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ABSTRACT
At the Rocky Flats Environmental Technology Site, shredded HEPA filter media that is loaded
with plutonium residues are stored in PVC bags, which are in turn stored inside protective
polyethylene "clamshell" containers. The clamshell containers have two halves of approximately
4 liters in volume and when the two clamshell halves are threaded together, the container volume
is about 7.15 liters. Because the containers are greater than 4 liters, it is suspected that the waste
residues stored in clamshell containers will be wattage limited, and therefor restricted from
shipment to the Waste Isolation Pilot Plant. The intent of the clamshell containers is to provide
physical protection for the stored contents. The seam formed between the two clamshell halves is
sealed with two to three layers of yellow Slipknot #44 poly Vinyl chloride (PVC) tape. Previous
studies at Rocky Flats have shown the clamshell containers are neither air tight, nor water tight.
This paper describes the method used to measure the hydrogen decay through the taped, and un-
taped clamshell containers. Gas samples were analyzed by a gas chromatograph with a thermal
conductivity detector over a predetermined time at specified intervals. The hydrogen
permeability of hydrogen has been measured at about 5.0 E-08 moles/sec/mole-fraction for a
taped container and 2552 E-08 moles/sec/mole fraction for an un-taped container. The results are
to be used by Rocky Flats Environmental Technology Site personnel to make decisions
regarding on-site safe storage and possible combinations of treatments of packages for shipment
and disposal at the Waste Isolation Pilot Plant (WIPP). Possible treatments of the clamshell
containers include repackaging and ventilation with HEPA filters. This work is performed under
Safe Sites of Colorado Sub-contract #SSC000401 BHS-041.

BACKGROUND
Hydrogen permeability through taped Volrath 88020 steel slip lid containers has been measured
under previous Safe Site Contract 703384 and SSC000068. It was expected that the hydrogen
diffusion rates would be much different because of the threads of the clamshell, the greater
surface area of the container, and the fact that the clamshells have multiple layers of tape
whereas the Volrath 88020 slip lid cans had only one layer. The diffusion rate of the slip lid
Volrath 88020 cans with a single layer of PVC tape was measure at 1.2 E-07 moles/second/mol
fraction. The WIPP TRUPACT II SAR section 1.3.5 requires a drum of transuranic waste to be
vented with a filter that has a hydrogen diffusion rate of 1.9 E-06 Moles/Second/Mol Fraction. A
non-filtered liner bag diffuses hydrogen gas at a rate of 5.6 E-07 mol/second/mole fraction.
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PROCEDURE
The 12 clamshells were delivered by RFETS with tape applied by operators who normally
processed the packages. Each of the 12 test clamshell were modified to allow gas sampling. The
modifications included a brass valve fitting (Part # B-4P4T1) which is securely threaded into
each end. To assure a tight seal and provide strength, two-part five-minute epoxy glue was
applied around each fitting. In order to verify that the ball valves made a leak tight seal, each
clamshell was pressurized to a about 3 inches of water column and the end inserted into a basin
of water. The absence of bubbles indicated there were no macro leaks.

PHOTOGRAPHS
Photographs were taken of the Clamshells prior to the start of testing. The photographs are
presented in the Photographs Section and represent the appearance of the tape on the top and
bottom sides of each clamshell. Also shown in the photographs is Clamshell #6 (with no tape
wrapped around it) which was not threaded completely, and as a result leaked hydrogen much
more rapidly than the other clamshells. Clamshell #12 is shown which was wrapped in multiple
layers of yellow PVC tape and was used to determine 'system losses'.

DETERMINATION OF TEST PERIOD
Since no prior knowledge existed about the hydrogen permeability through the clamshell
packages, in the first phase of the test program three containers, two taped and one not taped,
were tested in order to determine the appropriate test period for each configuration. The test
period was determined to be 21 days for the taped configuration and about 0.5 hours for the un-
taped configuration.

One 21 day test cycle, and one 27 day test was conducted on taped clamshells. Two 35 minute
tests were conducted on each un-taped clamshell. Prior to the start of a hydrogen diffusion test,
each clamshell container is purged with the test gas (NIST traceable 4% hydrogen, balance
nitrogen), and samples are taken for analysis every 3 to 5 days. The valves installed in each
clamshell allowed periodic samples to be taken for analysis.

