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TRITIUM EFFLUENT REDUCTION AT OAK RIDGE NATIONAL LABORATORY

J. T. Shor
ABSTRACT

A study has been performed to determine the most
cost-efficient technologies available to reduce the air-
borne emissions of tritium (T,) from the Oak Ridge National
Laboratory (ORNL) in accordance with the principles of "as
low as reasonably achievable” (ALARA) dose equivalents to the
population., Extensive consultations with other Department of
Energy (DOE) laboratories and other tritium handling facili-
ties in the United States and Canada have been counducted.
Substantial reductions in tritium emissions can be made to
bring ORNL within the range of emissions from other DOE
laboratories, Equipment and methods are available 1in the
form of (1) modern and versatile oilless vacuum pumps,

(2) small-scale, stack-gas tritium effluent removal systeuws,
and (3) process operations management techniques, which can
reduce the releases of tritium to the atmosphere without
creating additional radiation exposure on the ground. ' The
equipment costs, not including engineering and installation
for each tritium handling facility at ORNL, are estimated to
be between $17,500 and $75,000, depending on the level of
complexity of the system.

1. INTRODUCTION

This study was made to (1) investigate and identify the sources
and routes of tritium in effluents from ORNL Buildings 3033 and 7025,
where megacurie amounts are handled in gaseous, adsorbed, and liquid
(contaminated pump oil) forms, (2) review available technology for
reducing the amount of tritium in ORNL effluents, (3) evaluate and
recommend equipment and methods to achieve these reductions, and
(4) to provide a cost estimate for the recommended additions. The
greatest quantity of tritium is handled in Building 3033 (1,000,000
Ci/year), much smaller and variable amounts in Building 7025 (30,000
Ci/year), and 0,35 Ci/year in the Biology Division, as shown in Fig. 1.

Tritium is an isotope of hydrogen with a mass of three; it emits
low energy beta radiation and decays to helium with a half-life of 12.3

years., It is most hazardous when ingested as tritiated water (T,0 or






HTO) which is formed by oxidation when the gas is 1In contact with air,
At Building 3033, tritium is received in gas cylinders from the Savannah
River Plant (SRP), purified, and distributed in smaller quantities to
industry and research laboratories. At Building 7025, tritium is
handled in small amounts to manufécture accelerator targets and material
test samples. Recovery of tritium from spent radioluminescent light
sources (RLS) is planned in Building 7025.

Atmospheric air monitors have detected tritium near the perimeter
of ORNL but have not been capable of providing an accurate measurement
of the amount evolved. An upper limit for the amount evolved can be
calculated from the difference betweea the bulk amount received and that
dispensed from or held in inventory at each facility. For example,
using this means of calculation, 31,000 Ci were lost from Building 3033
in 1986. Based on such calculated values and the most rapid estimates
of tritium oxidation to tritiated water, the maximum dose equivalent
from the ORNL airborme tritium discharges is estimated at worst to be
~0.46 mrem (~4.6 pSv)/year for a person off-site; this represents the
largest single source of effluent radiation exposure from ORNL.! This
dose equivalent, however, represents only 1.87%7 of the maximum per-
missible dose according to Clean Air Act regulations.? Nevertheless,
the National Academy of Scieunces and the National Research Council
recommended to ORNL management that a re—evaluation be made of existing
atmospheric emissions to determine if they might be reduced further in
accordance with the ALARA policy. Accordingly, this present study was
commissioned to survey the literature and to make inquiries of other DOE
laboratories which handle tritium, to determine the most cost—-efficient
technologies available and their potential to reduce personnel exposure
to tritium from airborne sources, without concomitant increases in expo-—
sure on the ground. Information-gathering visits were made to the
Lawreace Livermore Nationmal Laboratory {(LLNL) and the Sandia National
Laboratory at Livermore (SNL). Also, technical experts from the Monsanto
Research Corporation, Mound Laboratory, visited ORNL for consultations.
Moreover, discussions were held with the operators of virtually every
tritium handling facility in the United States., The results of these

activities, along with information from the literature, are contained in



this report. Where sufficient data are lacking, recommendatiouns for
obtaining additional data are made along with possible action plans.
This study provides detailed information and an analysis of
treating the stack gas effluents by means of effluent removal systems
(ERS) in which the tritium Is catalytically oxidized to T,0 or HTO and
sorbed on molecular sieves of zeolite or a similar material., Disposal
techniques for the T,0-lcaded sorbents are also described., Other means
of reduciag tritium effluents through the installation of more versatile
tritium~compatible pumping equipment and by improving operating and
maintenance techniques are described, and cost estimates of the various

improvements are provided.

2. DESCRILPTIONS OF TRITLUM HANDLING AT ORNL

2.1 BUILDING 3033

Building 3033, located near the center of ORNL (Fig. 2), is the
principal tritium processing facility and source of tritium effluents
through the 3039 Stack., Krypton—-85 is also processed in Building 3033;
however, that operation is separate from the tritium operation, except
for the use of common exhaust ducts,

A schematic of the tritium purification and distribution operation
in Building 3033 is shown in Fig. 3. Note that an oilless vacuum pump
is used to recirculate gas around the uranium beds (also known as U-beds
and U-traps). The exhaust gas from the entire tritium facility is
transferred by means of a rotary vane vacuum pump through a long duct-
work (not shown) to the 3039 Stack which is 250 ft (76 m) high.
Operation of the tritium equipment is periodic to meet demand and
employs one shift and one operator.

The purpose of the tritium operation at 3033 is to purify the
tritium gas received periodically from the Savannah River Plant (SRP)
and to distribute it in smaller quantities to industrial users. In
prior years, tritium radioluminescent light sources were manufactured.
The tritium is received in 50-L cylinders from SRP. They are called
LP-50 cylinders to indicate their "low pressure” [700 mm Hg (93 kPa)],

relative to other tritium shipping cylinders.
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In the first step of the tritium purification, it is pumped from
the LP-50 cylinders by a U~bed sorption process without the use of the
oilless recirculation pump. The ‘bed functions like a vacuum pump, and
the tritium pressure falls very rapidly at first, Helium, which has
accumulated from the radioactive decay of tritium, is not sorbed on the
U-beds and interferes with the sorption of tritium by creating a barrier
to diffusion. A similar diffusion resistance problem occurs with most
other solid sorbent materials. (A notable exception is palladium metal
which sorbs helium as well as tritium and holds the helium more strongly
in the crystal lattice. The production of extremely high purity tritium
is then possible, More information on this process will be provided
later.) The diffusive resistance of helium can be overcome to a degree
by recirculating the tritium gas over the sorption bed to reduce the
thickness of the boundary layer and speed sorption. The recirculation
continues until the pressure becomes essentially constant, an indication
that the U-bed sorptivity has declined greatly. The remaining tritium
in the system lines and the LP-50 is equalized with a tank called the
impure tritium storage tank. This gas is recirculated across the same
U-bed storage trap until the pressure decreases to a low and constant
level, Then the U-bed is valved off and the tritium remaining in the
lines is vented to the 3039 Stack. Tritium gas is also lost from gas
cylinders returned by customers which have small, presently unrecover-
able, heels which are vented to the 3039 Stack.

