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DROP TEST - NYASDA CAPSULE

INTRODUCTION

The New York State Atomic and Space Development Authority (NYASDA) desinned 

and placed in service, capsules for the storage and shipment of plutonium 

nitrate solutions contained in ten liter vented polyethylene bottles. The 

capsules and contents were transported in L-10 shipping containers under 

Department of Transportation permit SP-5061.

The shipping system was drop-tested by NYASDA in support of the Authority's 

application for AEC licensing of its Plutonium Storage Facility (Reference [1]).

The NYASDA test did not include a drop with the capsule pressurized to demon

strate the effect of pressure inside the capsule which is generated by alpha 

radiolysis in the plutonium nitrate solution. The drop tests, reported here, 

were performed at Hanford with the capsule pressurized with air to 35 psig to 

simulate the pressure buildup which might be expected during transit from New 

York State to Hanford.

SUMMARY AND CONCLUSIONS

The following observations are made:

(1) The capsule used in the test leaked gas from a pressure of 35 psi to 

26 psi on the first drop. The deceleration was approximately 34 g.

(2) At a deceleration force of approximately 17 g, (second drop) leakage

of „as from the capsule did not occur.

(3) On the third drop, where the deceleration force exceeded 300 g, the

capsule failed. Gas pressure and solution were both lost to the

specification 2-R pressure vessel.

(4) The specification 2-R pressure vessel, without the protection of the 

shipping container, did not leak on any of the three drops.
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It is demonstrated j:;;er the test condition; 27-foot drop, flanae end of 

specification 2-R down, (1) that the protection afforded the polyethylene 

bottle by the NYASDA capsule is marginal under the Annex 2 Hypothetical 

Accident conditions of AEC Me 0529 Appendix, (2) that plutonium nitrate 

solution would likely be released to the interior of the Specification 

2-R pressure vessel whether or not the bottle was enclosed in a capsule,

(3) that any loss of solution to the specification 2-R pressure vessel 

would be contained safely.

DISCUSSION

The drop tests were performed using a DOT specification 2-R pressure vessel 

fabricated of Schedule 40 carbon steel pipe according to drawing H-2-21640, 

attached. The bird cage and outer double drum assembly were not used in 

the test. Two drops were made on 10-inch thick slabs of Dow styrofoam 

with the 2-R inverted. This set-up simulated the deceleration provided 

by the crushing and deformation of a shipping container and bird cage.

The styrofoam slabs were held in a shallow, open-box arrangement on a 4 foot 

by 8 foot piece of 3/4 inch plyboard. The assembly is shown in Figure 1.

A third drop was made to a concrete slab 4 ft. x 12 ft. x 8 in. thick.

The specification 2-R vessel contained the NYASDA capsule which was pressur

ized to 35 psig with air introduced through a standard tire valve stem 

arrangement mounted in the capsule cap, as shown in Figure 2. The under

side of the capsule cap is shown in Figure 3.

The capsule contained a stant^rd 10 liter polyethylene bottle, closed with a 

slit vent cap, containing approximately 9.5 liters of aluminum nitrate solution
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Figure 3 
Underside of Capsule Cap

Salt incrustation from aluminum nitrate solution visible.
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of 1.2 specific gravity. A small amount of potassium permanganate solution was 

added to the bottle to provide color. The solution weighed 22.3 lbs., approxi

mately that of an equivalent volume of 200 g/1 plutonium nitrate solution.

The overall weight of the loaded specification 2-R pressure vessel was 182 lbs.

The drop height was limited to 27 feet as equipment for a full 30 foot drop 

was not available for the test.

The pressure vessel was suspended vertically in the inverted position and 

released from the crane hook by a trip mechanism.

Three visual records were made of the drops. A high speed motion picture 

record was made of the impacts, photographed at a speed of 250 frames per 

second, using an Arriflex camera with high speed Ektachrome. Two videotape 

records were made: one, using a fixsd camera with the same field of view as 

the high speed motion picture camera, and the second, using a hand-held camera.

