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ABSTRACT

Nirex is developing transport container designs capable of transporting the UK's
intermediate level waste packages from their sites of arising to future waste management
facilities. The transport package described in this paper is the Standard Waste Transport
Container. Two types of SWTC have been investigated to date, with wall thicknesses of
285mm and 150mm. These are referred to as the SWTC-285 and SWTC-150 respectively.

This paper describes the assessment of the thermal performance of the SWTC-285 and
SWTC-150. The temperature of the containers both during normal transport and the
regulatory thermal test are assessed using a Finite Element model. The distortion of the
container due to thermal stresses during the thermal test is also calculated and the
resulting gap at the lid seals determined.

INTRODUCTION

UK Nirex Limited (Nirex) is repongble for investigating options for the safe, environmentaly
sound, and efficient, disposad of the United Kingdom' sintermediate and certain low level wadtes.
Part of that responghility involves the provison of advice to the UK waste producers on the
suitability of their waste packaging proposas againgt the foreseen requirements for future storage,
trangport, handling and potentia disposd. 1n order to be confident that the advice isfully reflective
of trangport issues, Nirex is developing the range of transport containers necessary to transport
radioactive waste from sites of arising to future waste management facilities.

Nirex had previoudy developed adesign of trangport package, the RSTC, for trangporting the full
range of Nirex standard ILW weste containersto Sdlafield, where the repository was origindly
planned to be located. However, the repostory may now be located esawhere in the UK and the

wadte containers currently a Sdlafied will need to be trangported to this new location. Some
BNFL waste containers differ from the Nirex design, however, and will not fit ingde the RSTC.

A new range of packaging designs, entitled the Sdllafidd Waste Trangport Containers, are therefore
being developed. Two typesof SWTC have currently been designed with wall thicknesses of
285mm and 150mm. These are referred to as the SWTCG-285 and SWTC-150 respectively.

Andyses have been carried out to assess the impact and therma performance of the SWTCG-285
and SWTC-150 containers againgt the IAEA Regulationg1]. This paper describes the assessment
of the therma performance and covers the temperature of the containers under normal transport
conditions and the temperatures and resulting thermd distortions experienced during the regulatory
thermal test.

DESCRIPTION OF THE SWTC-285AND -150 CONTAINERS



The SWTC-285and —150 containers are both designed to transport approximately 3nt of waste
packed into drums or boxes. The SWTC-285 has athicker wall to provide gregter shiding so that
it can trangport waste with higher activity.

The generd design of the SWTC-285and —150 containers are very smilar. Both are cuboid in
shape, gpproximately 2.2m high and 2.5m square, and both have bolted lids. The generd design of
the SWTC-150 is shown in Fgure 1. Both containers are intended to be constructed from forged
dainless ged.

To provide impact protection, both the SWTG-285 and —150 have projections cdled up-standson
the top of the body and lid. These will deform in alid-down drop tes, thereby reducing the effect
of the impact on the container bodly, lid bolts and contents. Verticdl ribs are smilarly provided
around each of the corners of the container to provide protection againgt Sde impacts. Both
containers are provided with a crushable honeycomb materid on the insde of the container, below
thelid, to minimise the effect of the contents impacting upon the lid during alid-down drop test.

Both the SWTC-285 and —150 containers are clad with thermd insulation on the outside. Onthe
SWTC-285, a 25mm thick layer of cork is provided over the lid and mogt of the sdes. Onthe
SWTC-150, dl of the Sdes (excluding the verticd ribs) are covered by a 25mm thick layer of cork.
A 10mm thick layer of microtherm is dso provided below the base of the container. Both the cork
and microtherm are clad in Sainless ged.

GENERAL METHODOLOGY OF THE THERMAL ANALYSS

The objective of the thermal assessments was to demondirate that the proposed designs of the
SWTC-285and -150 containers would meet dl the requirements, with respect to thermal
performance, specified in the IAEA Regulation [1] for atype B container. The thermd
performance of the containers was assessed with 3.dimensond Finite Element modds using the
FEAT [2] code.

The hest generated by the waste inside the containers was represented in the calculations, but the
wadte packages themsalves were not explicitly moddled. Thiswas a pessmigtic assumption Snce
the waste packages would be expected to asorb some of the heat entering the SWTC-285and -150
containers during the thermd test. Making this smplification ensured thet the assessed

performance of the containers did not depend upon the type or volume of waste being transported.

The FEAT codeis capable of performing both stressand thermd cdculations. The digtortion of the
SWTC-285and -150 containers due to therma stresses was calculated a frequent intervals during
the thermd test and the resulting gep at the lid sedl determined. The temperature distribution
through the containers, at the time when FEAT predicted the sed gap to be greatest, was passed to
the ABAQUS [3] code for amore detailed structura assessment to be paformed. These
cdculations of thermd distortions are described in this paper. Structurd caculations of the impact
performance of the SWSTC-285and -150 containers were aso performed, using the DYNA3D
code [4]. These caculations, which assessed the performance of the containers during the
regulatory drop tests and punch tests, are not reported in the current paper.

