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Critical experiments are a national necessity to ensure safety in the application of computa-
tional methods to nuclear criticality safety throughout the nuclear community. This is so despite
the fact that they are expensive. The nation has had only a few facilities capable of performing
these experiments and only a few decades in which to collect the data. Naturally, the first experi-
ments selected - when faced with the broad spectrum of much-needed studies - would be those
which are arbitrarily judged "most important" and those which happen to be easy to perform.
These criteria prompted the criticality safety industry to study first many plutonium and uranium
metal configurations as well as systems of fissile liquids having the same elements. High-con-
centration solutions near the minimum-critical-volume concentration were chosen because they
are the most reactive and constitute a criticality safety "envelope." All these programs were
urgent in a fledgling industry and relatively easy to do.

The importance of these fundamental studies in no way diminishes the continued need, in
the 1990s, for an extensive set of still-significant experiments. These experiments have been
carefully collected in recent months, and a detailed list of relevant experiments still needed for
criticality safety is now published. * One particular program described in Ref. 1 is the subject of
this paper. It is labeled as "Experiment 301," and this paper attempts to present the reasons why
this study is felt to be important.

If all these much-needed criticality experiments are costly, plutonium studies are especially
so because of additional concerns introduced by that nuclear material. Very few experiments
involving low concentrations of plutonium solutions have ever been done in the past 40 years for
the reasons given above. Yet, these experiments have increased in importance in recent years
with the industry's shift in emphasis.

Low-concentration solutions are produced by the act of rinsing out a tank which once had
contained high-concentration plutonium solution. The latter is characteristic of an operating
production plant. The former approximates conditions found as a tank may have been taken out
of service or is in the process of being taken out of service. One important safety point is that
criticality is almost just as credible - and certainly just as undesirable - in a tank of low concen-
tration plutonium solution as in a tank of rich feed. Only the detailed parameters of the criticality
accident might be slightly different.

Low concentrations would also be encountered in acts of washing contaminated pieces of
equipment, metal sheets, plastic, and rubber components. Unknown pockets of plutonium com-
pounds, for example, might be broken loose from hidden recesses of, say, an unused lathe and be
quickly dispersed as a low-concentration plutonium solution. These same pockets of compounds
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could be unleashed unintentionally if a fire sprinkler system were activated, flooding the equip-
ment and generating the same low-concentration plutonium solution.

All these scenarios are characteristic of "waste." They are also relevant because of the current
trend toward the decontamination and decommissioning of many of the nation's nuclear facili-
ties. High- and intermediate-concentration solutions are not likely to be encountered in the
coming decade. The nuclear industry seems to be moving into an era of shutting down and
deactivating its nuclear facilities; and this suggests low-concentration solutions.

Another historical argument also supports the need for this proposed study, as well as a great
many other experiments - many of which the naive observer might think completed. Critical
experiments performed in the early decades were generally well done and adequate for the needs
of the day. They provided the data used to build the nation's nuclear capability. They were
empirical data points which addressed specific needs. They were never designed to provide the
rigorous level of detail required in today's precise computer applications. Material compositions
were not described in sufficient detail. Geometries were often given as nominal values of a
commercial item rather than an actual measurement of the component described. Finally, all
descriptions usually ended in the published reports with inadequate descriptions of the room and
the environment in which the experiment was performed. The consequence of this point is that
even some of the experiments thought to be documented for certain computer validation applica-
tions may really need to be performed again.

One specific aspect of the above argument concerns the relative importance between the
elements plutonium and hydrogen in describing a fissile solution. Modern laboratory methods
can measure the plutonium content of a solution to between + 0.5 and + 1.0%. Unfortunately,
equally modern analysis techniques cannot measure the hydrogen content of a solution with
anywhere near the same accuracy. Some claim an uncertainty of + 5% in that parameter. A study
of the relative importance of these two elements to the reactivity of a fissile solution reveals a
surprising result. The hydrogen content is three times more important in calculating the neutron
reproduction factor of a solution system than the plutonium concentration. Thus, the uncertainty
in the hydrogen content of an experimental liquid is 10 to 15 times more important than the
uncertainty in the plutonium.

The number of critical experiments in the area of low plutonium concentrations is pitifully
small. This paucity is worsened by two factors. There is a wide gap in concentration between the
few experiments performed in the upper part of this range of low concentrations and the one
experimental program performed at less than 10 g/L.2 This limiting critical concentration is too
important a parameter to have the entire nation rely on just one (albeit well-done) experiment
without any corroborating experimental evidence. This criticism is especially valid in light of the
second factor. The second problem is that the criticality parameters one would choose to evaluate
as a function of concentration vary greatly, non-linearly, and non-uniformly in this range. That is,
the curves exhibit a great deal of structure. The critical mass of a plutonium-solution sphere
decreases about a factor of 10 between the study of Ref. 2 and, say, 20 g/L! The minimum
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critical concentration reported in the literature varies between 7.2 and 8 g/L. The actual value of
this parameter is of vital importance because concentration controls will be used during decon-
tamination and decommissioning operations to preclude criticality.

One final dilemma in this low plutonium concentration range concerns the actual bias which
might exist between calculational methods and the few data points available. The text of Experi-
ment 301 of Ref. 1 says: "Validation of computer codes at 9 g/L and above 17 g/L appear to give
contradictory results with a computational bias appearing to become strongly negative below 20
g/L." This statement can be neither denied nor supported by this author; and no source of the
quoted position is known. The data of Ref. 2 displayed a strong positive bias, according to very
recent results obtained by one specific calculational package. At the same time, an equally recent
publication also presents a strong positive bias between the few experimental data points of a
different calculational package.3 This recent comparison would refute the quote; but the
calculational packages used to obtain this finding do differ. So, in summary, the origin of the
quote in Experiment 301 is not known and no data exists with which to confirm or deny it.

The national standard ANSI/ANS 8.1 requires that the trend in the bias be established when
using computational techniques without further data to determine precisely the trend in the bias
and its magnitude. Criticality calculations in support of this deactivation mode will not comply
with DOE orders to abide by this standard's requirements; and the actual margin of safety will be
undetermined.

Further experiments, specifically in the plutonium solution concentration range up to 20 g/L,
would greatly improve the nation's confidence in nuclear criticality safety as it moves more and
more toward the decontamination and decommissioning of its once-vast number of nuclear
facilities.
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