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DROP, PUNCTURE, AND THERMAL TESTS PERFORMED 
ON THE F0AMGLA5 3RIPPING CONTAINER, 

DOT SPECIAL PERMIT NO. 519$ 

ABSTRACT 

The Foamglas Shipping Container, which has been issued 
Department of Transportation Special Permit No. 5795, was 
subjected to the drop, puncture, and thermal tests, which 
are part of the "Hypothetical Accident" conditions of the 
AEC Appendix 0^29, This container passed these tests 
without damage to the inner container and no damage that 
would result in loss of radioactivity, The polyethylene 
bottle inside the inner container was not damaged by the 
thermal test, Water contained in the polyethylene bottle 
reached a maximum temperature of 158°F JL4.OO minutes after 
the start of the thermal test. 

1 , INTRODUCTION 

When a package containing radioactive or fissile material is shipped 
from one location to another, the package is subject to regulations govern-
ing its structural integrity and heat dissipation capabilities, These 
regulations are set forth in Chapter 0^29 of the United States Atomic 

1 
Energy Commission Manual. To secure approval for shipment, it must be 
shown by test, experimental, or computational methods that the package 
complies with these regulations. The Oak Ridge National Laboratory (ORNL) 
Foamgla's Shipping Container has been analyzed and it was determined that 
it complied with the applicable regulations. Compliance with the drop, 
puncture, and thermal test conditions of the Hypothetical Accident (see 
Appendix A) were determined by analysis and computational methods at the 
time the original analysis was submitted to the AEC and LOT. 

Tests to determine how the shipping container performs under the 
actual drop and thermal test conditions were made and are the subject of 
this reportt 
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The ORNL Foamglas Shipping Container'' is illustrated in Fig, 1 . 
Sixty containers (numbers 51 through 110) have been fabricated and 
properly identified by the applicable Department of Transportation 
Special Permit No „ 5795. Thio container is used to ship uranium and 
plutonium isotopes, either singly or in mixture, as metal, oxide, or 
solution. Shipments using polyethylene bottles containing liquids are 
limited to 5 watts heat output,, Other shipments are limited to 10 watts. 

As shown in Fig. 1, the radioactive material is placed in a sealed 
container inside the flanged and gasketed stainless steel inner container 
which is centered in a 55-gal drum. The space between the inner container 
and the drum is filled with Foamglas and the voids filled with an epoxy 
resin. Access to the inner container is by means of a removable Foamglas 
plug which is under the drum lid, 

2. SUMMARY 

The Foamglas Shipping Container was subjected to the first three 
conditions of the hypothetical accident (Appendix A) which are to be 
applied in sequence to a single container. First, the container is to 
withstand a free fall drop of 30 ft (drop test) onto a flat ur< Elding 
surface; second, it is to be subjected to a 2;0 in, free drop o. j a 
6-in.-diam vertical bar (puncture test); and third, exposure to a 1lj.750F 
fire for 30 minutes (thermal test). The fourth condition of the hypo-
thetical accident, immersion in water, was met since the inner container 
gasket was not damaged by the drop or thermal tests. Tests were performed 
on three different containers. 

A drop test was conducted on a production Fcamglas Shipping Container 
(No, 9U). Damage resulting from the three 30-ft drops did not cause damage 
to the inner container nor would it have resulted in release of radio-
activity since the inner container gasket remained intact, Since there was 
a remote chance that there may have been radioactivity ;.n this used con-
tainer, it was not subjected to the thermal test. 

A new Foamglas shipping container was built and subjected to the drop,, 
puncture, and thermal test . This "special" Foamglas Shipping Container 
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Fig. 1. Foamglas Shipping Container. 
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withstood the drop test (30~ft free fall), puncture test (U0-in„ free 
fall), and the thermal test (1lt7£°F fire for 30 minutes) without damage 
to the inner container and without damage that would result in loss of 
radioactivity since the inner container gasket remained intact, Flames 
and smoke,which affected the furnace controller, together with an electri-
cal interference,which affected the thermocouple outputs and the tempera-
ture recorded while the container was in the furnace, cast doubts on the 
temperatures observed and recorded; therefore, this test was repeated. 

A "second special" Foamglas Shipping Container was built and sub-
jected. to the drop, puncture, and thermal tests. In an attempt to reduce 
the source of combustible material, this Foamglas Shipping Container was 
built without the epoxy film between the inside drum surface and the out-
ride of the Foamglas and without the outside covering of epoxy on the 
removable Foamglas plug (see Fip , 1), 

It was found in the previous thermal test that the epoxy within 
1 in. of the drum surface was volatilized.and inside this it was undamaged. 
The volatilized epoxy appeared to be the source of the flammable gas which? 

when vented from the holes drilled for the thermowells, caught fire, causing 
erratic behavior of the furnace controls. Since the epoxy covering of the 
removable Foamglas plug had been installed solely to prevent deterioration 
of the Foamglas caused during handling and to reduce the "harsh feel" of 
the Foamglas to the touch, its removal did not cause a safety hazard. In 
addition, the second container had non-grounded sheathed thermocouples to 
eliminate stray electrical currents: and the temperatures observed were, 
therefore, reliable both inside and outside the furnace. 

After the drop and puncture tests, a polyethylene bottle containing 
water was inserted in the inner container for the thermal test. 

