 ± 0.15 
2.85 ± 0.15 
3.00 ± 0.16 
2.4810.15 
1.65 ± 0.15 
0.82 ± 0.14 
0.92 ± 0.14 

3.8 

3.09 ±0.15 
3.94 ±0.15 
3.86 ±0.16 
3.45 ± 0.15 
2.42 ±0.15 
1.11 ± 0.14 
1.10 ± 0.14 

0 

4.01 ± 0.14 
4.62 ± O.W 
4.70 ± 0.15 
4.00 ± 0.W 
3.39 ± 0.15 
1.42 ± O.W 
1.12 ± O.W 

-7.6 

2.22 ± O.W 
2.27 ± O.W 
2.26 ± 0.15 
1.77 ± O.W 
1.551 O.W 
0.78 ± O.W 
0.68 ± O.W 

-15.3 

0.60 ± O.W 
0.41 ± 0.15 

0 ± O.W 
0.32 ± 0.W 
0.23 ± O.W 
0.51 ± O.W 

a Worth at 21.0 In. assumed to tw zero. 

I I I I I I I I I I I I I I I I _LJ_ 
4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 

AXIAL POSITION, in. 

Fig. 16. Assembly 27, Axial Worth Traverse) 
Sample: 0.5-in. U"^ 
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Fig. 17. Assembly 27, Axial Worth Traverse ; 
Sample: 1-in. Natural Uranium 

-2 0 2 4 6 8 10 12 14 16 16 20 22 24 26 28 30 32 34 36 38 40 
AXIAL POSITION, in. 

Fig. 18. Assembly 27, Axial Worth Trave r se ; 
Sample: 2-in. U-mixed 



25 

NORMAL CORE 
DENSE CORE-

RADIAL POSITION, in RADIAL POSITION. II 

Fig. 19. Assembly 27. Radial Worth Traverse; 
Sample: 0.5-in. U'̂ '̂ ^i Axial Position, 
1.09 in. 

Fig. 20. Assembly 27, Radial Worth Traverse; 
Sample: 0.5-in. U^'^^; Axial Position, 
3.26 in. 

RADIAL POSITION.m RADIAL POSITION, ii 

Fig. 21. Assembly 27, Radial Worth Traverse; 
Sample: 0.5-in. U '̂̂ ^; Axial Position, 
5.44 in. 

Fig. 22. Assembly 27, Radial Worth Traverse; 
Sample: 0.5-in. 11^35; Axial Position, 
7.16 in. 

RADIAL POSITION.il RADIAL POSITION, ii 

Fig. 23. Assembly 27. Radial Worth Traverse; 
Sample: 0.5-in. U '̂̂ ^; Axial Position, 

9.79 in. 

Fig. 24. Assembly 27, Radial Worth Traverse; 
Sample; 0.5-in. U 
14.14 in. 

i Axial Position, 

http://POSITION.il
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RADIAL POSITION. H RADIAL POSITION, in. 

Fig. 25. Assembly 27, Radial Worth Traverse; 
Sample: 0.5-in. U ; Axial Position, 
20.67 in. 

Fig. 26. Assembly 27, Radial Worth Traverse; 
Sample: 2-in, U-mixed; Axial Position, 
1.09 in. 

Î o 
S 30 

K 20 

£ 10 

I 

— H ^ = H — 

1 1 1 1 

^1 

5 

1 1 

BLANKET 

1 

RADIAL POSITION, in DIAL POSITION, II 

Fig. 27. Assembly 27, Radial Worth Traverse: 
Sample: 2-in. U-mixed; Axial Position, 
3.26 in. 

Fig. 28. Assembly 27, Radial Worth Traverse; 
Sample: 2-in. U-mixed; Axial Position, 
5.44 in. 

tAOlAL POSITION, in 
RADIAL POSITION, n 

Fig. 29. Assembly 27. Radial Worth Traverse; 
Sample: 2-in. U-mixed; Axial Position. 
1&\ in. 

