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Investigations have been performed on the potential for a critical excursion in weapon assem-
bly and dismantlement at the Pantex Plant. Pits and pits in containers were modeled in their most
reactive configuration to estimate the effective multiplication factor (kejf) for a number of postu-
lated scenarios. Results are reported for calculations performed for Pantex safety analyses re-
ports, radiological hazards assessments, and a current study to justify the criticality alarm exemp-
tion. Analyses for bare pits (i.e., those that are uncontained in this context) are reported in this
paper, while pits in containers are considered in a later paper in this session ("Criticality Analysis
for Weapon Disassembly at the Pantex Plant - Part II: Staging").

The basic models represent the most reactive configurations. A generic pit, defined to be an
unclassified composite of the largest mass and smallest volume that might be anticipated, is
modeled as a spherical shell of plutonium with a 6-in. outside diameter and an assumed mass of
6.5 kg. The model ignores the presence of cladding and the presence of any appurtenances.

The criticality calculations were performed with the KENO and MCNP code packages in •
versions developed for EBM-286- to -486-class personal computers. Validation for each code
version and each specific computer system was performed consistent with the guidance of
American Nuclear Society Standard ANSI/ANS-8.1 by computing keff values for benchmark
experiments. The lowest calculated value of keff for the benchmark cases minus three times the
standard deviation was established at 0.96. Thus, a subcritical multiplication factor for a given
configuration is considered to be established when the computed kejf plus two standard devia-
tions is less than 0.96.

The computer model for the pit incorporated additional simplifying assumptions. Because the
exact composition of plutonium varies in the higher-mass-number isotopes due to production
variations and decay, the generic pit shell is assumed to be entirely fissile 2^9Pu, which produces
the most reactive configurations.

Bare pits (that is, those not in a container or device) are handled only in robust assembly/
disassembly cells or bays where they are removed from or mated to explosives or subjected to
testing. Scenarios were developed based on administrative limits and actual or potential physical
conditions that could exist in these facilities. Operational guidance limits the number of pits out
of containers. In one particular cell, three pits may be subjected to testing at the same time. Even
here, however, the testing is accomplished in three separate cubicles, making it unlikely that all
three pits would be in a single location. However, proximity is not impossible.
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The calculations for generic pits showed that a 2 x 2 rectangular planar array and a three-unit
hexagonal-packed array may be critical if each pit is cracked open, water-flooded, and fully
(>30 cm) water reflected. A cubic array 2 x 2 x 2 may be critical if fully water reflected. These
cases all represent extreme situations that are not considered credible given these operating
constraints that are in place:

1. a distance of 3 ft must physically separate pits (less distance if specific tools are being
used),

2. no more than three pits may be out of their containers in a single cell at one time (and
these pits are required to be in different physical areas for specific tests), and

3. no procedure may be undertaken that could permit the introduction of water into a pit
cavity (e.g., crack a pit and submerge it in water).

From the standpoint of what might conceivably happen during operations (even though it re-
quires multiple violations of procedures), the analysis indicates that reasonable configurations
(three units or even four units in a dry, planar array) are substantially subcritical.

Thus, it is concluded that a criticality event involving bare pits is not credible. This is attrib-
utable in large measure to the solid form of the material (i.e., metallic shells) and, in this in-
stance, to the operational practices and controls.

Another scenario considered a single flooded unit which would increase in reactivity if the
plutonium dissolved, e.g., by corrosion in the water. Units larger than the generic pit used in this
analysis could become critical under these circumstances. However, long dissolution times and a
requirement for agitation to sustain a quasi-solution form make the scenario extremely unlikely.

Finally, the study predicts the following configurations to be subcritical (i.e., keff+ 2a < 0.96)
at the Pantex Plant:

• Six generic pits in close-packed, body-centered cubic array, dry and unreflected or con-
crete reflected on the bottom.

• Six modified generic pits with a diameter close to 7 inches, water-moderated and fully
reflected (>30-cm) on top and concrete-reflected on the bottom in either: (1) a body-
centered cubic array, or (2) a "4+2" array (i.e., a 2 x 2 cubic array with two more units'in
the gaps on top).

• Seven generic pits, water-moderated and fully reflected (> 30-cm) on top and concrete-
reflected on the bottom in a close-packed hexagonal array. Moderation by water of less
than full density (i.e., partial "mist" moderation) does not lead to an anomalous increase
in the multiplication factor.

• An infinite X-Y planar array of generic pits, bare or on concrete, and in close contact
(i.e., "skin-to skin").

• An infinite X-Y planar array of generic pits water-moderated and fully reflected (i.e.,
with > 30 cm) on top and concrete-reflected on the bottom and with a minimum separa-
tion > 6.5 cm (i.e., 2.6 in. or an 8.6-in. center-to-center spacing).
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• An infinite X-Y planar array of generic pits moderated and reflected by > 30 cm of
partial-density water (maximum multiplication occurs between 20% and 50% of full
density) on top and reflected on the bottom by concrete with a minimum separation of
nearly 10 cm (i.e., about 4 in. or a 10-in. center-to-center spacing)
(NOTE: The subject of reactivity effects caused by spacing and by full- and partial-
density moderation and reflection is addressed by S. Payne in the next paper in this
session.)

A final scenario is based on a new operation that has been planned. An assembly is sprayed
with dimethyl sulfoxide (DMSO) fluid to remove chemical high explosive from a pit. The pros-
pect that fissile material from a damaged pit could be dissolved (or suspended) in the DMSO and
lead to a critical excursion has been evaluated thoroughly and judged to be incredible. (The
subsequent paper in this session by S. Troyer describes the applicable criticality safety evalua-
tion.)

Thus, configurations involving bare pits that are even close to realistic are subcritical by a
substantial amount (and actually significantly more so than the calculations show, due to the
conservative model assumptions, e.g., pits all 239Pu isotopic composition, large mass, and small
volume). Thus, it is concluded that a critical configuration involving the bare pits is not credible.
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