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INTRODUCTION

In the fall of 1992, an incident occurred at the Pantex Plant in which the cladding around a
fissile material component (pit) cracked. This incident resulted in small amount of Pu contamina-
tion in the process tooling and in the water used in the process. This event occurred after a
"thermal shock" process. Prior to this incident, the nuclear explosive assembly was submerged in
liquid nitrogen and then allowed to warm, causing the high explosives (HE) to crack and come
off the pit. The small amounts of residual HE were then manually removed by running warm
water over the pit in a 2-in. deep tray on a work table. This tray drained into a non-criticality,
safe-geometry drain container. The crack was observed during this manual cleaning process.
Normally, the pit would have then been immersed in a "soak tank" of dimethyl sulfoxide
(DMSO) to remove the small amounts of residual HE and adhesives. However, due to the crack
incident, the process was stopped. The dimensions of this soak tank were 1 by 2 by 1 ft.

CONCERNS RESULTING FROM THE "CRACKER"

DOE 5480.24, "Nuclear Criticality Safety," requires that criticality alarm systems or critical-
ity monitoring systems be installed for operations in which an inadvertent criticality is presented
as credible in a DOE-approved safety analysis report (SAR). These systems are not installed in
Pantex facilities, since the probability of such an event was judged to be less than 10~6 per year
(incredible).

Prior to the cracker incident, the design laboratory's position was that the probability of a pit
cracking was less than 10"6 per year. However, the review of this incident led to the conclusion
that this event was credible.

As a result of the change in position with respect to the probability of a crack, additional
attention was given to criticality safety. In particular, since the crack provided a release path for a
fissile Pu/water mixture into a large-diameter drain container, this process was considered unac-
ceptable.

The step in the original process that followed the manual cleaning involved soaking the pits
in a DMSO vat (soak tank) for several hours to remove any residual adhesives that might be on
the pit. The soak tank measured 1 by 2 by 1 ft. Hence, this geometry has now been determined to
be undesirable.
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Although the cracker event did not result in any significant contamination or personnel
exposures, concerns pertaining to the potential for recurrence led to the conclusion that the
current process was unacceptable.

REDESIGN CONCEPTS

In the design meetings that followed the clean-up process, the following options were consid-
ered with respect to methods for restart of the dismantlement process:

• Continue with thermal shock using a new drain container and no soak process. This
recommendation would have required the least design effort but would have increased
extremity doses to the technicians. Also, since the thermal shock process was now judged
to be undesirable, this recommendation was considered unacceptable.

• A "total soak" process, in which the nuclear explosive is soaked in a volume-controlled
tank with soluble and fixed neutron-absorbing materials and "isolation zones" to control
external reflection. This recommendation was not used because of concerns related to
maintaining the isolation zone and ensuring the continuous presence of soluble neutron-
absorbing materials. Another factor involved in rejecting this option was the amount of
time that would be required for full dissolution of the HE from the unit.

• A "shower head," or solvent spray system, in which the nuclear explosive assembly is
sprayed with the solvent, using a closed-loop, limited-volume, and controlled-geometry
spray system. This design was selected by Mason & Hanger as the preferred method,
since it provided potentially faster HE removal, reduced the need for handling the unit,
allowed the use of larger DMSO volumes, and eliminated the need for neutron-absorbing
materials.

DISSOLUTION TOOLING DESIGN CONSIDERATIONS

• Criticality alarm/monitoring systems are not installed in the Pantex bays and cells, since
an inadvertent criticality has always been considered an incredible event. The cracker
incident led to questions about the validity of this position with respect to this process.
Hence, the tooling designs were redeveloped not only to ensure a sufficient margin of
safety, but to ensure that an inadvertent criticality was still incredible.

• As of the date of the design, no corrosion data was available for Pu immersed in DMSO.
The design lab was requested to perform experiments to ascertain this data, using pure
and "wet" DMSO (up to 20% water content), and DMSO with dissolved HE. Problem's
with approval to start the experiment have significantly delayed these experiments. To
date, this data is still unavailable. Hence, the design analysis had to be performed using
extremely conservative, worst-case assumptions.

