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ABSTRACT

To provide data to facilitate the predictions of PuO2 emissions
through leaks in PuO2 shipping containers under accident conditions,

a series of experiments was conducted using PuQ, powder and an experi-

2
mental system designed to simulate a shipping container leak, Over two
hundred experiments were completed. The experimental parameters investi-
gated were the leak size/type, internal system pressure, agitation of the
apparatus, leak orientation with respect to the powder location and the

run time., No single parameter appeared to have any observable effect on

the quantities of PuO2 emitted. However, there was an apparent dependency

on the interaction between the orifice area and the internal pressure. The
dependency took the form of a function of AYP. Although this functiomal form
was suggested by the data, the data were not sufficient to allow a more
detailed function to be determined. The results of experiments in which

the run time was variable produced the observation that changes in the run
time did not result in changes in the quantities of Pul, emitted. This

2

observation led to the conclusion that the majority of Pu0, observed is

2

emitted during the initial pressurization of the leak tube,
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INTRODUCTION

Any increased use of plutonium in power production would result
in a consequent increase in the number of shipments of nuclear materials,
It is imperative that the shipping containers exhibit a high degree of
leak tightness in order to imsure that no significant amount of plutonium
is released into the environment. In general, the leak tightness of shipping
containers for radicactive materials is characterized by measurements of the
rate of leakage of some tracer fluid, usually a gas, from the container.(l’z)
The maximum permissible gas leakage rate is a function of the specific radio-

(3)

active nuclides to be transported in the container. It is anticipated

that plutonium will be shipped in the form of a fine powder of PuO2 which

is not likely to leak at a rate typical of a gas. Consequently, the appli-
cation of these criteria to PuO2 shipping containers may result in unnecessarily
restrictive standards for container leak tightness.

This document is a report on a Nuclear Regulatory Commission spon-
sored program which was designed to provide data to help establish a corre-
lation between PuO2 particulate leakage and helium gas leakage through sim-
ulated container leaks, thus providing a data base to allow for the develop-

ment of a more realistic specification for the leak tightness of PuO2 ship-

ping containers. A primary concern is the quantity of Pu0O, which might be

2
released under conditions expected to occur as a result of a transportation
accident. The original leak tightness of the comntainer may be used to

estimate the PuO2 emission,

To provide information to aid in the evaluation of the behavior
of PuO2 particulate leakage, as it relates to gas leakage, under con-
ditions to which a shipping container might be subjected, the effects of simu-
lated container leaks were studied. The experiments were constrained to maxi-
mize the PuO2 release. The leak types considered in this were: (1)
"standard leak", consisting of a small orifice in a thin platinum disk, (2) a
simulated crack made by machining a 220-microinch surface roughness in the mat-
ing faces of a aplit tapered disk and (3) 50-im diameter capillary tubes 4.4
and 5.1 cm long. The experimental parameters investigated included internal
gas pressure, legk orientation with respect to the powder location, agitation,

tun time and leak size/ctype.



As working with plutonium compounds presents certain practical
handling difficulties, the approach taken was to divide the experimental

effort into two distinct phases: (1) a simulant phase using ThO, powder,

and (2) a "hot" phase using Pu0, powder. The simulant phase seried to:
{1) allow experimental and apparatus design to be checked out prior to
transfer to the glove box necessary for the safe handling of the Pu02,
{2) allow development and check out of sample collection and measurement

techniques, and (3) establish a preliminary data base.
This research was carried out by Battelle Columbus Laboratories as a

part of a related services study contracted to Pacific Northwest Laboratory by

the Office of Wuclear Regulatory Research.



OBJECTTVE

The objective of this study was to provide an experimental data
base that will aid in the development of techniques to assess the potential
releases of plutonia powder from shipping containers under conditions ex-

pected following a transportation accident.






