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Abstract: 
contact handled transuranic (CH-TRU) waste. The test containers were designed to simulate 
the environmental characteristics of the caverns at the Waste Isolation Pilot Plant (WIPP). The 
support and control systems used to operate and maintain the Gas Generation Experiment 
(GGE) include the following: glovebox atmosphere and pressure control, test container 
support, glovebox operation support, and gas supply and exhaust systems. 

A glovebox was designed and fabricated to house test containers loaded with 

The glovebox atmosphere and pressure control systems consist of various components used 
to control both the pressure and quality of the argon atmosphere inside the glovebox. The 
glovebox pressure is maintained by three separate pressure control systems. The primary 
pressure control system is designed to maintain the glovebox at a negative pressure with the 
other two control systems serving as redundant safety backups. The quality of the argon 
atmosphere is controlled using a purifying bed system that removes oxygen and moisture. 
Glovebox atmosphere contaminants that are monitored on a continuous or periodic basis 
include moisture, oxygen, and nitrogen. 

The gas generation experiment requires the test containers to be filled with brine, leak 
tested, maintained at a constant temperature, and the gas head space of the test container 
sampled on a periodic basis. Test container support systems consisting of a brine addition 
system, leak test system, heating system, and gas sampling system were designed and 
implemented. A rupture disk system was constructed to provide pressure relief to the test 
containers. Operational requirements stipulated that test container temperature and pressure be 
monitored and collected on a continuous basis. A data acquisition system (DAS) was 
specifically designed to meet these requirements. 

To provide functional support for glovebox operations several operational support systems 
were incorporated into the design of the glovebox. These systems include the glovebox 
transfer and bag out ports. These systems provide protection to the glovebox atmosphere, by 
limiting the contaminants that are introduced into the glovebox atmosphere (i.e. oxygen and 
moisture), and provide protection to the worker, by limiting exposure to the radioactive 
contamination inside the glovebox and test containers. 

Gas supply and exhaust systems consist of the piping network required to supply the 
necessary gases to support the glovebox and test containers and the piping network required to 
dispose of the exhaust gases. The types of gases used to support the glovebox and test 
containers include argon, helium, and nitrogen as well as mixed gases for calibrating monitors 
and supporting maintenance of the atmosphere purification system. 

The support and control systems used to operate and maintain the gas generation experiment 
glovebox and test containers were specifically designed to meet the functiond requirements of 
the gas generation experiment. This paper outlines and details these support and control 
systems. 

BACKGROUND 

Argonne National Laboratory-West was selected by the Department of Energy-Carlsbad Area 
Office (DOE-CAO) to conduct gas generation experiments using CH-TRU waste. The GGE objective 
is to measure the production rates and species of gas generated from CH-TRU waste immersed in 
brine. The brine is chemically similar to intergranular brines found in areas such as the Soiado 



Formation and the Nash Draw which are located in and around the WIPP. Major gas generation 
processes expected in WIPP disposal rooms include corrosion, microbial activity, and radiolysis. The 
GGE program will measure gas-generation rates at anticipated WIPP temperatures and pressures. 
Results will be used to evaluate synergistic gas generation mechanisms and a gas generation model. 
The gas generation model will be used by the WIPP performance assessment team to evaluate 
compliance with the Environmental Protection Agency 40 CFR 191. The tests started in January 1996 
and will run for an anticipated 3 to 5 years. 

The W E  will simulate the environmental conditions at the WIPP facility using pressure vessels, 
otherwise known as test containers, to store CH-TRU waste and brine. Initially, the test containers are 
pressurized to approximately 14.8 MPa (2,150 psi) and heated to 30°C (86°F) in order to simulate the 
lithostatic pressures and temperatures at the WIPP facility. The volume of a test container is 7.5 liters 
(2 gal) and all test containers are designed and fabricated to ASME Boiler and Pressure Vessel Code 
Section VI11 standards. Each test container is made from corrosion resistant Hastelloy C276 to 
preclude contribution to the gas generated in the test container. Reference 1 provides a complete 
description of the test containers. 

The experiment is housed in an inert atmosphere glovebox for two primary reasons: (1) to simulate 
the oxygen-free conditions at the WIPP and (2) to maintain and assess the integrity of the test 
containers and gas sampling system and to efficiently monitor the test parameters for the GGE. In an 
inert atmosphere glovebox, contamination of the test container atmospheres through diffusion processes 
is minimized. More importantly, the inert atmosphere will reduce the potential of contamination of the 
sampling system, which is essential for the accurate determination of oxygen, nitrogen, and carbon 
dioxide concentrations in the test container. In addition, the argon atmosphere in the glovebox will be 
used to determine the presence of gas leakage into the sampling system over the test period. 