Fig. 30. Assembly 27, Radial Worth Traverse; 
Sample: 2-in. U-mixed; Axial Position, 
9.79 in. 
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Fig. 31 

Assembly 27, Radial Worth 
Traverse ; Sample: 2-in. 
U-mixed; Axial Position, 
14.14 in. 

RADIAL POSITION, ii 

Fig. 32 

Assembly 27, Radial Worth 
Trave r se ; Sample: 2-in. 
U-mixed, Axial Position; 
20.67 in. 



28 

IV. ASSEMBLY 28 

Assembly 28 was oriented with the axis of its cylinder ver t ica l in 
the same manner as Assembly 27. Figure 33 is a typical drawer loading 
diagram. 

, 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Denlntpil Uranium 

1 1 1 
ii;38 

A W A I 
11238 
11238 

as%Ai 
«%«l 
l|238 

St SI 
SI St 
l|Z38 

A«AI 
1,238 
U23» 
11238 

l|238 

I ' 1 I ' I I ' 1 I ' I 1 ' I ' I 

-4—Biaokel-J 

Fig. 33. Assembly 28, Typical Core Drawer 

Figure 34 is a top view of one-quarter of the reactor , showing the 
approximate outlines of the regions of the experiment, and a side view, 
showing the cri t ical dimensions. In Fig. 35 a row of drawers has been 
partially extracted from the matrix to show the fine detail. 

TOP VIEW OF ASSEMBLY QUADRANT INTERFACE VIEW 

g 12 
10 
8 

-" —i 
— 

-+ —1—1— 
FINE 

BLANKET 

1 
J 

1 
-1 

1 

1 j 
: 

; ; 

COARSE 
BLANKET 

i 

L 
VOID 

CORE 
t 

FINE BLANKET 

• 

39.16 
34.61" 

0 

•6.7" 

ASSEMBLY INTERFACE 33.74" 15.39" 5.54" 0 

Fig. 34. Assembly 28, Top and Interface View of Assembly 
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Fig. 35. Assembly 28, Representative View through Core Cross Sectic 
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A. A p p r o a c h to C r i t i c a l 

The a p p r o a c h to c r i t i c a l was m a d e by loading the zone to be occup ied 
by the d e n s e c o r e with a l u m i n u m s p a c e r s and, in s t e p s , c o n s t r u c t i n g the 
d e n s e c o r e f rom the bo t t om, fine a x i a l b l anke t u p w a r d unt i l c r i t i c a l i t y was 
ach ieved . A f u l l - d r a w e r l a y e r of the d e n s e c o r e con ta ined 61.0608 kg of 
U^' . Tab le X g ives the count r a t e ob ta ined f r o m the p r o p o r t i o n a l c o u n t e r s 
and the U^''^ m a s s a t each s t age of the a p p r o a c h to c r i t i c a l . 

lableX 

APPROACH TO Cfi ITICAL - ASSEMBLY 28 

toading 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mass U235 
kg 

61.06 

122.12 

166.73 

205.62 

244.24 

272,41 

297.93 

305.3 

308.98 

313.52 

Rods Out 

Ci (cpml 

m 
244 

329 

452 

819 

1457 

4760 

8433 

10515 

C2 (cpm) 

99 

lis 

142 

164 

265 

405 

1169 

1985 

2499 

Cri 

(1/C,)x 105 

449 

410 

304 

221 

122 

68,6 

21 

11.9 

9.5 

(1/C2)x 10^ 

1010 

848 

704 

610 

377 

247 

85.6 

50.4 

40.0 

Rods In 

h 

220 

244 

347 

469 

870 

1683 

7786 

23090 

56542 

^2 

89 

115 

137 

173 

271 

445 

1843 

5219 

12644 

(1/Cj)x 105 

455 

410 

288 

213 

115 

59.4 

12.8 

4.33 

1.77 

(1/C2)x 10^ 

1124 

870 

730 

578 

369 

225 

54.2 

18.9 

7.91 

The s y s t e m ach ieved c r i t i c a l i t y with an i n c o m p l e t e l a y e r of fuel. 
Two e x p e r i m e n t s (see a r r a n g e m e n t in F ig . 36) w e r e p e r f o r m e d in which 

LOADING NO. 