SUMMARY

A series of experiments was conducted to investigate the depen-~

dence, upon various experimental parameters, of the emission of Pu0, through

small apertures. The experiments were designed arocund a four—paramiter mat-
rix: (1) internal gas pressure, (2) leak crientation with respect to

the powder location, (3) agitation, and (4) leak size/type. TFor a few
sets of experimental conditions the effect of the total run time was also
considered. Leak types consisted of thin~plate orifices, simulated cracks
consisting of split tapered disks with machined roughness on the mating
surfaces and 50-um-diameter capillary tubes. Nominal orifice sizes ranged
from 5-uym to 50-um in diameter, gas pressures ranged between ambient pressure
and 1250 psig and run times ranged from "zero" to two hours. '"Zero' run
time refers to those experiments where the gas pressure in the experimental
system was released immediately upon reaching operating pressure.

The data exhibited a high degree of irreproducibility which severely
limited the ability to draw any firm conclusions concerning the parametric
dependency cf the data. Within the limits of the data, no apparent parametric
dependence was observed for any single parameter; however, a weak dependency
upon the interaction between the orifice area and the internal pressurization
was observed. This 1s seen as an apparent funectional relationship between
a logarithmic transformation of the data, Z (2 = log10 (10 + 1900 X) where

Z is the transformed variable and X is the Pu0, emission in micrograms)

and log10 AVP where A is the orifice area and ﬁ the internal pressure. Al-
though the relationship is suggested by the data, the data are not sufficient
to allow a mere exact functional dependency to be determined.

The results of the experiments where the run time was variable
showed that a change in the run time did not result in a change of the
quantity of PuO2 emitted, On the basis of this observation, it was con-

cluded that the majority of the PuC, emission observed during an experiment

occurs during the initial pre55uriz§ti0n.

Correlations between the PuO2 mass emitted during an experiments
and the total helium flow produced values ranging between 3 x 10_8 and
5 x 10_3 pg of Pu02/cm3 of helium under internal pressurizatica of 500 to

1250 psig.






EXPERIMENTAL

The experimental setup used for both phases of the program is
shown schematically in Figure 1. The essential components of the system
are the leak tube, used to contain the ThO2 or Pqu powder and support
the leak assembly, a helium supply with pressure regulation, and a sampling
device, The leak tube itself is constructed of Inconel Alloy 100, has an
overall length of 12.7 cm and an ID eof 0.64 cm. The reservoir volume is
approximately 4 ce, Helium, to provide the necessary internal pressurization,
is supplied through a 0.64-cm tube located at mldlength. The leak tube used
for the PuO2 experiments is shown in Figure 2. The tube used for the
simulant experiments was similar in design, but had the cap shown in Figure
3.

The leak assemblies were mounted in the end of the leak tube and
sealed with stainless ste¢l gaskets. The orifices used were prepared by
the laser drilling of holes ranging between 5 and 50 pm in 0.10-mm platinum
disks 9.5~mm in diameter. The orifices were examined microscopically prior
to use to insure that the diameters were correct and the openings unobstructed.
The flow rates of helium through 5-, 10-, 20- and 50-um diameter orifices
and a 50-um ID capillary tube were measured using either the bubble-tube or
pressure—drop methed or both. The results of these measurements are pre-
sented in Table 1. These data apply to clean orifices installed in an empty
leak tube; the actual leaks observed during the particle emission experi-
ments vary from these somewhat,

Capillary leak assemblies were prepared by silver brazing type 304
stainless steel capillary tubing having an ID of 50 um and an OD of 125 pm
into a type 304 stainless steel support tube having an ID of 175 um and OD
of 1575 pym. This tubing assembly was brazed to a type 304 stainless steel
disk sized to fit into the end of the leak tube. Assemblies of length 4.4
and 5.1 cm were prepared. The 4.4-cm-long assembly is shown in Figure 4.

As might be expected, the inner surfaces of the capillary exhibit appreci-
able irregularity. Figure 5, a photomicrograph of a capillary cross section,

clearly illustrates this irregularity.
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" FIGURE 1. SCHEMATIC DIACRAM OF EXPERTMENTAL SET-UP USED FOR LEAK RATE EXPERIMENTS





















































































































































































































































































































