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ABSTRACT

Recent experimental criticality data with homogeneous and heterogenecous
systems of interacting containers were used in evaluating an interaction
principle advanced at the Oak Ridge Gaseous Diffusion Plant for the safe
storage and handling of dissimilar containers of fissionable materials.
The experimental d”™”“~which included slab and cylindrical geometries,
U-235 assays of 93,,2”~, and H/U-235 atomic ratios from 0 to 330,
and which extend oe”~wthe useful range of a two-group theory previously
used to evaluate interaction experiments, indicate (a) the principle is
valid over the wide range of criticality parameters considered, and (b)

a homogeneous system of interacting containers is, in general, more highly
reactive than any corresponding heterogeneous one. An analysis was also
made of the safety of cylindrical storage units where criticality control
is based upon mass rather than upon geometric limitations. Calculations
using a two-group interaction theory indicate that, for containers meeting
ORGDP safe interaction criteria, either uniform dilution or concentration
of the fuel from an optimum H/U-235 ratio of about 600 will result in a
smaller container separation being required.
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APPLICATION OF INTERACTION CRITERIA TO HETEROGENEOUS SYSTEMS

Introduction

The self-consistent set of interaction criteria* developed at the ORGDP"

for use in specifying the spacing of containers of enriched uranium are in
such form that they may be applied to a wide variety of systems, provided
the multiplication factor, ks of each unit of the system and the '"average"
solid angle, .O. , of interaction between the various units of the system
are determinable. From a practical standpoint, these conditions are compar-
atively easily met with homogeneous systems of individually subcritical
identical units but their application to a heterogeneous system is somewhat
complicated; for example, the '"average'" solid angle of interaction between
2 units of dissimilar dimensions is usually not simply determinable, espe-
cially if the separation distances are approximately the same as the dimen-
sions of the interacting units or smaller.

In a production facility, it is perhaps obvious that there will be many
cases where spacing of heterogeneous units will be required and that there
will even be cases, such as those posed by miscellaneous shipments of
fissionable materials, when the spacing must be appropriate to take care

of the interaction even though the actual units of one of the interacting
systems will be unknown. Thus, in this report, the use of a simple principle
of interaction as stated by Henry which may be generally applicable in spec-
ifying safe spacings is described, and its validity checked, insofar as
possible, by available experimental data.

In addition, the general interaction theory previously developed has been
applied to some of the recent experimental data”s3 involving various
heterogeneous systems of slabs and cylinders in an attempt not only to
determine its accuracy when used with these specific systems but also to
evaluate any trend which would indicate that it would give very non-
conservative results for any types of systems; in particular, the use of
this theory, where applicable, has been combined with the general interac-
tion principle to determine if the basic interaction criteria previously
developed can be applied to systems which are heterogeneous with respect
to U-235 assay, moderation, and geometry. The results have been checked
by the method originally usedd with the comparatively large number of
available interaction experiments involving systems of identical units
to verify these basic interaction criteria.

Conclusions
Based on the results with heterogeneous systems as described in this report,

as well as those with homogeneous systems as previously reported, it appears
that the following conclusions may be safely drawn in determining safe

¥ These will be identified in this report as the basic interaction criteria.



conditions for separating individually safe units of fissionable materials

provided the materials used do not differ from those which may be normally
anticipated at the ORGDPt*

1,, Two containers which are dissimilar or which contain dissimilar
quantities of fissionable materials will be safe if they are
separated by a distance which is not less than the average of
the corresponding distances by which each would be safe if
separated from a container which is identical to itself. This
also applies to separate systems, each comprising several
individual units,

2. In general, a homogeneous system is more reactive than any
corresponding heterogeneous one. Although the possibility
cannot be ruled out that a heterogeneous system which is more
reactive than a corresponding homogeneous one may actually exist*®
it appears that such a system would be a very unusual one with
the homogeneous-heterogeneous reactivity difference being very
small,

3. The interaction criteria”previously developed on the basis of
theoretical interpretation of experimental data”~s3 with homoge-

neous systems are also directly applicable to systems which are
heterogeneous with respect to U-235 assay* moderation, geometry,
or the contents of a single container,

U. The safety factors inherent in the specification of the basic
interaction criteria*! as previously developed* are more than
adequate to compensate for any non-conservatism introduced by
the effects of heterogeneity considered possible in plant opera-
tions at the ORGDP,

Methods Used

1.

