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Abstract: This Criticality Safety Evaluation Report analyzes the criticality safety of 
transporting and sectioning a 2.5 meter (8 foot) section of 5.08 cm (2-inch) vacuum 
tubing with approximately 3.8 kg of PuO, via the HC-1 conveyor and HC-18M glovebox 
in the 234-52 building. 
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1.0 INTRODUCTION AND SUMMARY 

The plutonium source term reduction project for building 234-52 involves removing 
several sections of glovebox vacuum tubing containing plutonium deposits. A section of tubing 
with a nominal inside diameter of 5.08 cm and approximately 2.46 m in length needs to be 
moved via the glovebox HC-1 conveyor to glovebox HC-18M for sectioning and disposal. 
Using NDA methods, it has been found that this section of tubing has a maximum estimated 
inventory of 3.8 kg of plutonium. Current limits will not allow batches with this much 
plutonium to be placed into the requested glovebox. The purpose of this criticality safety 
evaluation report (CSER) is to modify these limits to allow this one-time operation of moving 
the tubing to and thru conveyor HC-1, sectioning this piece of tubing in glovebox HC-18M, and 
transferring its plutonium contents to 0.5 liter polyjars or slip-lid cans. 

This analysis, shows that the proposed operation is safe from a criticality standpoint. Due 
to the tubing dimensions, polyjar or slip-lid can volume and plutonium compound involved, a 
criticality is not possible. Only a new limit on mass is needed for this specific operation. All 
current limits and/or controls regarding batches, spacings, water entry prevention, and use of 
plastics in the transfer in the HC-1 conveyor and HC-18M glovebox shall be followed. The 
current controls can be found in CPSs: CPS-Z-165-80608, CPS-Z-165-80620, and 
CPS-Z-165-80635. 
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2.0 DESCRIPTION OF PROJECT 

A straight section of tubing with a nominal inside diameter of 5.08 cm (2.0 in.) and 
approximately 2.46 m (8.08 fi.) in length has been found, using NDA methods, to contain a 
maximum estimated inventory of 3.8 kg of plutonium. An attempt was made to section and 
dispose of this tubing in place, but it was found that the risk of contamination to personnel was 
too great to do this outside of a glovebox. Therefore this section of tubing needs to be moved via 
the glovebox HC-1 conveyor to glovebox HC-ISM for sectioning and disposal. 

The section of tubing is currently located in room 228A of the 234-52 building, has its 
ends sealed, is double bagged, and has no appreciable moisture in it. The tubing will be moved 
to and bagged into the HC-1 conveyor via a gloveport at the head end of HC-1 in room 228A. 
The tubing will then travel along the conveyor to room 228C where glovebox HC-ISM is 
located. Once in the glovebox it will be cut into shorter pieces using a band saw. The shorter 
lengths of tubing will be cleaned out. The material removed Erom inside the tubing will be 
placed into 0.5 liter polyjars or slip-lid cans. The cleaned pieces of tubing will then be placed 
into a 55-gallon drum in preparation for final disposal. 

3.0 PREVIOUS ANALYSIS 

SD-SQA-CSA-093 (Brown, 1988) provides the basis for criticality safety in operations 
involving the glovebox HC-1 conveyor (CPS-2-165-80608, WHC, 1989) and glovebox HC-18M 
(CPS-Z-165430620, WHC, 1988.) For the glovebox HC-1 conveyor, its mass and volume limits 
are based on the limits in the source and destination gloveboxes. Glovebox HC-18M, is 
currently limited to a maximum of 2.5 kg of plutonium in a batch. 

WHC-SD-SQA-CSA-20402 Rev 0 (Miller, 1995) and WHC-SD-SQA-CSA-20407 Rev.0 
(Miller, 1996) provide the basis for the current limits and controls that are implemented in 
CPS-2-165-80635 (WHC, 1996.) These limits and controls are used to prevent a possible 
criticality due to an unfavorable accumulation of plutonium while removing the 2-inch vacuum 
lines. Currently a segment of 2-inch and smaller diameter tubing is limited to a total fissile 
loading of 2.5 kg of plutonium. 

4.0 EVALUATION OF CRITICALITY SAFETY CONTROLS 

A nominal 5.1 cm diameter tube is of geometrically favorable dimension for plutonium 
compounds such as PuO,. This means that even under conditions of optimum moderation and 
reflection it will still be significantly subcritical. Page III.A.7(100)-3 of ARH-600 (Carter, 1968) 
shows that a 5.08 cm (2-inch) diameter fully reflected cylinder of a Pu-H,O mixture is subcritical 
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until there is more than 9 kg of plutonium per foot and the mixture density is greater than 
15.0 g/cc. This density is even greater than the theoretical density of PuO, compounds of 
11.5 g/cc 

From the table in ARH-600 (Carter, 1968) on page II.C.2-1 it can be seen that the tap 
density of PuO, (nitrate) has a density of 1.58 g/cc. The material in the tubing is from a PuO, 
(oxilate) process and has a tap density of 0.92 g/cc. For the purposes of this evaluation the more 
conservative PuO, (nitrate) tap density will be used. From this we can calculate that a 5.08 cm 
diameter tubing 2.46 m in length can hold a maximum of 7.89 kg of PuO,. Plutonium is -88.2% 
of PuO, so this equals 6.96 kg of plutonium. 

