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0 Release Control Record 
Below is a table documenting the various changes recorded in this report.  Each issuance of the 
report is clearly marked with the revision number and date of issue. 

Table 1: Revision Table 

Issue No. REASON FOR CHANGE Date Issued 

1 Original Release 04/23/15 
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1 Introduction 
Southwest Research Institute (SwRI®) was contracted by Sandia National Laboratories to perform 
hyperbaric testing on six 55-gallon waste disposal drums planned to be buried at the Waste Isolation Pilot 
Plant (WIPP) in Carlsbad, New Mexico.  The hyperbaric tests were performed at the facilities of 
Southwest Research Institute (SwRI) from February 9-16, 2015.  Testing was completed to a full scale 
hydrostatic test procedure provided by Sandia National Laboratories.  The hyperbaric testing was 
performed in SwRI’s 50-inch I.D., 6,000 psig test chamber.  The tests consisted of subjecting each drum 
to a series of pressure unload/reload loops; the final confining pressure goal was 2,175 psi.  Testing was 
completed under an NQA-1 compliant quality program.   
 

2 Test Setup 
An example of a test sample prior to testing is shown in Figure 1 in Appendix I.  3/8” Swagelok tubing 
was used for all plumbing connections.  Haskell air-operated pumps were used to apply the confining 
pressure.  The tests were conducted in fresh water, and ambient and chamber temperature were measured 
by thermocouples supplied by SwRI.  A calibrated 3,000 psi pressure transducer and a spirometer LVDT 
were supplied by Sandia National Laboratories; the pressure transducer was setup to measure the 
hyperbaric pressure in the pressure vessel and the spirometer LVDT was connected to the sample vent to 
derive the change in volume of air inside the test sample as the hyperbaric pressure caused it to compress.  
Each test sample was mounted inside the pressure vessel by a test fixture.  A photograph of a test sample 
inside the fixture is provided in Figure 2.  A calibrated load cell supplied by SwRI was attached to the test 
fixture to measure the reduction of buoyancy as hyperbaric pressure increased.  Instrumentation used to 
support the test program is listed in Table 2.  The calibration sheets for the calibrated equipment are 
included in Appendix III.  All test parameters were monitored, recorded, and electronically stored using a 
SwRI test computer logging software program written in LabVIEW.  The LabVIEW program calculated 
the volume strain by dividing the change in volume by the initial volume.  A camera located inside the 
hyperbaric chamber monitored and recorded each drum’s physical condition during testing. 
 

Table 2: Calibrated Equipment 
Make/Model Item Measured Asset # Calibration Due Date 

Stellar Technology Model 
PNC710-500LBTN-159 Reduction in Buoyancy 020800 05/26/15 

FLUKE Model 714 Thermocouple Calibration 016644 02/21/15 
*Omega Engineering Model 

PX309-3KGV Pressure 6662865 12/09/15 

*MHR Model 1000 Change in Volume - 05/08/15 
Note: Equipment marked with a * symbol was provided and calibrated by Sandia National Laboratories 
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3 Test Results 
Water was injected into the hyperbaric chamber to produce a volumetric strain rate of the test sample of 
approximately 1E-4 sec-1.  When a volume strain of approximately 50% was reached, hyperbaric pressure 
was increased at an approximate rate of 87 psi/min.  Pressurization rate was monitored and approved by 
Sandia personnel.  Pressure unload/reload loops were performed at the intervals listed in Table 3.  Each 
loop consisted of a rapid release in hyperbaric pressure followed by rapid increase to restore hyperbaric 
pressure to the original value.  When hyperbaric pressure dropped uncontrollably, testing was paused and 
the sample was inspected for puncture or leak. 

Table 3: Pressure Loop Intervals 
Loop # Volumetric Strain εv Hyperbaric Pressure (psi) 

1 0.12 - 
2 0.24 - 
3 0.36 - 
4 - 50 
5 - 100 
6 - 200 
7 - 400 
8 - 800 
9 - 1500 

10 - 2175 
 
The first drum tested was labeled WC-HC-NDF-01, and it was an unjacketed test sample.  Pressure loops 
1 through 5 were successfully completed before testing was stopped due to a leak at the top of the drum.  
The collapsed drum is shown in Figure 3.  Pressure versus volume strain and pressure versus load 
measurements for this test are shown in Figure 8 and Figure 9, respectively.    
 
The second sample tested was a jacketed drum labeled WC-HC-NDF-05.  Pressure loops 1 through 4 
were successfully completed before testing was paused due to a leak at the bung location.  The damage is 
shown in Figure 4.  Pressure versus volume strain and pressure versus load measurements for this test are 
shown in Figure 10 and Figure 11, respectively.   
 
Based upon the inspection of the failure of WC-HC-NDF-05, Sandia personnel induced minor buckling at 
strategic locations on the unjacketed sample labeled WC-HC-NDF-02 in an attempt to avoid pinching at 
the bung location.  The induced buckling successfully influenced the buckling pattern to avoid this failure 
mechanism which would not be experienced in real-world applications. This buckling pattern is shown in 
Figure 5.  Hyperbaric pressure was applied until a leak occurred at 268 psi.  Sandia personnel induced 
minor buckling in the two remaining test samples to similarly influence the buckling pattern. 
 
The fourth sample tested was a jacketed drum labeled WC-HC-NDF-06. Pressure loops 1 through 7 were 
successfully completed before testing was stopped due to a pin hole on the side wall of the drum 
preventing further pressurization. The collapsed drum is shown in Figure 6.  Pressure versus volume 
strain and pressure versus load measurements for this test are shown in Figure 12 and Figure 13, 
respectively. 
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The fifth sample tested was a jacketed drum labeled WC-HC-NDF-07. Pressure loops 1 through 8 were 
successfully completed before testing was stopped due to a leak in the drum. The collapsed drum is 
shown in Figure 7.  Pressure versus volume strain and pressure versus load measurements for this test are 
shown in Figure 14 and Figure 15, respectively.   
 
None of the test samples sustained a confining pressure of 2,175 psi before leaking. 
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Pictures and Pressure Graphs 
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Figure 1: Jacketed Drum before Hyperbaric Testing  

 
Figure 2: Sample Mounted Inside Test Fixture  
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Figure 3: Test Sample WC-HC-NDF-01 after Hyperbaric Testing 
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Figure 4: Failure at Bung Location for Test Sample WC-HC-NDF-05 

 
Figure 5: Test Sample WC-HC-NDF-02 after Hyperbaric Testing 
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Figure 6: Test Sample WC-HC-NDF-06 after Hyperbaric Testing 
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Figure 7: Test Sample WC-HC-NDF-07 after Hyperbaric Testing 
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Figure 8: Volume Strain Calculated during Hydrostatic Testing of WC-HC-NDF-01 
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Figure 9: Buoyancy Reduction during Hydrostatic Testing of WC-HC-NDF-01 
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Figure 10: Volume Strain Calculated during Hydrostatic Testing of WC-HC-NDF-05 
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Figure 11: Buoyancy Reduction during Hydrostatic Testing of WC-HC-NDF-05 
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Figure 12: Volume Strain Calculated during Hydrostatic Testing of WC-HC-NDF-06 
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Figure 13: Buoyancy Reduction during Hydrostatic Testing of WC-HC-NDF-06 
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Figure 14: Volume Strain Calculated during Hydrostatic Testing of WC-HC-NDF-07 
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Figure 15: Buoyancy Reduction during Hydrostatic Testing of WC-HC-NDF-07 
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Quality Program Documentation 
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Calibration Sheets 
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