When customerskplace orders, the tritium is desorbed from the U-bed
by heating the bed to an elevated temperature (450°C). The tritium is
released and collecﬁed either on another smaller U-bed in a shipping
container or in a swall cylinder for shipment; Again, tritium is lost
to the 3039 Stack from line holdup during these operations.

Containment of the tritium is provided by a stainless steel hood
with an air flow of 0.014 to 0.71 m3/s which discharges to the isotope
area ventilation and thence to the 3039 Stack. The building itself,
which is maintained at a negative pressure versus atmospheric, provides
further containment. Ionization chambers are’provided (1) in the dis-
charge’duct from the rotary vane vacuum pump, (2) in the line between

U-beds to monitor process activity, and (3) on the off-gas discharge to



the stack (planned). Problems are often encountered which make these
chambers inadequate to assess tritium losses as will be explained.

The Building 3033 tricium stack gas detection may be complicated
by the presence of 85kr from other operations in the same building.
Currently, the radiation detector cannot distinguish between tritium and
85Kr beta activity, and the radiation source can only be identified by
processing the two isotopes at different times. An upgrading program
is underway to provide improved detectors on the 3039 Stack which can
discriminate tritium from 8%r; further potential solutions to the cross-

contamination monitoring problem are described below in Sect. 5.4.

2.2 BUILDING 7025

Building 7025 is located at the east end of OBRNL as shown on the
map, Fig 2. A simplified flowsheet describing the tritium operations
is shown in Fig, 4. The uranium bed storage capacity, over 600,000 Ci,
significantly exceeds the capacity of the Building 3033 operations;
however, in practice the inventory is much smaller and the yearly
throughput of tritium in receunt years is ~30,000 to 40,000 Ci, The
7025 operations are even more intermittent and unpredictable than those
of 3033; two— to three-month-long periods of inactivity occur typically.
The 7025 facility is alse a one-shift operation and usually requires one
person. Figure 4 shows that recirculation of tritium around the U-beds
is not practiced at 7025 as it is at 3033. The 7025 operatiouns are
equipped to create very high vacuum using sophisticated sputter-ion
pumps for sample preparations. These pumps are supplemented by rotary-
vane, oil-sealed, roughing vacuum pumps which provide the basic vacuum
required for the high vacuum pumps and U-bed operations. The building
is serviced by the 7025 Stack of 14 ft (4 m) height. Stack gas monitors
are being upgraded.

Building 7025 is known as the Tritium Target Fabrication Facility,
and it is used for the manufacture of metallurgical samples containing
tritium. It is also outfitted to salvage tritium from light sources,
though this latter work is not yet underway. It is equipped for the
vacuum deposition of U0, and ThO, onto a variety of substances for

target use, unrelated to its tritium activities,
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As in Building 3033, the equipment in Building 7025 is contained
in high velocity air flow hoods (0.75 m3/s) and tritium is stored and
purified using U-beds. The most probable route for tritium loss to the
stack (which, like Building 3033, contains no tritium stack gas removal
equipment) is through the rotary vane vacuum pump exhaust during the
U-bed loading operations. The procedure consists of (1) exposing the
U-bed to tritium, (2) allowing the pressure to equalize on it without
recirculation, and (3) purging the U-bed unsorbed gas (which contains
largely helium and unsorbed tritium).

Building 7025 contains equipment designed to recover tritium from
spent light sources containing tritium~-helium gas mixtures of 40% by
volume tritium. The recovery equipment consists of a palladium—-silver
membrane through which tritium diffuses preferentially to a collection
U-bed, This activity is not currently being done; however, when begun,
it could result in an estimated 5 to 10 Ci of tritium loss per batch of
light sources .3

Stack gas monitoring equipment installed previously to catalyti-
cally oxidize tritium effluents to T,0 for sorption on drier beds has
been recently refurbished but is not yet operational. Mass spectrome-
ters (MS) are located in the tritium manifold for process control and
can be used to assess more accurately, possible tritium losses during
the U-bed operations,

Building 3033, by contrast, does not possess such sophisticated MS
equipment; thus, samples are taken to the Y-12 Plant periodically for
assessment, and this causes considerable inconvenience to operators.
The accelerator target manufacturing area of Building 7025 lacks the
ollless metal bellows recirculation pump featured in Building 3033;
however, installation of one is planned in the section where radiolumi-~
nescent light sources (RLS) will be reclaimed. The accelerator target

manufacturing is at a very low production level and may not revive,

2.3 OTHER ORNL FACILITIES

Tritium has been handled in elemental form in the Chemical Tech-

nology Division at ORNL, Building 4500N, in amounts of ~50 to 500 Ci.
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Also, tritiated water, T,0, has been found in effluents from the S5olid
Waste Storage Area 5 at ORNL for many years. Most of this liquid
empties into White Oak and Melton Branch Creeks."“ The effluent losses
are ~3,000 to 5,000 Ci per year. Measures of airborne effluents from
this source made at the White Oak Dam show no tritiated water contami-
nation; however, it is possible that some T,0 is volatilized nearer the
source of losses., This is not currently assessed.

The Biology Division of ORNL, located at the Y-12 site, uses
tritiated organic compounds purchased from sources outside ORNL as
radiotracers. The amounts are ~350 millicuries (mCi) per year. The
solid wastes from this work are sent to the ORNL burial grounds, and
the liquid wastes are presently stored. Buildings 3033 and 7025 are

the only significant sources of airborne tritium from ORNL.

3. PROBLEM ANALYSIS, BUILDINGS 3033 AND 7025

Because of the high throughput of tritium and the losses implied
by available mass balance data, it appears that Building 3033 is respon-
sible for the major losses of airborne tritium from ORNL. 1Its yearly
throughput of 1.5 megacuries (MCi) far exceeds those of Building 7025
and other ORNL operations. The potential routes by which tritium is
lost can be divided into two categories, (1) vacuum pump exhaust
effluent losses and (2) fume hood losses. All equipment to the right
of the dashed line in Fig. 3 1is enclosed in a fume hood, and losses from
diffusion or leaks, etc., in this area are termed hood losses. The out-
put of the vacuum pump is to the left of the dashed line, and tritium
appearing in its exhaust is termed vacuum pump losses. Vacuum pump
effluent losses can be further subdivided as to their origin:
(1) losses from returned shipplng containers which occur because the
small amounts of tritium found in the containers is of unknown purity,
which can damage the U-beds, and it is consequently purged to the stack
upon receipt, (2) losses from incomplete sorption of tritium on U-beds,
and (3) losses from routine evacuation of lines prior to the loading of
SRP LP-50 cylinder contents on U-beds. Losses of tritium from the fume

hoods to the stack may occur because of (1) maintenance work during
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which lines are disconnected, (2) diffusion of tritium through vessels,
valves, and piping, (3) leakage around the vacuum pump shaft, leakage
from pressure gauge valves, or (4) from other unidentified sources,

