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ABSTRACT

This paper describes a procedure to assess the
bursting capacity of containment vessels used to
transport radioactive materials. These vessels can be
susceptible to an internal deflagration or detonation due
to the ignition of hydrogen gas evolved by radiolysis.
The maximum pressure capacity of a containment
vessel can be established by determining the maximum
primary vessel stresses at the maximum normal
operating pressure and linearly extrapolating this
pressure to stresses equal to the tensile yield or ultimate
strength of the vessel's structural material. This leads
to a maximum pressure to yield or burst the vessel.
Comparison of data obtained with this procedure with
experimental data or calculations that estimate the
maximum deflagration or detonation pressure can
provide a reasonable estimate of the capability of the
containment vessel to safely contain the gases.

INTRODUCTION

The design and fabrication criteria recommended by
the U.S. Department of Energy (DOE) Office of Safety,
Health, and Security, for containment vessels of Type B
commercial packagings that contains high-level
radioactive materials are found in Section III, Division
1, Subsection NB or Section III, Division 3, of the
ASME (1998) Boiler and Pressure Vessel Code. This
Code provides specifications for material, design,
fabrication, examination, and testing of containment
vessel components. The use of these Codes provide
assurance that the containment vessels can safely meet
all of the service conditions associated with the normal
conditions of transport (NCT) and the hypothetical
accident conditions (HAC) as required by DOE orders
(U. S. Dept. of Energy, 1996).

However, some of the radioactive contents
transported in these packagings cause hydrogen gas to
be generated from radiolysis of the nonradioactive
materials used in the packaging. This gas can evolve
and accumulate during the time the packaging is sealed

for transport until a high concentration of H2 gas has
developed within the containment vessel. Once the
concentration of H2 gas exceeds 4% of the free volume
within the containment vessel, an inadvertent spark or
other source of ignition can result in a deflagration or
detonation. This can damage the containment vessel
sufficiently to cause a release of the contents that
violates the release-rate requirements for these
packagings (Federal Register, 1999). Therefore, if the
contents of a packaging have the potential for the
generation of H2 gas, then the DOE certifying official
must have quantitative assurance that a deflagration or
detonation will not result in a release that violates the
release-rate requirements.

The purpose of this paper is to describe a method
to assess the bursting capacity of containment vessels
used to transport radioactive materials. These data can
then be used as an upper-bound pressure to compare
with an estimate of pressure from a deflagration or
detonation of the H 2 gas within the containment vessel.
The data can also be used with known experimental
results to estimate the volume percent of H2 gas that a
containment vessel can hold without bursting if a
deflagration or detonation occurred.

BASIS FOR ESTIMATING BURST CAPACITY

To demonstrate compliance with the regulations,
10 CFR §71.41 (a) states "The effects on a package of
the tests specified in §71.71 (Normal Conditions of
Transport) and the tests specified in §71.73
(Hypothetical Accident Conditions) must be evaluated
by subjecting a sample package or scale model to test,
or by other method of demonstration acceptable ...."
This statement is generally interpreted to mean that a
package can be qualified by either physical testing or
analysis. Where the package is qualified by analysis,
the primary and secondary stresses are determined at all
points on the containment vessel. Therefore, this
method uses the maximum primary membrane stress,
Pm, determined from a Code analysis for the NCT
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scenario as the basis for estimating the burst capacity of
a containment vessel. The NCT scenario is an analysis
or' the containment vessel subject to an internal design
pressure defined as the maximum normal operating
pressure, Pmnop.

In an HAC scenario, the containment vessel may
be subject to much greater external mechanical and
environmental loadings than in an NCT scenario.
However, the design of a transportation packaging for
high-level radioactive materials considers the HAC
environmental loadings in the design basis. For
example, the maximum temperature of the containment
vessel during the HAC fire-test scenario should be
within the maximum design temperature used for the
NCT analysis. Similarly, the external mechanical
loadings from the HAC may result in local inelastic
yielding, but these loadings do not result in damage
that would preclude the use of the NCT maximum
primary membrane stress in the evaluation of burst
capacity. Although an impact during the HAC may
initiate an H2 gas deflagration or detonation, the time of
propagation of the pressure wave front is unlikely to
coincide with the stresses due to the impact.
Consequently, it is assumed that the stresses from these
two events are not coincident.