REACTIVITY 

TOP VIEW 

28-11 

51.5 Ih 
28-12 

221.7Ih 

© ® 
SIDE VIEW 

_L _L 
28-10/28-11, Lost 56.3 Ih. Therefore Hattening the whole core would lose 

226.2 Ih and leave the core 117.4 Ih subcritical at a height 
of 10.8775 in. 

28-11/28-12, Gained 170.2 Ih or 1349.4 Ih/in. 
Therefore, 117.4 Ih = 0.087 in. 
Critical at height = 10.8775 + 0.087 in. = 10.97 in. 
Critical mass = 307.62 kg. 

Fig. 36. Assembly 28, Core Configurations Used in Estimating Critical M,ss 

I 
I 
I 
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one-fourth of the fuel then m the top layer was removed, reducing the excess 
reactivity from 107.8 Ih to 51.5 Ih, or an estimated -117.4 Ih if the entire 
top row had been removed. Then, 23.17% of a quarter of a layer was added 
in one quadrant, increasing the reactivity to 221.7 Ih for a calculated 
1349.38 Ih/in. of uniform fuel height. The 117.4 Ih subcritical at 5 rows 
high represents 0.087 in. of core height that would be required to make 
the reactor cr i t ical . The cri t ical height is then (5 x 2.1775) + 0.087 or 
10.97 in. and the cr i t ical mass 307.62 kg U^'^ for a core of uniform height. 
The cri t ical composition and average dimensions of the various zones are 
given in Table XI. 

Table XI 

COMPOSITION OF ASSEMBLY 28 BY ZONES 

Dense Core 
Void 
Blanket 

Dense Core 

Volume Fractions 
U235 

0.1406 

O.OOII 

U238 

0.4088 

0.4870 

Al 

0.0422 
0.1347 

Z r 

0.0503 

Mo 

0.1524 

SS 

0.1416 
0.0932 
0.210 

CRITICAL DIMENSIONS AND MASS 

Average Inside Radius 5.54 in., 14.07 cm 
Average Outside Radius 15.39 in., 39.09 cm 
Average Height 10.97 in., 27.86 cm 
Critical Mass 307.62 kg of U"^ 

B. Fission Rate Traverses 

The fission rate distributions were measured in the vertical direc­
tion 0.3 in. from the axis of the cylinder and radially at five elevations 
through the core . The counters used were l /2- in . -d iameter U^̂ ^ fission 
chambers enriched to 93.2% in U^^ .̂ 

Drawers were modified as shown in Fig. 7 to accommodate the 
t r ave r se guide tube. The counter was positioned at each point to a r e ­
producibility better than +0.125 in., and the number of t raverse counter 
counts, at each point, were normalized to 10^ counts on a stationary 
reference fission counter. Tables XII and XIII are a tabulation of the 
radial and axial t r ave r s e s . These data are graphed in Figs . 37 through 
42. The axial and radial data have not been normalized to a common 
point as was done in Assembly 27. 
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T a b l e XII 

ASSEMBLY 28, AXIAL T R A V E R S E , u " ^ FISSION C O U N T E R 

At R = 0.3 in. 