Because of instrument problems with the ionization chamber radiation
detection equipment on the hood exhaust system, no accurate measurements
of actual tritium stack effluents by the different paths are known. The
mass balance data around Building 3033 provide an approximate ceiling oun
possible tritium losses to the environment. The dual ionization cham-—
bers, which monitor tritium in the exhaust duct, soon become contami-
nated with stationary tritium compounds during normal operations. This
contamination results in a constant high tritium level indication, which
may bear little relation to the actual duct gas concentration. A simi-
lar problem exists with the vacuum pump exhaust tritium monitor; and
consequently, no good data exist on the relative losses from hood and
vacuum effluents. Leak tests are routinely performed on sections of
the vacuum system, and no gross leaks are probable in those sections.
Maintenance operations, especially vacuuw pump oil changes, have intro-—
duced levels of contamination into the hood which are ever present and
which could contribute to gradual background tritium losses from the
hood. (The Overhoff ionization chambers, located in the duct and the
room of 3033, are not provided with correct circuit diagrams and are
difficult to service. The balance of the ionization chambers are an ORNL
design and work much better.,) In general, none of the other DOE labora-
tories use ionization chambers to report quantitative data on tritium
releases. Stack gas samplers are the method of choice in other DOE
laboratories and their installation is planned at ORNL. Currently,
combinations of Johnson and Overhoff, dual in-line, ionization chamber
monitors are installed in the 7025 Stack for shakedown testing and are
in planning for the 3039 Stack. The monitoring difficulties will be
addressed further in the next section,

It is beyond the scope of this report to provide definitive solu-
tions to the tritium losses problems because data are unavailable on
their precise origin; however, various educated estimates may be made,

and possible solutions to the various scenarios are offered.
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Building 7025 tritium losses could very likely be reduced by the
installation of a metal bellows, or similar oilless vacuum pump, to
recirculate the helium~contaminated tritium gas over the U-beds prior
to the purging of these gases to the stack. The addition of an inert
carrier gas 1s necessary at pressures lower than 50 torr (6.7 kPa) owing
to limitations of the metal bellows pumps. Building 7025 operations are
at such a small scale (currently 6000 Ci) and the tritium losses so
correspondingly small that the justification of the cost of a recir-
culation pump may need very close scrutiny. Effluent reduction could be
effected by the use of the small-scale portable ERS operation such as
the "crash cart" designed at LLNL for small-scale, inexpensive tritium
recovery. It is a portable catalytic oxidizing reactor with molecular
sieve sorption columns and a laboratory-scale ERS, which can contain
20,000 Ci of T, before saturation. Typically, other tritium facilities
perform uranium bed recirculation and then send the exhaust gas from
that operation to the ERS, The "crash cart" might also be valuable in
the future to the tritium recovery operation from the spent light
sources, Like in Building 3033, the "crash cart” inlet would be located
on the rotary oil-sealed vacuum pump exhaust., Its size could be esti-
mated based on the quantity of tritium handled, frequency of vacuum pump
operations, and vacuum pump size; The cart would function intermit-
tently, and like the 7025 operation, its operation would probably follow

soon after the U-bed loadings or the light—source renewal procedures.

3.1 URANIUM BED OPERATIONS

Uranium turnings, contained in specially made stainless steel
canisters, react stoichiometrically with tritium to yield uranium
tritide as shown in Eq. 1l:

(3/2) T, + U > UT,. (1)
This reaction proceeds very neariy to completion at room temperature;
and in the process, the uranium turnings are pulverized. The equilib-
rium partial pressure of tritium above an unsaturated uranium bed
(U-bed) at 25°C is negligible, 1078 torr (107° Pa).5 However, the

single reaction (Eq. 1) is enormously complicated by the presence of
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the helium decay daughter of tritium and the diffusive barrier that it
creates, Uranium is not the only possible sorption metal (Ti, Zr, and
Pd, to name a few, have interesting adsorption isotherms); however, the
same sorption difficulties are encountered whenever tritium is processed
because of the inherent presence of helium.

Diffusion of tritium through a blanket of helium (which 1Is not
sorbed by uranium) limits the rate of the sorption reaction. To mitigate
this effect, the gas is circulated through the U-bed to reduce the helium
boundary layer thickness. The process is still fraught with difficul-
ties. The time requlired to sorb tritium quantitatively rises greatly
with increasing helium contamination. In addition, the exothermic
sorption reaction of tritium and uranium can cause temperatures to rise
locally in the U-bed.® Unless the U-bed is a virgin one (having never
before seen tritium) or a regenerated one (having been heated to very
high tewmperatures to release the helium), the helium produced in the
uranium lattice by radioactive decay may desorb from the bed and add to
the overpressure above the bed and further impede the tritium sorption
process., According to P. Coronado of LLNL, the U-beds (without regene-
ration) can reach helium saturation within three years of ordinary
operations., Thereafter, whenever tritium is sorbed, quantities of
helium are released because of localized heating effects. (The tritium
partial pressure itself may not be so greatly affected by this localized
heating because of the rather flat tritium isotherm below 250°C.)
Present operating procedures in Building 3033 do not provide for cooling
of the uranium storage bed during tritium loading and small bed tempera-
ture rises are observed. Localized temperatures in the bed may be
higher, however.

SRP LP-50 tritium cylinders are currently stored, sometimes several
months, before loading on U-beds in Building 3033, thus permitting
further helium ingrowth and aggravating the helium blanketing problem.
In the past, U~beds in Building 3033 have been observed to deteriorate
in performance probably because of air in~leakage to the system. Slow
oxidation of the U-bed contributes directly to the loss in hydrating

capacity, and eventual replacement is indicated.
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3.2 VACUUM PUMP PROBLEMS

A rotary-vane, oil-sealed vacuum pump of 0.9 scfm (25 L/min)
capacity currently 1s in use at Building 3033. It is plagued by tritium
0il contamination and degradation. Inevitable tritium losses can quickly
contaminate the pump o0il and lead to oil breakdown. Frequent changing
of pump oil contributes contamination to the overall hood area, which
leads to higher personnel radiation body burdens as well as possible
tritium losses to the stack. Furthermore, the o0il is a contaminated

liquid waste,

3.3 WORKER RADIATION EXPOSURE

Typical body burdens from tritium at LLNL and Mound laboratories
have been assessed at levels less than 10 mrem (0.1 mSv)/year.’ These
laboratories conduct much of their work in glove boxes and on occasion
with special equipment, such as a remotely operated vacuum pump oil
changing apparatus. Oak Ridge National Laboratory has periodically had
difficulties with elevated tritium urine levels in technicians and
craftsmen, especially after vacuum pump oil changes performed in the
facility hoods. Judging from experience at other laboratories, the tri-
tium exposure received during oil changes can be reduced to levels below
detectability. This could probably be accomplished by taking greater
precautions such as using tritium impermeable clothing and gloves and
by reducing background hood contamination levels. New tritium manage-

ment procedures are being instituted to reduce these exposures.
4, TYPICAL TRITIUM STACK GAS REMOVAL SYSTEMS

Elemental tritium, once mixed with an oxygen atmosphere or in small
concentrations in inert atmospheres, can be quantitatively removed with
available technology by catalytic oxidation of the tritium to T,0 and
sorption of the T,0 on molecular sieves.8 There are minor variations in
this general scheme which is in use or under coanstruction in processes

of varied scale in virtually every tritium handling facility in the
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United States, Hence, a fairly in-depth description of it will be made.
The term effluent removal system (ERS) will be used to describe the
generic process of catalytic oxidation of tritium followed by molecular
sieve sorption of the resulting T,0. A general process scheme is pro-
vided in Fig. 5. However, actual systems may contain fewer or slightly

more steps.

