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C o m p a r i s o n of Crit ical a n d Subcrit ical 
p28 M e a s u r e m e n t s * * 

Measurements of p28 in a critical facility have 
been performed by the NORA Project staff under 
the auspices of the international IF A-IAEA NORA 
Project, and have been reported in Refs. 1, 2, and 
3. Two of these experiments pertain to low-
reactivity lattices and one to a subcritical lattice. 
In these experiments measurements have been 
carried out in the central zone (containing respec-
tively 85 and 133 fuel rods in the two cases made 
use of in this work) of a two-zone core. Checks on 
the validity of the two-zone p28 experiments are 
obtained by inference from the adequacy of buck-
ling measurements on these cores as demon-
trated in Ref. 3. A more direct check is available 
from measurements performed at Babcock & 
Wilcox Co. by the Small Lattice Experimental 
technique9. The conclusion in both instances is 
that p28 as measured in the two-zone cores is 
representative of the corresponding critical lat-
tice. 

Later, measurements of p28 have been per-
formed by the authors in a strongly subcritical 
reflected facility, with the purpose of investigating 
to what extent such a small assembly is useful for 
experimental evaluation of the physics parameters 
characteristic of a critical core. These experi-
ments are also a part of the NORA Project. 

The experimental technique is identical in all 
measurements and is based on the thermal-activa-
tion technique. The activity determinations made 
use of a chemical Np-extraction technique devel-
oped at IFA1. The subcritical experiments were 
performed in the miniature 'satellite' facility 

*This paper is based on experimental work performed 
as part of a thesis for the Cand. Real, degree at the Uni-
versity of Oslo. 

tThis report covers work carried out as part of the 
NORA Project, a joint undertaking between the Interna-
tional Atomic Energy Agency and Institutt for Atomenergi. 
Acknowledgment is given to the USAEC for its support of 
the joint project. 
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JEEPNIK4. The lattices in this experiment were 
composed of approx 90 rods with a height of 57 cm 
and with equivalent core radii in the range 9 to 21 
cm, reflected by D20 and H20. In both NORA and 
JEEPNIK experiments, fuel was 3%-enriched U02 

rods 1.13 cm diam with 0.7 mm stainless-steel 
clad. Moderator was 99.4% D20. 

JEEPNIK is basically a right cylindrical tank, 
45 cm i.d. and 66 cm high. Thermal neutrons 
(from the JEEP reactor) are fed into the tank from 
the bottom. 

Experimental results are given in Table I, lines 
2 and 3, taking 

28 _ epicadmium U238-absorptions 
^ " subcadmium U238-absorptions 

On comparing critical and subcritical experi-
mental values it is seen that agreement for open 
lattices is fairly good. As the lattice becomes 
tighter, a systematicaiiy increasing difference 
between critical and subcritical values is evident. 
As justified below we have good reason to believe 
that the calculated critical value for the 2.31-cm 
pitch will be representative for the experimental 
critical value. One can conclude from the critical 
and subcritical experimental values that JEEPNIK 
measurements of p28 will not give results repre-
sentative for critical lattices similar to our two 
tightest examples. 

In a JEEPNIK-type experiment the influence of 
direct thermal-source neutrons is a possible 
source of error in the p28 measurements. We have 
tried to eliminate this by performing our experi-
ments in a region of the core where the copper 
cadmium ratio was axially constant, and where 
total, epithermal and thermal fluxes, as measured 
by copper activations, showed a purely exponential 
axial decline. 

Physically the discrepancy between critical and 
subcritical experimental results must be caused 
by differences in neutron spectra. One physically 
reasonable explanation of the observed values is 
found from the following three characteristics of 
the experiment and their influence on the neutron-
spectrum formation: 

1) the smallness of the core, resulting in a very 
high neutron leakage—this is seen to increase 
p28 by depletion of the thermal-neutron popula-
tion; 

2) the very effective reflector (in most lattices 
practically infinite)—this is seen to increase 
the thermal-neutron population thereby de-
creasing p28, provided the core is small enough 
that the spectral distortion permeates the core 
to the point of measurement; 
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aThe p28 values in Ref. 3 and in this table differ from those of Ref. 2. A re-
evaluation of the experiments reported in Ref. 2 has been undertaken. It turned 
out that thermal irradiations of Dy-Al and U02 foils were performed with a Cd 
cover that could easily create strong flux gradients across the foil positions. 
Other irradiations with a half-closed Cd tube were found to be more satisfactory 
and have been used both in our experiments and in reevaluating data from Ref. 2. 

bThese values are calculated for B2 =0. 

