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VIBRATION TESTING OF 
L-3 AND L-10 SHIPPING CONTAINERS 

INTRODUCTION 

Plutonium nitrate solutions are normally shipped by motor freight,* 
air and rail have been used. The solution is packaged in 3-liter 
or 10-liter polyethylene bottles which are enclosed in DOT Speci
fication 2-R containers protected by an overpack. The shipping 
systems are designated L-3 and L-10 for the 3-liter and 10-liter 
size lading respectively. The packages are normally transported 
in the vertical position. 

The polyethylene bottles are closed with standard 83 mm carboy 
closures which have been modified to permit venting. Two types 
of vented closures in use are designated the Duo-Vent cap and the 
slit vent cap. The construction of the vented closures is shown 
in Drawings H-2-26325 and H-2-26354, attached. 

The presence of liquid plutonium- nitrate solution has been observed 
in the crowns of bottle closures of both types in shipments received 
at Hanford. This was observed in shipments in which there was no 
evidence that the shipping container had been tipped or laid down. 

It was postulated that normal vibration incident to transport 
would be capable of generating standing waves in the nitrate 
solution that would possess sufficient energy to "pump" liquid 
through the vents. 

A possible mechanism is describedt 

1. In the case of the Duo-Vent cap^ solutions could impinge 
on the surge chamber^ gradually filling it until solution 
was forced through the valve to the crown of the cap. 

2. With the slit vent cap^ solutions impinging against the 
slit vent could have a similar effect with the solution 
forced through the slit and accumulating in the crown of 
the cap. 

A test program was arranged with the U.S. Naval Torpedo Test Station, 
Quality Evaluation Laboratory, Keyport, Washington, toi 

1. Determine the resonant frequencies of the L-3 and L-10 
shipping systems. 

2. Simulate the conditions encountered in transport and observe 
their effect on the lading in the two shipping systems. 

3. Develop corrective measures and demonstrate their effect
iveness in the laboratory. 

The test program was conducted in three phases during eight non-
consecutive working days. 
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The work was perforred under Atomic Energy Commission purchase 
order HA-70-886-149, dated September 12, 1969. 

SUMMARY 

The resonant frequency of the L-3 shipping system was found 
to be 15.5 Hz; the L-10 system 19.4 Hz. These frequencies 
approximate the 17 Hz and 1 g conditions observed in an instru
mented truck transport of a heavily shielded cask from Philadelphi 
Pa. to Los Alamos, New Mexico.t^] 

It was demonstrated in the test program that the pumping action 
jjostulated could occur and could create the conditions observed 
in shipments received at Hanford. 

Maximum pumping action occurred at or near the resonant frequency 
of each system; approximately 15.5 Hz for the L-3 systems and 19.4 
for the L-10 systems at accelerations from 0.1 to 0.9 g. 

The polyethylene bottle in both systems was found to be moving 
independently of the 2-R container and cage assembly in the 
resonant frequency range. 

A 3-liter bottle containing 3 liters of water was secured to 
a smaller shake table to enable visual observation of v/ave 
formation. The test was run as a sweep of frequencies from 5 
to 20 Hz. While agitation of the fluid was evident across the 
spectrum of frequencies, the most violent agitation occurred 
at 17 Hz. 

Installation of a restraint between the closing flange of the 
2-R container and the top of the bottle cap forced the bottle 
to vibrate at the same frequency as the 2-R container. The 
restraint dam.pens the standing wave formation such that the 
v/aves then have insufficient energy to force solution through the 
vents. 

The restraints used in the test program consisted of short 
sections of rubber hose, sized to fit closely between the 
shoulder of the 83 mm bottle closures and the underside of the 
closing flange. The hose was 2-1/2 inch I.D., with two fabric 
plies, manufactured by the Boston Woven Hose and Rubber Company, 
and designated Type OED. 

CONCLUSION 

The use of restraining devices to eliminate the differential 
movements of the 3-liter and 10-liter bottles within their 
respective 2-R containers will prevent the formation of the 
standing waves which force the solution through the vents of the 
bottle closures. 
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RECOMMENDATION 

It is recommended that a restraining device of the design 
shown in Drawing H-2-35742 be used in all L-3 and L-10 
shipping containers to assure that the polyethylene bottle 
will vibrate at the same frequency as the 2-R container 
during transport. 

DISCUSSION 

1. Vent Leakage 

Shipments have been received at Hanford with plutonium 
nitrate solution in the crown of the polyethylene bottle 
closure. An explanation for the escape of solution 
from the bottle was sought. 

There was no evidence that the shipping containers 
had been tipped or laid on their sides during transit. 
Had they been laid on their sides the vents would have 
been submerged in solution which would have been 
forced through the vents by internal pressure in the 
bottles. 