4,1 GENERAL PROCESS DESCRIPTICN

The feed gas containing tritium and other gases from processing
operations is stored in holding tanks until a specified pressure is
reached; then, operation of the ERS is automatically started. A typi-
cal ERS operation begins by pumping the gas from the process vacuum pump
discharge through a filter to remove organics which possibly arise from
the oil sealed rotary vacuum pumps. The gas then passes through an ioun
chamber to assess its tritium concentration and is stored in surge tanks
until a pressure of 650 mm Hg (86.6 kPa) is reached. Next, the gas is
preheated to ~540°C and charged to the reactor which is usually main-
tained at temperature at all times and has a residence time of ~2 s,

The gas effluent, T,0, is next fed to zeolite molecular sieves (typi-

cally) which have strong affinity for T,0. The gaseous effluents from
the molecular sieves are sent to recycle or stacked depending on their
tritium composition.

There are many small variations in the ERS's among the laboratories
studied, but the most significant variations are in the type of catalyst.
Palladium (Pd) and platinum (Pt) catalysts of proprietary composition,
supplied by Englehard Company, are popular catalysts according to most
recent reports. Hopcalite, composed of CuO and MnO,, also converts
tritium to T,0 at a somewhat lower temperature than the precious metal
catalysts; and it can function without a continuous oxygen supply if
periodic regeneration is performed. Pure platinum catalysts are also
in use. A 1979 Livermore report? suggests that the pure Pt catalyst is
more effective, per unit surface area, at ambient temperature operation,
This may be useful in gas monitoring equipment. Savannah River

Laboratory (SRL) reports have indicated that Pt-Pd catalytic reactors



-

BLOWER

SOLIDS

ORNL DWG 87-

11982

FILTER

>

LIQUID

FILTER

TO WASTE SOLIDIFICATION <G——~—~———J

Fig. 5.

SURGE MOLECULAR
> U »  SIEVE |
TANK »- ALUMINA
DRIER
BLOWER
(SUPPLEMENTARY)
SUPPLEMENTARY OXYGEN
Pt, Pd MOLECULAR
_ CATALYTIC SIEVE ‘
P PRE-HEATER REACTOR P alUMING
T=537 C DRIER
o SIEVE [DETECTOR o To sTAck |,
ARLUMINA CHAMBER OR RECYCLE
DRIER

Flowsheet of a typical ERS process.

L1



18

downstream from Hopcalite reactors are easily poisoned, Most tritium
facilities, with the exception of Mound, no longer use the precious
metal catalysts in series with Hopcalite catalysts.

Though certain problems have been encountered during the early
installation of the effluent removal systems, the technology is now very
well proven and reliable. One ERS has been in operation for over twenty
years with minor difficulties. [SNL had problems (now corrected) with
copper tubing during their early ERS operations, and it has been on-line
nearly continuously since 1977.]1'0 The most significant difficulties
have been pump failures and alr in-leakage to their ERS. The latest
systems are generally computerized and can function largely automati-
cally.

However, minor differences exist among the facilities which handle
tritium. Effluent removal systems are in comnstruction, design, or in
place at most of the following tritium facilities: Lawrence Livermore
National Laboratory (LLNL), Sandia National Laboratories, Livermore
(SNL), Mound Research Corporation (MRC or Mound), Los Alamos Natilonal
Laboratory (LANL), General Electric Neutron Devices Pinellas Plant
(Pinellas), Brookhaven National Laboratory (BNL), KMS Fusion, and
Savannah River Plant (SRP) and Laboratory (SRL).

LLNL has an ERS under construction to further reduce their rela-
tively small tritium effluents, presently 1000 Ci/year. Only ORNL and
the Nevada Test Site have no effluent rvemoval system, These ERS systems
are available in widely varying sizes from analytical to production
scale., At SNL, two systems are in use. One is designed for vacuum pump
effluents and another for glove box or hood exhausts. The small-scale
pump system has less redundancy and features surge ftanks to hold exhaust
until a quantity sufficient to start the catalytic reactor is collected.
The larger-scale ERS at Sandia was designed and built by Englehard
Industries Systems Department, Union, New Jersey.11 It contains one
catalytic reactor with an Englehard catalyst believed to be Pt-Pd based.
Its capacity is 340 m3 per hour with a decontamination factor of 1000:1
per pass, in the rangee of most feed concentrations of tritium. The

original copper pipiung developed leaks af many welds and an alternative
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stainless steel construction 1s recommended. Modifications were added
to the system (from experilence) to minimize the volume of the system
which was exposed to personnel during maintenance.

The molecular sieve driers can be regenerated remotely. The T30
is driven from the molecular sieves to a clay~like sorbent in a shipping
contalner which can be sent to tritium recovery or burial depending on
tritium concentration. The catalyst is replaced very infrequently and,
if properly handled, should not require regeneration. The glove box
effluent recovery system is a million dollar system because of its large
size.l? The glove box, secondary containment system of SNL; is an inno~-
vation in tritium handling which, along with their glovebox purification
system (gps), maintains very good control of tritium personnel exposure

and stack effluents.

4.,1.1 Mound Research Corporation (MRC), Miamisburg, Chio

The tritium process facility at Mound handles very large inventories
and is equipped with a very sophisticated effluent removal system. It
features two catalytic reactors in series, one equipped with "Hopcalite”
to oxidize tritium and a second equipped with Pd-Pt designed to oxidize
tritiated hydrocarbons. Since the system operates continuously and
occasionally the 05 concentration in the feed gas becomes inadeguate
for the Pt-Pd reactor to function, the oxygen providing ability of the
Hopcalite reactor is used. Their ERS features an elaborate gas inlet
filtering scheme which cools the gas to +30°F (~1.1°C) to remove H30
and condensable hydrocarbons in addition to the conventional mechanical
filter. Also, the gas passes through a molecular sieve drier bed prior
to entering the reactor to remove minute traces of water.l3 The sorbed
tritiated water is shipped in special drums to the Nevada Test Site for
burial. A facility designed to recover tritium gas by cryogenic dis-

tillation from these wastewaters is currently coming on-line at Mound.

4.1.2 General Electric Company, Neutron Devices Department (Pinellas
Plant), St. Petersburg, Florida

The Pinellas Plant, which is believed to handle tritium inventories

similar in quantity to those of ORNL, has the oldest ERS in the nation,
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now in the process of renewal and upgrading. The new system will
feature computer microprocessor process controllers, larger molecular
sieve columns to sorb the T,0, and larger feed gas holding tanks.

Their objective is the reduction of the present 1000 Ci/year loss to
nuch lower levels by better process control, The system still features
Hopcalite catalysts very similar to the 1960 version. (The T,0 satu-
rated molecular sieve beds are not regenerated but are buried in

stainless steel containers.)