The General. Interaction Principle

Although, as noted above* it may frequently be difficult to determine

an appropriate spacing between 2 or more units of a system which are
dissimilar in geometry* content, or both, it is usually adequate to

use a value which is both calculable and can be shown to be conservative.*
Since* as shown in the previous reports*the spacing between identical
units may be comparatively easily calculated* it is perhaps obvious that
a safe spacing between each of the dissimilar units and a hypotethical

From the standpoint of nuclear safety®* a conservative result is one where
the factors concerned are so chosen that criticality is predicted for an
experimentally subcritical assembly and, correspondingly* a critical
assembly is predicted to be supercritical.

11 006



""twin'l may be dete™ined,, Accordingly-;, as a basis of a general interac-
tion principle”,* the assumption is made that a safe spacing for dissimilar
units can be determined from similar spacings which have been determined
to be safe for each of the units and its ''twin'l, The principle”® which is
identified in this report as the general interaction principle® may then
be simply stated’

MTwo containers which are dissimilar or which contain dissimilar
quantities of fissionable materials will be safe if they are
separated by a distance which is not less than the average of
the corresponding distances by which each would be safe if
separated from a container which is identical to itself."

Several interesting conclusions of practical significance can be drawn
from the application of this principle. A simple one is the fact that
if the separation between 2 dissimilar containers is the greater of the
2 distances determined to be safe as noted above”® an additional safety
factor in their spacing will be introduced” this is obviously applicable
to storage locations where the floor is marked offj, or '"'spotted', for
locating miscellaneous containers of fissionable materials. Similarly,
if it is determined that it will be desirable to place a large number

of similar containers in individual "birdcages'" or on single ''dollies"

so that they will be safe no matter how they are moved or stacked, the
principle also indicates that these will be safe even though intermingled
with other and dissimilar containers which are also placed in individual
"birdcages' or on single ''dollies" similarly designed for nuclear safety.

A very useful extension of this principle is its application to 2 or
more systems of several units each, such as actually can occur with
shipments of fissionable material involving several containers in each
carrier. Since it may be impossible to predict what other shipments of
fissionable material will be encountered en route and thus determine
adequate spacing between trucks or other carriers on an individual
basis for all such meetings, validation of this principle and its use
by ail shippers would obviously provide adequate nuclear safety for all
types of over-the-road shipments.

Basic Interaction Theory

The method employed in evaluating systems in accord with the basic
theory which relates the multiplication factor, k, to the interaction
angle, JTL , has previously been described for homogeneous units,”™ and
essentially all determinations of k were made by this method. In
practice, except where a test of the effect of interaction of different
geometries was desired, attempts were made to use identical geometries
in the evaluation of experimental results since the '"average'" solid

The basic principle, which was first suggested by H. F,, Henry in 1973
with respect to a specific shipment of material, was more.formally stated

as being applicable to truck shipments in general in 195542 a discussion
of its validity was made in. 1906 by C. E. Newlon.7

iic 007



angle for non-identical systems iss in general® difficult to evaluate
without a fairly straightforward but detailed mathematical treatment}

in these casess also,, it is not feasible to depend upon approximations
of these angles due to the fact that separations between the interacting
units are small in comparison to their own dimensions,,

3. General Comments

Where applicables the experimental results and their theoretical
interpretation are presented in both tabular and graphical form andj

in many cases, the conclusions are drawn directly from these data.
Pertinent information concerning the experimental results reported is
given in these tables and on the graphs. All experimental work was
done by A. D. Callihan and his group at ORNL by appropriate modifica-
tions of the methods detailed previously.® It may be noted, the data
were obtained with systems where the only reflection occurring was that
due to incidental reflection from the walls, floors, etc.

