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ABSTRACT 

Seven different kinds of packages for shipping radioactive materials 
were developed at Savannah River Plant using "Celotex"* for thermal and 
shock protection. Twenty packages were dropped 30 feet at least once and 
eight packages were furnace tested at 1475°F. Military Standard drums 
were specified for all packages because of stronger construction and clo
ser tolerances. Clearances between the "Celotex", the drum, and the in^ 
ner container were minimized. Criteria for locking-ring tightness were 
established. The maximum allowable weight of a package with a 16rigage, 
55-gallon drum was estimated to be about 600 pounds. Since "Celotex" 
is combustible and evolves gases when heated, drums were vented to avoid 
rupture in the furnace test. To prevent smoldering of "Celotex" after 
removal from the fire, refractory insulation material was placed adjacent 
to the vent holes to retard air flow into the drum. Samples of "Celotex" 
were heated at 250°, 300° and 350°F for 14 days. Compressive stress 
tests of the samples showed minimal effect on those that had been heated 
at Z S C F . Above 280° to 290°F significant mechanical degradation occurs, 
"Celotex" smolders at 400°F and burns rapidly at 425°F. 

Results showed that "Celotex" may be used successfully as an insula'̂ -
tion material to comply with regulations for Type B packages. 

INTRODUCTION 

Seven different shipping packages for radioactive and fissile 

materials were developed at Savannah River Plant using "Celotex". 

The development program involved twenty full-scale packages all of 

which were dropped 30 feet at least once. Eight packages were 

* Celotex Corporation's trademark for bonded sugar cane fiber used as 
structural insulation and shock absorbing packaging board. "Celotex" 
industrial grade, as specified by MIL-F-26862A, was used for this work. 
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furnace tested at 1475°F for 30 minutes. Many other less significant 

tests comprising the sequence specified by shipping regulations were per

formed l>2,3^ 

The program was initiated to develop a series of Type B packages for 

material of low decay heat. Minimum time was available to comply with 

recently revised shipping regulations. Six types of containers which had 

been previously used were well constructed and were integral parts of the 

processes of various facilities. To avoid process modifications, the 

existing containers were adapted as primary and intermediate containers, 

and overpacks of "Celotex" insulation and steel drums were developed. A 

seventh package was developed in its entirety to ship recovered uranium 

oxide from Italy to Oak Ridge. Figures 1 and 2 summarize the character

istics of each package. 

Weight and size were limited to allow personnel to handle the pack

ages within confined buildings without large material handling equipment. 

Minimum material and transportation costs were a secondary objective after 

consideration of safety and compliance with shipping regulations. So far 

as possible it was desirable to use the same packaging principles as used 

with current standard packages. 

Several insulation materials were considered. "Celotex" was chosen 

because of its shock absorbence, thermal insulation properties, and dura

bility. This paper presents some of the characteristics of "Celotex" 

and solutions of problems with its use. 

IMPACT PROPERTIES 

"Celotex" possesses more resilience than any material tested. De

velopment of the JP-100 package involved several tests which demonstrate 

the material's capability. 

Three JP-100 inner containers 8-5/8 inches diameter and 63 pounds 

each were nested in a clover-leaf pattern within "Celotex". The outer 

container was an elongated 55-gallon DOT Specification 17C drum. At the 

side only 1-1/2 inches of "Celotex" separated each inner container from 

the drum. The diametral clearance between the "Celotex" discs and the 

drum was 5/16 inch. Each inner container had a 1/4 inch diametral 
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clearance to the "Celotex". The package weighed 348 pounds. 

Figure 3 shows the package after both a 30-foot drop and a 40-inch 

puncture test. The outer diameter was reduced 3/4 inch from the 30-foot 

drop. The "Celotex" failed in tension at three places as the inner con

tainers in the clover-leaf arrangement wedged the insulation apart at im

pact. Figure 4 shows the jagged 1/4-inch cracks in the thinnest "Celotex" 

sections. Radiant heat through the cracks during the furnace test would 

probably be excessive. Along the line of impact from the 30-foot fall, 

the "Celotex" compressed approximately 17% to a 1-1/4-inch thickness. 

Indentation from the 40-inch puncture test superimposed upon damage from 

the 30-foot fall gave a 1-inch thickness. Subsequent thermal tests showr^ 

ed that greater Insulation thickness is required. 

Another package was assembled using an 18-gage, 24-lnch diameter Mili

tary Standard drum. The greater diameter allowed an insulation thickness 

of 2-1/4 inches at the side. The weight increased to 377 pounds. The 

locking-ring bolt was torqued to 20 ft-lb as the ring was tapped with a 

soft hammer. Impact on the side resulted in no cracks in the "Celotex", 

but the locking ring came off the curl of the drum as shown in Figure 5. 

The drum momentarily flattened at Impact allowing the locking ring to 

slip over the curl. Negligible deformation of the locking ring and curl 

occurred. 

The locking ring was replaced and the package was dropped 30 feet on 

its upper corner. Again the locking ring jumped off the curl and the curl 

unrolled. This allowed the cover and "Celotex" to protrude approximately 

4-1/2 inches above the drum body as shown in Figure 6. Rigidity of the 

"Celotex" discs tended to make the side opposite to Impact spring up and 

force the locking ring off the curl. 