4.,1.3 Lawrence Livermore National Laboratory (LLNL)

LLNL has an ERS under construction patterned after that of Mound
Laboratory, but their inventory and capacity is classified. Much of
their work is performed in very tight glove boxes in inert argon atmos-
pheres, which is purified by very-small-scale Pt—-Pd catalyst oxidation
and molecular sieve sorption similar to the larger-scale ERS. Also
available, and of possible interest to ORNL, is their portable "crash
cart” designed to recover tritium (using the conventional Pt-Pd reactor
molecular sieve sorption technique) from closed contained systems, where
the only alternative would be to release the tritium to the stack.
Functioning in batch mode, it can handle 5 cfm (142 [L/min) flow rates
and a maximum of 1 kg T,0 in its molecular sieves, so its capacity is
substantial. Its cost with instrumentation is around 517,000, Their
wastes, like those of Mound, are shipped to the Nevada Test Site for
burial, It was designed as an interim solution to Livermore's effluent
difficulties and has performed well for over a year and will continue in
operation at least until their large-scale effluent recovery system is

fully operational.

4.,1.4 Los Alamos National Laboratory (LANL)

The LANL has two facilities which handle tritium in large quanti-
ties. It also has two separate tritium gas recovery systems: (1) a
tritium waste treatment (TWT) and (2) an emergeuncy tritium clean-up
(ETC) system, operating in countinuous and batch mode, respectively.
The TWT was bullt by Englehard Company and handles 25 L/s (total gas

flow) at standard temperature and pressure; the ETC system handles
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2,460 L/s (total gas flow) and can handle a maximum loading of ~1 MCi
tritium release. Little in novel technology, not already discussed,

however, is in these processes.

4.1.5 XMS Fusion, Ann Arbor, Michigan

KMS Fusion, Inc., a small-scale user of tritium (6000 Ci/year) with
100 Ci/year losses, uses the Englehard ERS process. Their small-scale
"gas purifier” as it is called, was inexpensive ($7200). The T,0
collected on the zeolite is desorbed onto Drierite, CaS0,, and shipped
to Richland, Washington for burial. The major interest here is in the
evident lower cost of the ERS with reduced scale that their system
demonstrates. Their scale is probably too small, however, for ORNL

effluent management.

4.,1.6 Savannah River Plant (SRP)

SRP has in operation stack gas tritium removal equipment, and an
improved larger-scale process is currently in design based on Mound,
LANL, and SNL experience. It has a 100 scfm (2,830 L/m) capacity and
a l-s residence time in the reactor. Smaller variations [(15 scfm)

425 L/m] of the same overall process have been in operation 25 years.
One very Interesting, unique, aspect to the SRP process is thelr use of
various uranium metal beds to sorb the T,0 generated by the Englehard
catalyst rather than the more common zeolite molecular sieves. Depleted
238y is available in quantity, and it reacts rapidly to produce U0, and
UT3. The tritium contaminated uranium is buried, and at no time is there
direct handling of T,0. Their experience has been that during mainte-
nance of the system, line breaks in pipes containing T,0 pose serious
exposure risks to personnel., (SRP has specifically designed their pro-
cess to minimize the risks from such breaks.) Their new facility is
slated to have only metallic gaskets to avoid tritium degradation of

elastomeric gaskets and the resulting contaminated waste products.

4.1.7 Ontario Hydro

Ontario Hydrol“ has different problems from those previously

described, with its heavy-water-moderated nuclear reactor stations;
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however, they have an air cleaning system similar to the ERS. It is
designed to recover tritium from releases to room air at flow rates of
1000 scfm (28,300 L/m) with 99.9% removal of airborune tritium per pass.
They also have a smaller glove box clean—up system which treats tritium
escaping from process piping into an inert Argon glove box atmosphere.
Both systems were designed by Koch Process Systems of Westborough,
Massachusetts. One feature, which differs from the typical United
States systems, is their use of demineralized light water swamping to
the molecular sieve drier operation. This operation consists of feeding
large quantities of light water (H;0) to the sieves. It is believed to
improve the efficiency of the sorbents; however, SNL15 and other
experience!® has not confirmed its utility in such processes, and it

results 1in increased waste volume.

4,1.8 Brookhaven National Laboratory (BNL)

BNL, which handles relatively small quantities of tritium, has in
place a unit using a hot CuO catalyst to oxidize the tritium gas and
collect the T90 on a silica gel drying agent. The process, known as the
Picker Nuclear Instrument Model 199 Tritium Scrubber, is no longer com—

mercially available., It treats vacuum pump exhaust gas only.

4.1,9 Princeton Plasmic Physics (PPP) Laboratoryl”

The PPP Laboratory is preparing to handle tritium inventories to
50 kCi and plans to use technology from Koch Process Systems to treat
tritium vacuum effluents much as Ontario Hydro has done. This design
has already been discussed. The wastes are slated to be sent to Hanford

for burial. Their containment is of the fume hood variety.

5. DISCUSSION

While the tritium stack effluents at ORNL are high in comparison to
other DOE institutiouns, they meet EPA standards; and there exists much
avallable technology to reduce them further, within the costs which will
be provided and also with some savings of valuable tritium, presently

priced at around $1.00/Ci. To a very large extent, the tritium airborne
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losses can be reduced by even more conservative operation and management
of the facilities,!8 and effluents may be further reduced by the instal-
lation of equipment presently used at LLNL, their "crash cart,” at one
or both ORNL facilities. LLNL probably handles larger tritium inven-
tories than ORNL (their exact extent is classified), and their present
releases are around 1000 Ci/year to the atmosphere. A new, large-scale
(51,000,000) effluent recovery system to handle hood exhausts is under
construction there to further reduce their present emissions which they
consider unsatisfactory.l9

Technological improvements also exist, at costs which will be pro-
vided, to improve monitoring and sampling of tritium stack effluents, to
permit vacuum pump oil changes with reduced contamination, and to even
eliminate the use of oil-sealed vacuum pumps. The first area which will
be discussed is the management and operation of the tritium facilities,
since it is believed that in this area the greatest benefits at lowest
costs may be made.

One basic source of tritium losses is that which occurs, as noted
earlier, due to incomplete sorption of tritium on the U-beds, owing to
the helium blanketing effect. Data should be gathered to more accu-
rately assess these tritium losses which presently travel through the
vacuum pump to the stack. This can be done by taking samples of the
tritium~helium overpressure above the U-beds after recirculating the
LP-50 cylinder gas and then submitting them to mass spectrometric
analysis for tritium content.

Tritium losses could also be reduced by modifying the current
operating procedure at Building 3033 to increase the time provided to
sorb tritium on the U-beds. Typically, a few minutes are provided, and
this time may be lengthened to 0.5 h or more to make certain that the
tritium is properly sorbed., The procedures should make a distinction
among cylinders from SRP which have been held at ORNL for months from
those held for days prior to their loading on the U-beds. Building 3033
experience helium and tritium overpressures of 10 to 15 torr (1.3 to 2.0
kPa), while Pinnelas?0 reports overpressures as low as 2 to 3 torr (0.3
to 0.4 kPa) after overnight recirculation of tritium over the U-beds.