Results
1. Differing Geometries

Data obtained with a 10 in. L.D. aluminum cylinder interacting with

a slab U? in. wide by 6 in. thick were used to determine if the non-
symmetrical interaction was more effective in neutron exchange than the
symmetrical; the height of the 2 units was kept the same and was varied
to attain criticality as the separation was changed. The data obtained
are given in table I and presented graphically in figure 1 along with
similar data obtained for interaction of 2 identical cylinders and 2
identical slabs of the dimensions given. The U-235 enrichment was 93.2%
and the H/U-235 atomic ratio was approximately 330 in all cases. It will
be observed that, for criticality, the spacing of the 2 dissimilar units,
as shown in figure 1 and listed in table I, is actually less than half-
way between the corresponding spacings for the respective similar units;
thus, if spaced in accord with the general interaction principle defined
above, the system obviously will be safe. Although the interaction solid
angles for the 2-slab and 2-cylinder systems are determined by the accurate
analytical method previously developed,*AO those for the slab-cylinder
system are merely good approximations.

2. Differing Moderation

a. Solutions;

The available data concerning interaction between containers of
identical geometry but of different moderations, together with the
corresponding information on identical containers, are listed in
table II and graphed in figure 2 where the common critical height

is plotted as a function of the separation. The reactors were 10 in.
I.D. aluminum cylinders which contained UO2F2 solutions of 93.2%

)Q8



TABLE 1

SYST6MS OF INTERACTING SLABS AND CYLINDERS

Aluminum Containers, U-235 Assay 93.2$, H/U-235 Atomic Ratio 330
HOMOGENEOUS SYSTEMS HETEROGENEOUS SYSTEM
Two 10 in. I.D. Cylinders™* Two 6 in. x 47.5 in. Slabs 10 in.. Cyl. and 6 in. x 47.5 in. Slab
Fractional Fractional
Ccrnnon Fractional Common Fractional Common Solid Angle Solid Angle
Separation Critical Ht. Solid Angle Critical Ht. Solid Angle Critical Ht. (Cyl. on Slab)¥*** (Slab on Cyl.)'
(inches) (inches) ST (inches) -0 (inches) JTL TL
0 to 0.1 16.80 0.173 7.73 50 12.10 0.184 0.272
2.0 21. 1% 0.123 10.01 0.305 14.9%*
3.0 23.00 0.108 11.0%* 0.275 16.0%*
6.0 26.60 0.C79 12.91 0.205 18.82 0.088 0.201
9.0 29.88 0.061 14.8%* 0.160 21.0%*
12.0 33.0%* 0.048 16.2%* 0.130 22.90 0.051 0.153
15.0 35.1%* 0.040 17.67 0.112 24.6%*
16.0 35,80 0.037 18.1%% 0.108 25.2%*
18.0 19.0%* 0.098 26.18 0.033 0.121
20.0 19.79 0.092 27.0%*
30.0 23.51 0,061 31.18 0.018 0.073
42.0 27.0%* 0.041 35.07 0.012 0.051
48.0 28.83 0.036
66.0 32.33 0.024

Data previously reported for 10 in. I.D. cylinders were obtained with the cylinders enclosed in a thin-walled
rectangular tank, approximately 4.5 ft. x 2.25 ft. x 3.5 ft. deep.