The deceleration forces are calculated from the classical formulae:

1) S = 1/2 at2

2) and V = at

Where s is the drop distance

a is acceleration due to gravity 

t is time

v is velocity at time t
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which, combined, and solved for g forces, derives to

3) a = g J i

S2

where a is the deceleration force in g's

g is acceleration

S-| is drop distance

$2 is deceleration distance

Figure 4

Drop #1

The first drop was made to a single slab of styrofoam. The specification 

2-R pressure vessel was decelerated to rest in a distance of nine inches. 

Figure 5 shows the pressure vessel prior to impact. Figure 6 illustrates 

the degree of compression of the styrofoam slab.
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Figure 5

First Drop - Pressure Vessel Prior to Impact
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Figure 6

First Drop -- Compression of Styrofoam Slab
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The closing flange was removed to permit examination of the NYASDA capsule. 

A check of the internal pressure, using a standard tire gage, showed a drop 

from 35 psig to 26 psig.

There was no evidence of solution leakage from the capsule. The capsule 

was not opened to check for leakage from the bottle.

The deceleration forces on the 2-R and its contents are calculated to have 

been approximately 36 g.

Drop #2

For the second drop, two styrofoam slabs were used as energy absorbers.

The specification 2-R pressure vessel was decelerated to rest following 

an 8-inch penetration into the lower of the two styrofoam slabs. The 

uppermost slab was completely penetrated and the "punched" section driven 

into the lower one. Figure 7 shows the pressure vessel following impact. 

Seconds later it fell to the side, splitting the upper slab.

The total stopping distance in this drop was 18 inches, which approximates 

a deceleration rate that was half that of the first drop. There was no 

loss of internal pressure in the capsule following this drop, nor evidence 

of leakage from the capsule. Deceleration forces on the drop are calculated 

to be approximately 17 g.

Drop #3

The third drop was made directly to a concrete slab. The high speed motion 

picture record showed that there was approximately one inch of vertical
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Figure 7

Second Drop —  Pressure Vessel Shown 
Following Impact on Double Slab Configuration
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movement of the slab in reaction to the force of the impacting 2-R 

pressure vessel. Figure 8 shows the pressure vessel rebounding followina 

contact with the concrete.

Impact forces are calculated to be in excess of 300 g.

As would be anticipated, the capsule failed, seal was lost, and solution 

escaped from the bottle and from the capsule. There was no apparent damage 

to the specification 2-R pressure vessel and no solution escaped from it.

The capsule wall at its top was deformed beyond its elastic limit, as shown 

in Figure 9, by the effect of its own mass. The peak of the bulged area on 

the outside of the capsule wall is opposite the lower edge of the 25/32 inch 

deep machined cut in the inner wall of the capsule. (See Chester-Jensen, Inc. 

drawing 1092M, reference [2], attached.)

The distortion of the lid holding'screw holes in the capsule wall is postu

lated to have occurred through the action of the polyethylene bottle falling 

against the capsule closure while the capsule body was momentarily held up 

by friction with the inner wall of the specification 2-R pressure vessel. 

Evidence of close metal-to-metal contact and striations due to scraping of 

the capsule wall are seen in Figure 10. A view of the.distortion of the 

holding screw holes, from inside of the capsule, is shown in Figures 10 and

11. The bulged area of the capsule extended over two-thirds of the circum

ference. That the bulge was not uniform around the entire circumference is 

possible due to the fact that the 2-R pressure vessel did not fall plumb 

with the concrete slab.
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Figure 8

Third Drop -- Pressure Vessel Rebounding 
from Concrete Slab
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Figure 10
Capsule Wall With Evidence of Scraping Wall 

Of Pressure Vessel
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Figure 11 
Third Drop —  Distortion of 

Capsule Lid Holding Screw Hole
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Damage was sustained by the polyethylene bottle cap when the valve stem, in 

the closing cap of the capsule, partially penetrated it. The damage is shown 

in Figure 12. (The underside of the closing cap is shown in Figure 3.)

REFERENCES

[1] NYASDA "Technical Information - Plutonium Storage Facility," AEC

Docket No. 70-1156 (Supplement).

[2] Capsule Drawings —  Chester-Jensen Co., Inc., Cattaraugus, N. Y.
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Figure 12

Partial Penetration of 88 tran Bottlecap 

By Valve Stem in Capsule Lid
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