Their tritium cylinders are also loaded on U-beds within one week of
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their receipt from SRP. Mass spectrums are routinely performed on the
2 to 3 torr (0.3 to 0.4 kPa) over-gas which is then sent to their
effluent removal system to scrub any residual tritium. However, the
metal bellows gas circulation pumps at Building 3033 may be inadequate
to move gas at these low pressures,

J. DeVore of ORNL states that the reason that SRP cylinders are
held (sometimes months) before U-bed loading is that, owing to delivery
problems, cylinders must be ordered when avallable and held to meet
demands. The tritium is not loaded on the U-beds immediately upon
receipt because of a present lack of bed capacity and administrative
regulations, which are outside the control of ORNL, Although the
storage of tritium cylinders 1s not a major safety concern, the con-
sequences of a cylinder rupture could be a large tritium release to the
atmosphere, and thus long-term cylinder storage wmay not be prudent. The
penalty of the present long-term tritium cylinder storage may be larger
than the unavoidable releases of tritium to the atmosphere even with
extended, overnight, U-bed circulation operations. However, the more
conservative operation of the U-beds, a centerplece to this present
study, can probably largely alleviate the difficulties of storing the
highly helium-contaminated tritium. Available literature on U-bed
operations is sparse; however, Shmayda aad Mayer?! provide data which
can give an approximate idea of the nearly expoanential increase in the
difficulty of loading a U-bed with increasing levels of helium coatanmi-

nation. Carlson??

reports that bhlanketing of U-beds is a problem at
levels as low as 0.5% helium, a quaantity which can ingrow in two weeks
after the tritium production at SRP. After recirculating the gas over
the bed for 2 to 3 h, the remaining gas may still contain as wmuch as 10%
tritium according to his data. The small amount of tritium gas which
remains after several hours circulation over the U-bed can then be sent

to an ERS.

5.1 URANIUM BED EXPERIENCE AT OTHER LABORATORIES

Lamberger of Mound Laboratory reports23 that their U-beds are never

run at >807% of their theoretical (stoichiometric) capacity for tritium,
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to accommodate inevitable losses of the bed capacity due to reactiom
with Hy0, N,, and H, isotopes and to hasten the sorption operation.
Usually, an hour or more is taken to load the beds from the SRP cylin~
ders which, unlike ORNL, are processed as soon as possible after their
receipt on-site. Circulation rates of 1 L/min are considered adequate.
At helium contamination levels of 5%, the rate of tritium sorption is
extremely slow, and a cryogenically cooled carbon trap is used to par-
tially purify the helium~tritium mixture. In general, Carlson?" states
that 95 to 98% of the tritium in a SRP LP-50 can be loaded in 5 to 10
min; it is the last remaining amount which is difficult to sorb, and
that could be a source for tritium loss from ORNL facilities.

Mound U-bed performance is enhanced by the addition of a ballast
tank to the tritium-helium circulation system. A similar system is
presently available at Building 3033 at ORNL. Carlson rejects the prin-
ciple of sorbing helium-contaminated tritium on a U-bed without circu-
lating the gas. "After ten days, 0.3% of the gas mixture is helium, yet
this seemingly insignificant amount results in an almost unsurmountable
(sic) problem in static purification systems. Therefore, a dynamic
system is imperative.”25 He adds that, in addition to the U~ or Pd-bed,
a ballast vessel and oilless pump are necessary. Building 3033 has
these features., It is frequently necessary to add additional helium or
other inert carrier gas to the recirculating helium and tritium con-
taining gas when the total gas pressure falls below 50 torr (6.7 kPa),
because then the metal bellows punps typically'begin to fail to operate.
The Normetex pump (described in Sect. 5.2.1) does not suffer from this
problem.

Problems can arise in the transfer of tritium from one U-trap to
another after a portion of the interstitial tritium has decayed to
helium. Tuo the latter event, the helium contained in the U-bed lattice
will be released along with the tritium when the bed is heated. The
helium will come off first, and it is possible to purify it from the
tritium again by a suitable operating procedure. However, if purifica-

tion is not done, then the resulting helium contamination can interfere
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with the sorption of the released tritium onto a second U-bed. This
information suggests that periodic regeneration of the U~beds to drive
off helium may be needed.

Carlson noted that, after a U-bed has had repeated thorium—helium
exposure, helium will seem to slowly evolve from the U-bed at toonm
temperature. A new bed does not show this behavior. He asserts that
the Mound experience 1s that U-bed sorption of tritium is optimized by
cooling the bed during the process. The tritium sorption reaction
(reaction 1, described in Sect. 3.1) is highly exothermic, and an equi-
librium temperature can be reached at 400°C and 1 atmosphere (0.1 MPa)
pressure. As a practical matter, that temperature is usually not
approached; however, cooling the U-bed with inert gas (presently avail-
able) is a simple and useful technique to promote tritium sorption and
is recommended for 3033 and 7025 U-bed operations. The periodic testing
of the U-beds for the helium saturation problem is also recommended.
When saturation is reached, the helium may be driven off and U-bed per-
formance renewed by a high temperature heating or by bed replaceament.
An issue not investigated in this report is the U-bed internal design

optimization.

5.2 NEW TECHNOLOGY

With the introduction of modest amounts of newer technology,

undoubtedly further improvement in the tritium handling performance

is quite likely, Useful technology exists, such as oilless vacuum and
vacuum transfer pumps and as improvements to the present rotary oil-
sealed vacuum pumps. More exotic and expensive techniques exist to
further trap tritium effluents in addition to the aforementioned ERS.
Developmental alternatives to the conventional U-bed will be discussed.
A brief discussion of stack gas monitoring techniques at other labora-

tories will be given.

5.2.1 Vacuum Pumps

A combination of oilless vacuum pumps capable of evacuating cham—

bers to 1 ym Hg (0.1 Pa) are in use in many tritium handling laboratories
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in the United States and abroad. The Normetex scroll pump in series
with two stages of metal~bellows pumps can achleve an absolute pressure
of 0.1 to 5 Pa (0.75 to 37 um Hg), which compares favorably with the
capabilities of the currently used oil-sealed, single-stage, rotary-vane
vacuum pumps, whose ultimate vacuum is usually around 5 um Hg (0.7 Pa).26
A typical pumping arrangement is shown in Fig. 6,27 and pumping speeds
of 4 L/s are attained. These pumps and configurations have been used
for over 7 years at SRP, LLNL, and ORGDP with a very reliable service
record. Their installation at ORNL could provide several different
benefits., They could function as low pressure gas transfer pumps to
return very small amounts of tritium (which are currently sent to the
stack) from flexible hoses, pigtails, and line holdup to the SRP LP~-50
cylinders for return to SRP, SRP has indicated that this is acceptable,
provided no other contaminants such as hydrocarbon oils, oxygen, or
nitrogen are present. These pumps may also permit recovery of the
tritium heels in cylinders which are returned to ORNL from industrial
customers and presently are sent directly to the 3039 Stack. TImpor-
tantly, their use would eliminate the oll-sealed, rotary-vane pumps and
their concomitant oil contamination, disposal problems, and personnel
exposure risks, Their use would also permit recirculation of tritium-
contaminated helium at very low pressures past the U-beds to remove
tritium to the fullest extent possible. The currently used metal-~-
bellows pumps are quite limited in this respect. Other labs around the
country, as part of their renewal and upgrading of tritium handling
operations, are moving to eliminate the oil-sealed, rotary~vane pumps as
much as possible. In the past, urinalyses at ORNL have indicated tritium
levels of 883 kBq/L in one unusual incident2® with the worst contamina-
tion coming after pump oil changes. Procedures available to reduce the
difficulty of, and exposure from, pump oil changes will be discussed in
the next section., Scroll pumps have been used at the ORGDP for UFg and
HF service, and are presently being tested by the Fusion Energy Division
of ORNL. Unfortunately, their cost is quite substantial, The smallest
version, the PV-12, is approximately 515,000 FOB shipping point. The

metal-bellows (also oilless) backing pumps are ~$13,000 each and two are
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required. All pumps are compact, however, and the total cost of the
pumps would be $41,000 for each facility without installation and engi-
neering costs.