**  Interpolated wvalue.

***  Estimated.
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TABLE II
INTERACTING PAIRS OP 10 IN. I.D. CYLINDERS
Aluminum Containers, U-235 Assay 93.2& Differing Moderation

HOMOGENEOUS SYSTEMS HETEROGENEOUS SYSTEMS

H/U-235 Atomic Ratio: H/U-235 Atomic. Ratios

No. 1 Cyl. 52 No. 1 Cyl. — 50
52 -~ 83 — 330 No. 2 Cyl. ~330 No. 2 Cyl. — f
Common Common Common Common Common
Separation Critical Ht. Critical Ht. Critical Ht. Critical Ht. Critical Ht,
(inches) (inches) cinches) cinches) (inches) (inches)
0 to 0.1 10.02 10.03 16.80 11.20 10.0*
3.0 11.5* 11.44 23.00 12.4* 11.4*
4.0 11.78 11.7* 24.0%* 12.72 11.6*
6.0 12.3%* 12.18 26.60 13.0* 12.05
2.0 12.6% 12.5* 20.88 13.1% 12.4*
12.0 12.83 12.72 33.0%* 13.17 12.60
16.0 - - 35.80 - -
18«0 13.20
¢ Interpolated valuesa
Note: Due to dimensional variances, the critical heists of the individual reactors differed by 0.2 in. at near

optimum moderation for minimum geometry.

—Q



INCHES

COMMON CRITICAL HEIGHT,

FIGURE 2

SOLUTION HEIGHT VS. SEPARATION

Curve A

Curve C

Curve B

DIFFERING MODERATION

2 - 10" 1 D. CYLINDERS
U-235 ASSAY 93.2%

Curve A - H/U - 235 - 330, Both Cylinders

Curve C - H/U - 235 - 52 in one cylinder, - 330 in other
Curve D - H/U - 235 - 50 in one cylinder, - 83 in other

Curve D

SEPARATION, INCHES

Curves B & C to 13.24” at
Infinite Separation

Curve D to 13.01” at
Infinite Separation



- 12 -

U-235 enrichment and whose H/U-235 atomic ratios varied between 50 and
330. It will be noted that, as the separation was increased, the solu-
tion height of the system approached that value for the individual
cylinder with the lowest critical height, particularly where the H/U-235
atomic ratios were significantly different. Although the critical heights
of the heterogeneous system with H/U-235 of 50 in one container and H/U-235
of 83 in the other appear to be slightly lower than those of the homoge-
neous systems with identical fuel in both containers, this height dif-
ference may be only apparent rather than real since the critical heights
of the 2 isolated 10 in. I.D. cylinders with a fuel moderation of H/U-235
of 52 wvaried by 0.2 in. which is approximately twice the maximum dif-
ference noted for the heterogeneous system and either of its homogeneous
counterpartsj in addition, it is obvious that the difference involved,
if real, is small. From these data, it may thus be inferred that, in
general, the homogeneous system where the units are those with the
greater reactivity is more reactive than its heterogeneous counterpart
and that any spacing based upon consideration of these most reactive
units will be safe for one of these units and a less reactive one.

On the basis of these particular experiments, however, it becomes dif-
ficult to verify the general interaction principle, as was the case for
differing geometries, particularly where the moderation changes are
slight. However, it is apparent from the data with the cylinders at
H/U-235 atomic ratios of 52 and 83 that the effect of interaction is
essentially independent of moderation, both as it applies to interaction
between 2 identical cylinders or to 2 with differing moderations. Thus,
in addition to the above experiments, the general interaction principle
was tested directly for differing moderations by obtaining the heights
at which 2 sets of 2 interacting cylinders, x-he units of each set having
identical moderation, would be critical for a given range of separations.
One unit of each of these sets was then permitted to interact with a unit
of the other, each being filled to its respective height for criticality
with its "twin" at a given separation”™ experimentally, the geometric
centers of both units were at the same level. The results are given in
table III and figure 3 where it will be noted that the system of dis-
similar units was not critical at separations for which both systems of
similar units were critical. The solution height in the more reactive
container was then increased until criticality was attained” this height
difference may thus be interpreted as an inaication of the reactivity
difference of the systems. Thus, the results of these experiments also
indicate the general interaction principle to hold for solutions of
different moderations.