The second special Foamglas Shipping Container withstood the drop 
test, puncture test, and the thermal test (the package was in the furnace 
for 50 minj the furnace temperature exceeded 1^75°F for the last 30 min 
of the test), without damage to the inner container and without damage 
that would result in loss of radioactivity since the inner container gasket 
was undamaged. The temperature of the water in the polyethylene bottle 
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inside the inner container was found to be a maximum of 158°F at l+OO 
minutes after the insertion of the container into the furnace. The maxi-
mum temperature of the inner steel container was 2 0 3 w h i c h was at the 
top flange and that temperature occurred 100 minutes after the start of 
the test. The maximum temperature of the bottom of the inner container 
was 17i|-0F at 2hO minutes after the start of the fire and the middle of 
the inner container reached a maximum of 159°F at 320 minutes. 

These tests indicate that the packages currently in service are 
capable of withstanding the hypothetical accident conditions with no 
loss of contents. 

3 , DESCRIPTION OF FOAMGLAS SHIPPING CONTAINER 

The external part of the Foamglas Shipping Container (see Fig, 2) is 
a carbon steel drum 23 in, 0D by 35 in. long (part 10) which meets Specifi-
cation 17H. Suspended inside the drum is a flanged and gasketed stainless 
steel inner container which has inside dimensions of U.81 in. diam by 
18 in. long. The side wall of the inner container is made from a 5 in, 
Sched 80 pipe (part 11) which has a 0.375 in. wall. The bottom of the 
inner container is a 1/U-in.-thick plate (part 12) welded to the pipe. 
The flange (part 9) of the inner container is 1/2 in. thick by 10 in, 0D 
and is welded to the outside of the pipe. The flange is drilled and tapped 
with eight 3/h in. by 10 NC holes on an 8-1/2 in. pitch diameter. The top 
removable matching flange (part 7) is 1/2 in, thick and is held to the 
body by eight each 3/h in. by 10 NC hex head bolts 1-1A in, long (part 6), 
A silicone rubber gasket 1/8 in, thick, 5 in. ID by 10 in. 0D (part 8) 
separates and seals the body flange and the top flange. 

On the outside of the tc^ flange a 1/1; in. standard stainless steel 
half coupling (part 5) is welded and a 7/16 in. diam hole is drilled 
through the flange inside the half coupling. A I/I4 in. Hoke needle valve, 
Style 327A (part 13), is screwed into the half coupling. This valve is 
used to relieve any pressure OT vacuum built up inside the inner co; taiiier 
before opening it. The valve is protected by two 3/h in. by 3/h in. by 
1/8 in, stainless steel angles (part 11;), each 2-1/1+ in. long and welded 
to the top of the flange. 
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Fig. 2. Section of Foamglas Shipping Container Showing Bonds and 
Air Gaps. 
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A 22-3/8 in, diam by 5-3/U in. thick Foamglas3 disk (part 1) is 
inserted into the bottom of the drum. On this is placed a hollow Foam-
glas cylinder, 5-11/16 in, ID by 22-3/8 in, OD by 16-1A in. high (part 2), 
On top of the Foamglas hollow cylinder is placed a 3A-in.-thick plywood 
disk, 22-3/8 in. OD by 5-11/16 in. ID (part 3), which has eight 1-in.-diam 
holes to match the bolt circle of the inner container flange. The ends 
of the bolts that protrude through the flange are covered with a material 
to prevent the resin from sealing to them and the inner container is 
positioned in the cavity with the bolts coinciding with the holes in the 
plywood disk. 

A removable Foamglas plu»j (part b) 22-3/8-in„-diam by 10 in. high, 
relieved on one side with a stepped hole, the outside step being 1 -3A in. 
deep by '.0-1/8 in. diam, and a second inside hole an additional 2 in. deep 
by 3-3A diam. The other side of the removable Foamglas plug has six 
1 in. diam by 2-1/2 in deep finger holes in two groups of three placed 
opposite each other for use in lifting and handling this plug. 

The Foamglas plug is now covered with a thin coating of a flexible 
casting rasin^" (part 15)« This same casting resin is used to fill the 
voids between the Foamglas and the inner container, the drum, and the 
plywood disk. It is necessary to weight down the inner container during 
this operation so that it will not "float" and thus be mislocated. Only 
enough casting resin is used to fill the voids and form a very thin layer 
on the top of the plywood disk. After the casting resin has set thoroughly, 
the outside of the casting resin on the Foamglas plug and the top of the 
casting resin on the plywood disk are given a thin coating of a coating 
resin^ (part 16). The various typical bonds and air gaps are shown in the 
circles to the right in Fig. 2, The external surface of the drum is 
coated with an intumescent paint^ (part 17). 

