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Abstract 

An air detritiation system has been devel~ped and is in routine 
use for removing tritium and tritiated compound3 from glovebox efflu
ent streams before they are released to the atm~sphere. The system 
is also ·.ised, in combination with temporary enclosures, to :::ontain 
and deco~taminate airborne releases resulti~g f~om the opening of 
tritium :::ontainment systems during maintena~ce and repair operations. 
This det~itiation system, which services all tha tritium handling areas 
at Mound Facility, has played an important role in reducing effluents 
and maintaining them at 2% of the level of 8 yr ago. 

The system has a capacity of 1.7 m3/min (60 cfm) and has operated 
around the clock for several years. A refrigerated in-line filtration 
system removes water, nercury, or pump oil and other organics from 
gaseous Haste streams. The filtered waste stream is then heated and 
passed through two different types of oxidizing beds; the resulting 
tritiatej water is col l ected on molecular sieve dryer beds. Liquids 
obtained from regenerating the dryers and fron the refrigerated fil
tration system are collected and transferred to a waste solidification 
and packaging station. Component redundancy ani by-pass capabilities 
ensure uninterrupted system operation during naintenance. Khen pro
cessing :::apacity is exceeded, an evacuated storage tank of 45 m3 (1600 
ft3) is automatically opened to the inlet side of the system. 

The gaseous effluent from the system is m::initored for tritium 
content and recycled or released directly to the stack. The average 
release is <l Ci/day. The tritium effluent can be reduced ty iso
topically swamping the tritium; this is accomplished by adding hydrogen 
prior to the oxidizer beds, or by adding water to the strearr between 
the two final dryer beds. 

Introduction 

One of the principal goals of Mound Facility is to keep tritium 
discharges as low as p=acticable. To achieve this goal, cor.centrated 
gaseous effluents from any application or process involving tritium 
must be discharqed to a tritium removal system. Mound conducts a 
variety of operations involving tritium, including the recovery of 
tritium £rem many kinds of wastes generated by U. S. Department of 
Energy contractors. This recovered tritium is put into gaseous form 
and separated from other hydrogen isotopes in thermal diffusion columns. 
Tritium effluents from Mound to the atmosphere have been reduced to 
about 2% of the level of 8 yr ago. 

*Mound Facility is operated by Monsanto Research Corporation for the 
U.S. Department of Energy under Contract No. EY-76-C-04-0053. 

The major operating system in use at Mound for tritium removal 
from concentrated gaseous effluents is the Effluent Removal System (ERS). 
The ERS has a 1.7 m3/min processing capability for tritium removal from 
gaseous effluents prior to their release to the atmosphere. This tri
tium removal is accomplished by the oxidation of tritium and tritium
containing compounds to water, followed by the collection of the water 
on drying beds. Effluents contaminated with tritium come to the ERS 
from such sources as flushing of passboxes, purges of glovebox atmo
spheres, regeneration of glovebox inert atmosphere purification systems, 
vacuum pump exhausts, relief of glovebox overpressures, solvent vapors 
from boxline decontamination operations, purges of space between double 
layer drybox gloves, discharges of unrecoverable tritium in contaminated 
waste gases, and a variety of maintenance operations. 

The wide spectrum of gases processed by the ERS includes argon, 
nitrogen, air, helium, hydrogen, water vapor, and various organic com
pounds such as several types of solvent and vacuum pump oil vapors. 
The introduction of halogen-containing compounds is forbidden because 
of the corrosion that would result from the formation of various cor
rosive agents within the system. 

Use in Maintenance Operations 

The capability of the ERS to move substantial amounts of gas is 
used at Mound to greatly reduce or eliminate tritium releases to the 
atmosphere. various maintenance operations require the opening of 
tritium-contaminated lines or equipment and exposing the interior to 
the laboratory air. During these operations, the release of tritium 
to the a tmosphere is inevitable without some type of containment and 
decontamination of effluents. At Mound, the item to be opened is en
closed in flexible plastic sheet supported on a metal frame. The en
closure is exhausted to the ERS through plastic tubing connected to 
one of the ERS inlet lines. Sufficient air flow is maintained through 
the enclosure to prevent tritium migration to the room air. All the 
tools and equipment needed to perform the operation are placed inside 
the enclosure prior to the start of the maintenance work. 

There are two types of temporary enclosures used at Mound. In 
situations where high concentrations of tritium could be present, an 
enclosure with built-in gloves is erected. The repair work is per
formed through these gloves by the operating and maintenance personnel. 
For low tritium levels where the volume to be contained is large an en
closure large enough to allow operating and maintenance personnel to 
work inside is used. While inside the enclosure, a worker wears a 
plastic bubblesuit with supplied breathing air so that all physical 
contact with tritium is avoided. 