Another possible explanation was that vibration 
encountered during normal transport could generate 
standing waves with sufficient energy to force 
solution through the vent in the bottle cap. Drain-
back of the solution to the bottle by gravity is 
precluded by the following: 

a. The bottle is pressurized by gases generated 
by radiolysis of the plutonium. nitrate 
solution. 

b. The high surface tension of the plutonium 
nitrate solution and the fact that the poly
ethylene is not wetted by the solution, prevents 
back-passage of solution through the surge 
chamber and slit cap. 

c. The Duo-Vent valve functions as a check valve 
to prevent gas flow from the 2-R container 
to the bottle. 

d. While the slit vent could permit gas to flow into 
the bottle, the differential pressure is such 
that the flow of gas is out of the bottle. 

The testing of the L-3 and L-10 shipping containers was 
performed to (1) confirm the presence of standing waves 
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in the bottles under simulated transport conditions 
which could cause vent leakage, and (2) find and 
test a method which could prevent the leakage. 

Description of the L-3 and L-10 Containers 

Plutonium nitrate solution is packaged in polyethylene 
bottles of 3-liter or 10-liter capacity and protected 
by a DOT Specification 2-R container centered in a 
Spec. 17H steel drum by a cage of steel tubing. The 
annular space between the Specification 2-R container 
and the inner wall of the drum is filled with loose 
vermiculite which provides a thermal barrier between 
the lading and the environment. 

Drawings describing these containers are attached. 

Both containers are designed to be upright while in transit. 

Single containers are secured to standard wooden 
pallets to ensure their remaining in the vertical 
position during transport. In a multi-container ship
ment, containers are either shored or banded together 
in the transport vehicle to prevent tipping during 
transit. 

Test Equipment 

The primary test equipment used in the program was a 
Ling A-335 shake table rated at 70,000 watts audio 
output at frequencies of 10 to 900 Hz and amplitudes 
to produce upward to 100 g. Figure 1 shows the L-10 
container mounted on the shake table. 

A smaller shake table, a Ling A-300-B machine, was 
utilized for establishing the frequency at which 
maximum excitation of fluid in the 3-liter bottle would 
occur. 

During the initial phase of testing, one accelerometer 
was mounted on the lid of the 2-R pressure vessel 
and another on the base plate of the fixture holding 
the container under test. These accelerometers were 
used, one at a time, for input to a Model 2106 Honeywell 
three-pen Visicorder which provided an X, Y, Z readout 
on a strip chart. 

A third accelerometer, mounted on the holding fixture 
base plate, controlled the shake table and provided 
response signal display on an oscilloscope. 

UNCLASSIFIED 



UNCLASSIFIED ARH-1819 
Page 5 

In the first and second phases of the test program, 
water, colored with potassium permanganate solution, 
was used as a "stand-in" for plutonium nitrate solution 
in the polyethylene bottles. In the final phase of 
the program, aluminum nitrate solution with a specific 
gravity of 1.2 was used in the bottles to closely 
simulate the specific gravity of the nitrate solution. 

Test Program 

The test program, conducted in three separate phases, 
involved the testing of both the L-3 and L-10 systems 
during each phase of the program. 

All testing was performed in the vertical position. 

a. L-10 Shipping Container 

Phase 1 

The program was initiated by testing the L-10 
system. 

Ten liters of water were added to the poly
ethylene bottle, and the 2-R pressure vessel 
was closed. The packaged vermiculite was not 
used, and the drum lid was not installed. 

A series of short runs were made at frequencies 
ranging from 5.0 to 6 0 Hz at 0.3 g acceleration 
to determine the natural resonant frequency of 
the system. This frequency was determined to 
be at approximately 19.4 Hz, 

The noise made by the system gave indication 
that the polyethylene bottle was moving within, 
and independently of, the 2-R container. Using 
a stethoscope, it was possible to hear the 
bouncing of the polyethylene bottle. Its 
response to the input to the system was random 
in nature and apparently reflected motion in 
the horizontal axes simultaneously with the 
vertical acceleration imparted by the shake 
table. The randomness of motion was visually 
confirmed in later testing with the closing 
flange of the 2-R container removed. The 
maximum vertical displacement of the bottle 
within the 2-R container approached 3/4 inches. 

A series of dwells at frequencies between 18 
and 19.4 Hz and acceleration levels between 0.3 
and 1.0 g produced pumping action, half filling 
the Duo-Vent surge chamber (Figure 2). 
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A restraint was placed between the 2-R closing 
flange and the bottle cap, and a 1.5 hour test 
was run at frequencies and accelerations which 
produced the pumping action in the previous 
test. The surge chamber remained dry. 

A change in resonant frequency was noted from 
19.4 Hz to 18.5 Hz on the next run and with the 
bottle restraint removed it was not possible to 
reproduce pumping action following 30-minute 
runs at either 18 Hz and 1.0 g acceleration or 
18.5 Hz and 0.9 g. 

The reason for the change in resonant frequency 
of the system was not known, but subsequent 
examination of the bottom of the steel drum 
revealed that the bottom had cracked. It was 
concluded that the damage occurred at the time 
that the change m resonance was noted. 

A series of runs, lasting 2.5 hours, was made 
over a range of frequencies from 15.5 to 18.2 Hz 
and at accelerations from 0.5 to 1.0 g. The 
closing flange of the 2-R was removed for the 
series to allow visual observation of bottle 
action to be made. It was determined that maximum 
displacement of the bottle occurred at 16 Hz and 
1.0 g. A run of 1 hour at this frequency and 
acceleration resulted in the transfer of approx
imately 1.0 cc of fluid to the surge chamber. 