Axial 
P o s i t i o n 

37.16 
35.16 
33.16 
32.16 
31.16 
30.16 
29.16 
27.16 
25.16 
23.16 

Re la t ive 
Count Rate 

0.144 
0.156 
0.212 
0.239 
0.271 
0.277 
0.284 
0.293 
0.308 
0.331 

Axial 
P o s i t i o n 

21.16 
17.16 
15.16 
13.16 
12.16 
11.16 
10.16 

9.16 
8.16 
7.16 

Re la t i ve 
Count Rate 

0.358 
0.437 
0.490 
0.547 
0.588 
0.619 
0.694 
0.742 
0.800 
0.837 

Axia l 
P o s i t i o n 

6.16 
5.16 
4.16 
3.16 
2.16 
1.16 
0.16 

-0 .84 
-1 .84 
-2 .84 

R e l a t i v e 
Count Ra te 

0.882 
0.908 
0.926 
0.924 
0.908 
0.897 
0.880 
0.800 
0.750 
0.663 

Table XIII 

ASSEMBLY 28, RADIAL TRAVERSES, U"^ FISSION C O U N T E R 

Radia l P o s i t i o n 
C o r e Axis a t 0.00 

21 

18 
16 
15 
14 

13 
11 

9 
7 

6 
5 

4 

2 

1 

0 

- 2 

- 4 
- 5 

- 7 

-9 
- 1 3 

- 1 5 
- 1 9 

Rela t ive Count Rate a t Axia l P o s i t i o n 

9.79 

2 0 8 

3 3 9 

4 3 9 
500 

5 6 3 

6 2 5 

717 
777 

7 5 9 
7 3 6 
7 4 3 

740 

7 1 9 
7 2 4 

7 1 9 
7 1 6 

7 1 9 
7 3 0 

7 5 5 

773 

6 3 4 

5 2 5 

3 04 

7.61 

2 2 4 

380 

531 

6 1 9 
7 2 4 

8 2 2 

976 

1050 
1025 

966 

9 2 3 
8 9 0 

8 3 5 
8 4 1 

8 4 3 

8 5 0 
8 5 5 

892 

1000 
1041 

8 5 5 

671 
341 

5.44 

2 2 9 
381 

550 

6 5 5 
7 4 4 

8 8 2 

1091 
1192 
1157 
1061 

9 9 5 

9 6 8 
9 0 0 

8 9 1 
8 9 0 

907 

9 4 2 

9 6 4 

1119 
1192 

9 3 4 

719 

349 

3.26 

2 1 0 

3 6 5 

5 0 5 

6 1 1 

7 3 1 

8 5 6 
1041 
1136 
1100 
1076 
1013 

9 7 2 

9 1 9 
9 1 7 

9 1 7 

9 2 4 

9 7 0 

9 7 0 

1074 
1163 

9 2 5 

7 0 5 
3 4 4 

1.09 

2 0 1 

3 3 9 
4 7 5 

5 6 2 

6 5 9 
7 4 7 

8 9 9 
1017 
1009 

9 9 6 

9 6 6 

9 6 6 

9 1 7 

9 4 2 

9 3 3 

9 4 9 

9 5 9 
9 7 8 
9 8 4 

1003 
7 9 6 

6 1 1 

3 1 6 
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C. Reactivity Worth Traverses 

The samples used in these t r ave r ses were the 2-in. U-mixed and the 
l /2 - in . U^'' t r ave r se samples (see Table XIV). The t raverse locations 
were the same as those of the fission rate t r ave r se s . For the radial 
t r ave r ses the worth of the blank and samples were assumed to be zero at 
a radial distance of 40.25 in. for the U-mixed core sample and at 41.0 in. 
for the U^̂ ^ sample, and at axial distances of 38.16 in. and 38.41 in., 
respectively. These data are tabulated in Tables XV and XVI, and graphed 
in Figs . 43 through 54. Although the general shape of the curves seems 
apparent, the experimental data are insufficient to define some of the de­
ta i ls . Therefore, no attempt has been made to connect the points with a 
smooth curve. The e r r o r s in the individual points are of the order of 
±0.15 Ih maximum, while the absolute value of the worths are subject to 
an e r ro r in some t r ave r se s due to a variation of the "zero worth" as 
great as 0.25 Ih. 