Several methods are used to decontaminate or reduce the quantities 
of tritum in lines and equipment if they must be opened for maintenance. 
If liquid could be present, the item is fitted with a specially designed 
piercing valve. This valve makes a small hole and the liquid drains 
into a container without any release of tritium. If welding is in
volved in the maintenance operation, external heat is applied to the 
area while a small flow (0.05 m3/min) of air is flushed through the 
line. This vaporizes moisture and liberates sorbed tritium in the 
vicinity of the repair and carries it to the ERS. For general decon
tamination of lines, equipment or enclosures, moist air is more ef
fective than dry gases. 
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During the maintenance operation, air flow from the enclosure to 
the ERS is limited to only that necessary for tritium containment. At 
times, this type of operation requires the maximum capacity (1.7 m3/min) 
of the ERS for several hours. Not only is the enclosure ventilated, 
but, whenever possible, open contaminated lines are directly purged to 
the ERS. The intent is to move air from the room, through the en
closure, into the open equipment and process lines, and then into the 
ERS. 

These simple but very effective methods have helped considerably 
in reducing tritium releases to the atmosphere and have contributed to 
reducing personnel e xposures to tritium by a factor of 16 over the past 
several years. 

System Description 

The tritium handling operations are connected to the ERS through 
an inlet collection system consisting of 2, 3 and 4-inch copper trunk
lines (see Figure 1) . This inlet system is maintained at a pressure 
of 600 torr. In the event that the capacity of thz compressors is 
temporarily exceeded causing trunkline pressure to exceed 700 torr, 
the s y stem influent is automatically diverted to a 45 m3 evacuated 
storage tank. The tank inlet valve, which is controlled by a pressure 
switch, opens and close s when necessary to maintain the trunkline pres
sure. This pressure control is very important as a pressure above 
atmospheric could seriously harm certain operations and equipment 
serviced by the ERS, r e sulting in a possible release of tritium to the 
atmosphere . 

A pressure of 100 torr is automatically maintained inside the 
storage tank by a vacuum pump. If influent flow contines at a high 
rate for an extended period and fills the tank, it is isolated from 
the ERS trunkline when the pressure reaches 720 torr. Any additional 
flow to the ERS is excess of its processing capacity is then released 
directly to the stack. This has occurred only once in the past 6 yr. 

Each branch of the inlet collection system is equipped with a 
gas flowrneter whose output is displayed and recorded on a strip chart. 
Each branch is periodically sampled for tritium concentration which is 
also recorded. This branch monitoring permits administrative control 
by operating personnel in case of system overloads and also provides 
an historical record. 

Downstream of the point where the various branch trunklines merge 
into a single process line, a series of two filters (30 µm and 10 µm) 
remove particulate material and liquid droplets from the incoming gases. 
The purpose of this filtration is to protect the Teflon piston rings 
of the compressors against abrasive materials. The collected liquid 
and solids from the filters are held in storage tanks while awaiting 
disposal (1). 

The next processing step is the cooling of the incoming gas by 
refrigerated heat exchangers. Here the contaminated gas is dried to a 
dew point of -50°C. Two shell and tube heat exchangers are used al
ternately, one cooling the gas while the other is being heated to de
frost the collected condensate which is then stored in a stainless 
steel tank and later packaged for buria1(l). The heat transfer fluid 
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is cooled to -55°C by a cascade refrigeration compressor system. Stearn 
is used to supply heat for the defrost cycle. 

The flow of contaminated gas and heat transfer fluid through 
the heat exchangers is automar.ically governed by a programmable step 
selector. A cycle timer with adjustable settings is used to advance 
the selector. This allows for variation in time intervals between the 
defrost and gas cooling cycles. 

Prior to the heat exchanger switching from the defrost cycle to 
the gas cooling cycle, a three-step time interval is devoted to pre
cooling the hot heat exchanger. This provides for constant cooling of 
the gas during the switching process. The system has built-in failsafe 
features to ensure uninterrupted operation. In the event of a valve 
failure, gas will automatically bypass the refrigeration system. 

A ·::ornbustible gas detector is installed on the gas line; its 
purpose is to warn of the presence of a combustible mixture of hydrogen 
and oxygen. The detector will alarm when the mixture of hydrogen and 
oxygen reaches 25% of the lower explosive limit. When the mixture 
reaches the 75% level, nitrogen gas is added automatically for dilution 
purposes .. 