The glovebox is sized to hold twenty-four test containers. Each test container contains a specific 
mixture of waste and brine. Each test container has six ports located on its head. These ports support 
the functional and interface requirements of the experiment and include the following functions: over 
pressurization protection, headspace gas sampling, brine addition, temperature measurement, and 
oxygen removal from the test container. 

The glovebox support and control systems were designed to ensure that the test objectives of the 
GGE are satisfied. These support and control systems are grouped as follows: glovebox atmosphere 
and pressure control, container support, glovebox operation support, and gas supply and exhaust 
systems. 

GLOVEBOX ATMOSPHERE AND PRESSURE CONTROL SYSTEMS 

Glovebox atmosphere pressure is controlled by three independent pressure control systems which 
are designated as the primary, secondary, and tertiary pressure control systems. 

The purpose of the primary pressure control system is to maintain glovebox pressure in the range 
from -0.3 to -0.8 in. H,O (normal glovebox pressure). The primary pressure control system is housed 
in the atmosphere purification control cabinet. Operator interface is maintained through a solid state 
gage (SSG) and a foot switch. 

The SSG is the primary component in the primary pressure control system. Two adjustment knobs 
on the SSG face establish pressure control points. The control points determine at what pressure gas is 



added or evacuated from the glovebox. Whenever the pressure control set point is reached, the SSG 
attempts to adjust the pressure to bring it within the set point limits. When glovebox pressure reaches 
the high set point, the SSG opens a solenoid valve to a vacuum pump. When glovebox pressure 
reaches the low set point, the SSG opens a solenoid valve to an argon gas supply line. I' 

The second method of controlling glovebox pressure using the primary pressure control system is 
by use of a foot switch. This switch is used to manually control the pressure without adjusting the 
control points. Glovebox pressure may be increased or decreased through the use of touch pads, When 
the foot switch is activated, an annunciator alarms to prevent inadvertent over or under pressurization 
of the glovebox. The primary pressure control system continues to function even while foot switch is 
being operated &e. the primary pressure control system tries to maintain pressure within the control set 
points). 

The secondary pressure control system functions in the same manner as the primary pressure 
control system in that glovebox pressure is maintained by either adding or evacuating gas from the 
glovebox. The main components in this system are a Photohelic guage, a 1/4 hp blower, and an argon 
supply line. As with the primary pressure control system, the Photohelic gauge has low and high 
pressure set points which are set at -1 .O and -0.1 in. H,O, respectively. If the glovebox pressure 
reaches the low set point, solenoid valves in the argon supply line are opened and argon is added to the 
glovebox until the glovebox pressure falls within the set points. (The supply line is double valved, in 
series, to prevent over pressurization of the glovebox in the possible event of a single valve failure.) If 
the glovebox pressure reaches the high set point, the Photohelic gauge opens a solenoid valve, turns on 
the blower, and the blower exhausts argon to the suspect exhaust manifold. When the glovebox 
pressure falls within the set points the Photohelic gauge shuts the valve and turns the blower off. 
Visual and audio high and low pressure alarms are activated at the high and low pressure set points for 
the secondary pressure control system. 

Although the Photohelic gauge provides automatic pressure control the secondary pressure control 
system can be manually operated by hand switches located on the front of the control cabinet. Three 
hand switches are used to manually control pressure, each having three positions: AUTO, ON, and 
OFF. One switch is used to raise glovebox pressure. When activated, the switch opens solenoid 
valves in the argon supply line. The other two switches must be switched on to lower the glovebox 
pressure. One switch provides power to the blower, while the other switch opens the solenoid valve to 
the suspect exhaust. If the low pressure set point is reached, the transfer port vacuum pump motor is 
deenergized and electrically locked out to prevent accidental depressurization of the glovebox by the 
transfer port vacuum pump. Another feature of the secondary pressure control systems is that when the 
secondary vent pump starts, it will remain on for one minute, regardless of pressure, to prevent 
repetitive cycling. The solenoid valve, however, will shut when the pressure falls withii the secondary 
pressure control limits. 

The last means of controlling glovebox pressure is the tertiary pressure control system. This 
control system consists of an oil filled U-shaped manometer. The manometer is constructed of a 
7.6 cm (3 in.) stainless steel tube that is flanged directly to the glovebox on one side and the suspect 
exhaust system on the other. The manometer is filled with oil to a specific height that allows the 
glovebox pressure to relieve at +/-2.5 in. H,O. 