Table XIV 

ASSEMBLY 28, AXIAL WORTH TRAVERSES 

Worths (ih) vs Axial Position,^ R = 0.3 in. 

Axial Position^ 

40.14 
38.41 
38.16 
37.66 
36.91 
34.91 
28.91 
23.91 
18.91 
13.91 
10.91 
9.76 
7.59 
5.41 
3.24 
1.07 

-0.61 
-1.09 
-1.11 
-1.75 

0.5-in. U"^ Sample 

0 ± 0.14a 

0 ± 0.14 
0.51 ± 0.14 
0.52 + 0.14 
0.66 ± 0.14 
0.78 ± 0.15 
1.15 ± 0.15 
1.27 ± 0.15 
1.40 ± 0.14 
1.40 + 0.14 
1.35 ± 0.14 
1.47 ± 0.14 

2-in. U-Mixed Sanaple 

0 ± 0.14a 
0 ±0.14 
0 ± 0.14 
0.10 ± 0.14 
0.26 ± 0.14 
0.40 ± 0.14 
0.74 ± 0.14 
1.40 ± 0.15 

2.28 ± 0.14 
1.38 ± 0.14 
0.92 ± 0.14 
0.99 ± 0.14 
1.66 ± 0.14 

1.30 ± 0.14 

0 ± 0.14 

0 + 0.14a 

0.07 ± 0.14 

1.26 ± 0.15 

2.08 ± 0.14 
1.34 ± 0.14 
0.73 ± 0.14 
0.69 ± 0.14 
1.26 ± 0.14 
1.10 ± 0.14 

aAssumed to be zero at indicated positions. 
bBottom of core at 0.00 in. 
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Table XV 

ASSEMBLY 28, RADIAL WORTH TRAVERSES, 0.5-in. U^^' SAMPLE 

Worth (Ih) Relative to 41.0 in.,^ E r r o r is +0.14 Ih Unless Otherwise Specified 

Radial Position, 
in. 

41.0 
21.0 
16.0 
14.0 
12.0 
10.0 

8.0 
6.0 
5.0 
3.0 
0 

-7.0 
-15.0 

Axial Posi t ion, in.^ 

9.79 

0 
-0.05 

0.18 
0.42 
0,53 
0.93 
1.01 
0.88 
0.82 
0,90 
0.91 
0.95 
0.31 

7.61 

0 
0.10 
0.62 
1.09 
1.61 
2.01 
2.15 
1.60 
1.47 
1.32 
1.30 
1.79 
0.90 

5.44 

0 
0.06 
0.48 
1.15 
1.94 
2.27 
2.39 
1.87 
1.56 
1.23 
0.92 
2.06 
0.74 

3.26 

0 
0.13 
0.55 ± 0.15 
1.21 + 0.15 
1.71 ± 0.15 
2.24 + 0.15 
2.41 
2.17 
1.84 
1.49 
1.39 
2.30 
0.95 

1.09 

0 
0.04 
0.53 
0.87 
1.18 
1.67 
1.78 
1.57 
1.57 
1.49 
1.32 
1.75 
0.65 

^Worth at 41.0 in. assumed to be zero . 
^Bottom of core at 0.0 in. 

Table XVI 

ASSEMBLY 28, RADIAL WORTH TRAVERSES, 2-in. U-MIXED SAMPLE 

Worth (Ih) Relative to 40.25 in.,^ E r r o r is ±0.14 Ih Unless Otherwise Specified 

Radial Position, 
in. 