A vent vaveislocated in thelid of both the SWTCG-285and —150 containers. These vent valves
are complex structures made up of severd components with narrow air gaps between them. It was



not considered practica to indude a detailed modd of the vent vaves in the 3-dimensond modds
of each container. A separate, detailed, axi-symmetric mode was therefore usad to determine the
thermd performance of the vent valves during the thermdl test.

DESCRIPTION OF THE FE MODELS

The Finite Hement mode s representing the SWTC-285 and —150 containerswere generdly
gmilar. The mesh of the SWTG-150 modd is shown in Figure 2. The modd is 3-dimensond but,
because of the symmetry of the container, only a 1/8 segment of the whole container is represented.
The modd shown contains 47,000 dements and 210,000 nodes and explicitly represents:

The dainless stedl body

Thedanlessged lid

The up-gands on the top of the body and lid

Thelidpintle

Theribs on the outsde of the body

Thelid bolts

The cork on top of thelid

The cork on the outside of the body

The microtherm on the bottom of the body

The ganless ged dadding around the cork and microtherm

The body and lid were not represented as being physically connected, apart from through the bolts,
asdigortion of the lid and body during the thermd test was expected to result in asmal gap being

crested between the sedl faces. Heat trandfer across this narrow gap was modeled via boundary
conditions

The modd shown in Figure 2 represents the SWTC-150 container in an undamaged Sate.
However, the IAEA Regulations [1] require the thermd test to be performed on a container which
has dready been subjected to the Regulatory impact tests. Theseinclude a 9m drop test onto a
rigid flat surface and a Im drop onto a 150mm diameter punch.

The response of the SWTC-285 and —150 containers to the Regulatory impact tests had been
asses=d using the DYNAS3D code [4]. From the 9m drop test the most severe damage, with
respect to therma perfor mance, was predicted to be the deformation of the up-stands on the body.
From the punch test the most severe damage, with respect to therma performance, was predicted to
be the removd of an area of the cork insulation adjacent to the lid bolts.

Modified Finite Element modes of both the SWTGC-285 and —150 containers were generated
representing the containers damaged by the drop and punch test. A total of three models were
therefore produced for each container. These models represented:

»  Theundamaged container
= The containers damaged by the drop test
= The contaner damaged by the punch test



For each of these modds, caculations were performed to determine the temperature digtribution
through the containers both under norma trangport condition and during the IAEA Regulatory
thermal test.



Figure 2 — Finite Element Mesh of the SWTC-150 Container

Figure1— Genera Arrangement of the SWTC-150 Container



BOUNDARY CONDITIONS

The boundary conditions used in the caculation of temperatures during normd transport were
based upon the requirements for atype B(U) container [1]. An ambient temperature of 38°C was
therefor e modelled and solar radiation included. Because the thermd capacities of the SWTC-285
and—150 are very large, the insolation fluxes specified in the IAEA Regulations to be applied for
12 hours eech day were hdved to give steedy average fluxes. The insolation flux was moddled by
modifying the black body temperature to which the surfaces exchange heet by radiation. This
temperaure is 84.8°C on the top and 51.7°C on the Sde, obtained from the radiative heet exchange
equation:

Q = S (Te4 - Tamb4)

where Q is the insolation heat flux (400W/nf and 100W/nf respectively)
S is Stefan’ s constant,

Te isthe effective black body temperature (in absolute units),
ad Tap isthe ambient temperature (311.2K).

Radiation was modelled to a black body surface around each container. A ray-tracing caculation,
induding the effects of reflection, was used to determine the radiaion hest flux to or from each
individua element.

Natura convection was modeled using hest transfer coefficients derived from standerd published
correlations.

The wagte ingde the SWTC-285 and —150 was assumed to be generating 200W of heet. This heat
load was represented as a congtant heet flux gpplied uniformly over the insde of the body and lid.

The boundary conditions usad in the calculation of temperatures during the hesting phase of the
thermd test represented the container being enveloped in apool fire at atemperature of 800°C, as
specified in the IAEA Regulations[1]. The Regulations specify thet the fire should be assumed to
have an emissvity of 0.9. Reflection of radiation from the fireis unphysca. Rediation was
therefore modelled as being from a black surface a atemperature of 772.3°C, obtained from the
equation:

t.*=09"t,.*+01"t,,*

wheretq;, tiread ta, are the absolute temperatures of the effective black body source, the fire and
the ambient respectively.