The maximum estimated mass of plutonium in the tubing from NDA measurements is 
3.83 kg. Assuming the plutonium is uniformly distributed in the tubing, this gives a plutonium 
mass of 0.48 kg per foot. This mass is about 18% of the critical mass of more than 9 kg of 
plutonium per foot. From this it can be seen that criticality is not a concern while the plutonium 
is in the tubing, even if optimally reflected and fully reflected. 

Once the tubing is cut in shorter pieces, the plutonium will be removed from the tubing 
either by dumping or scraping with long handled spatulas. The removed material will then be 
placed into 0.5 liter polyjars or slip-lid cans. For a criticality to be possible in a single polyjar or 
slip-lid can, it must contain at least 5 kg of plutonium metal (ARH-600 page III.A.9(100)-4, 
(Carter, 1968)). From the above discussion using the tap density of PuO, of 1.58 g/cc the polyjar 
or slip-lid can could contain approximately 790 grams. This shows that in the polyjar or slip-lid 
can a criticality is not possible with these materials regardless of the degree of moderation or 
degree of reflection. It can therefore be clearly seen that a single half liter polyjar or slip-lid can 
will remain well subcritical under all credible conditions. 

From the above discussion it can be seen that the operation of moving the section of 
5.08 cm (2-inch) tubing via the HC-1 conveyor to the HC-18M glovebox and then cutting the 
tubing into shorter lengths for cleanout and disposal is safe from a criticality standpoint. A 
criticality is not credible regardless of the moderation or reflection present. 

5.0 TECHNICAL PEER REVIEW 

E. M. Miller of the Criticality & Shielding Group carried out an independent, technical 
review of this CSER 96-022, for which the following comments were provided. 

The technical arguments for qualifying the criticality safety of transporting and 
processing the 2 in. vacuum line with 3.8 kg of plutonium in conveyor HC-1 and glovebox 
HC-ISM were found to be sound and the quoted criticality parameters in the text and table were 
confirmed by review of the referenced data. 
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If the conservative assumption was made that this 2-in. tubing was actually 2-in. 
schedule 5 pipe, the inside diameter would be 2.24 in. This diameter does not change the 
geometrically safe characterization of the pipe. The only value in the analysis that is larger is the 
holdup capacity of the tubing. The tubing can hold 7.4 kg of plutonium rather than 6.96 kg. The 
subcriticality of the system is based on the diameter of the tubing being too small to allow a 
critical system for even the maximum theoretical density of plutonium oxide. Even if water 
washed all the plutonium to one end of the pipe, suspended the plutonium in the water, and the 
suspension filled the plastic sleeve surrounding the pipe to 3/4 in., a criticality would require 
about 10 kg of plutonium. This result is based on a plutonium density of greater than 4.0 g/cc, 
which is conservative, and that an infinite cylinder is more than 4 times as long as its diameter 
(i.e. 3.74 in. x 4 > 12 in.). Figure III.A.7(100)-3 (Carter 1968) graphically shows the parameters 
needed for criticality in an infinite cylinder. Figures III.A.3-I and III.A.9(100)-4 show that for a 
4-in diameter sphere (0.49 a ) ,  criticality is possible only for a plutonium density greater than the 
theoretical maximum density of plutonium oxide, 10.96 g/cc. Further, only about 3.8 kg of 
plutonium is available in the tube while 7.5 kg at a minimum is needed at a density greater than 
is possible for plutonium oxide. So even for water entry and aggregation inside the plastic 
sleeve, criticality is not possible. The requirement for taping the plastic sleeve per the facility 
general CPS is required. 

The tubing itself is geometrically safe alone. However, spacing per existing analyses 
(Miller 1995, 1996) is necessary between the tubing and other fissile material in transport to the 
conveyor, HC-1, in the conveyor, and in glovebox HC-ISM. 

Once the tube is cut and fissile material is put in containers, criticality becomes possible 
with the accidental addition of water, so the spacing required by previous analyses (Miller 1995, 
1996) is crucial as is the specification to prevent water entry to maintaining criticality safety 
margins. In addition, any plutonium spills greater than 1/16 in. depth should be cleaned up after 
completing work on the cut off tubing segment being processed. 

This CSER adequately analyzes the criticality hazards of processing the 2-in. vacuum line 
with less than 4 kg of PuO,. The PuO, density for oxalate converted to oxide at room 
temperature is conservative. Contingencies have been adequately analyzed. Based on the limits 
of the referenced CPSs and those invoked in this CSER, the processing of the 2-in. vacuum line 
can be carried out within criticality allowables. 
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