Solution-Unmoderated Systems;

In order to determine the effect of interaction between 2 systems, one
of which is essentially an unmoderated system from which the leakage is
predominantly of fast neutrons and the other of which is a well-moderated
one from which the leakage is that of both fast and thermal neutrons, 2
sets of experiments similar to the second of the types evaluated for
solutions were set up; it was considered particularly important to
determine if interaction between units of these types were more effec-
tive than had been indicated by the other experiments which involved
well-modernted systems only.

0x-



- 13 -

TABLE III

INTERACTING PAIRS OP 10 IN. I.D. CYLINDERS

Aluminum Containers, U-235 Assa* 93.2$%, Differing Moderation and Geometry

HOMOGENEOUS SYSTEMS HETEROGENEOUS SYSTEM
H/U-235 Atomic Ratios H/U-235 Atomic Ratios
/v 52, — 330
Common Common ™w 52 -~ 330
Separation Critical Ht. Critical Ht. Critical Ht. Critical Ht.
(inches) (inches) (inches) (inches) (inches)
0 to 0.1 10.02 16.80 - -
2.0 1.1+ 21.0% 11.86 21.50
3.0 11.5%* 23.00 12.3* 23.0*
4.0 11.78 24.0%* 12.5* 24.0%*
6.0 12.3% 26.60 12.89 26.53
9.0 12.7* 29.98 13.2% 30.0%*
12.0 12.83 33.0* 13.29 33.00
16.0 - 35.30 _ -

* Interpolated wvalue.
Notes Due to dimensional variances, the critical heights of the individual reactors differed

by 0.2 in. at near opuimum moderation for minimum geometry.

TABLE IV
INTERACTING PAIRS OP 48 IN. SLABS
93.2# Assav TmiPo Solution

HOMOGENEOUS SYSTEM

Two Solution Slabs*

12
Separation Critical Ht.
(inches) (inches) ‘4A’
0 12.54
1.0 16.85%*
2.0
3.0
4.0

* All solution slabs, 3 in. x 47.5 in., H/U-235" 52.

ko Extr_erlpolated or interpolated wvalue.
S>> 1 -- HI I I mTfm | Mimm sen

M
*
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¥

The results are given in table IV »

It will be again observed that the 2 interacting ''half-slabs'" are
subcritical under conditions where each would be critical with a
"twin'". It will also be noted Lhat for one height of the solution
in each case”, the dimensions of the interacting surfaces were
identical and the angles of interaction thus simply determinable.

It is of interest that when.the thickness of the unmoderated slab
was increased by aoout 30% £ its reactivity, as far as
interaction at close spacing is concerned, is about equal to that of
a 3 in. solution slab for the geometries involved.

Varying Moderation

A very common type of problem to which considerations of variations
in moderation may be cogent is the storage of uranium solutions in
geometrically unsafe cylinders on the basis that they contain not
more that a safe U-235 massj obvious considerations in this problem
are the possibilities of precipitation from solution and the settling
out of slurries or suspensions as well as changes in solution modera-
tion by evaporation. Although the method previously developed can be
used to determine a value of the multiplication factor, k, and con-
sequently a safe separation based on an interaction angle, -TL , for
the container in which the material is homogeneously distributed,

it is desirable to determine if any changes in the uranium concentra-
tion, such as those noted above, could so change the reactivity of
the various system units that their separation would no longer be
sufficient to meet the safe interaction criteria. Conversely, in
specifying separation, it is obviously of value to determine the \ 7
general conditions of geometry and concentration for which a safe
separation of containers with a given mass will always be specified;
this means, of course, that any change in the geometrical factors

Piss
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or conoentration for a given mass will permit a smaller separation
than the limiting one noted. It is, of course, apparent in this
analysis that the basic interaction criteria, including safety
factors, are being considered as the limiting safe conditions and
that no attempt is made to evaluate the actual critical conditions.

