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Since 1943 most of the government laboratories that have been
involved in nuclear research have had facilities for, and have engaged
in an active critical experiments program. Numerous private research
installations have also found it necessary to carry out experimental
critical mass studies. Today we have only three government laboratories
and one"privately owned facility which are performing critical experiments
relating to the handling, storage and transportation of fissile materials
outside a reactor (while another government laboratory and perhaps some
private facilities are still performing a few critical experiments, these
experiments relate directly to reactor design, and hence, are outside the
scope of this paper). This paper discusses the work being performed at
these four facilities and their current experimental capabilities.

As a background for this review of the present programs, a look into
the past critical experimental programs can be instructive. Figure 1,
taken from the work of Koponen, et al.,1 shows the publication of
reports relating to critical experiments as a function of time. Figure 2,
also taken from Koponen's work, presents a listing of documents by
reporting location. These data show graphically that most of the critical
mass data was generated during the 1960's. The 1970fs brought a substan-
tial decline in the number of facilities doing critical experiments along
with an accompanying decline in reported experiments. These data also
show how the closing of the Oak Ridge Critical Experiments Laboratory in
1975 was in itself a major factor in this decline in the number of new
critical experiments being reported.

In the early 1960's the nuclear industry was growing rapidly with
an attendant need to establish safe critical mass limits for their
operations. This meant that support money was available for performing
critical experiments. At that time, since very little computational
capability existed for performing criticality calculations, the main
thrust of the experimental programs was to provide the specific data
needed for an operation without too much regard for providing computa-
tional benchmarks.

In the middle and late 196O's computational tools became available
which in principle provided the means of computing the neutron multipli-
cation factor for almost any system. This led many technical managers
to the conclusion that there was no longer a need for additional critical
experiments. After all, there were published data of critical mass mea-
surements for a very large number of combinations of fissile materials,
reflectors, moderators, and neutron poisons. Unfortunately, many of the
experiments which had been performed previously were either not adequately
described, or, the parameter variation had not been sufficiently complete



to allow the experiments to be used as computational benchmarks. This
lack of understanding about the adequacy of the reported experiments, along
with a failure to recognize that indeed not all needed combinations of
materials have been measured, has led to the closing of a number of criti-
cal experiments facilities and substantial funding difficulties for those
which remain.

It is with this background in mind that the following information
is presented on the critical experiments facilities at Babcock and Wilcox
in Lynchburg, Virginia; at Battelle-Pacific Northwest Laboratory in
Hanford, Washington; at Rockwell-International in Rocky Flats, Colorado;
and at Los Alamos Scientific Laboratory in Los Alamos, New Mexico.

BaboocK "and Wlloox

The very first license for a privately-owned critical facility in the
USA was issued to Babcock and Wilcox (B&W) in 1957, by the AEC. Since
then, four critical facilities have been licensed and operated at the
Lynchburg Research Center by B&W. The principal data measured by these
systems related directly to their nuclear reactor design program.

In 1977 Babcock and Wilcox, under a Department of Energy contract,
began a series of experiments which could serve as computational bench-
marks in determining the criticality safety of stored Light Water Reactor
(LWR) fuel assemblies. During the two-year program a total of twenty
critical configurations simulating close-packed underwater storage of
LWR fuel assemblies were measured.

The basic configuration for these experiments was a 3 x 3 array of
clusters of fuel pins designed to simulate a LWR fuel assembly with a
variety of fixed neutron absorbers inserted between the fuel elements.
The parameter variations studied for each neutron absorber was the
absorber location, the 3pacing between clusters, and the boron content
in the water.

The current B&W program involves planning for a series of experiments
to simulate close-packed pin storage. One of the proposed methods for
storage of spent LWR fuel involves dismantling the fuel assembly and
packing the rods tightly together in specially designed canisters. This
set of experiments will provide the benchmark experiments for calculations
used in designing this type of storage facility.

Future work at B&W involves a proposal to demonstrate the feasibility
and develop the technology for full batch implementation of gadolinia-
urania fuel in a LWR core. These experiments will be carried out using
the same core-tank facility being used in the current program and would
provide the data needed to support the calculational models used in
gadolinia-urania PWR core design.

At the present time B&W is limited to experiments which can be
performed in their core-tank facility.



Battelle-Paoific Northwest Laboratory

The Plutonium Critical Mass Laboratory which is currently operated
by Battelle-Pacific Northwest Laboratory began operations in 1961. The
facility was designed especially to handle plutonium and, as such, was
constructed to provide all the shielding, structual strength, and air
filtration necessary to protect personnel and the environment against
the spread of contamination from the facility.

