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ABSTRACT

MDS Nordion, adivison of Canadian-based MDS Inc., maintains and operates transport
packages for the digtribution of radioactive materias used in the medicd, Serilization and
pharmaceutica industries. Each of these packages must be proven to meet internationa
regulatory standards, often including the analysis of the packages under accident fire conditions.
Actud physcd firetests are costly and time consuming. Therefore, it is beneficia to Smulate
such fire tests with numerica models vaidated againgt previous tests.

This paper describes the thermal smulation of the IAEA TS-R-1 regulatory fire conditions
(800°C firefor aperiod of 30 minutes and left to cool naturdly in the heat of the sun) ona
trangport package using the ANSY Sfinite e ement code. The anadlyzed transport packageisa
steel encased cylindrica leed-filled radiation shield welded to a support frame. A cylindrica
cavity in the center of the shield, sedled by alead-filled shidding plug, holds the radioactive
materid. Theradiation shield iswrapped in thermd insulation, which isheld in place by wire
mesh.

A two-dimengond, axi- symmetric model was devel oped to smulate the therma behavior of the
trangport package during and after the regulatory fire. Mechanica deformations and stresses
induced from the temperature digtributions in the package are not considered in this paper. The
mesh (solid mode, radiation enclosure caculations, convection and radiation eements), materid
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properties (nonlinear), boundary conditions (radiation and convection) and loading (thermal
trandent, heat generation) used in the ANSY S smulations are discussed. Test datafrom
physica seady Sate and trandent fire tests was used to develop and vaidate the modd. The
finite dement modd was then used to predict and eva uate the response of the package to the
TS-R-1firetrangent.

INTRODUCTION

MDS Nordion, adivison of Canadian-based MDS Inc., maintains and operates transport
packages for the distribution of radioactive materias used in the medicd, Serilization and
pharmaceuticd indudtrie s. Each of these packages must be proven to meet internationa
regulatory standards, often including the analysis of the packages under accident fire conditions.
Actud physicd firetests are costly and time consuming. Therefore, it is beneficid to smulate
such fire tests with numerica models validated againgt previous tests.

This paper describes the therma smulation of the IAEA TS-R-1 [1] regulatory fire conditions
(800°C fire for a period of 30 minutes and left to cool naturdly in the heet of the sun) ona
trangport package using the ANSY Sfinite dement code [2]. Test data from physical steedy
date and transient fire tests was used to develop and validate the model. Mechanica
deformations and stresses induced from the temperature distributions in the package are not
consdered in this paper.

The andyzed transport package, shown in Figure 1, is a sted- encased cylindrical lead-filled
radiation shield welded to a support frame. A cylindrica cavity in the center of the shield, sedled
by alead-filled shielding plug, holds the redioactive materid. The radiation shidd iswrapped in
thermd insulation, which is hdd in place by wire mesh.

FINITE ELEMENT MODEL

A two-dimensond axi-symmetric finite dement modd of the mgor components of the transport
package was congtructed, using the ANSY S finite eement code, as shown in Figure 2. The
dengity of the finite dement mesh was sdlected to ensure convergence of the solution. When
subjected to the regulatory drop tests, the mgjor components of the packaging sustained no
sgnificant damage. Therefore, the package was modeed in the undamaged condition. The
cavity was modded as a materia with a high therma conductivity and low dengty, such that it
would not retain heet or affect the heet balance. The hegt generation from the sources, when
required, was gpplied to these elements. Temperature dependent materia properties for the
lead and stedl (thermal conductivity, specific heat and dengity) were taken from reference [3].
The propertiesfor theinsulation will be discussed in the following sections.

The heat flow within the package was assumed to be entirdly by conduction. The heet flow on
the outside of the package was assumed to be through radiation and convection.
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Thenormd conditions of trangport heet transfer coefficient for convection, Hnc, was calculated
from reference [3], using steedy state experimentd data of the fully loaded package, as,

Hnc = 0.95(DT)*3 = 0.95(2)°3% = 1.2 W/n?°C

The accident conditions of transport heat transfer coefficient for convection, Hac, was calculated
from reference [3] as,

Hac = k/D * C (uD/n)"Pr0-333

Where: D isthe outside diameter of the transport package = 0.774 m
C, n are congtants that depend on the Reynold's number (= uD/n)
k = thermal conductivity of the fluid
n = kinematic viscosty of thefluid
Pr = Prandtl number for the fluid
u = free stream vel ocity=10 nv/'s according to regulatory advisory materia

The property values of k, n and Pr are evauated at the film temperature, whichis defined asthe
mean of the wall and free stream fluid temperatures. At the start of thefire, the outside insulation
temperature is assumed to be 40°C, based on the temperature differential from ambient in the
steady State experiments and the ambient temperature required by the regulations (38°C). The
film temperature is, therefore, (800+40)/2 = 420°C. From reference [3] the property values are
k =0.052 W/m°C, n = 6.5e-5 nt/sand Pr = 0.684. Thisyields a Reynold’'s number of about
120,000. At thisReynold's number, the constants C and n are 0.0266 and 0.805, respectively
[3]. Subgtituting these vaues into the equation above yidds,

Hac = 0.052/0.774 * 0.0266 * (10*0.774/6.56-5)%8%% (0.684)°%3 = 19 W/n?°C

After the fire an average vaue of the before and during heat transfer coefficients was used, (1.2
+19)/2 = 10 W/nt°C.