In evaluating this problem, therefore, the values of k for a given
cylindrical container having a specified mass of U-235 were deter-
mined by the previously described 2-group theory” as a function of

the solution height. The various actual interaction angles between
this container and an identical one spaced at a given distance were
then determined. Figure 5 shows the results of these determinations
for a variety of cylinders where the masses in the individual containers
were so selected that a k-value of 0.90 was obtained for their most
reactive configuration. Under these conditions, a separation between
the cylinders necessary to give an interaction angle of 83 of UiTand
thus meet the basic interaction criterion for unreflected containers
was selected. It will be noted that, as a concentration was varied
from this most reactive value, the resultant values of k for both

the more dilute and more concentrated solutions dropped so rapidly
that the actual interaction solid angle was less than the ''permissible"
one. Thus, for each cylinder, a safe spacing based on its most
reactive configuration would be safe for any other configuration.

For a k-value of 0.90, the minimum mass found was about 1.05 kg.,

this being contained in a 12 in. L.D. container at an H/U-235 atomic
ratio of about 550-

In general, it is not the practice at the ORGDP to consider geomet-
rical factors of safety for individual containers where nuclear safety
is made dependent upon the control of the U-235 mass. Accordingly, a
similar analysis with several cylinders of different diameters was
made, except that a mass of 1.0 kg. was considered as being in each
cylinder, regardless of its diameter, and the separation selected
was that meeting the basic interaction criterion for the most reac-
tive concentration and configuration of this mass. The results are
shown in figure 6 where the data are presented in the same manner

as for figure S. It will again be noted that, for a given mass,
there is an optimum concentration and configuration for which the
separation, as determined by the basic interaction criterion, will
be a maximum. For cylindrical geometry, it appears that this maximum
separation will be specified for conditions where an approximately
equilateral cylinder contains material at an H/U-235 ratio of about
600. Accordingly, it may be inferred that where the U-235 mass is
the primary control factor, a separation based on the basic interac-
tion criterion for a sphere containing the material at an H/U-235
ratio of 600 will be more than adequate for any other concentration
or configuration. Conversely, it should thus be concluded that
under conditions where settling or other moderation change is consid-
ered possible, the basic interaction criteria should be applied only
to the k-value of the most reactive configuration. Determinations
of k for masses of 350 and 700 g. of U-235 in spherical geometry
have been reviewed in a previous report.
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FIGURE 5

INTERACTION OF CYLINDERS WITH CONSTANT MASSES

-OR.GDP SAFETY CURVE
(UNREFLECTED CONTAINER

INTERACTION ANGLE,

U-235 ASSAY 93.2%
O 10" ILD. CYLINDER, 1.40 KG. U-235PER. CYL.
0 12" I.D. CYLINDER, 1.07 KG. U-235PER. CYL.

15" I.D. CYLINDER, 1.06 KG. U-235 PER. CYL.
20"1.D. CYLINDER, 1.34 KG. U-235 PER. CYL.

MULTIPLICATION FACTOR,k, OF INDIVIDUAL CYLINDER
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INTERACTION ANGLE

FIGURE 6

INTERACTION OF CYLINDERS WITH OPTIMUM MASS

-ORGDP SAFETY CURVE
(Unreflected Containers Only)

U- 235 ASSAY 93.2%
1.00 Kg. U-235 per Cylinder

[ D. Cylinder

MULTIPLICATION FACTOR, k, OF INDIVIDUAL CYLINDER



20

It may be noted that in each case depicted in figure Sj the

spacing could have been so chosen that the safety criteria would
have been satisfied originally” however” it is then also obvious
that, upon settling, the reactivity of the fuel would increase so
rapidly that the safety curve is exceeded although the effective
interaction angle might actually decrease. It will be observed
that, where precipitates occur or slurries settle out of moderator
mixtures, the resultant material in the bottom of the container may
actually be considered as being at least half-reflected. For this
case, it may be noted that the interaction criteria specified for
the ORGDP actually have been chosen so as to be safe for half-
reflected systems and uhus the safety factors inherent in the use
of the criteria are adequate for this consideration also. It may
also be noted that, as described in a previous section of this report,
the change in concentration of one container without a corresponding
change in the other would produce a less reactive system than would
be the case for the 2 to change simultaneously as is assumed in this
presentation.