DETERMINATION OF SYSTEM LEAKS
In order to verify system leak rates, especially to quantify leaks at the valve to clamshell joint,
one clamshell was securely wrapped in yellow PVC tape, about 1/4" thick around the outside of
the clamshell. The same was applied to each end of the clamshell. This isolate hydrogen leaks to
the system and valve fittings and to some degree through the walls of the container.
Measurement over a period of 45 days showed these hydrogen losses to be about 20% of the
measured leak rate though a clamshell. The hydrogen diffusion rate through the 'sealed' container
was measured at 1.039 E-08 mol/s/mol fraction with a standard deviation of 0.9 E-08 mol/s/mol
fraction. Complete data including gas chromatograph outputs, and diffusion rate calculations are
shown in Appendix-3.
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HYDROGEN TEST SETUP
The schematic diagram on the following page shows the test set up. A certified mixture of 4.0%
hydrogen gas with a balance of nitrogen is circulated by a peristaltic pump through the gas
chromatograph and returned to the clamshell. An initial gas sample is taken, and then at even
intervals as determined by the estimate made by the step "Determination of Test Period". A
sample of the gas is injected into the detector for analysis. Seven samples are taken over the test
period. The amount of hydrogen in the test vessel decays over time due to diffusion through the
clamshell and threaded seal. The hydrogen diffusivity losses through the container, tubing, and
connections has also been measured.

The chromatogram peak area is related to the amount of hydrogen in the container. The decay
rate, or hydrogen diffusivity, D, through the assembly is given by:

D = PV/t RT Ln(Ho/Ht)

where P is atmospheric pressure, V is the volume of the vessel with connective tubing, t is
elapsed time in seconds, R is the Ideal Gas Constant, and T is the temperature in Kelvin. The
diffusion rate, D, is in Moles/Second / Mole Fraction (M/S/M Frac). The initial concentration of
hydrogen given by the chromatogram peak area is Ho and the amount of hydrogen after time t is
Ht.

The diffusion tests are conducted at the Nuclear Filter Technology Laboratory in Golden
Colorado which is at an elevation of 6000 feet. Therefore P, the atmospheric pressure is adjusted
down from 1 atmosphere to 0.81 atmospheres. The volume of the test container was measured by
recording injected water volume until the vessel was full. The volume of the clamshell containers
are 7154 milliliters. The volume of the clamshells was measured three times by metering in
water until the container was full. The ideal gas constant is 0.08206 L-Atm / Mol-Kelvin. The
tests were conducted in a temperature controlled room and was maintained at between 24 and 26
degrees centigrade. Temperature correction to 25.0 centigrade have been made.

Peak area data is transferred to a spreadsheet where the diffusion coefficient is calculated at each
data point. An average of six diffusion coefficients are taken and reported as the diffusion rate,
D'. The standard deviation of the mean is also calculated and reported as a result.

EQUIPMENT AND OPERATING PARAMETERS
The gas chromatograph used for the tests will be a Shimadzu GC 14A equipped with a 6 port
"Event 91" valve. The detector is a thermal conductivity detector (TCD) and the column is a MS-
5 A, 2.5 meter 80 X 100 molecular seive. Operating parameters of the GC are 100 C detector
temperature, 110 C column and injector temperature, and 150 C TCD temperature. The current
across the TCD is set at 70 milliamps. The data acquisition software used is Shimadzu
EzChrome.
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QUALITY ASSURANCE
The gas chromatography tests for hydrogen gas were conducted in accordance with DOE/WIPP
Procedure 520.1 "Gas chromatography Determination Of Hydrogen And Methane in Waste
Container Headspace" which is based on ASTM Method 1946-82. The key Quality Assurance
elements derived from Procedure 520.1 and applied to the test described here are the use of
National Institute of Standards and Technology (NIST) traceable standard gases for establishing
a three point calibration curve. Calibration curves were run at the start of each day that tests were
conducted. The minimum detection limit (MDL) of the thermal conductivity detector was
measured in accordance with 40 CFR Pt. 136, app. B. The chromatograph peak area has been
measured 14 times in response to the certified hydrogen gas concentration of 1.5% hydrogen.
The MDL is estimated at 230 parts per million. The precision and accuracy of the test equipment
proposed has been measured at less than 100 ppm.

Certificates of Conformance on NIST traceable gases and equipment are included in Appendix-9
of this report. The three point calibration curves taken at the beginning of a day of testing are
included in Appendix -6.

DATA VALIDATION
In order to validate the test data, cell formulas are printed and have been reviewed. Cell formulas
of spreadsheet calculations used for taped clamshells is presented in Appendix -7. Cell formulas
of spreadsheet calculations used for un-taped clamshells is presented in Appendix -8. Also, hand
calculations verified that the spreadsheet was transforming the data as expected. The spreadsheet
calculations have been used in previous studies that have been published and subject to peer
review.

SOURCE SURVEILLANCE
Representatives from Rocky Flats Environmental Site, Safe Sites of Colorado, including
management, Quality Assurance, and engineering made planned and unplanned visits to Nuclear
Filter during testing of clamshells.