During the 5 hours of testing described above, 
the 2-R pressure vessel was not secured to the 
cage holding ring since testing was performed 
with the closing -flange removed (the closing 
bolts engage nuts welded to the underside of the 
cage holding ring). As a consequence, the 
pressure vessel was free to "float" under the 
action of the shake table. The loose vermicu
lite in the overpack drum was slowly compacted 
beneath the cage and the 2-R pressure vessel and 
ultimately displaced the entire assembly upward 
approximately 2 inches. Testing was discontinued 
at this point. 

Phase 2 

A series of 30-minute dwells made at various 
frequencies and g forces, duplicated the Phase 1 
testing, except the resonant frequency resulting 
in maximum pumping action was found to have de
creased from the range 18,5 to 19.4 Hz to 15»6 Hz. 
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It was established in a series of runs where the 
volume of water was reduced in 1.0 liter incre
ments from 9.5 liters to 6.5 liters, that the 
surge chamber of the Duo-Vent cap would continue 
to fill. The fact that the pumping action was 
not too dependent on the level of solution in the 
bottle was not anticipated. 

Phase 3 

The third and final phase of L-10 testing was 
performed using 1.2 Sp.Gr. aluminum nitrate 
solution as the stand-in for plutonium nitrate 
solution. 

The test series was initiated with 9.5 liters of 
solution in the bottle with a 30-minute run 
at 18.9 Hz at a displacement of 0.1 inches. 
Approximately 0.2 cc of fluid was pumped into the 
surge chamber. The restraint was not used in the 
test series. Frequency was decreased from the 
starting frequency in a series of 30-minute runs 
to 18.9 Hz, 16.2 Hz and'-a 15-minute run at 14.6 Hz. 
The double amplitude setting of 0.1 inch remained 
unchanged. No increase in surge chamber fluid was 
observed. 

A series of runs at frequencies ranging from 18.2 
to 21.1 Hz and at amplitude settings from 0.1 
to 0.35 inches produced no pumping action. The 
Keyport Naval Station Test- Engineer concluded that 
this lack of pumping action was due to the split 
drum bottom sustained earlier in the testing 
program. The resonant frequency of the system 
had changed which made it impossible to reproduce 
the data taken during earlier tests. L-10 testing 
was terminated at this point. 

L-3 Shipping Container 

The L-3 shipping container was tested within the 
same parameters as the L-10 system. 

A series of short runs at 0.5 and 1.0 g established 
that the resonant frequency of the system was 15.5 

Following the resonant frequency determination, a 
series of 15 and 30-minute runs were made at 
frequencies from 15.5 to 18.5 Hz at 1.0 g acceler
ation. Only a small amount of fluid was forced 
into the Duo-Vent surge chamber. 

These results were not consistent with the L-10 
test results and the three-liter bottle, containing 
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three liters Q-P water, was T^ounted on an A300B 
shake table (Pio-ure 3) to observe the action of 
the fluid. 

A frequency sweep from 5 to 20 Hz at 0.1 inch 
double amplitude was run. Fluid agitation was 
observed over the entire frequency range and was 
observed to be most violent at 17 Hz. The 
formation of standing waves was evident at 5 Hz, 
with the waves increasing in height to a maximum 
at 17 Fz and decreasing slightly at the higher 
freauencies. Extended runs were not made in this 
test although a s-pall amount of fluid was pumped 
into the Duo-Vent surge chamber at 17 Hz when the 
standing v̂ aves had sufficient energy to slosh up 
into the bottle neck. 

In the final phase of testing of the L-3 shipping 
container, the polyethylene bottle was filled 
with 3.0 liters of 1.2 Sp.Gr. al-uminum nitrate 
solution. 

Under test conditions of 15,7 Hz and 0.2-inch 
double amplitude, a 30-minute run pumped the 
surge chamher approximately one-third full. Fluid 
was not reproved from the chamber, and a second 30-
mmute run under the same operating conditions 
resulted m pumping additional solution until the 
surge chamber was half full. 

The solution was removed from the surge chamber 
and the run repeated using the restraint between 
the closing flange of the 2-R container and the 
bottle. Under the same conditions as the previous 
runs, no fluid was pumped into the surge chamber. 

Three repeated cycles with and without the bottle 
restraint demonstrated the effectiveness of the 
restraint in preventing pumping action. 

Brief testing of the slit vent closure under the 
conditions described above gave identical results. 

The test program was terminated at this point. 
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Figure 1 
L-10 CONTAINER MOUNTED ON 

LING A335 SHAKE TABLE 
US Navy Photo 
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US Navy Photo 

Figure 2 

DUO-VENT SURGE CHAMBER 
SHOWING ENTRAPPED LIQUID 
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Figure 3 
3-LITER BOTTLE MOUNTED 

ON LING ABOOB SHAKE TABLE 
US Navy Photo 
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