Since its beginning 19 years ago the facility has acquired the
capability, and, has performed critical experiments on nearly every form
of fissionable material - ranging from metals to overmoderated solutions.

The laboratory contains three distinct critical facilities in the
single experimental cell. These are: (1) a Solution Critical System
which became operational in 1961, (2) a Remote Split-Table Machine
(primarily used in experiments with solid fuels) which became operational
in 1963, and (3) the Critical Experiment Assembly for Experiments on
Interacting Arrays of Fuel Elements in Water (used for shipping cask
type studies) which became operational in 1976.

Since beginning operations the Hanford facility has performed
several thousand critical experiments with plutonium systems of almost
every description. This work has provided much of the basic critical
mass data relating to the handling of plutonium. The emphasis in this
work has been on the generation of data for criticality throughout the
fuel cycle, as opposed to reactor design.

The current and recent past programs have been supported principally
from two funding sources; the Nuclear Regulatory Commission, and the
Consolidated Fuel Reprocessing Facility. The rajor accomplishments which
have been produced under these programs over the past two years are
summarized:

1. Safety data were provided for handling FFTF type fuel in operations
external to reactors by means of a series of critical experiments
involving lattices of these fuels in water, including the effects
of solid neutron absorbers on criticality.

2. Critical experiments were completed utilizing the largest volume
of plutonium solution (approximately 1000 liters) ever used for
such purpose to help evaluate basic nuclear reactor constants for
plutonium and determine the smallest concentration for criticality
of a plutonium-water mixture.

3. Critical experiments were completed with 4J5 2 3 5U enriched uranium rods
in water containing soluble poisons (cadmium, gadolinium, and boron)
to determine the effectiveness of such poisons as a method of criti-
cality prevention.

4. Critical experiments were completed using high enriched uranyl nitrate
with cadmium, as soluble absorber to supply data required on high
enriched uranium in support of the design of the dissolvers to be
used in the Fluorinel Dissolver Process and Fuels Storage (FAST)
Facility at the Idaho Chemical Programs Plant (ICPP).



5. A series of criticality experiments were performed with interacting
arrays of low enriched LWR type UO2 fuels to provide benchmark data
applicable to fuel storage and transportation operations. The
effect that commonly used fixed poisons and shielding materials
have on the critical separation between fuel bundles was measured
for uranium enrichments of 2.35 wt % and 4.31 wt % 2 3 5U at near optimum
neutron moderation in water and at an undermoderated condition typical
of the PWR and BWR fuel elements.

The principal program support for the Hanford Critical Mass Laboratory
for the next several years is expected to come from the Consolidated Fuel
Processing Facility Program. Investigations of experimental data suited
for validating the criticality safety computations required to insure a
safe and* economic reprocessing facility design have revealed that much of
the needed data for mixed uranium plutonium systems does not exist. To
meet this need, a broad program to obtain critical mass data pertinent to
almost all forms in which fissile material will exist in the reprocessing
facility has been planned. The current program schedule calls for all
experiments to be performed at Hanford with the exception of those on
damp mixed-oxide which are to be performed at Los Alamos.

Several follow-up experiments relating to the storage and handling
of spent light water reactor fuel elements have been proposed to the
Nuclear Regulatory Commission. As the need for confirmatory research
is established and funding becomes available it is likely that some
additional work in this area will be carried out.

Rockwell International

The Critical Mass Facility at the Rocky Flats Plant currently being
operated by Rockwell International began operation in 1965. The original
purpose of this facility was to provide critical mass data needed in
the nuclear weapons program at Rocky Flats.

Since this facility was intended to have the capability to perform
Plutonium experiments, it was necessary to provide all the safety and
environmental safeguards which had been built into the Hanford Critical
Mass Laboratory. Indeed there are significant similarities in the two
facilities. While the experiments carried out at each location have
tended to require somewhat different experimental devices, the major
difference between equipment at the two sites is the availability of a
vertical lift device at Rocky Flats. As at Hanford, all of the Rocky Flats
experiments are carried out in a single experimental room. The single
room places some restriction on both facilities. Although more than one
experimental device is available, only one experiment can be performed
at a given time. While preparation for multiple experiments can be
meshed together, work must be suspended while a critical measurement is
being made on a particular system. This presents a serious limitation
on the number and schedule of experiments.