The glovebox atmosphere is purified using a purification bed system that absorbs oxygen and 
moisture. The purification beds must be regenerated as they become saturated with oxygen and 
moisture. Bed regeneration is accomplished by combining oxygen with hydrogen gas (to produce 



water) and then boiling off the moisture. The regeneration process is initiated manually and then is 
controlled automatically through the heat up and purge gas sequence. 

Moisture and oxygen meters allow the glovebox operators to determine when the purification beds 
need to be regenerated. 

TEST CONTAINER SUPPORT SYSlXMS 

The gas generation experiment requires the test containers to be filled with brine, leak tested, 
maintained at a constant temperature, and the gas head space of the test container sampled on a periodic 
basis. Test container support systems consists of the following: brine addition, leak testing, heating, 
gas sampling, rupture disk, data acquisition, and pressurehemperature monitoring systems. 

Brine and microbrial inoculum were added to each test container to simulate possible long term 
WIPP conditions. The purpose of the brine addition system is to add the correct amount of brine to 
each test container to provide a 10% gas head space (by volume). The brine addition system consists 
of a peristaltic pump, brine reservoir, stirring mechanism, and brine level indicator. During filling 
operations, a brine level indicator is temporarily inserted into the test container. A stirring mechanism 
stirs the brine reservoir and keeps the inoculum in solution during the fill stage. A remote annunciator 
indicates to the operator when the proper brine level has been achieved. 

The gas head space located at the top of each test container is occupied by a nitrogedl % helium 
gas mixture. The helium was added to facilitate leak testing the test container head seal ring, fittings, 
and associated valves. Two levels of detection are provided. For gross leaks a sniffer is traced over 
the fittings and around the ring. For precision leak testing, a bell jar is placed over the test container 
and the atmosphere of the bell jar is evacuated. During leak testing, a sample is the drawn into a leak 
detector and analyzed for the presence of helium. From this data a leak rate is determined. The test 
containers leak rate must be less than 1.5 x 10'' cc/sec at 14.6 MPa (2120 psi). 

One of the technical requirements for the GGE is to maintain the test containers at the anticipated 
WIPP ambient temperature. The temperature of the WIPP site remains fairly stable at 30°C (86"F), 
which is above the glovebox ambient temperature. To maintain test container temperature, a test 
container heating system was designed and installed in the glovebox for each test container. The 
heating system uses a proportional integral derivative (PID) controller that controls a 300 Watt wrap- 
around silicone heater. The control thermocouple for the PID controller is attached to the stainless 
steel thermal well that retains the test containers. Silicone heaters are wrapped around each thermal 
well and are insulated by a neoprene jacket. Redundant heaters (3) were placed around each thermal 
well in the event of primary heater failure. The heater PID controllers are accessed inside the glovebox 
and are located under the glovebox working trays. Each controller is covered by a plexiglass window 
to avoid accidental breakage while still permitting operator viewing. This system maintains each test 
container at the stipulated temperature of 30 f5"C (86 f9"F). 

A unique sampling system was designed to take periodic samples from each test container head 
space. The sampling system consists of a gas chromatograph, gas sampler, and a gas sampler 
evacuation system. The gas sampler evacuation system is composed of a vacuum system that can be 
connected to each test container. A turbomolecular pump evacuates the sample valves that take the 
head space gas samples. Before each sample is obtained the sample valves are evacuated to 
approximately 1 x 
Once evacuated, a prescribed amount of gas is purged into the test container sampler. The samples are 

torr to prevent cross-contamination of gas samples between test containers. 



then manually transferred to the sampling manifold, where through a computer controlled system, the 
pneumatic valves of the sampler are opened at prescribed times and the samples are drawn into the gas 
chromatograph for analysis. The analytical operation is automatically controlled to provide sample 
analysis during off hours. Not only does the sampling system provide periodic head space gas 
sampling, the system was also used during test container qualification to determine if the oxygen 
content in the test containers was within allowable levels. 

A rupture disk system provides over pressurization relief for each test container. Each test 
container is fitted with a rupture disk that is rated to 20 f 0.7 MPa (2,900 f 100 psi). If a rupture 
disk fails, the test container head space gas is exhausted through the rupture disk system piping, 
through an in-line 7 micron sintered metal filter and then exhausted to the suspect exhaust. 

The data for the GGE is collected by a PC based data acquisition system (DAS). The software was 
designed by ANL-W and is unique to this application. The DAS is designed to record the temperature 
and pressure of each test container ranging from 10 seconds to one hour. 