After the coating resin has cured, the Foamglas Shipping Container 
is ready to assemble by inserting the Foamglas plug into the drum and 
placing the lid on the drum. A foam rubber gasket is used between the 
lid and the drum, The drum lid in held in place with a bolted aeal ring 
which has a safety wire to prevent tampering or accidental opening of the 
drum. The tare weight of the shipping container is 200 lb. The loaded 
weight is approximately 215 lb. 
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The radioactive or fissile material to be shipped is contained 
inside a sealed metal can if solid and inside a polyethylene bottle if 
a liquid, The containers which are inside the inner container will be 
packed in such a way as to avoid damage or breakage. 

h, FOAMGLAS SHIPPING CONTAINER NO B 9k 

The Foamglas Shipping Container No. 9h (see Fig. 3) was one of the 
containers produced at the time of issuance of the EOT Special Permit 
No. 5795• Several shipments had been made in the container. The outer 
layer of intumescent paint had been chipped in the course of the ship-
ping; however, well over 99% of the intumescent paint was still intact. 
Therefore, this damage is not expected to significantly affect the 
response of the package in a fire. As can be seen in Fig. 3, most of 
the damage to the intumescent paint occurred on the chimes and the clo-
sure seal ring. This damage probably comes from the container being 
rolled in the horizontal position at some time during shipment. The 
closure seal ring in Fig, 3 is reversed from the standard shipping posi-
tion, indicating an empty container. Measurements were taken of the 
drum and are shown in Table 1. 

Figure It shows the view of the interior of the Foamglas Shipping 
Container after removal of the drum lid* The epoxy coating on this Foam-
glas plug has been damaged due to handling and the minor loss of epoxy 
has little effect on its performance. The epoxy coatings on the plug 
are renewed periodically, for appearance sake, as they are damaged or as 
the finger holes become rough to the touch. Figure 5 shows the view of 
uhe interior of the Foamglas Shipping Container after removal of the 
Foamglas plug. The layer of epoxy resin was unbroken and had one small 
rough area where it was not smoothed when applied, A hairline crack 
(see Fig. 6) at the bond between the resin and the drum wall extended 
for an arc of about 160°. The crack was only at the juncture of the 
hard coating resin and the drum and did not extend down into the softer 
casting resin. 
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Fig. 3. Foamglas Shipping Container No. 9k 
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Table 1 . Measurements Taken of Foamglas Container No. 9k 

Overall height of container (floor to top of closure 
clamp ring) 3 1-13/16 in 

Distance floor to center of lower chime 11-3/h in. 
Distance floor to center of middle chime 23 in. 
Distance floor to center of top chime 29-1/2 in. 
Height of chime (outer surface to drum to top 
of chime) 9/16 in. 

Outside diameter of closure clamp ring 21;-1/1; in. 
Outside diameter of cover 23-5/8 in. 
Outside diameter of top of drum 23-7/16 in. 
Diameter of top of reinforcement circle in 
drum covet* 20-1/1; in. 

Intumescent paint thickness 0.022 in. 
Clearance: top of Foamglas plug to drum lid -maximum 5/8 in. 
Clearance: top of Foamglas plug to drum lid -
minimum 1 /k in. 

Clearance: side of Foamglas plug to drum -
average (plug .centered) 5/32 in. 

5. DROP TEST OF FOAMGLAS SHIPPING CONTAINER NO. 9k 

The Foamglas Shipping Container No. 9h was dropped from 30 ft three 
times. The first drop was on the bottom corner. The second was on the 
top corner with a standard drum lid, and the third was on the top corner 
opposite to the second drop with a plywood reinforced drum lid. The 
description of each and an analysis of the damage as the drum was destroyed 
are given below. The damage resulting to the container by the first and 
second drops is shown schematically in Fig. 7. 

5.1 Drop on Bottom Corner 

The first 30 ft drop of the Foamglas Shipping Container No. 9h was 
on the bottom corner. It is shown in the position it was dropped in 
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Fig. 7. Damage to Foamglas Shipping Container No. 9k Due to 
Drops 1 and 2. 
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Fig ? 8, The damage resulting to the container is shown in Figs, 7 and 9. 
After the shipping container was righted the drum lid and the Foamglas 
plug were removed without difficulty. No damage could be seen to the top 
of the inner container, the Foamglas plug, or the drum lid. 

5-2 Drop on Top Corner Using Standard Drum Lid 

The second 30-ft drop of the Foamglas Shipping Container No. 9k was 
on the top corner. It is shown in the position it was dropped in Fig. 10, 
The damage resulting to the container is shown in Figs, 7 and 11 , The 
drum lid was firmly attached to the shipping container after the drop. 
On removal of the drum lid it was found to be impossible to remove the 
Foamglas plug due to the deformation of the top of th3 drum. The condi-
tion under the Foamglas plug was ascertained later (see Sect. 5>.U). The 
folded-over upper chime and top rim were not punctured or cracked. 

5.3 Drop on Top Corner Using Plywood Reinforced Drum Lid 

The third 30-ft drop of the Foamglas Shipping Container No, 9k was 
also on the top corner but a plywood reinforced drum lid was used as a 
closure. The plywood reinforced drum lid is shown in Fig. 12. A 3/U-in.-
thick disk of plywood was grooved on one side to accommodate the reinforce-
ment chime in the drum lid. It was then set in epoxy resin to secure it 
firmly into the recess of the drum lid„ Minimum clearances were maintained 
in the fit of the two pieces together. The purpose of the reinforced lid 
was to see the effect on a top corner drop of a stiffened drum lid. 

The plywood reinforced drum lid was installed on the container top; 
however, it was necessary, due to the impossibility to bend back the 
damaged top of the drum, to deform the closure seal ring at two places 
where the top roll of the drum was bent down. The drum lid seemed secure 
when hand tested. 

