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ABSTRACT 

A thermophysical property model developed to 
analytically determine the thermal response of 
cane fiberboard when exposed to temperatures 
and heat fluxes associated with the 10 CFR 71 
hypothetical accident condition (HAC) has been 
benchmarked against two Type B drum package 
fire test results. The model 9973 package was 
fire tested after a 30 ft top down drop and 
puncture, and an undamaged model 9975 
package containing a heater (21W) was fire 
tested to determine content heat source effects. 
Analysis results using a refined version of a 
previously developed HAC fiberboard model 
compared well against the test data from both the 
9973 and 9975 packages. 

I. INTRODUCTION 

Radioactive material packages must conform 
to the requirements of 10 CFR 71 [1] to obtain 
transportation certification. The thermal HAC 
described in 10 CFR 71.73 is: 

"Exposure of the whole specimen 
for not less than 30 minutes to a heat flux not 
less than that of a radiation environment of 800°C 
(1475°F) with an emissivity coefficient of at least 
0.9. For purposes of calculation, the surface 
absorptivity must be either that value which the 
package may be expected to possess if exposed 
to a fire or 0.8, whichever is greater. In 
addition, when significant, convective heat input 
must be included on the basis of still, ambient air 
at 800°C (1475°F). Artificial cooling must not 
be applied after cessation of external heat input 
and any combustion of materials of construction 

must be allowed to proceed until it terminates 
naturally. The effects of solar radiation may be 
neglected prior to, during, and following the 
test" 

Two Type B drum packagings were subjected 
to the fire test and analysis. The 9973 packaging 
has double containment vessels within a 
fiberboard overpack as shown in Figure 1. The 
fiberboard (ASTM Specification C 208) is 
laminated from half inch sheets to form the 
desired shapes. The fiberboard is the primary 
source of thermal protection during a fire. Both 
containment vessels are made of type 304 
stainless steel. The inner Primary Containment 
Vessel (PCV) weighs 27.5 lbs. and the outer 
Secondary Containment Vessel (SCV) weighs 
45.6 lbs. The 9973 does not have a radiation 
shield. The 30 gallon removable head drum is 
fabricated of 18-gage type 304 stainless steel. 
The entire packaging weighs 187 lbs. Four 1/2 
in. vent holes 1 in. below the top are drilled into 
the drum. The holes have fusible plugs to 
prevent moisture from entering during normal 
conditions of transport The plugs melt during a 
fire, allowing gasses generated within the 
fiberboard during the fire to vent 

The 9975 packaging is very similar to the 
9973 packaging, although the 9975 packaging is 
slightly larger (35 gallon drum) and contains a 
1/2 in. thick lead radiation shield as shown in 
Figure 2. The 9975 packaging weighs 360 lbs. 

Both packages are designed to ensure that the 
fiberboard insulation does not burn or smolder 
and to minimize peak internal temperatures 
during the thermal HAC. An air shield prevents 
outside air from contacting and igniting the 
fiberboard following the 30 minute fire. 



II. PREVIOUS WORK 

Packagings using cane fiberboard were 
investigated by Lewallen in 1972 [2]. Free drop, 
puncture and thermal package tests were 
performed to investigate packaging designs. The 
conclusion of the study was that cane fiberboard 
could be used as an overpack material as long as 
certain recommendations were followed. With 
respect to the HAC these included: venting 
should be provided, especially for drums greater 
than 30 gallons, and smoldering must be 
prevented. 

Fiberboard degradation following extended 
exposure to temperatures ranging from 200°F to 
350°F was investigated by Cadelli in 1982 [3]. 
Combustion did not occur below 350°F. At 
300°F the material darkened in color. Darkening 
increased significantly as the material was 
exposed to increasing temperatures. At 350°F 
the material lost virtually all of its structural 
strength and delamination occurred. Cadelli 
reports a thermal conductivity of 0.031 Btu/ft.-
hr.-°F as provided by the manufacturer. 

In 1988 Sanchez et. al. measured thermal 
properties of cane fiberboard up to 532°F in an 
argon environment [4]. The report notes that 
measurements were complicated by sample 
charring and shrinkage. A conductivity of 0.031 
Btu/ft.-hr.-°F at 77°F, which agrees with the 
manufacturers value reported by Cadelli [3], was 
reported. 

More recently, Anderson has investigated 
cane fiberboard charring and pyrolysis [5,6]. 
Investigations of the charring process yielded 
virtually identical results to those documented by 
Cadelli [3]. At 300°F the material darkened 
slightly which increased significantly up to 350°F 
where the material layers separated very easily. 