40.25 
21.0 
16.0 
14.0 
12.0 
10.0 

8.0 
6.0 
5.0 
4 .0 
0 

-7.0 
-15.0 

9.79 

0 

0.23 
0.42 
0.82 
1.19 
1.53 
1.58 
1.58 
1.82 
1.88 
1.93 
1.39 
0.61 

Axial Posit ion, in 

7.61 

0 
0.07 
0.82 
1.27 
1.52 
1.98 
1.91 
1.66 
1.60 
1.45 
1.19 
1.58 
1.09 

5.44 

0 
0.19 
0.66 
1.20 
1.62 
1.89 ± 0.15 
1.81 + 0.15 
1.57 ± 0.15 
1.28 ± 0.15 
0.94 ± 0.15 
0.16 
1.74 
1.04 

b 

3.26 

0 
0.16 
0.74 
1.13 
1.54 
1.75 
1.73 
1.48 
1.18 
0.86 
0.42 
1.65 
1.03 

1.09 

0 
0.20 
0,48 
0.92 
1.21 
1.44 
1.53 
1.32 

1.12 
1.08 
1.39 
0.99 

^Worth at 40.25 in. assumed to be zero . 
"Bottom of core at 0.0 in. 
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AXIAL POSITION, in. from boltom of core 

Fig. 37. Assembly 28, Axial U^̂ ^ 
Fiss ion Counter Traverse 

-18 -15 -14 -12 -10 -8 -6 -4 

Fig. 38 

RADIAL POSITION, ir 

Assembly 28, Radial U"^ 
Fission Counter Traverse; 
Axial Position, 1.09 in. 

RADIAL POSITION, II RADIAL POSITION, II 

Fig. 39. Assembly 28, Radial U"^ 
Fiss ion Counter Traverse ; 
Axial Position, 3.26 in. 

Fig 40. Assembly 28, Radial U " ' 
Fission Counter Traverse; 

Axial Position, 5.44 in. 
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RADIAL POSITION, ii 

Fig. 41. Assembly 28, Radial U"^ 
Fission Counter Traverse ; 
Axial Position, 7.61 in. 

Fig. 42. Assembly 28, Radial U"^ 
Fission Counter Traverse ; 
Axial Position, 9-79 in. 
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Fig. 43. Assembly 28, Axial 
Worth Traverse ; 
Sample; 0.5-in. U"' 

Fig. 44. Assembly 28, Axial 
Worth Trave r se ; 
Sample: 2-in. U-mixed 

RADIAL POSITION i 

Fig. 45. Assembly 28, Radial Worth 
Traverse ; Sample: 0.5-in. 
U " ^ Axial Position, 1.09 in. 

Fig. 46. Assembly 28, Radial Worth 
Traverse ; Sample: 0.5-in. 
U^ Axial Position, 3.26 in. 
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RADIAL POSITION.in 
RADIAL POSITIOM, i 

Fig. 47. Assembly 28, Radial Worth 
Traverse ; Sample: 0.5-in. 
U^"; Axial Position, 5.44 in. 

Fig. 48. Assembly 28, Radial Worth 
Traverse ; Sample: 0.5-in. 
U " ^ Axial Position, 7.61 in. 
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RAOIALPOSITION. i l 

Fig. 49. Assembly 28, Radial Worth 
Trave r se ; Sample 0.5-in. 
U " ^ Axial Position, 9-79 in. 
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RADIAL POSITION, II 

Fig. 50. Assembly 28, Radial Worth 
Traverse ; Sample; 2-in. 
U-mixed; Axial Position, 
1.09 in. 

RADIAL POSITION, ii RADIAL POSITION, ii 

Fig. 51. Assembly 28, Radial Worth Fig. 52. Assembly 28, Radial Worth 
Trave r se ; Sample: 2-in. Traverse ; Sample: 2-in. 
U-mixed; Axial Position, U-mixed; Axial Position, 
3.26 in. 5.44 in. 
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RADIAL POSITION, ii 

53. Assembly 28, Radial Worth Fig. 54. Assembly 28, Radial Worth 
Traverse ; Sample: 2-in. Traverse ; Sample: 2-in. 
U-mixed; Axial Position, U-mixed; Axial Position, 
7.61 in. 9.79 in. 
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