The emissvity of the outside surface was assumed to be 1.0. The view factor was aso assumed
to be 1.0 to maximize the radiation hegt transfer, worst case for accident conditions of transport.

LOAD CASES

Three |oad case scenarios were Smulated as follows.

1. Smulation of Steady State Physical Test
Thisload case was used to determine the steedy state behavior of the model. The smulated
results were matched againgt steady state temperature measurements from a physical

experimenta test with radioactive materia |oaded into the transport package. No solar load
was gpplied as the test was conducted indoors.
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The ambient temperatures on the outside of the package from the experimenta test data
were used in the Smulation. The therma conductivity of the insulation covering, taken from
the manufacturer’ s specifications, was adjusted by a congtant factor until theinsgde and
outside temperature of the container matched those in the experiment. Thiswas required
snce theinsulaion is not perfectly gpplied asit isin the modd, resulting in more heet transfer
in redity than would occur in the modd where the insulation completely isolatesthe
container from outsde conditions.

2. Vdidaion Agang Physicd Fire Test

Once the insulation properties were obtained from the steady state smulation, the fire
trandent shown in Figure 3 was applied to the model and the results compared to
temperature measurements from a previous experimental test of the package subjected to
thisfire trangent. For the physical fire test, no radioactive materid was used insde the
transport package, and no solar load was applied as the test was conducted indoors. The
initid conditionsfor the smulation were taken from the physical test data.

3. Smulation of IAEA TS-R-1 Regulatory Fire Trandent

Findly, the IAEA TS-R-1 regulatory fire trandent (Figure 3) and pre and post fire
conditions were gpplied to the modd. An interna hest generation corresponding to 26,000
Ci of cobalt was applied throughout the transient and an insolation load of 800 W/n¥ was
gpplied after the end of the fire (30 minutes into the transient). Solar loading was gpplied
during the cool-down period after the 30 minute, 800°C fire. Initid conditions and ambient
temperatures were set as per the regulations

RESULTS AND DISCUSSION
1. Smulation of Steady State Physical Test

As discussed above, this smulation was performed to determine the therma conductivity of
the insulation covering required to correctly balance the heat within the package.

2. Vdidation Againg Physicd Fire Test

The temperaure transent caculated on the outside of the sted (inside the insulation) is
shown in Figure 4 and is compared to that measured in the physicd test a a Smilar location.
The results show that the modd bounds the experimenta temperature transient in the critical
part of the trandent and, therefore, provides a conservative estimate of the container surface
maximum temperature.
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3. Simulation of IAEA TS-R-1 Regulatory Fire Trandent

The cdculated temperature trandent on the outside of the ted is shownin Figure 5. The
maximum lead shielding temperature reached in the Smulated IAEA TS-R-1 fire was
260°C, well below the mdting temperature of lead, 327°C. MDS Nordion requires that
there be no lead mdlt in the trangport package during or after the fire. Note that,
coincidentally, this temperature is dmost exactly the same as the maximum temperature
reached in the previous experimentd fire test (Figure 4). This occurs because the therma
conductivity of the insulation increases with temperature. Consequently, more hest is
transferred to the package by conduction through the insulation in the previous fire test
where the ambient tempeaatures were higher (up to 870°C). Thisresultsin about the same
maximum temperature being reached even though the temperature did not reach 800°C until
15 minutesinto the trangent.

CONCLUSION

Test datafrom a steady state and atransient fire test was successfully used to develop and
vaidate afinite eement model to predict and evauate the behavior of atransport package
subjected to the IAEA TS-R-1 regulatory fire test. Good agreement between the experimental
measurements of the transport package and the smulation results was obtained. The results of
the smulated IAEA TS R-1 regulatory fire test on the transport package showed no
temperaturesin the lead shielding above the melting point of lead, arequirement for dl MDS
Nordion transport packages during or after thefire.
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Figure 3
Experimentd Fire Transient and
IAEA TS'R-1[1] Regulatory Fire Test Transient
(Jefrey Ramsay — MDS Nordion)
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Calculated and Experimental Temperature Transient on Outside Surface of Transport Package

Page 7 of 8



THERMAL ANALY SIS OF REGULATORY FIRE Jefrey Ramsay — MDS Nordion
CONDITIONS ON A TRANSPORT PACKAGE FOR
RADIOACTIVE MATERIAL

(Jefrey Ramsay — MDS Nordion)

300

250 Pl

N

200 /
150 /

100

Temperature (°C)

50

0 600 1200 1800 2400 3000 3600 4200 4800

Time (s)

Figure 5
Calculated Temperature Transient on Outside Surface of Transport Package for IAEA TS R-1
[1] Fire Transient
(Jefrey Ramsay — MDS Nordion)
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