RESULTS
A total of eleven clamshell were tested for each of the taped and un-taped configurations. The
twelfth clamshell was used to determine system leaks during the duration of the tests which
lasted 45 days. Hydrogen gas sampling, was begun on September 16 at 8:11 AM. The test
duration for the first run of taped clamshell containers was 21 days. Six gas samples were taken
over the period of the test at intervals between three to five days. The test duration for the second
run of taped clamshell containers was 27 days. In the second test run of the taped clamshells,
seven gas samples were taken over the period of the test at intervals between three to five days.
The gas chromatogram outputs for each test sample for the taped clamshell run #1 is presented in
Appendix-1. The gas chromatogram outputs for each test sample for the taped clamshell run #2
is presented in Appendix-2.
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The un-taped clamshell containers were tested over two consecutive days. Seven gas samples
were taken at five minute intervals over a 35 minute test period. The gas chromatogram outputs,
and spreadsheet calculations for test run #1 of' the un-taped clamshell is presented in Appendix-
3. The gas chromatogram outputs, and spreadsheet calculations for test run #2 of the un-taped
clamshell is presented in Appendix-4.

Table-1 shows complete data including GC output for each test sample of taped clamshells test
run #1 including calibration slope, time, conversion to percent hydrogen, and the calculated
hydrogen diffusivity coefficient. Table-2 shows complete data of the second run of taped
clamshells. Table-3 shows the calculated hydrogen diffusivity coefficients for un-taped
clamshells test runs #1 and #2.     Table -4 below, provides a summary of test results showing the
hydrogen diffusion coefficients for each taped and un-taped test run.

The Charts in the following section shows the hydrogen decay over time for each of the eleven
clamshells tested. Clamshell #6 leaks H2 very rapidly with respect to the other clamshells. A
second pressure test of clamshell #6 determined there is not a macro leak in the fittings. It is
possible to see a thin cut in the taped on Clamshell #6, combined with the fact that Clamshell #6
was not threaded completely, is responsible for a rapid hydrogen loss.
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TABLE -4 SUMMARY OF RESULTS
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Because Clamshell # 6 is considered a statistical outlier (greater than 3 sigma difference from the
mean) the average diffusion rates and standard deviation are shown with, and with out clamshell
#6 included.

Given a taped clamshell, and assuming #6 is omitted from the data set, the mean hydrogen
diffusion rate for a taped clamshell container is 5.00 E-08 mol/s/mol fraction with a standard
deviation of 1.48 E-08 mol/s/mol frac.

Given a taped clamshell, and assuming #6 is Included with the data set, the mean hydrogen
diffusion rate for a taped clamshell container is 12.82 E-08 mol/s/mol fraction with a standard
deviation of 25.37 E-08 mol/s/mol frac.

Given an un-taped clamshell, and assuming #6 is omitted from the data set, the mean hydrogen
diffusion rate for a taped clamshell container is 2.55 E-05 mol/s/mol fraction with a standard
deviation of 1.52 E-05 mol/s/mol frac.

Given an un-taped clamshell, and assuming #6 is Included with the data set, the mean hydrogen
diffusion rate for a taped clamshell container is 3.18 E-05 mol/s/mol fraction with a standard
deviation of 2.49 E-05 mol/s/mol frac.
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CONCLUSION
The hydrogen diffusivity rate through taped and un-taped clamshell containers have been
measured. The hydrogen permeability rate though a taped clamshell container is 5.0E-08
mole/second/mole/fraction. The hydrogen permeability rate though an un-taped clamshell
container is 2552 E-08 mole/second/mole/fraction. The Rocky Flats Environmental Technology
Site utilizes clamshell containers for storing shredded HEPA filter media that is loaded with
plutonium residues. The hydrogen diffusion rate coefficients as measured and reported in this
study are very low with respect to other package configurations. As a result, the waste packages
that utilize the clamshell containers will have to be treated by ventilation with a filter, or at a
minimum repackaged so that wattage limits are not exceeded.

The study reported here was conducted under Rocky Flats Environmental Technology Site PO
SC000401 BHS1.

Photograph #1 - Shows the hydrogen gas test stand with the Gas Chromatograph, Computer,
Peristaltic pump and several Clam Shells.
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Photograph #2 - shows a close up view of Clam Shell #6 connected to peristaltic pump suring a
hydrogen gas sample.
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Hydrogen Permeability Through Taped and Untaped "Clam Shell" Containers Used at
Rocky Flats Environmental Technology Site

Chart-3

Hydrogen Losses Through Clam Shell Containers Test Run #1 & #1 No Tape
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Hydrogen Permeability Through Taped and Untaped "Clam Shell" Containers Used at
Rocky Flats Environmental Technology Site

Chart-4

Hydrogen Losses Through Taped Clam Shell Containers Test Run #1
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Hydrogen Permeability Through Taped and Untaped "Clam Shell" Containers Used at
Rocky Flats Environmental Technology Site

Chart-5

Hydrogen Losses Through Taped Clam Shell Containers Test Run #2