Approximately 1100 critical measurements have been made at the Rocky
Flats Plant. These have been made with high-enriched uranium metal, uranyl
nitrate, low-enriched oxide, plutonium metal and oxide. In their role
of providing in-plant data they have performed experiments on the following
systems:



a. High-enriched uranium metal shells - thickness as a function of
inner radius - various reflectors and moderators,

b. High-enriched uranyl nitrate - the effect of boron steel plates,

c. Pu metal reflected by oil,

d. High-enriched uranyl nitrate - interacting cylinders and vertical
cylinders interacting with horizontal slabs of solution - various
concentrations,

e. Pu oxide reflected by oil,

f. High-enriched uranium metal and uranyl nitrate - interaction
measurements - various concentrations of solution and metal
masses,

g. Pu metal - arrays - moderated and reflected.

The current Rocky Flats experimental program involves criticality
measurements with low-enriched uranium oxides (H.5% 35U) with very low
moderation (H/X = 0.77 - 2.0). Tnis program will provide a basis for
determining the criticality safety of handling large amounts of low-enriched
uranium oxides based on moderation control. The other parametic varia-
tions contained in this program are the consideration of minimal, con-
crete, and plastic reflectors and a variety of interspersed materials;
steel, aluminum, and plastic. This work is expected to be completed
by the end of 1981, after a one year suspension due to NRC funding limi-
tations.

Another program currently being planned involves finding substitute
methods of storing concentrated fissile solutions. In view of the high
cost of purchasing and maintaining Rashig rings (in addition to other
concerns) Rockwell International has given high priority to experiments
on systems designed to replace the Rashig-ring-filled tanks for fissile
solution storage. The objective of the tank replacement program is to
identify and subsequently resolve or minimize the operational and safety
concerns. Included in this program are critical measurements on annular
tanks of uranyl nitrate which are reflected by materials expected to be
present during in-plant operations. Various parameters will be investi-
gated - number, space, neutron poison - to determine the optimum design
from an economic, operational and safety aspects.

RFCFM also plans to investigate the use of a "poisoned tube" heat
exchanger type arrangement for the storage of fissile solutions. The
neutron poison will be encased in the tubes and the solution will occupy
the surrounding volume. Since the poison will not come into intimate
contact with the solution, concerns associated with corrosion, leaching,
and settling of the poison will be eliminated or minimized. The goal of
this program will be to determine a poison density that vould cause an
infinite array of poisoned tube tanks to be substantially subcritical.
The final design or designs identified in this program will be used to
fabricate replacenent tanks for the present Rashig-ring-filled tanks used
for high concentration solutions.



Los Alamos Scientific Laboratory

The Los Alamos Critical Assemblies Laboratory located at the Pajarito
Canyon site in Los Alamos is the oldest operating critical mass labora-
tory in the United States. The critical experiments facility consists of
three remote-control laboratories, known at Los Alamos as Kivas, located
some distance from the main laboratory building. As opposed to the situa-
tion at the other three laboratories which depend on shielding to protect
operating personnel, the Los Alamos facility utilizes distance for per-
sonnel protection.

The three Kivas are sufficiently separated that preparation for
experiments, or actual experiments, in one Kiva can be carried out while
critical^measurements are being performed at another. This facility
provides considerably more flexibility in experiment planning over that
provided by those facilities which have only one experimental cell.

Several general-purpose assembly machines occupy each Kiva. However,
material, and even entire machines, may be moved from one Kiva to another.
This is perhaps the only facility in which all fissile species (233U,
235U, 239Pu) are routinely handled in a multitude of configurations
involving all physical forms (solid, liquid, and gaseous). Machines have
been run at or near critical with loadings from a few hundred grams to
hundreds of kilograms, bare (as the 17 kg Jezebel) to massively reflected
(as the 10 metric tone Big Ten), and at power levels from fractions of a
milliwatt to near 100,000 MW (for a few s).

While the Los Alamos facility has performed specific experiments to
evaluate the criticality safety of specific plant safety situations, they
are best known for their experiments which were originally performed
as benchmark experiments, but which have continued to be used for a variety
of purposes. The best known of these, of course, is Godiva which served
to establish an accurate value for the critical mass of 235U unreflected
sphere. The reactivity self-quenching features of metal critical assem-
blies were also established with Godiva. The current device, Godiva IV,
is used to provide intense bursts of neutron and gamma ray radiation.
For example, in 1979» Godiva IV was used in a series of exposures to
evaluate nuclear excitation of lasers.