Another vacuum pump which merits attention in this report is the
Nova Magnetics, magnetically coupled, rotary-vane pump. It uses a
polyphenyl-ether oil of very low vapor pressure which 1s claimed to be
tritium compatible. The o0il is sealed by labyrinth traps aﬁd recircu-
lated. The pump has no shaft seal, being magnetically coupled, and
should eliminate that particular tritium leakage problem. This pump is
very versatile and can attain, like other rotary-vane pumps, high vacuum
and high discharge pressures at high throughput in a single stage. It
is popular at the Mound Laboratory where it was designed, However, it
is not widely used at other tritium handling laboratories and has a
less—-well-known commercial history. It costs $23,000 Canadian, which
is equivalent to $17,500 U.S. at late 1987 exchange rates. It would
achieve an improved tritium handling capacity at a cost substantially
less than the scroll-pump system; however, periodic, though possibly
less frequent than now, oil changes would still be required., But, a
difficulty may well exist with the levels of o0il contamination it would
produce in the purified tritium product. It may be possible to overcome
this difficulty with proper filtration, but a development effort will be

needed.

5.2.2 Suggestions for Improvement of Rotary~Vane Vacuum Pump Operations

Several measures may be taken at present without the addition of
costly equipment to mitigate certain vacuum pump problems, As indicated
earlier, tritium can cause radiolytic degradation of the hydrocarbon
pump oil necessitating its frequent replacement, depending on contamina-—
tion levels. Therefore, periodic purging of the vacuum pump with an
inert dry gas such as argon could prolong the life of the vacuum pump
oil. Also, the oil presents disposal problems in addition to the
current personnel exposure and contaminated waste production. The addi-
tion of a silica gel or molecular sieve trap in the exhaust line of the
vacuum pump could reduce the T,0 losses to the stack. It has also been

suggested!? that in-line tritium getters designed by Ergenics Technology
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Corp., Wyckoff, New Jersey, consisting of nonradioactive alloys such as
LaNig or FeTi, might be useful in reducing tritium losses to the stack.
However, this technology, while attractive, is still in the development
stages. Organic materials such as 1,4~diphenylbutadiyne in the presence
of a metal catalyst have been studied for their gettering of tritium in
an oxygen atmosphere, but they are not in the commercial stages of
development .29

Of the technology discussed, the first and simplest step is the
periodic purging of the vacuum pump oil to lengthen its useful life.
The second is the addition of chemical traps of silica gel in the
exhaust of the current pumps. As a third step, the installation of
the oilless vacuum pumps would be recommended. If their cost is pro-
hibitive, then the Nova Magnetics pump is a possibility worthy of
further evaluation. O0il changes need not be a serious problem as

discussed in the next section.
5.2.3 0il Changes

Since the worst persocnnel exposure is associated with the vacuum
punp oil changes and alternative pumping techanology is costly, tech-
nology has been developed to deal with oil changes. LLNL has designed
a cart with carefully sealed piping, valving, and connections to prevent
leaks which could obviously have serious consequences. The vacuum pump
is modified to include valves and connecting fittings on its oil drain
and addition lines. Separate hoses from the cart are then connected to
the oil drain line and addition lines, and the used oil is pumped to a
drum on the cart., The lines are then vacuum pumped to their ERS system,
and fresh oil is added to the pump. The cart is carefully designed to
prevent cross contamination between the old and new oil sections. A
commercial version of this cart is available, in slightly altered form,
from Metro—Line Industries, Inc., of Brea, California, for $6000. It
features a vacuum pump to remove the last drops of oil remaining in the
flexible connector with the objective of the prevention of human contact
with the oil. Mound Laboratory has also developed a version of this

equipment,
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5.3 TRITIUM MONITORS

Thé accurate monitoring of tritium in vacuum and stack gas effluents
is a difficult problem and is currently being addressed at ORNL. The
following discussion provides information on experlence at other DOE
laboratories and may be useful to this current program. Tritium moni-
toring involves measurement of gas flow rates in ducts, the representa-
tive sampling of duct gas, and the detection of tritium in the sample.
It is generally very important to distinguish between elemental tritium
and T,0 because of the much greater hazards of T;0. Two teéhniques are
in wide use to monitor tritium in anmalytical quantities: (1) ion cham-
bers which, in real time, weasure the tritium concentration by the
extent of gas lonization which is'produced by the tritium beta decay,
and (2) the oxidation of the tritium to T,0 followed by sorption on
some solid or liquid, from which it is later stripped (if solid) or
sent directly to a beta scintillation detector for counting. In most
DOE laboratories, combinations of the techniques are used. :The ioniza-
tion chambers, which come in a variety of designs and makes, are
generally used for more approximate measurements of stack activity and
for the location of the sources of leaks. Alone, they are not generally
considered sufficiently accurate to measure tritium stack losses and
are used rather to monitor major losses and as a cross check of other
sampling techniques.

The accurate detection of beta radiation by means of ionization
chambers is difficult for several reasons. The detection chambers
easily become contaminated to such an extent that differentiation
between incoming tritium and tritium or tritium-containing compounds
already present in the chamber becomes impossible. Even without
tritium contamination, the chambers must he compensated for the pres-
ence of ionization which occurs due to cosmic radiation or radiation
from other radionuclides.

The Overhoff ionization chambers in Building 3033 suffer from all
of the above problems, and their data is unreliable. The replacement of
a contaminated element does not solve the problem since the new element

becomes contaminated quickly. In 1985, the tritium monitor, owing to
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electronic problems, showed such a high background radiation reading
that measurewents of tritium effluents were meaningless. Problems have
also been experienced with malfunctions of the velocity probe which is,
of course, vital to a representative gas sampling. The dual chamber
Overhoff ion chamber of Building 7025 is being re—evaluated as to its
effectiveness; however, no data are yelt available. Simple solutions
are not available to the tritium stack gas monitoring difficulties,

Experiences at other DOE laboratories will be discussed for their
possible relevance to ORNL, LLNL has found that a tritium air monitor
manufactured by Berthold Nuclear Instruments, Coraopolis, Pennsylvania,
has been very useful. Tt employs proportional counting techniques, rise
time discrimination, microprocessor electronics, and claims a sensi-
tivity to 0.5 nCi/m3. Tt claims excellent tritium specificity in the
presence of other gaseous radionuclides such as 85Kr, 41py, 222Rn, and
others and costs ~$16,000.