A 16-gage Military Standard drum was used In another package. Diamet

ral clearance between the "Celotex" and the drum was 1/4 inch. Three 30-

foot drops in different orientations were passed in succession. 

A package for shipping uranium oxide from Italy to Oak Ridge was de

veloped. A small dummy cask weighing 671 pounds was positioned in "Celo

tex" insulation in a 16-gage DOT Specification 17C drum. The total pack

age weight was 846 pounds. Diametral clearance between the drum and 
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"Celotex" was 5/16 inch. Clearance between the dummy cask and "Celotex" 

was 5/8 inch. Approximately 100 pounds compression of the cover was re

quired before engagement of the locking ring could be established. The 

locking ring was evenly tightened to give no more than 1/16-inch radial 

clearance between the drum body and the edge of the locking ring. 

The package was dropped 30 feet on its top corner. The cover and 

"Celotex" opposite the point of impact sprang open approximately 8 Inches 

as shown by Figure 7. 

Another package was assembled with a 4-lnch high shock absorbing 

structure welded to the cover. A smaller gap occurred. The package shown 

in Figure 8 with bolted flange reinforcement and weighing 880 pounds suc

cessfully passed the drop test on top and bottom corners. 

The following principles for improved impact capability were develop

ed from impact tests of various packages: 

o "Celotex" discs must be machined to fit tight within the drum to support 

the drum during side and corner impacts. Allow a maximum of 1/4-inch 

clearance. 

o Clearance between the "Celotex" and the inner containers must be mini

mized to 1/4 inch. Permit no voids which might allow disarrangement of 

broken "Celotex" discs at impact. 

o Military Standard drums are recommended for all packages. Quality is 

good, and drawings are readily available and familiar to the container 

industry. Diameters have a ±0.03-lnch tolerance allowing tighter, more 

reproducible fits between the drum and "Celotex". The curl was the 

largest and strongest found. Only a small cost premium is required. 

o All drums 24 inches and larger must be 16-gage material regardless of 

package weight, 

o Drop forged locking lugs are required. 

o Procedures for tightening locking bolts while tapping the ring with a 

soft hammer are required to assure proper closure. A 1/16-inch maximum 

radial clearance between the drum body and the lower edge of the locking 

ring Is a good control for tightness. 
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o The maximum allowable weight of a package with a 55-gallon, 16-gage 

drum is estimated to be 600 pounds. Further tests are required to es

tablish an exact limit. 

THERMAL PROPERTIES 

"Celotex" is primarily cellulose. Consequently, when the material 

is heated to high temperature, combustible gases evolve and the outer 

surface of the "Celotex" burns if oxygen is present. Abnormal bulging 

of an unvented drum, observed during a furnace test, warned of impending 

rupture. All drums thereafter were vented, and no gaskets were used. 

Figure 12 shows the violent evolution of burning gases during a furnace 

test. Figure 11 shows a JP-100 package with three 3/8-inch diameter vent 

holes aligned vertically on the side. After removal from the furnace, 

natural convection through the vent holes allowed smoldering of the 

"Celotex", To prevent convection, vent holes were placed immediately 

under the locking curl. A 2-inch-square ring of "Cera Form",* an alumina 

silica refractory insulation material, was inserted in the "Celotex" ad

jacent to the vents. Four subsequent furnace tests were sucessful with 

various packages. Figure 12 shows the "Cera Form" ring in LP-12 package. 

Another improvement resulted when a 1/2-inch "Cerafelt" * blanket was 

placed under the cover of the drum on top of the "Celotex" as shown in 

Figure 13. 

"Celotex" charred approximately 1-1/2 inches deep for each 1475°F, 

30-minute test. Several 450°F temperature indicating pellets burled 

1-1/2 Inches in "Celotex" were found melted on the high temperature side 

only. As a consequence, a 2-lnch minimum thickness of "Celotex" was es

tablished. 

* Trademark of Johns Manville Corporation for alumina-silica refractory 
insulation material. 
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The quantity of radioactive materials which generate significant de

cay heat must be limited with "Celotex". Elevated temperatures for pro

longed periods of time degrade "Celotex" structurally. Consequently, ef

fectiveness of the Insulation during impact and fire conditions would be 

reduced. 

Samples of "Celotex" were exposed to 250, 300, and 350°F for 14 days. 

Thermal shrinkage and deflection from compressive loads were determined 

for each sample. The compressive stress varied from 0 to almost 90 psi. 

The range of stress was chosen based upon 8 psi static stress supporting 

the heaviest package and an estimated factor of 10 for inertial forces. 

The results are shown in Figure 15. A threshold point exists at approxi

mately 285°F above which significant breakdown of "Celotex" occurs. An 

analogous threshold effect exists for wood.** For a safety margin a maxi

mum normal temperature limit of 250°F should be used with "Celotex". 

Samples of "Celotex" exposed to 400°F began to smolder very slowly 

beginning at the rougher surfaces and corners. At 425°F, samples burst 

into flame and burned rapidly. 

CONCLUSION 

Tests show that "Celotex" may be used successfully as an Insulation 

material to comply with regulations for Type B packages. Since "Celotex" 

is combustible, great care must be taken to ensure that the outer con

tainer is not breeched either from impact conditions or from overpressuri-

zatlon by gas evolved from the "Celotex". Venting is required, but some 

mechanism to prevent smoldering must be present when the fire is removed 

from the package. 
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