An automatic flow control valve is located in the process line 
for the ?urpose of regulating gas flow to maintain the gas inlet header 
at a pressure of 600 torr. The pressure downstream of the control 
·valve normally is maintained at 510 torr by the addition of recycled 
gas from within the system. A pressure controller is used to operate 
this recycle flow control valve which is similar to the process line 
control valve. The purpose of this controlled recycle gas is to pro
vide the positive displacement compressors with sufficient gas to main
tain the inlet pressure at 510 torr. The compressors have the cap
ability ~f reducing the inlet pressure to 310 torr which could cause 
damage t~ the diaphragms in the compressor inlet valves. 

Gas is moved through the ERS by either of two oil-less-head com
pressors connected in parallel. This type of compressor was chosen 
because the introduction of oil into the system would require additional 
filtration to protect the Hopcalite oxidizing r~actors. Oil vapor has 
a tendency to coat the H~pcalite and seriously reduce its effectiveness. 
One compressor of 0.85 m /min capacity is maintained in standby con
dition. Should the normally operating compressor become inoperative 
the standby unit is automatically acti~ated. The active compressor 
has a capacity of either 0.85 or 1.7 m /min and is equipped with a two
speed motor, which changes to high speed automatically when the gas 
flow rate exceeds the low speed capacity or the gas line pressure in
creases to 670 torr. 

The gas discharged by the compressor is fed to two 4.25 m3 holding 
tanks which are normally held at 2000-2300 torr. This pressure pro
vides the driving force for gas flow through the remainder of the sys
tem. Following the holding tanks are two dual-tower, automatic, self
regenerating dryers using molecular sieve as the desiccant. The first 
dryer is filled with 4AXW molecular sieve to remove trace amounts of 
water vapor. The second dryer is filled with type 13X molecular sieve 
for hydrocarbon removal. It is important that halogenated hydrocarbons 
be removed from the gas stream prior to its entry into the hot oxidizing 
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reactors since decomposition of the halogen compounds leads to the 
formation of corrosive agents. 

After the gas exits the 13X dryer, it is passed through an oil 
absorbing filter. The gas is now considered completely free of any 
vapor which will harm the oxidizing reactors or produce corrosive 
agents at the high temperatures of the reactors. At this point, a 28 
liter/min sample is fed through an ion chamber which measures the tri
tium concentration of the gas prior to entering the· reactor system. 

The ERS is equipped with four identical parallel reactor systems, 
which have the function of oxidizing hydrogen isotopes and compounds 
into water. Each reactor system consists of a preheater, a Hopcalite 
reactor and a palladium reactor. An automatic ball-valve switching 
mechanism is used to select any two reactor systems for processing gas 
contaminated with tritium. The other two reactors are held in a hot 
standby condition. A gas flow control valve is located on each reactor 
system and the gas flow can be regulated from 0.17 to 0.43 m3/min as 
desired. A pressure switch, located on the holding tanks, will auto
matically introduce gas to the two standby reactors when the tank pres
sure reaches 2400 torr. This switch will also return the two reactors 
to standby st~tus upon the reduction in tank pressure to 1950 torr. 

An electric preheater raises the temperature of the incoming 
gas to 400°C prior to entering the Hopcalite (15% CuO and 85% Mn02l 
reactors. Here the hydrogen is oxidized by the CuO, and the Mn02 acts 
as a catalyst for the reaction. The CuO provides an oxygen supply if 
the incoming gas stream does not contain any air. There is normally 
sufficient oxygen in the gas to maintain the copper in the oxidized 
state; but as a precaution, air is routinely introduced into the system 
to avoid oxygen depletion. A second reactor downstream of each 
Hopcalite reactor contains a palladium catalyst held at 600°C. The 
purpose of this palladium reactor is for oxidizing tritiated organic 
compounds, such as pump oil and solvent vapor, for which the Hopcalite 
is ineffective. 

The efficiency of each reactor can be determined by automatically 
sampling the gas leaving each reactor, drying the gas and measuring 
the tritium content with an ionization chamber. 

The gas is passed through air-cooled, finned, copper heat ex
changers before entering another pair of dual-tower dryers. These 
two dryers use type 3A molecular sieve. The water collected in these 
dryers was produced in the oxidation process of the reactors. Upon 
regneration of the dryers, the accumulated water is collected and 
packaged for burial. 