R. Jalbert of LANL also claims, in a 1975 paper, 39 to have devel-
oped an ionization chamber also capable of distinguishing tritium from
other beta emitters by the use of a thin wall which is opagque to the
tritium beta energy (0.018 MeV). This article also claims specifically
that the design can measure tritium in the presence of 8%Kr. However,

a commercial version of this instrument is not yet available.

5.4 EFFLUENT SAMPLING TECHNIQUES

Two similar techniques of stack gas sampling which do not employ
ionization chambers are in use at LLNL and Mound among others. The
first technique, in use at LLNL for quantitative assessment of tritium
stack effluents, uses the conventional Pt-Pd catalytic process Lo oxi-
dize tritium to T,0, sorbs the T,0 on molecular sieves, and measures the
gas flow rate. The contaminated molecular sieves are removed periodi-
cally, and the T,0 is quantitatively desorbed (with some difficulty)
and monitored for tritium content by liquid scintillation. The second
method, currently in use at Mound, is similar except that it employs
a series of ethylene glycol (CH,OH), bubbler columns filled with
(CH,0H),. They are arrayed as shown in Fig. 7. The first row of
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Fig. 7. Ethylene glycol bubbler stack gas sampler.
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(CH,0H) 5 columns will quantitatively absorb any T,0 in the gas stream.
The second row, downstream of a conventional catalytic reactor (as used
in the ERS) which generates T,0, will absorb the T,0 thus generated.

The (CH,0H), samples are changed quite frequently and again monitored
very conveniently in liquid scintillation detectors. Therefore, it is
possible to distinguish T,0 from tritium in the effluent stream quite
accurately. The LLNL procedure, which uses molecular sieve beds instead
of the (CH,0H),, may be more common (less liquid handling problems), but
it is generally more difficult and time consuming to quantitatively

remove the T,0 from the solid sorbents, especlally silica gels.

6. CONCLUSIONS AND DISCUSSION OF COSTS AND BENEFITS

ORNL tritium handling operations, Buildings 3033 and 7025, are
difficult to compare to other DOE operations (because of the latter’'s
classified tritium inventories) but, according to a survey of these
laboratories, only the Savannah River Plant exceeds ORNL in stack gas
effluents. Other tritium operations nationwide, even those nmuch smaller
than ORNL, without exception feature tritium effluent reduction systems
(ERS) involving catalytic tritium oxidation, sorption of the oxide on
solid materials, and disposal of the solids. Technology is available
to ORNL in the form of a small-scale ERS (the "crash cart”") to handle
Buildings 3033 and 7025 effluents from the vacuum pump exhaust for a
turn~key cost around $30,000, based on data from LLNL. Although it
would be somewhat cumbersome, this unit might be transported for use
at both ORNL facilities. 1In addition to this highly recoummended ERS,
it is the belief of outside consultants3! that the present tritium
losses from Buildings 3033 and 7025 can be considerably lessened with
procedural changes, Improved pumping equipment, and even more counser-
vative U-bed operations as outlined within this report. These changes
might also have the benefits of conserving valuable tritium as well as
reducing the stack effluents. Tables 1 and 2 summarize the major new

recommendations and their approximate costs.
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Table 1. Buildings 3033 and 7025 tritium effluent reduction methods
Building
Modification 3033 7025

Equipment and additions
1. Oilless tritium recirculating pump a b
2. 1Installation of scroll pump system b b
3. Installation of small-scale ERS b c
4, TInstallation of tritium stack samplers b b
5. Installation of vacaum pump foreline

chemical traps c c
6. 1Installation of Nova Magnetics pump c c
Operational
1. TIncreasing tritium recirculatiang time

on U-bed b b
2. Cooling U-bed during tritium sorption

operations b b
3. Administrative changes to reduce LP-50

cylinder storage timed c c
4, Periodic purging of vacuum pump oil a a
5. Operational changes with scroll pump

system addition c c
6. Regeneration of U-beds of lattice-held

helium b c

3Existing.
Recommended.
CFurther study warranted. i

dCurrently such changes are under DOE authority.
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Table 2. Approximate costs estimates for equipment additions

Cost

(%)
1. Oilless tritium recirculation pumps 13,000
2. 0Oilless scroll vacuum pump system 43,000
3. Small-scale ERS 30,000
4, Duct tritium samplers No data
5. Vacuum pump foreline traps No data
6. Nova—-Magnetics oll filled vacuum pump 17,500

(enhanced tritium compatibility)

Since no data were actually taken as part of this study, it cannot
be definitively proved that the suggested modifications in U-bed opera-
tions will mitigate the ORNL difficulties., In the unlikely event that
significant tritium losses are from the high exhaust flow in the
Building 3033 containment hoods, then an inexpensive ERS or modified
U-bed operations will be unlikely to fully correct these effluent
problems. Technology is available, in the form of special expensive
vacuum pumps, to provide better circulation of gas over U-beds and
eliminate the contamination problems that result from the present oil-
sealed, rotary-vane pumps. The combined cost of the necessary oilless
pumps (two metal bellows pumps and one Normetex pump) to replace the
vane pump is in the range of $41,000 without considering installation
and engineering. Their useful lifetime, based on available data,
suggests over seven years of service.

The reduction of tritium stack gas emissions according to the
Environmental Monitoring and Compliance3? group at ORNL will result
in a proportional reduction in the average body burden at ORNL and
surroundings. 1If this is not believed to be a significant health risk
[i.e., 0.46 mrem (4.6 uSv) per year33 in 1986], the justification for
the costs in reducing emissions would be based on a desire to meet the
standards of ALARA and to bring ORNL operations more in line with other

DOE facilities. The use of the portable ERS, discussed earlier, results
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in a negligible body burden to the operators, if properly operated. The
tritiated water product from the small-scale ERS “"crash cart” could be
sent to Mound for recovery of the elemental tritium if an approved con-
tainer could be found. Their present requirement is that the tritiated
water be contained in a clay-like sorbent, rather than on the molecular
sieves on which it would be held as product from the cart., (SNL is pres-
ently sending their ERS product to Mound for recovery, and the feasi-
bility of this operation at ORNL can be examined. Tritium~contaminated
pump oil from ORNL is currently removed, sorbed on a clay-like material,
and sent to burial. This solution is possible for an ERS-tritiated
wastewater. Reliable containers, such as the UC-609, are available;
however, to ship spent molecular sieves from an ERS tc the Nevada Test
Site (a more attractive alternative) is probably presently off-limits
because of DOE requirements for on-site burial.

Maximum technician body burdens from tritium exposure at Mound
and LLNL are of the order of 10 to 20 mrem(0.1 to 0.2 mSv)/year and com~
pare to ORNL's current technician body burdens, if the same analysis
technique is used in making those determinations. In other words,
operating techniques, equipment, and personnel protection may be much
more important variables in assessing the overall body burdens of tech-
nicians than the installation or non-installation of a small-scale ERS.
Furthermore, the technology exists to cope with these wastes without
endangering personnel and adding to their body burdens. If the major
source of tritium release is from the fume hood, rather than the vacuum
pump exhaust directly to the stack in either 3033 or 7025, then the
small-scale ERS will be inadequate to stem losses. In this case, an
improved secondary containment system such as a glove box may be the
best solution., Data to answer these questions should become available

when proper stack gas monitoring equipment is operational.
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