Anderson used the cane fiberboard properties 
reported by Sanchez et. al. [4] in conjunction 
with a volumetric heat generation source to 
perform HAC thermal analysis of the DT-18 and 
PC-1 packagings. A comparison of the analysis 
with furnace test data was made. The analytical 
model is quite conservative because it 
overpredicts inner container vessel temperatures 
by roughly 390°F. Anderson also performed a 
similar analysis without the additional heat 
source which resulted in significant 
underprediction (greater than 120°F) of the inner 

vessel temperature. In fact, the analysis without 
the additional volumetric heat source resulted in 
minimal heat transfer to the inner vessel. The 
vessel did not see any increase in temperature 
until after the 30 minute fire portion and peaking 
occurred 3 hours after the fire. The test data 
showed the vessel temperature increased 
significantly 15 minutes into the test with 
peaking occurring 15 minutes after the furnace 
test. Clearly, using the reported thermal 
properties of fiberboard significantly 
overestimates the insulating capabilities of the 
material when exposed to the high temperatures 
associated with HAC. 

Hensel and Gromada [7] have proposed an 
HAC thermophysical property fire model for 
cane fiberboard based on 1-D fiberboard tests. 
Comparison of the model to actual package data 
was inconclusive because of the lack of well 
documented package fire data available. The 
concern of preheating a low wattage drum 
package to account for internal heat source 
effects was also addressed. 

The presentation of new drum package fire 
test results and comparison with analyses using a 
modified version of the previously reported HAC 
fire model are the focus of the present work. 

III. 9973 AND 9975 PACKAGE TESTS 

A damaged 9973 packaging and an 
undamaged 9975 packaging containing a 21W 
heater were separately tested in a quartz-electric 
radiant furnace. The tests were conducted at the 
Radiant Heat Facility at the Sandia National 
Laboratory. Instrumentation leads were 
protected by routing through a 0.75 in. flexible 
metal conduit attached to each drum. 

The 9973 packaging was instrumented with 
16 Type K thermocouples. A lead mock content 
mass was used, and both the PCV and SCV 
were pressurized to 150 psig. The 9973 
packaging was subjected to a regulatory 30 ft. 
top down impact onto an unyielding surface and 
a 40 in. top down puncture drop onto a 6 inch 
diameter steel bar prior to the thermal test 

Instrumentation paths in the 9975 packaging 
included drilled holes in both containment 
vessels for internal heat source leads. Additional 
instrumentation consisted of 18 Type K 
thermocouples. A steel mock content mass was 
included, and neither containment vessel was 



pressurized. To ensure more realistic initial 
conditions the 9975 packaging was preheated to 
steady-state conditions by using the 21W internal 
heater. Preheating took 120 hours. 

The 9973 package was tested horizontally 
with the conduit lead down and with vent holes 
45° off vertical. This testing orientation was 
intended to facilitate air ingress during testing 
and to maximize the average surface temperature. 
All 9973 packaging surface temperatures were at 
least 1500°F during the test The 9975 was 
tested upright to ensure symmetry, resulting in a 
somewhat cooler bottom temperature. 

In addition to the 30 minute heating period 
when control temperatures were achieved, each 
package was exposed to approximately 10 
minutes of additional heating during furnace 
ramp-up and stabilization. No artificial cooling 
was applied after the 30 minute heating test 

IV. THERMAL ANALYSES 

Although the 9973 packaging was fire tested 
after a 30 ft top down drop and puncture, it was 
modeled as an undamaged package (Figure 1). 
The content properties in the model were 
adjusted to reflect the lead mock contents. The 
9975 packaging contained a heater surrounded 
by a steel cylinder mock content, which was 
included in the model (Figure 2). 

The HAC thermal analysis is typically 
performed using a general purpose heat 
conduction code (finite element or finite 
difference) by applying the boundary conditions 
stated in 10 CFR 71.73 to a package model The 
thermal analyses were performed using the 
general heat conduction software P/Thermal™, 
and the time dependent temperatures on the 
packaging drum surface were used as boundary 
conditions. 

The cane fiberboard HAC fire properties used 
in the analyses are presented in Tables 1 and 2. 
These properties are similar to the initial set 
developed against 1-D fiberboard tests [7]. The 
fiberboard properties in Table 1 are used 
throughout the fiberboard during the fire 
(heating) portion of the test. Special "char" 
properties are used on the outside 1.4 inches of 
fiberboard during the cooling portion (after the 
30 minute heating) of the analysis only. The 
"char" properties are presented in Table 2. 

The conductivity of the cane fiberboard in 
Table 1 was used in the air gap between the 
fiberboard and the SCV in the 9973 packaging to 
more accurately account for the flow of hot gases 
through the fiberboard. The density and specific 
heat properties for air were used in the gap. 
Radiative heat transfer was also included in the 
gap as well as all other appropriate surfaces in 
both the 9973 and 9975 packaging models. 

The analysis of the 9973 packaging began 
with an initial temperature of 75°F throughout the 
package. The 9975 packaging was heated in an 
enclosed room for 120 hours (until temperatures 
leveled off) by the 21W internal heater prior to 
the test A preliminary steady-state normal 
condition analysis was required to obtain the 
initial temperature distribution in the 9975 
packaging. Results of this normal condition 
analysis overpredicted internal package 
temperatures when cane fiberboard thermal 
properties in the literature were used [9]. The 
fiberboard conductivity reported in the literature 
was increased by a factor of 2 to more accurately 
compute the initial temperature profiles in the 
9975 packaging. Recent tests confirm the in-
plane conductivity to be roughly twice that of the 
out-of-plane value [10]. 