The impact location of the third 30-ft drop on the top corner of the 
container was located 180° from the damage or impact area of the second 
drop. The plywood reinforced drum lid has pulled away from the drum as 
the impact was made, which sprung the only partially secured clamping 
seal ring. 
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Fig. 8. Foamglas Shipping Container No. 9k Showing Position of 
First Drop (on Corner of Bottom of Container). 
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Fig. 11. End View of Damage to Foamglas Shipping Container No. 9k 
After Second Drop on Corner of Top of Container with a Standard Drum Lid. 
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Fig. 12. KLywood Reinforced Drum Lid Used in Third Drop Test. 
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The daj.'xage to the Foamglas Shipping Container caused by the third 
30-ft drop is shown in Fig. 13, which is almost a duplicate of the damage 
caused by the second drop test (see Fig. 11 ). The effect of the plywood 
reinforcement, if any, on the extent of damage was masked by the lack of 
a total grip of the closure seal ring. 

5*k Assessment of Damage Caused by Drop Test 

A destructive examination of the damaged Foamglas Shipping Container 
was made since the inner container was to be salvaged for future tests, 
and since the Foamglas plug could not be removed after the second or 
third drop test. 

A motorized saber saw was used to cut the top of the drum off just 
above the plywood disk which supports the top of the inner container. 
This permitted the top of the drum to be removed, exposing the top of 
the inner container and the Foamglas plug. The Foamglas plug was frag-
mented into fairly large pieces directly under the two points of impact. 
Away from the points of impact the Foamglas was in its original shape 
and not fragmented. The top of the inner container wap not damaged in 
any way nor was the plywood disk damaged. 

A saber saw cut was made down the side of the container across the 
bottom and up the other side. After removal of one side, the section of 
the bottom of the container damaged by the first drop test is shown in 
Fig. 1li. Note the fact that the Foamglas is in large chunks. It is 
necessary to fabricate these containers from slabs of 2-in.-thick Foam-
glas. These layers are evident in the figure. Some of the fragmentation 
observed was caused by the removal of the other side of the drum and the 
necessity to break some of the Foamglas in that removal. It is evident 
that there is very little deterioration of the insulating qualities of 
the Foamglas. 

The inner container was not damaged in any way by the three drop 
tests. The plywood disk supporting the inner container was not damaged 
nor was it displaced in any direction. A piece of the casting resin was 
recovered from around the inner container and it had not deteriorated as 
a result of the shipments which were made by this container nor by the 
drop testing. 
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Fig. 13. Damage to Foamglas Shipping Container After Third Drop 
Test, 

O R N L - P H O T O I 6 5 3 - 7 I A 

Fig. 1U. Cut Through Damage Caused by First Impact at Bottom of 
Container. 
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6. SPECIAL FOAMGLAS SHIPPING CONTAINER 

A special Foamglas Shipping Container was constructed precisely-
like the standard Foamglas container, except six thermocouple wells were 
added as shown in Fig. 15. The valve normally located in the center of 
the inner container lid was omitted to permit the installation of these 
thermowells. Each thermowell is a straight 3/8-in. steel tube closed at 
the bottom into which a chrdmel-alumel thermocouple with ceramic two-hole 
insulation is inserted. The location of the thermocouple is tabulated 
in Table 2. 

Table 2. Location of Thermocouples in Special 
Foamglas Container 

Thermowell 
No. Site 

Location of Temperature 
Reading 

1 

3 

Thermowell welded to inside 
drum. 

Thermowell welded to top of 
inner container and rubbed 
against inside of inner 
container. 

Thermowell suspended in 
center of inner container. 
Washer welded to thermo-
well keeps it in position, 

Thermowell welded to inner 
container lid and rubbed 
against inside of inner 
conta iner. 

15'-11/16" from bottom of drum 
equivalent to 9 in. from the 
bottom of the inside of the 
inner container. 

9 in. from bottom of inner 
container 180° from therrno-
mocouple 5, even with thermo-
couples 1 and and in line 
with thermocouples 1 and 5. 

k-3/k in, from bottom of 
inner container. The thermo-
couple was suspended in a 
polyethylene bottle contain-
ing propylene glycol. 

At bottom of inner container 
by side of thermocouple 5. 

Therrrowell welded to inner 
container lid and rubbed 
against inside of inner 
container. 
Thermowell welded to inner 
container lid and rubbed 
against inside of inner 
container. 

9 in. from bottom of inner 
container level with thermo-
couples 1 and 2. 

At top of inner container by 
side of thermocouple 5. 



21 

ORNL DWG. 7 1 - 9 5 3 2 R 1 

Instr^fntltion^0131 S h ± P P i n g °° n t a i n e r S ^ i n g 



22 

Thermo couple No. 3 was immersed in propylene glycol; its properties 
are as given in Table 3. 

Table 3. Properties of Propylene Glycol 

Formula --C3Ha03 
Mol Wt—76.09 
Boiling Point—188,2°C (371 DF) 
Sp, Gr.—1 .0381 @ 20/20°C 
Viscosity—0.^81 Poise @ 20°C 
Vapor Pressure—0.07 mm @ 20°C (68 °F) 

kO mm @ 111 ?2°C (232°F) 
Specific Heat—0,590 cal/g @ 20 °C 
Flash Point (ASTM Open Cup)—99°C (210°F) 

The blocks of Foamglas for this special container were glued with a 
7 Neoprene-based contact adhesive. 

The inside of the drum and the top plug are shown in Fig. 16, The 
penetrations are shown through the top Foamglas plug and the top of the 
inner container. 