METHODOLOGY

The calculated maximum primary membrane
stress, P m , for a Section III Code analysis must be less
than or equal to the design stress intensity value, which
is generally defined as the lesser of 2/3 the tensile yield
strength (Sy) or 1/3 the ultimate tensile strength (SJo f
the structural material. Therefore, a comparison of Pm

with Sy or S u can provide an estimate of the yield or
burst capacity of the containment vessel.

The first step in this evaluation is to utilize the
data provided in the Code to determine the values of S y

and Su at both the maximum and minimum design
temperatures. Then calculate the maximum pressures
(Pmax) at Sy and Su by

Pmaxy Pmnop

Pmnop

and

at both the maximum and minimum design
temperatures. The results, P m a x y and PmaXu> a r e t n e

maximum pressure capacities of the containment vessel
at the tensile yield strength and at the ultimate tensile
strength of the vessel, respectively. These are both
upper-bound internal pressure capacities for the
containment vessel because the vessel may bulge due to
gross yielding at Pm a x y and burst at Pmaxu.

If the containment vessel is constrained against
leakage due to gross yielding, the lowest Pmaxu

determines the vessel's burst capacity. This is usually
at the maximum design temperature for the vessel.

EXAMPLES OF METHODOLOGY

Table 1 summarizes this method for three
containment vessels. Containment vessels A and B
were analyzed by the Code procedures, so calculated
values of the maximum primary membrane stress, Pm

were used to determine the maximum pressure capacity.
Containment vessel C however, was qualified by
testing so the value of Pm , was assumed to be the Code
allowable stress intensity at temperature. In all three
cases, it was assumed that the vessels were constrained
against gross yielding; therefore, the limit on internal
pressure due to unconstrained bulging would not be the
governing case.

This Table lists the. maximum pressure capacities
for yielding at Sy and bursting at S u at both the
maximum and minimum design temperatures. These
four conditions result in four data that provide a
measure of the vessel's internal pressure capacity
compared with the design pressure. This data is
identified as AP and is the maximum yield or burst
pressure minus the design pressure. A comparison of
these data indicates that if these vessels are assumed to
be constrained against yielding, the minimum values of
AP occur at the maximum design temperature. The
Table also lists the ratio of this maximum pressure to
the design pressure.

SUMMARY

This paper presents a method to estimate the
maximum internal pressure capacity of a containment
vessel used to transport radioactive materials. The
method is based on the use of results from an ASME
Code stress analysis of a containment vessel during
normal conditions of transport. The maximum pressure
capacity of a containment vessel anticipated to be
susceptible to a confined gas deflagration or detonation
can be established by determining the maximum
primary vessel stresses at the maximum design pressure
and linearly extrapolating this pressure to stresses equal
to the tensile yield or ultimate strength of the vessel
material. This results in a maximum pressure to yield
or burst the vessel. Comparison of these data with
calculations that estimate the maximum deflagration or
detonation pressure can provide a reasonable estimate
that the containment components can safely contain the
gases.
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Table I Summary of design parameters and maximum pressure capacity

Design Temp., min., °F (°C)

Design Temp., max., °F (°C)

Vessel Fire Test Temp., °F (°C)

Design Pressure, psig (kPa)

Max. Pressure at Sy & min.°F, psig (kPa)

AP at Sy & min. °F, psig (kPa) a

Max. Pressure at Sy & max. °F, psig (kPa)

AP at Sy & max. °F, psig (kPa) a

Max. Pressure at Su & min.°F, psig (kPa)

AP at Su & min. °F, psig (kPa)a

Max. Pressure at Su & max. °F, psig (kPa)

AP at Su & max. °F, psig (kPa)a

Ratio of Max. Press, to Design Press.

Vessel
A

-40 (-40)

450 (232)

392 (200)

118(814)

265(1827)

147(1014)

179 (1234)

61 (421)

742(5116)

624 (4302)

617(4254)

499 (3440)

5.3

Vessel
B

-40 (-40)

300(149)

257(125)

240(1655)

610(4206)

370(2551)

466(3213)

226(1558)

1709(11783)

1469(10128)

1487(10252)

1247(8598)

6.2

Vessel
C

-40 (-40)

300(149)

200 (93)

900(6205)

1347 (9287)

447(3082)

1029(7095)

129 (889)

3772(26007)

2872(19802)

3282(22629)

2382 (16423)

3.6

a AP = increase in pressure over design pressure.