V. COMPARISON OF RESULTS 

Results of the HAC thermal analysis of the 
9973 packaging are presented in Figures 3 
through 5. All of these Figures are of the same 
format where the test data is referenced as "Data" 
and the analysis results as "analysis". All 
temperatures are in °F and all times are in hours. 
The analysis ended at 4.5 hours. 

Figure 3 is a transient plot of the drum wall 
temperature. Four thermocouples were located 
circumferentially around the outer drum wall 
during the test The data varied slightly around 
the drum wall due to circumferential heating 
variations. The drum wall temperature during 
the analysis compares well with the data. Drum 
wall analysis temperatures verify that adequate 
boundary conditions were used during the 
analysis. Actual benchmarking comparisons can 
only be made with internal package temperature 
data. 

In Figures 4 and 5 analysis results are 
compared with test temperatures at the Secondary 



Containment Vessel (SCV) seal and SCV side 
wall. The transient temperatures compare well at 
the SCV seal and SCV wall. The analysis 
predicts a peak temperature at both locations 
within 20°F of the measured values. The 
calculated peak temperatures occur about one half 
hour later than the measured ones. The 
measured curves illustrate the circumferential 
variations at both locations. These variations are 
likely caused by asymmetric heating (as shown 
by the drum wall transient temperature curves) 
and small air gaps because the package is laying 
on its side during the test 

Results of the HAC fire analysis of the 9975 
packaging are presented in Figures 6 through 11. 
Again, all of these Figures are of the same format 
where the test data is referenced as "Data" and 
the analysis results as "analysis". The 
temperatures are in °F, times are in hours, and 
the analysis ended at 4.5 hours. 

Figure 6 is a transient plot of the drum wall 
temperature. Two thermocouples were located 
circumferentially around the outer drum wall 
during the test. The drum wall temperature 
during the analysis compares well with the data, 
and circumferential variation in the data is 
minimal because the package was tested upright 

In Figures 7 through 11 analyses results are 
compared with test temperatures at the fiberboard 
middle, lead side, SCV seal, SCV side, and 
Primary Containment Vessel (PCV) lid. All 
measured temperatures compare fairly well with 
the analysis. The measured temperatures at the 
fiberboard middle show extensive circumferential 
variation. Post test evaluation of the package 
showed uneven radial charring in the package, 
although little circumferential temperature 
variation exists elsewhere. Post test evaluation 
also suggested some thermocouple movement 
The measured temperatures of internal packaging 
components all compare fairly well with the 
calculated values, although the calculated values 
tend to somewhat overpredict peak temperatures 
and cool more quickly. The overprediction and 
excessive cooling were observed in the 9973 
packaging as well. The 9975 packaging 
benchmark demonstrates that internal package 
component temperatures can be calculated for 
packagings with internal heat sources. 

VI. CONCLUSIONS 

The fiberboard thermophysical HAC fire 
model has been benchmarked against a damaged 
9973 packaging and an undamaged 9975 
packaging with an internal heater by comparison 
with measurements taken during a thermal test at 
SNL. With respect to both the 9973 and 9975 
packagings, the internal packaging temperature 
transients compared fairly well with the 
calculations, although the calculated temperatures 
tend to conservatively overpredict peak 
temperatures. Damage appears to have relatively 
minimal effects on package internal temperatures, 
but this would not be true for an improperly 
designed fiberboard drum package (e.g. 
excessive fiberboard burning after the 30 minute 
fire). An air gap between the fiberboard and 
vessel wall, as in the 9973, requires special 
treatment to negate the usual insulating effects of 
the air gap. 

Future refining of the fiberboard 
thermophysical property simulation model, to 
more accurately follow the cooling portion of the 
transient, will be made as more fire test data 
becomes available. 
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IX. FIGURES AND TABLES 

Table 1: Non-Char Fiberboard Properties 
Property Temp. (°F)/Value 

Conductivity 80/0.035 200/0.55 
Btu/ft.-hr.-°F 115/0.16 210/0.09 

150/0.37 220/0.09 
170/0.45 450/0.07 
185/0.55 500/0.07 

Density 80/15.4 
lb/ft 3 475/15.4 

810/8.5 
1500/3.5 

Specific Heat 70/0.25 
Btu/lb-0F 400/0.50 

500/0.50 1 
Phase Change: 50 BtuAb @ 200°F 

Table 2: Char Fiberboard Properties 
Property Temp. (°F)/Value 

Conductivity 100/0.07 
Btu/ft.-hr.-°F 140/0.07 

200/1.0 
300/0.30 
500/0.07 
600/0.07 

Density lb/ft3 8.1 
Specific Heat Btu/lb °F 0.25 

Conductivity 100/0.07 
Btu/ft.-hr.-°F 140/0.07 

200/1.0 
300/0.30 
500/0.07 
600/0.07 

Density lb/ft3 8.1 
Specific Heat Btu/lb °F 0.25 

No phase Change. 
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