6.1 Drop Test 

The special Foamglas Shipping Container is shown in Fig. 17 in posi-
tion for the 30-ft drop test. The container was dropped on its bottom 
corner at 90° from the axis of the thermowell locations. The damage to 
the container as a result of the 30-ft drop test is shown in Fig. 18; note 
that it is identical to the damage caused in the 30-ft impact of the pro-
duction container (sef Fig. 7). In the flattened area some of the 
intumescent paint was skinned off the drum. 

6.2 Puncture Test 

The damage to the container caused by the puncture test is shown in 
Fig. 19. The external skin of the drum was not penetrated and very little 
of the intume scent paint was removed , 
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ORNL Photo No, 2078-71 

Fig. 16. Interior View of Special Foamglas Shipping Container. 

OHNL Thoto No. 2081-71 

Fig. 17. Exterior of Special Foainglas Shipping Container in 
Position for 30-ft Drop Test. 
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Pig. 18. Damage to Special Foamglas Shipping Container Caused 
by 30-ft Drop. 

ORNl PHOTO 2060-71 

Fig. 19. Damage to Special Foamglas Shipping Container Caused 
by hO-in. Drop. 
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After the drop tests, the top of the container and the top Foamglas 
plug were removed in order to inspect for visible damage to the interior. 
No damage to the interior of the container was observed as a result of 
the drop tests, 

6.3 Thermal Test 
The specially fabricated Foamglas Shipping Container which has 

ceramic-insulated, chromel-alumel thermocouples inside 3/8 in. OD steel 
tubing, is shown on the furnace conveyor ready for the start of the Q 
thermal test (see Fig. 20). In addition, several thermal tabs were 
placed inside the drum as a backup for the thermocouples. 

The propylene glycol was contained in a polyethylene bottle 3-1/2 izi. 
OD. The liquid height was 6 - 1 A in,, which immersed the thermocouple 
well 1-1/2 in. into the liquid. 

Q 

The electric furnace was heated (see Fig. 21) to 'an equilitrium 
temperature of 1^00°F before the door was opened. The furnace tempera-
ture of zone 1 reached 1l*75°F again twenty minutes after the container 
was placed in the furnace. Almost immediately smoke and flames started 
to come out of the furnace chinks and cracks, and the furnace control 
anomalies started. The anomalies continued until the container was 
removed after 38 total minutes in the furnace. The anomalies consisted 
of a rapid and continuous make and break of the furnace controller, which 
evidently created electrical disturbances which affected the readings of 
the thermocouples placed in the thermowells of the container (see Figs. 22 
and 23). The temperatures of the container which were recorded seem to be 
unreliable; therefore, this portion of the test was repeated (see Sect. 
6 $ ) . The rapid temperature fluctuations while the container was in the 
furnace (Fig. 23), together with the rapid drop in temperature on removal 
from the furnace, are proof that the indicated temperatures were anomalies 
and unreliable. The fact that the temperature recordings were invalid 
docs not invalidate the thermal test effects on the Foamglas container; 
therefore, the damage to the container was assessed and is considered 
to b* typical of the production models. The intumescent paint was com-
pletely consumed in the test. 
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ORNL Photo No. 79068 

Fig. 20. Special Foamglas Shipping Container with Thermocouples 
in Place on the Furnace Conveyor Prior to Insertion in the Furnace. 
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Fig. 22. Temperatures Observed at Thermocouple Number 1 Located 
Between the Drum Wall and the Foamglas Insulation. 
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6.ii Assessment of Damage Caused by Thermal Test 
The condition of the drum as removed from the furnace, prior to dis-

assembly, is shown in Fig. 2k. The drum lid was removed to expose the 
Foamglas plug (see Fig. 2$). The Foamglas plug was intact, the epoxy 
resin coating covering the top of the plug was almost completely carbu-
rized. The top Foamglas layer (approximately 1-1/2 in. thick) was loose, 

7 
indicating that the adhesive between the two top layers had been de-
stroyed. The top plug was not removable in one piece and was, therefore, 
removed in chunks. Below 1-1/2 in. and away from the edges a like dis-
tance, the adhesive still held the layers together. The bottom of the 
Foamglas plug contained a circle of undamaged epoxy, as shown in Fig. 26. 
Approximately the outer one inch of the epoxy covering was destroyed. 

On removal of the Foamglas plug, the epoxy layer on top of the ply-
wood was shown to be intact except for an annulus of about 1 in. (see 
Fig. 27). The rim of the plywood disk was burned; the charred area, how-
ever, did not extend past the 1 in, annulus. 

The top of the inner container was removed. No damage to the gasket 
was observed. The polyethylene bottle of propylene glycol was removed 
and it was found that the bottle was not damaged. The liquid height had 
been reduced little, if any. The propylene glycol was found to have 
generated a very distinct and disagreeable odor. None of ths temperatures 
indicated by the thermal tabs reflected temperatures we felt they had, been 
exposed to. 

The drum was saber sawed into two segments to expose the damage to 
the Fcamglas and the inner container, as a result of the drop and thermal 
tests (see Figs. 28 and 29). Note that the outer layer of epoxy between 
the Foamglas and the drum has completely disappeared. 