Heterogeneous Fuels

In addition to the interacting systems described above, it is obviously
also possible to have systems in which the fissionable material in the
individual units themselves is distributed inhomogeneously with respect
to the moderator or geometry; in general, such systems would include
randomly-distributed fuels in various mixtures, lattices, '"'moist"
systems where the fuel is partly moderated and partly unmoderated, etc.

Although it is practically impossible to evaluate all types of conditions
involving these non-homogeneous units, it is perhaps apparent that such
detail is not actually necessary if it is possible to determine a limiting
condition which is the most reactive, interaction-wise, of any possible
configuration and this can then be shown to be safe; this was the type
of consideration given above to the possibility of moderation varying

in a container. Similarly, it is probably sufficient to show that the
variants considered do not particularly affect interaction effects
although the use of the interaction criteria suggested may involve
serious problems of determining the multiplication factor, k, of an
individual unit; in this case, it may be sufficient to show that the
value of k calculated by the method selected will be conservative. As
an illustration, a previous report*- indicates that calculations by the
methods used at the ORGDP apparently give conservative k-values for
systems at low moderation and low U-235 assay, although it is recognized
that these methods are not considered to give particularly accurate
results in these regions.

Although the experiments described in this report and their interpreta-
tion are not clearly applicable to the general problem of heterogeneous
fuels, it may be noted that the results of the work with unmoderated-
moderated systems, which are unfortunately complicated by using uranium
of differing U-235 assays, indicate that differences in neutron energy
in the core material apparently have little effect upon the neutron
exchange between systems as compared with that for homogeneous wunits.
It seems highly improbable that separate and significant effects due
to assay and moderation differences would be so completely offsetting
as to give the observed results if this consideration were not valid.
It may be noted that the problem of interaction between latticed and
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unlatticed masses is not clearly defined although, on intuitive grounds,
there seems little reason to suspect markedly different interaction
effects than those indicated for the homogeneous units alone. Similarly,
it appears improbable that interaction between units of systems of high
density, such as metals, or between these high-density units and those
of low density, would have significantly different effects from those
described above. It should be noted further that differences due to

all complicating factors reviewed are, in general, small and readily
compensable by the comparatively large safety factors inherent in the
statement of the basic interaction criteria..

Acknowledgements

The authors wish to acknowledge the work of Dr, A. D. Callihan and his staff
at the Oak Ridge National Laboratory, particularly Hr, J. K, Fox and Mr, L. W,
Gilley, in providing experimental information directly applicable to this
general problem, and the assistance of Messrs, A. J. Mallett, W. A. Pryor,
and W. A. Johnson of the Nuclear Safety staff of ORGDP for their helpful
suggestions and comments during the report preparation.

1; OPf



10.

- 22

BIBLIOGRAPHY

Henry* H. F.* Newlon, G« E,,, and Knight, J. R,,, Self-Consis tent
Criteria for Evaluation of Neutron Interaction, December 21, 1956,

(K-T317")

Private communication, J. K. Fox and L. W. Gilley of the Oak Ridge
National Laboratory; data to be published in report CF-57-U-5,
Critical Dimensions of Interacting Arrays of Fissionable Materials,
Part 1

Fox, J. K., and Gilley, L. W,, Preliminary Report of Critical Experiments
in Slab Geometry, July 30, 1956, (ORNL-36-7-1US)

Henry, H. F,,, Knight, J. R., and Newlon, Co E., General Application of
a Theory of Neutron Interaction, November 15, 1956, (K-1309)

Henry, H. F., Mallett, A, J», and Newlon, C. E,, Basic Critical Mass
Information and Its Application to K-25 Design an5~bperation,
December 30, 195¢, (K-1019, Part 3)

Callihan, A. D., Henry, H. F., and Macklin, R» L», Interplant Truck
Shipments, December 23, 1955, (KSA-17)

Newlon, C. E., An Interaction Theory and Its Application to Criticality
Problems, August 3, 1956, (K5A-5H) !