Each test container contains a resistance temperature detector (RTD) which measures the 
temperature of the internals and feeds the information to the DAS. The DAS contains alarms which 
indicate when a test container is out of the prescribed temperature range. 

Test container pressure is measured by a pressure transducer. As with the test container 
temperature measurement, pressure is also feed to the DAS, which also provides over and under 
pressurization alarms. 

GLOVEBOX OPERATIONS SUPPORT SYSTEMS 

To provide functional support for the glovebox, several operational support systems were 
incorporated into the design of the glovebox. These systems include the glovebox transfer and bag out 
ports. These systems provide protection to the glovebox atmosphere by limiting the contaminants that 
are introduced into the glovebox atmosphere (Le. oxygen and moisture). Protection is also provided to 
the worker by limiting exposure to radioactive contamination from inside the glovebox and test 
containers. 

The transfer port allows items to be transferred into the glovebox while preventing contamination of 
the glovebox argon atmosphere. All items introduced into the glovebox are required to enter the 
glovebox through the transfer port. The transfer port atmosphere is controlled by allowing only one 
transfer-port door to be opened at a time, by evacuating (pumping down) the transfer port, and by 
purging the transfer port with argon gas. 

When items are transferred into the glovebox, the transfer port is evacuated by a 1 $5 hp vacuum 
pump, which discharges through an oil separator to the suspect exhaust system. The transfer port is 
pumped down to -24 in. Hg and then backfilled with argon gas. Under normal conditions, this activity 
is repeated three times to ensure that atmospheric contaminants are removed. The transfer port 
pressure is indicated by a compound pressure/vacuum gauge. Before the transfer port outer door is 
opened, the transfer port is back filied with air from the room (a 5 micron filter prevents back 
streaming of contamination). For operator safety, an oxygen monitor is located on the transfer port 
and must read greater than 19.5 % prior to opening the outer door. The vacuum pump is manually 
controlled with a local switch. 
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Penetrating the bottom of the glovebox is a 38 cm (15 in.) bag out port for removing objects from 
the glovebox. This system consists of a PVC sleeve and a heat sealer. The heat sealer is 60 cm (24 
in.) in length and uses a cold wire down the middle of the heating element to perforate the bag after 
sealing. The width of the heat sealer enables it to seal the entire width of the bag. This technique 
limits the possible spread of contamination. When the sleeve length becomes too short to use it is 
replaced with a new 2.5 m (8 fi) long sleeve. Any item less than 30 cm (12 in.) in diameter and 100 
cm (40 in.) tall may be bagged out through the bagout port. Any item more than 0.5 kg (1 lb) must by 
supported by a platform located under the glovebox. The bag out port is large enough to facilitate 
bagging out an entire test container with its instrumentation if necessary. 

GAS SUPPLY AND EXHAUST SYSTEMS 

The gas supply and exhaust systems consist of the piping network required to supply the necessary 
gases to support the glovebox and test containers and the piping network required to dispose of the 
exhaust gases. 

The different gas suppIy systems range in pressure from 0.14 to 20.7 MPa (20 to 3,000 psi). The 
types of gases used by the support systems include; argon (including research grade argon), helium, 
and nitrogen as well as mixed gases for calibrating the glovebox atmosphere monitors and the gas 
sampling gas chromatograph. The criteria established for the GGE required the test containers to be 
pressurized to 14.8 MPa (2,150 psi). Additional requirements mandated that at any time during the test 
phase, the pressure in a test container may have to be increased/decreased. The pressurehent system 
can be used to pressurize a test container at any given location in the glovebox to 20 f 0.07 MPa 
(2900 _+ 10 psi). 

A 10 cm (4 in.) suspect exhaust header, connected to the building suspect exhaust system, receives 
all exhaust gases from the various glovebox systems. Twelve separate lines from the glovebox and 
support systems are exhausted through the building exhaust. Exhaust lines vary in size from 0.16 to 
7.6 cm (1/16 to 3 in.) in diameter and are all connected to the 10 cm (4 in.) main manifold. The 
exhaust is then double HEPA filtered before it reaches the building exhaust where it travels through 
another set of HEPA filters before exiting the building. 

CONCLUSION 

The GGE is a unique system and incorporates support systems not required by many glovebox 
applications. It was the unique nature of support systems such as the glovebox pressurehent system 
(which can pressurize a test container to 20 MPa) and the sampling system (which can evacuate a gas 
sampler to 1 x 
systems challenging. Through the support and control systems of the glovebox and test containers the 
functional requirements of the gas generation experiment were met. 

torr) that made designing, testing, and fabricating the glovebox and its support 
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