After removing all of the Foamglas from the inner container, the 
layer of epoxy between the Foamglas and the inner container was found to 
be elastic and not damaged by the thermal test. 
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ORHL Photo No. 20UO-71 
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ORNL PHOTO 2038-71 

Fig. 25>. Special Foamglas Shipping Container After the Thermal 
Test with the Drum lid Removed, 

Fig. 26. Portion of Bottom of Foamglas Plug of Special Foamglas 
Shipping Container After Thermal Test, Showing Condition of Epoxy. 



Fig. 27. View Showing Inside of Special Fcamglas Shinpinr 
Container After Removal of the Foamglas Plug. 
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O R N L PHOTO NO. 2 4 2 8 - 7 1 

Fig. 28. View Showing Damage to Foamglas as Result of Drop Test 
and Thermal Test. 

ORNL PHOTO NO. 2427-71 

Fig. 29. View Showing Damage to Epoxy and Plywood Disk After 
Removal of the Drum. 
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6.5 Gritiqm of the Thermal Test 

The thermal test resulted in several anomalies. The epoxy between 
the Foamglac and the drum vaporized and burned outside the container, 
thereby causing difficulties in the furnace control. Ths thermocouples, 
grounded in the thermowells, picked up stray signals and did not give a 
true picture of the temperatures even after removal from the furnace. 
Each pulsation of the furnace controller was readable in the traces of 
the thermocouple readings on the recorder. In addition, there is some 
apparent interaction between propylene glycol vapors and the thermal tabs 
which renders their response unreliable. (This was confirmed by laborato 
tests). It was decided, therefore, that the thermal test would need to b 
repeated in order to get a reliable temperature record of the temperature 
inside the Foamglas shipping container. 

7. SECOND SPECIAL FOAMGLAS SHIPPING CONTAINER 

The second special Foamglas Shipping Container was built (see Fig, 3 
to overcome the shortcomings of the previous thermal test (see Sects. 6.3 
6.h, and 6.5). The primary features of the second special Foamglas Ship-
ping Container are: 

1. The thermowells and the grounded thermocouples were replaced by 
1/16-in.-diam non-grounded stainless-steel-sheathed, chromel-
alumel thermocouples. The thermocouple junction box and leads 
were also shielded, and the temperatures were recorded on an 
isolated eight-point recorder. The six locations of the thermo-
couples are shown in Fig. 30 and Table ii. 

2. Water was used as the liquid in the polyethylene bottle inside 
the inner container during the thermal test. 

3. The epoxy resins were omitted between the Foamglas and the 
inside of the drum, on top of the plywood disk, and on the 
outside of the removable Foamglas plug. The epoxy resin 
between the outside of the inner container and the inner sur-
face of the Foamglas plugs was retained. All other features 
oi' the standard Foamglas Shipping Container were retained. 
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Table li. Location of Thermocouples in Second Special 
Foamglas Container 

Thermocouple 
Ho. Site 

Location of Temperature 
Reading 

1 Welded to inside of drum, 15'-11/'t6" from bottom of drum, 
equivalent to one-half way up 
the inside of the inner con-
tainer . 

2 Welded to out.*lue of inner 
container, 

Bottom of inner container and 
in line with thermocouples 1 
and 5. 

3 Welded to outside of inner 
container. 

9 in. from bottcm of inner con-
tainer, level with thermocouple 
1 and in line with thermo-
couples 1 and 5* 

la "welded to inside of inner 
container top flange, 

Top of inner container in line 
with thermocouples 1 and $. 

> Suspended in center of 
inner container inside 
polyethylene bottle. 

k-3/ii in. from bottom of the 
inner container * The thermo-
couple was suspended in a poly-
ethylene bottle containing 
water. 

6 Suspended in inner 
container. 

In gas phase between the out-
side of the polyethylene bottle 
and the inside of the inner 
container. 

1 On special stand outside 
of container, 

1 ft north of container at 
middle. 

On special stand outside 
of container. 

t ft. south of container at 
rdddle, 

Hoteg: 
1Thermocouples 1, 2 „ 3, and is were built into the container and the 

leads were coiled up inside the container under the Foaingias plug 
during the drop and puncture tests. Attachment was made by insert-
ing the thermocouple end into a pool of raoltsn weld rectal, 

2 , Thermocouples $ &r.d were added to the container Just prior to 
the thermal test. 

3. Each thermocouple (1 - o) lead, during the thermal test, made a 
}/li turn under the Foarnglas plug print* ** rising between the plug 
and the drun wall and leaving the container through the 1 - V 2 in. 
hole in the drur- lid, 
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7.1 Drop Test 
The second special Foamglas Shipping Container is shown in Fig. 31 

in position for the 30-ft drop test. The container was dropped on its 
bottom corner at 90° from the axr.s of the thermocouple locations. The 
sheathed thermocouples 1, 2, 3, and it are coiled up under the removable 
Foamglas plug. The damage to the container as a result of the 30-ft drop 
test is shown in Fig. 32. 

The flattened area, as a result of the impact, measured h-3/h in. 
deep along the outside circumference of the drum, which was the same as 
on the original tests (see Fig. 7), The impact area, on the flat bottom 
of the container, was slightly greater, extending for 7 in. (5-1A in. 
on the other drops), probably due to the absence of the outer layer of 
apoxy which created additional fracture or crushing of the Foamglas. 
The length of the end of the damaged area on the bottom was 20 in., as 
opposed to 19 in. for the original (see Fig. 9). In the flattened area 
some of the intumescent paint was skinned off the drum. 