Callihan, A. D., Cronin, D. F., Fox, J. Ko, Macklin, R. L., and Morfitt,
J. Wo, Critical Mass Studies, Part IV, November 28, 1979, (K-U06)

Woltz, F. E., Average Fractional Solid Angle, February 16, 1956,
(GAT-531-56-127

Burton, J. A,,, Average Solid Angle, Letter to H. F. Henry, April 30,
1956, Oak Ridge Gaseous Diffusion Plant, Union Carbide Nuclear Company



23

Report Number: K-1335 Subject Category: CRITICALITY HAZARDS

Title: APPLICATION OF INTERACTION
CRITERIA TO HETEROGENEOUS SYSTEMS

Authors: H. F. Henry, C. E. Newlon, and
J. R. Knight
Safety, Fire, and Radiation
Control Department

Internal Distribution

1-33 Standard Distribution

External Distribution

No, of Copies

Aerojet-General Corporation

AF Pj_ant Representative, Burbank <3
AF Plant Representative, Clifton —
AF Plant Representative, Marietta

Alco Products, Inc. T

Argonne National Laboratory

Armed Forces Special Weapons Project Sandia n,
Armed Forces Special Weapons Project, Washington >0
Assistant Air Force Plant Representative, Downey )

Atomic Energy Commission, Washington
Battelle Memorial Institute

Bettis Plant (WAPD)

Brookhaven National Laboratory
Chicago Operations Office

Combustion Engineering, Inc. (CERD)
Dow Chemical Company (Rocky Flats)
duPont Company, Aiken

dePont Company, Wilmington

Foster Wheeler Corporation

General Atomic Division

General Electric Company (ANPD)
General Electric Company, Richland
General Nuclear Engineering Corporation
Glenn L. Martin Company

Goodyear Atomic Corporation

Hanford Operations Office
Headquarters, Air Force Special Weapons Center
Knolls Atomic Power Laboratory

Los Alamos Scientific Laboratory
Mallinekrodt Chemical Works

MNNHHHHHwMMHHNHHMNHHAH M Y S e e



21**

Report Number: K-1335 Subject Category: CRITICALITY HAZARDS

Title: APPLICATION OF INTERACTION
CRITERIA TO HETEROGENEOUS SYSTEMS

Authors: H. F. Henry, C. E. Newlon, and
J. R. Knight
Safety, Fire, and Radiation
Control Department

External Distribution. Continued
No. 01 Copies

Marquardt Aircraft Company

National Advisory Committee for Aeronautics, Cleveland

National Bureau of Standards

National Lead Company of Ohio

Naval Air Development and Material Center

Naval Research. Laboratory

New York Operations Office

Nuclear Development Corporation of America

Nuclear Metals, Inc.

Office of the Chief of Naval Operations (OP-361)

Patent Branch, Washington

Patterson-Moos

Phillips Petroleum Company (NETS)

Pratt and Whitney Aircraft Division (Fox Project)

Sandia Corporation

Sandia Corporation, Livermore

Sylvania Electric Products, Inc.

Union Carbide Nuclear Company (C-31 Plant)

Union Carbide Nuclear Company (ORNL)

Union Carbide Nuclear Company (Y-12 Plant)

University of California Radiation Laboratory, Berkeley

University of California Radiation Laboratory, Livermore

Technical Information Service Extension (For Official AEC 115
Use)

I N R T T g S N Y S G