• The computer code used in the Mason & Hanger analysis was MCNP. Although it is an
industry standard package, it had not been benchmarked and validated in place. A criti-
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cality specialist in DOE/ALO/SPD provided independent review of the analysis, and also
performed confirmatory computer runs to validate the computer runs included in the
analysis.

DISSOLUTION TOOLING DESIGN FEATURES

The tooling design that resulted from the various project meetings and reviews (Fig. 1)
contained the following features:

• Use of 2-in. slab geometry. The tank incorporates the use of a 2-in. slab geometry in the
dissolution vessel tank, equipped with redundant overflow drains. The unit is placed •
above the DMSO volume, and the spray heads surround the unit to provide full coverage.
The DMSO sprays onto the unit and then falls to the bottom of the tank, which is con-
trolled to less than 2-in.depth.

• The redundant drains feed a 2-in. slab tank below, which is used to capture overflow, and
also is equipped with dual overflow drains which drain to the floor. The main dissolution
tank drains are designed to overflow at DMSO depths of less than 2 in.

• The two slab tanks are separated by an aluminum heating platen, and a total separation
distance of approximately 18 in., which is close to the characteristic length of the tanks
themselves. Hence the tanks are very near the point of complete isolation from each
other. Also, since the platen has water passages drilled through it, the water contained in
the platen provides additional isolation of the two tanks. This platen is designed as a
completely separate component such that a platen leak cannot result in water introduction
to either slab tank.

• A filtered pump exhaust-capture system was added to the design to capture DMSO that
could be forced out the pump exhaust following a spray pump failure. Following such a
failure, contaminated DMSO would potentially be pumped into the spray pump exhaust,
but would be captured in the safe geometry of the exhaust system. This exhaust feeds into
a 6-in. diameter cylinder on the floor that provides a criticality-safe geometry for this •
fluid.

• A slight negative pressure is drawn on the inside of the dissolution tank to minimize
operator exposures to airborne DMSO/Pu. The vacuum system that supplies the negative
pressure exhausts to the building stack. Contaminated material are filtered out of this
effluent with a charcoal filter and dual HEPA filters mounted on the dissolution cart.

• Six-in. diameter cylindrical drain containers have been built for use in the removal of the
potentially contaminated DMSO from the dissolution tank. These containers are designed
with 32-in. diameter "stand-offs" to ensure sufficient separation under all postulated
conditions.
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Figure 1. New design of dissolution assembly.
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ANALYSIS

The analysis of the dissolution tooling was developed as a formally documented, stand-alone
analysis, with each of the references, data sources, and assumptions described in detail. Com-
puter code outputs and independent review comments and resolutions were also provided as
attachments to the analysis text.

• Due to the number of uncertainties associated with characterizing the source, the analysis
was performed using very conservative assumptions:
- The pit was assumed to be the generic "SAR" pit used in the analyses for Pantex

Safety Analysis Reports (SARs). This pit has a mass of 6.5 kg, and was assumed to be
completely dissolved in the DMSO.

- Fluid levels well in excess of the height of the drains were analyzed. These heights
also exceeded the maximum height that would occur if the DMSO were "double
batched" after a component failure and the failure of both overflow drains.

- Various densities of external water reflection were considered, up to full-density
water.

- The fissile material was conservatively assumed to be pure 239Pu, since the less •
reactive materials present in the materials are considered to be replaced with 239Pu.

• The computer models were executed using MCNP.
• Confirmatory runs were performed by the independent reviewer, since the Pantex version

of MCNP had not yet been benchmarked "in place."
• The analysis demonstrated that, even under scenarios which were clearly incredible, the

tooling designed would remain subcritical.

CONCLUSIONS

The final tooling design developed for this process incorporates a number of safety features
and provides a simple, self-contained, low-maintenance method of HE removal for nuclear
explosive dismantlement. The "hands-off' design significantly reduces the amount of handling
time and consequently provides dose reductions consistent with the ALARA concept. Also, the
filtering systems provided on the pump exhaust system and vacuum return lines ensure that
releases of potentially contaminated DMSO vapors to the work area and the environment are
minimized. The analyses demonstrate that the tooling design will remain subcritical under
normal, abnormal, and credible accident scenarios.
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