7.2 Puncture Test 
A close-up of the damage which resulted to the container from the 

iiO in- drop is shown in Fig. 33. This drop was slightly off center and 
the indentation was 7/8 in. deep maximum from the circumference of the 
drum. The external skin of the drum was not penetrated and very little 
of the intumescent paint was removed. 

After the drop tests, the top of the container and the Foamglas plug 
were removed in order to inspect for visible damage to the interior (see 
Fig, }h). No damage to the interior of the container was observed as a 
result of the drop tests. In this photograph can be seen the undamaged 
top plug ind the thermocouples. The shiny liquid film on top of the 
inner container and the plywood disk is rainwater. 

7.3 Thermal Test 
The second special Foamglas Shipping Container was opened and a poly-

ethylene bottle containing 953 nil of water was put inside the inner 
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Hvoto Ho. <13k-;2A 

Fig. 31. Second Special Foamglas Shipping Container in Position 
for Drop Test. 

Fboto !«o. OJ3J-72A 

3 

Fig. 32. Second Special Foamglas Shipping Container, Showing 
Damage Caused by Drop Test. 



Fig. 33. Closeup of Damage Caused by Puncture Test to the 
Second Special Foamglas Shipping Container. 

Hww Sa. 

Fig. 3h. Second Special Foamglas Shipping Container Interior 
After Drop ana Puncture Tests. 
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container. The height of the water v;as 6 inches in the 3-in. bottle. 
The bottle had a 3/32 in. hole in the middle of the top through which a 
1/16 in. sheathed thermocouple was inserted and immersed in the liquid. 
A seconu thermocouple was hung inside the inner container outside the 
bottle and even with the therirocouple inside the bottle» 

The inner container was gasketed and the top secured with four 
bolts. The six thermocouples were bundled together, laid on top of the 
plywood, curled for a 2?0° turn, and then the bundle was brought up 
vertically between the drum wall and the Foamglas plug which was then 
replaced. The top of the drum was then put in place and the closure 
seal ring was secured. 

Two additional thermocouples were inserted in low heat capacity 
mounts, on either side of and close to the arum, in an attempt to monitor 
the furnace teznperature. These thermocouples are partially shielded, from 
seeing the furnace walls, by the container. 

All eight thermocouples were hooked up to the recorder using a 
shielded junction box and extension cables. The container was inserted 
into the 1500*F furnace for 50 minutes (see Fig. 35) and removed. It 
took 20 minutes for the last furnace temperature controller to reach 
1*4?$*F. The container was then left an additional 30 minutes in the 
Hj?5°F environment. It was then removed from the furnace and cooled, 
without artificial cooling, while recording temperatures for over UOQ 
minutes, during which period all of the interior temperatures being 
followed reached and passed a maximum temperature. Anomalies did occur 
in the furnace controller, to a lesser extent than previously, but these 
anomalies did not affect the thermocouple readings and temperature 
recordings. 

?.ii Assessment of Thermal Test Data 
The tenderaturn of the furnace during the thermal test, shown in 

Fig, 35, had been at equilibrium at 1500CF before the door was opened. 
Two of the cones of the furnace were back up to 1500*? within minutes 
after the door was closed at the start of the test; however, the sones 
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(I and II) in which the container is located did not reach again 
until 20 minutes after the start of the test, The container was, there-
fore, left in the furnace for $0 minutes to ensure that it would remain 
in a 1li75°F environment for a continuous period of 30 minutes. The 
temperatures of the two thermocouples which read furnace temperature are 
shown in Fig. 36. The thermocouples 7 and 8 confirm the fact that the 
temperature of the furnace took 20 minutes to recover fully to 1li75°F 
and that the container was in the 1U75°F environment for 30 full minutes 
before removal. 

Also shown in Fig. 36 is the plot of the thermocouple 1 located just 
inside the drum wall. The outside surface of the drum is protected by 
intumescent paint and the temperature trace very definitely shows the 
lowering of the temperature due to this protection. At hO minutes in 
-.he furnace, the temperature inside the drum quite suddenly jumps over 

degrees in approximately 1 minute and from then on is very close to 
the furnace temperature. This sudden temperature rise is possibly due to 
the complete destruction of the intumescent paint. Upon removal of the 
container from the furnace there were still a few wisps of ashes of the 
intumescent paint clinging to the surface. 

The temperature record of the thermocouples located in and around 
the inner container are shovm In Figs, 37 and 38. The temperature of 
the inner container top flange; (part It), rises the most rapidly and is 
the highest. This is under s^i J able since the top flange is insulated 
with 6-1/8 in, of Foamglas, while the body of the inner container is 
insulated with over 8 in. of vy-vnglas, This 6-1/8 in, of Foamglas, or 
73$ of the amount around the inner container is sufficient, however, to 
limit the maximum temperature to 203°F, which occurred at 100 minutes 
into the test (see Fig. 38), 

Tha bottom of the inner container was insulated less than the middle 
due to the damage caused by the 30-ft drop. The temperature, point 2, 
rose at a slower rate than the middle; however, it reached the second 
highest maximum temperature of 17li°F, which occurred at 2l;0 minutes into 
the test, 190 minutes after the container was removed from the furnace. 
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Fig, 36. Record of Thermocouple Temperatures in Air Space North 
and South of the Container and the Inner Surface of the Drum. 
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The thermocouple located on the outside of the inner container at 
the middle (point 3) and the thermocouple located in the air space 
between the po'lyetliylene bottle and the inner wail of the inner container 
(point 6) were at the same temperature, except for the period from 2"J to 
iiO minutes after insertion of the container into the furnace. At the 
other times the temperature difference between the two points was zero 
to two degrees Farenheit, with the temperature of the outside of the 
inner container consistently higher than the inside air, The maximum 
temperatures attained from these points were 1$;*"? at 32£ minutes for 
the outside (point 3) and 160°F at 310 minutes for the inside (point 6). 