The second most widely known system is Jezebel. This device origi-
nally provided the critical mass data for unreflected, spherically shaped
239Pu. Jezebel is currently being recast and reassembled for precise
replacement measurements.

The other "standard" assemblies are briefly described.

a. Big Ten - Big Ten is a cylindrical assembly comprising a 23SU (."[0%)
core surrounded by a depleted uranium reflector. Big Ten is presently
being used for a series of replacement measurements of transuranic
isotopes and for diagnostic irradiations.

b. Flatop - Flatop is a system which provides a thick natural uranium
reflector around spherical cores of uranium (93.2? 235U and 98.1* 233U)



and plutonium (94.9% 2 3 9Pu). A complete set of data has been obtained
for the neutronic characteristics of each of the three cores. In addi-
tion to the measurement of the basic critical configurations for these
cores, Flatop is also used for replacement measurements and service
irradiations.

In addition to these "standard" experimental devices, the Los Alamos
facility has a variety of machines which have capabilities for either
horizontal split table experiments or vertical lift to assemble two parts
of a system.

A new device which is currently under construction is a system con-
sisting of an annular cylinder of 2 3 5U (93%)t internally moderated by
ZrHi.e and externally reflected by copper. This system (dubbed SKUA)
will be operated in the burst mode and is designed to be able to vaporize
a 235U foil in the central flux trap during a burst. Primary use of this
machine is expected to be testing of fuel pins under intense heat.

Two experimental programs are currently being planned at Los Alamos.
The first involves the determination of the neutron and gamma leakage
from a uranium (5%) solution system of the type which might occur in the
light-water-reactor fuel cycle. The goal of this effort is to provide a
benchmark experiment to judge the response of critical.ity alarm systems
to a uranium (5%) solution criticality. The second experiment will be to
determine the critical parameters for damp mixed oxide systems. The
parametic variations for these experiments will cover the Pu/(U+Pu) ratios
of 0.1 to 0.6 and H/(U+Pu) ratios of 0.5 to 2.5. These data will provide
a firm basis for the safety of mixed oxide fuel fabrication using
moderation control.

Conclusions

As economic concerns over excessive conservatism in criticality
limits have mounted, there have been additional demands on computational
tools to provide the accurate data needed to respond to these challenges.
Those of us who have been involved with the development and validation
of computational tools are painfully aware of the limitation of the data
available for benchmarking our calculations. The attitude, mentioned
earlier, that surely no additional experiments are needed has become so
pervasive that there is a real danger that all the critical experiments
facilities in this country will be closed within the forseeable future.
Not only is there a lack of funding for experiments, there is also the
pressure to return all fissile material to common stockpiles. The latter
has made it very difficult to retain valuable material in the physical
forms needed for experiments. In some recent cases, the need co obtain
naterial from the stockpiles and convert it to usable forms have made
what should have been relatively inexpensive experiments, almost prohibi-
tively expensive. There is a clear need for a policy which will set
aside material to be available for critical experiments and thus remove
the pressure to return it to the stockpile simply because an immediate use
cannot be shown.



The pendulum has swung too far in favor of calculations. The time
has come to recognize that there must be a balance between the
computational effort and a sound experimental program to provide the
fundamental checks of the computations. The critical mass facilities
which still exist in this country represent a bare minimum for maintaining
a measurement program sufficient for meeting data requirements.

The major difficulty in maintaining a viable active critical mass
program has been the lack of leadership by those who need the data. We
became too accustomed in the 60's to data being available when we needed
it with little effort expanded on our part to secure it. We are now waking
up to the realization that if we are to have the data which is needed, an
organized effort must be established to systematically look at the needs
and provide an orderly program to secure the data. This must be done with-
out regard to the direct immediate application to some specific program.
While these latter needs must be met, it is important that a broader per-
spective be taken in providing experimental data if we are to adequately
meet the economic and safety responsibilities required of us.

The four critical experiments facilities discussed in this paper cur-
rently have support from projects which have specific requirements and
which have limited objectives. This forces the facilities to be constantly
in danger of not having adequate support to continue operation. If it were
not for the dedication of many of the people involved, the lack of job
security would create serious staffing problems. The number of people
experienced in and qualified to perform critical experiments are presently
countable as being at most as a few 10's.

Long term support with freedom to pursue research objectives related
to but not bound by programmatic requirements is mandatory if we are to
maintain the current capabilities.
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