TABLE Ia 

Calculated and Experimental Results 

Lattice Pitch 
(cm) 4.908 3.272 2.310 1.636 

p28 crit exp 
(Refs. 1 & 3) 1.292 2.893 - 14.3 

p28 subcrit 
exp 1.24 ± 0.06 2.74 ± 0.1 5.50 ± 0.15 8.2 ± 0.2 

p28 crit calc 
(Ref. 3) 1.25 3.00 7.40 (18.1)b 

p28 bare 
subcrit calc 1.99 3.90 11.3 29.2 

$3/^4 crit 0.572 1.27 2.74 (5.9)b 

bare 
subcrit 0.853 1.65 3.35 6.79 

$3/$4 reflected 
subcrit 0.715 1.49 2.08 2.40 

B2 crit exp m~2 

(Ref. 3) 20.10 16.87 2.99 -11.25 
B2 geom JEEPNK, 

m'2 89 100 112 118 

3) connected with 2) is a spatially variable distor-
tion of the spectrum, making p28 space-depend-
ent. 

Other effects that have been found small compared 
to these are the Cd-cutoff effect and the distortion 
of the thermal spectrum by leakage and reflector 
effects. Approximate theoretical evaluations show 
that effect 3) is probably less than 2% in our p28 

values. 
Thus the spectrum distortions 1) and 2) will 

dominate, and they have counteracting influences 
on p28. On this basis one may expect, on the one 
hand, that p28 is too low from a highly reflected 
small subcritical assembly, and on the other hand, 
that p28 is too high from a poorly reflected high 
leakage subcritical assembly, both when compared 
to the 'true' or critical p28. Obviously a cancella-
tion of effects may take place. This then may ex-
plain the acceptable subcritical-critical correla-
tion in our two widest lattices. On the two tightest 
lattices it is probable that the reflector effect 
dominates. 

Support for the above simple model has been 
derived from studies of the experiments with our 
standard criticality-calculation scheme. This is 
based on the DATAPREP-BIGG system5'6, which 
is of the SOFOCATE-MUFT type. DATAPREP is 
a lattice homogenizer constructing U238-resonance 

integrals based on Hellstrand's measurements 
with the Levine interaction shielding approach7. In 
addition, the code also evaluates a 10-group Brown 
& St. John thermal spectrum and produces one-
group spatially averaged (by the Amouyal-Benoist 
method) thermal data. These are used in BIGG 
with the B-l approximation and extended Greuling-
Goertzel slowing down, together with a special 
treatment to get an approximately correct energy 
distribution of resonance fission and absorption in 
U235 and U238. The resulting 40-group neutron 
spectrum is used to evaluate criticality param-
eters and few-group diffusion constants. Aiming 
at qualitative evaluations rather than high-accura-
cy design calculations, energy-independent buck-
lings were used in these spectrum calculations. 
Also applied was a few-group one-dimensional 
diffusion-theory code8 . Four neutron-energy 
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groups with the cuts 107, 2.7 x 105, 9.1 x 103 and 
0.625 eV were used. The good agreement with 
critical p28 experiments obtained with this theory, 
both for these and a number of other lattices, 
encourages us to use the theoretical values where 
no critical p28 measurements were available (2.31-
cm pitch) and, as pointed out above, to accept the 
comparison theory-subcritical experiment as cor-
roborating evidence. 

Some of the calculated results are listed in 
Table I together with the experimental results. 
Using the geometric buckling of the BIGG-calcula-
tion, an approximate value of the p28, which would 
probably be observed in an unreflected subcritical 
assembly, is found. This is given in Table I as 
"p28 bare subcrit calc". The values bear out the 
leakage influence on p28 (compared with the criti-
cal values) as postulated in 1) above. The same 
effect is evidenced by the high value of "<i>3/$4 
bare subcrit" deduced from the same calculation, 
where and $4 are group 3 and 4 fluxes at core 
center respectively, (group 4 = thermal). 

A calculation of p28 for the actual reflected 
subcritical setup has not been performed, but the 
behavior proposed in 2) above is borne out by the 
values of "<f>3/<I>4 reflected subcrit" which have 
been calculated with one-dimensional diffusion 
theory. For the two widest lattices, where a 
reasonable agreement between subcritical and 
critical p28 is found, <£s/$4 i s slightly higher than 
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the critical values, whereas for the tightest ex-
amples substantially lower values are found. This 
is taken to indicate the enhanced thermal flux 
from the reflector in these situations. 

To conclude then, for one of the lattices widely 
different experimental p28 values have been found 
in identical lattices in a critical and a strongly 
reflected small subcritical assembly, whereas in 
one other lattice the subcritical p28 is substantial-
ly different from a presumably fairly correctly 
calculated critical value. An explanation is pro-
posed, accounting for both the proposed fortuitous 
critical-subcritical agreement in two of the lat-
tices, and for the substantial disagreement ob-
served in the tightest lattices. 

If the proposed explanation of the experimental 
results is basically correct, a subcritical facility 
for p28 measurements should preferably 1) be as 
large as possible, minimizing leakage effects, and 
2) be unreflected to minimize perturbation of rela-
tive thermal-neutron population, possibly utilizing 
a thermal-neutron shield around the core. 
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