The temperature inside the water in the polyethylene bottle (point $) 
rose the slowest and reached a maximum of 1£3°F at hOO minutes after the 
start of the test. 

7.5 Assessment of Damage Caused by Thermal Test 

The condition of the drum as removed from the furnace, prior to dis-
assembly, is shown in Fig. 39. The drum lid was removed to expose the 
top Foamglas plug (see Fig. U0). The top layer of the Foamglas plug, 
which is approximately 1-1/2 in. thick, was loose, indicating that the 

7 
adhesive between the two top layers had been carburized. The top plug 
was not removable in one piece and, therefore, it was removed in chunks. 
All adhesive was destroyed to a depth of about 1-1/2 in. from the outer 
surface of the package. Several large c r a c l m ?tre evident in the Foamglas. 
Also evident are the imprints of the thermocouple connectors, which were 
enclosed between the Foamglas plug and the '<r] at one time during 
manufacture and handling. 

On removal of the Foamglas plup;, th*1 plywood ! i > i 
intact j however, the outer 5/16 in, of Lh t • 
(see Fig. Ul), An additional charred section of 1. * • ».. pitr 
as wide as 1-3/8 in. can also be seen in ti.i m( ... 

The top of the inner container war mi:- <i M i' I , uhich ha;; 
been through its second thermal test, is sti l ' l unRguii Tlv JM lyM hyleno 
bottle (see Fig. 1*2) is undamaged, and none of the water was lost or 
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Fig. 39. Second Special Foaroglas Shipping Container After the Thermal Test and Before Disassembly. 



Fig, hO, Second Special Foamglas Shipping Container After 
the Thermal Test with the Drum Lid Removed. 
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ORNL Pnoto No. 03U1-72 

Fig. U1. Second Special Foamglas Shipping Container After 
Removal of the Foamglas Ping Showing the Condition of the Plywood 
Disk. 
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Fig. U2. Polyethylene Bottle After the Thermal Test. 
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evaporated. This inner container was the same was used in the first 
series ol te sts and sufficient propylene glycol was released from the 
pores of the metal to vitiate the response of the thermal tabs which 
were attached to the inner parts of the container and on the plywood. 
The odor of the propylene glycol was very evident in the container after 
the thermal test. 

When the drum and the Foamglas were removed from around the inner 
container, the epoxy which was between the Foamglas and the inner con-
tainer was found to be undamaged by the thermal test. 
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(or equal). (Flexible casting resin approximate hardness of 
D - 5 5 Shore D Scale). 

5. Coating Resin RP-3260, REN Plastics, Inc., Lansing, Michigan 
(or equal), 



Xntur.escent Fire Retardant. Flaymbar li??, Ocean Chemicals, Inc., 
5520 Packard Road, Niagara Falls, N. T. (or equal). 
Anchor Weld Contact Adhesive 0308, brushing grade, natural high 
heat resistant, made from DuPont Neoprer.e, Roberts Consolidated 
Industries, Inc., Dayton, Ohio. 
Temp Plate, a paste on temperature indicator manufactured by 
William Wahl Corporation, Los AngeleSj, California (or equal). 
Hevi-Duty furnace, h gone, 250-1350°F range, cavity U1 in. high, 
60 in, wide by 16 ft deep, with electrically powered conveyor 
located in Building 9733 Y-12 Plant, Oak Ridge, Tennessee. 
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APPENDIX As ANNEX 2 (AEC APPENDIX 052?> 
HYPOTHETICAL «CCIDE?]T CONDITIONS 

Free Drop - A free drop through a distance of 30 ft onto a flat 
essentially unyielding horizontal surface, striking the surface 
in a position for which maxir.um damage is expected. 
Puncture - A free drop through a distance of UO in,, striking 
in a position maximum damage is expected, the top end of a 
vertical cylindrical mild steel bar mounted on an essentially 
unyielding horizontal surface, The bar shall be 6 in, in 
diameter, with ths top horizontal and its edge rounded to a 
radius of not more than 1/k in., and of such a length as to 
cause maximum damage to tke package, but not less than 8 in, 
long. The long axis of the bar shall be perpendicular to the 
unyielding horizontal surface, 
Thermal - Exposure to a thermal test in which the heat input to 
the package is not less than that which would result from expo-
sure of the whole package to a radiation environment of 1^75*F 
for 30 minutes, with an emissivity coefficient of 0.9, assuming 
the surfaces of the package have an absorption coefficient of 
0,8, The package shall not be cooled artificially until three 
hours after the test period unless it can be shown that the 
temperature on the inside of the package has begun to fall in 
less than three hours. 
Water Immersion (fissile material packages only) - Immersion in 
water to the extent that all portions of the package to be tested 
are under at least three feet of water for a period of not- less 
than eight hours. 