Additional removal of tritiated water from the gas is achieved 
by the use of isotopic swamping. This is accomplished by periodically 
loading the final dryer with several kilograms of natural water. Since 
there is rapid exchange between water in the adsorbed and vapor phases, 
the HTO is adsorbed and H20 is released resulting in the virtual elim
ination of HTO from the discharge of the second dryer. Peri'odically, 
the dryer is regenerated and after cooling, is again loaded with 
clean water. 
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A hydrometer is used to measure the trace amounts of water vapor in the 
gas entering and leaving the first dryer, and leaving the final dryer. 
This information is useful for troubleshooting during brief and rare 
periods of system inefficiency. By combining the information from the 
tritium concentration monitors, the explosive mixture monitor, and the 
hydrometer, the cause of most problems can be determined and corrective 
action taken. 

As the decontaminated gas exits the final dryer, the tritium 
concentration is measured with an ion chamber whose output is fed to a 
recorder equipped with an alarm set point. If the tritium concentration 
reaches the set point, a series of valves will automatically divert the 
contaminated gas back into the compressor inlet line for recycle. This 
recycling continues until the tritium concentration is less than the 
set point. When this point is reached, the valves automatically re
verse to the normal position and the gas is discharged to the atmosphere. 

Detritiation factors of 105 can be attained by us~ of the ERS. 
In tests with tritium concentrations of 10 ppm (25 Ci/m ) in the in
fluent, tritium concentrations in the output or discharge were less 
than 250 µCi/m3. 

Engineering Data 

The system is relat'ively large and complex because of its capacity, 
redundancy of critical components and safety features. Current re
placement cost is $1.5 million. The ERS was designed for, and is 
operating on, a continuous 24-hr/day basis with almost·no downtime. 
Normal maintenance of the system can be performed without seriously 
reducing its capacity or efficiency. 

Containment of tritium, operating life and ease of maintenance 
are the main design criteria when selecting materials and equipment 
for the ERS. The lines not subjected to elevated temperatures are 
copper tubing joined with silver solder. The lines exposed to high 
temperatures are 316 stainless steel, and the reactors and preheaters 
are constructed from 304H rerolled stainless steel. Heliarc welding 
in an argon atmosphere is used for fixed stainless steel joints. Flex
ible bellows connections, which allow for thermal expansion, are used 
between the Hopcalite reactors and.the preheaters. The stainless steel 
bellows are welded to stainless steel flanges and when assembled are 
in a state of stress. Upon thermal expansion of the reactors during 
operation, the stress in the bellows is relieved. A special gold
plated, K-shaped gasket is used between these flanges. Flanges were 
selected for use in these locations to allow the reactor or preheater 
to be removed easily. 

The finned cooling sections are fabricated from oxygen-free cop
per (OFC) tubing to resist corrosion. Viton, which has high resistance 
to tritium, is used as gasket material for flanges where temperatures 
are not greater than 100°C. 

Many different thermal insulating materials are used in the ERS. 
In the refrigeration system, the holding tank containing the heat-t7ans
fer fluid is insulated with foam glass. The refrigerant transfer lines 
are insulated with foam rubber and fiberglass. The Hopcalite reactors 
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and preheaters are enclosed with rigid, 23-cm thick, pressed fiber 
insulation. The palladium reactors are insulated with high-temperature, 
evacuated glass beads contained within a stainless steel enclosure. 

Several of the significant improvements of the present system, 
built in 1972, compared to the original system, are the following: 
The caF<lcity has been increased by.a factor of 10. The ~ddition of the 
refrigerated heat exchangers has provided for an essentially dry system 
resulting in more reliable operation and less hazard to maintenance 
personnel from tritiated condensates. The absence of tritiated iiquids 
requires less preparation before ~aintenance work can start, resulting 
in decreased system downtime. The use of effective filters and con
densers and proper control of the cooling water has extended the oper
ating time of the compressors between overhauls from ~600 hr to ~15,000 
hr. Irrprcved tritiated liquid handling equipment has reduced losses 
to the atir.osphere. The addition of the palladium reactors has given 
the system the capability to oxidize tritiated organic compounds which 
otherwise would be released to the environment; this has resulted in 
reduced effluents and in increased flexibility in choosing decontaminat
ing solvents. Improved pressure, tenperature, and gas flow instru
mentation has impro\'ed the control and efficiency of the system. 

Conclusion 

There are two methods of disposing of tri"tiated effluents -- re
leasing them to the environment or exhausting them to an effluent de
contamination system. Mound has shown, through use of the ERS, that 
most effluents need not be discharged to the environment and that an 
effluent goal of "as low as practicable" can truly be achieved. 
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