Thetop and sides of the SWG285and -150 have a complex shgpe. Radiaion was therefore
moddled to a black body surface surrounding each container. Thisisillustrated in Figure3. A
ray-tracing caculaion, including the effects of reflection, was used to determine the radiation heat
flux to or from each individud eement. To represent the opacity of red flames, any surface more
than 0.2m away from the up-stands, lid pintle or ribs was assumed to see only flames a an effective
temperature of 772.3°C.



For convection heat transfer from the fire, a convection coefficient of 15W/n/K was used. Thisis
pessmistic compared to the value of ‘about 10W/nf/K’ recommended by the IAEA Advisory
Materid [5].

During the cooling phase of the thermd test, the same boundary conditions were applied as during
normal trangport. The full vaues of solar insolaion specified by the IAEA Reguldions were

goplied in this case, however, representing the fire test occurring during the daytime.

TEMPERATURES DURING NORMAL TRANSPORT

A gmilar temperature distribution during normd transport was predicted for both the SWTC-285
and—150 containers. Theinternd heat load of 200W was found to have a negligible effect upon
the container temperatures, the resulting temperature distribution being dominated by ambient
conditions and solar insolation.  The temperature of the containers was predicted to be about 40°C
on the bottom and to increase with height to about 60°C on thetop. This reflects the heet flux from
solar insolation increasing from zero on the bottom surface to 400W/nf average on the top.

TEMPERATURESDURING THE THERMAL TEST

Figure 4 shows the predicted temperature of the undamaged SWTC-150 a the end of the 30 minute
heating phase of the therma test. Temperatures gpproaching 800°C are predicted on the cladding
around the cork and microtherm insulation, but the temperatures of the body and lid of the

container have not changed sgnificantly from those predicted during norma trangport. A modest
risein temperature is predicted around the lid bolts, an areawhich isnot insulated. A more
sgnificant temperature rise, to over 600°C, is predicted at the erds of the up-gands, ribsand lid
pintle

During the cooling phase of the thermd test, the heat stored in the hot ribs and up-standsis
gradudly conducted into the container body and lid. The therma capacity of the containers,
egpecidly the SWTC-285, is very large however and so the resulting rise in temperature is only
modest. The highest temperatures were found to occur for the modd which included dameage from
the punch test, due to the assumed removad of some of the cork insulation. For both the SWTC-285
and—150, the peek temperature of the lid sedl is predicted to be less than 180°C, well within its
temperature limitations. This pesk temperature occurs a around 1 hour after the start of the
thermd test.

Ontheingde of the container, thelid is predicted to be the hottest surface on the SWTC-150,
reeching an average temperature of 112°C 2¥ours after the start of the thermd test. On the
SWTC-285 the base is the hottest surface because it is not covered by any insulation. Itis
predicted to reach an average temperature of 131°C. From these surface temperatures, and the
predicted response of the waste packages, the pressure ingde the containers was determined. For
the SWTC-285, the maximum pressure during norma operetion of 7 bar was predicted to increase
to amaximum of 14 bar during the thermd test. For the SWTC-150, the pressure was only
predicted to increase from 7 bar to 9 bar during the thermdl test.
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SEAL GAPDURING THE THERMAL TEST

The FEAT caculations of thermd digtortion during the thermd test showed that, for both the
SWTC-285and —150, the heet from the fire produced a bowing of the lid and body. The resulting
gap around the lid seals was predicted to be grestest at the end of the heeting phase of the thermd
test, when the temperature gradients were a maximum.

To perform amore detalled andyds of the thermd distortion, the temperature digtribution in each
container and itslid at the end of the heating phase was passed to the ABAQUS [3] code. The
insulation and its cladding were removed from the modd for this andyss asthey are sructurdly
unimportant. The lid bolts were dso removed and replaced by beam dements, attached to the body
and lid usng kinematic condraints. A pair of contact surfaces was defined on the underside of the
lid and the sedling face of the body. It was assumed that there was no pre-load remaining inthe
bolts following the impact tests, which occur prior to the thermd test.

For the SWTC-285, the maximum gap around the inner lid sed due to thermd digtortion was
predicted to be 0.5mm and this maximum was predicted to occur at the corners of thelid. For the
SWTC-150, the corresponding maximum ggp around the inner lid sed was predicted to be 0.8mm,
this maximum occurring 0.6m from the corner of thelid. Even when these gaps were added to the
permanent distortion predicted to be caused by the impact tests, the resulting gaps were ill
aufficiently smal that containment would not be lost from ether container.

CONCLUSIONS

Thethermd performance of two new designs of container for transporting waste packages has been
asessed. The thermd performance of both the SWTC-285 and SWTC-150 has been shown to
mest the requirements of the IAEA Regulaions. All the seds are predicted to remain wel within
their temperature limits during the thermd test. The gap between the body and lid, around the lid
sedls, caused by thermd digtortion during the thermd test, was aso shown to remain sufficiently
amadl for containment not to be lod.
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