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TRITIUM INSTRUMENTATION FOR A
FUSION REACTOR POWER PLANT*
K. E. Shank and C. E. Easterly
Health Physics Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
ABSTRACT
A review of tritium instrumentation is presented. This includes a
discussion of currently available in-plant instrumentation and methods
required for sampling stacks, monitoring process streams and reactor
coclants, analyzing occupational work areas for air and surface con-
tamination, and personnel monitoring. Off-site instrumentation and
collection techniques are also presented. Conclusions are made con-
cerning the adequacy of existing instrumentation in relation to the

monitoring needs for fusion reactors.

*Research sponsored by the Energy Research and Development Administration
under contract with Union Carbide Corporation.



1. INTRODUCTION

Due to recent advances in the fdsion research and development
‘program, it is desirable to begin e#amining tritium monitoring and
instrumentation needs for a controlled thermonuclear reactor (CTR).
Tritium will likely be the principal potential source of ionizing radi-
ation inside the plant, and it will be the dominant radionuclide of
concern in maintaining occupational and public exposures as-low-as
reasonably achievable during normal operations.l’2 Regardless of the
approach taken to attain fusion power, tritium will be used as fuel by

first generation CTR's in the following reaction:

D+ T~ “He (3.5 MeV) + n (14.1 MeV) . B¢

This-reaction is the most feasible alternative for first generation
reactors because of its relatively low threshold temperature and high

2 For D-T fueled reactors, tritium breeding will be nec-

energy gain.
essary to supply fuel for the reactor. This will be accomplished by
allowing neutrons from the above reaction to interact with a lithium
blanket surrounding the plasma. The following fritium—producing reac-

tions occur:3

6Li + n > T + “He + 4.8 MeV (2)
6Li + n > T + “He + n - 2.5 MeV . . 3)

Large quantities of tritium will be present in various parts of a
CTIR including the fuel storage and processing system, the fuel injection
system, the plasma recovery system, and the breeding blanket and recovery
system. Various reactor designs-call for 0.4 to 4 kg of tritium (1 g =

9600 Ci) in the blanket and coolant, and a total tritium inventory in



the plant of 2 to 15 kg.“ (For comparison, tritium appears naturally in
the environment at an estimated total worldwide level of 7 kg.2)

Tritium may be released during normal operation because of its
physical characteristics. Tritium permeates most materials, especially
at elevated temperatures, and can diffuse from the blanket-coolant
system by three routes: (1) diffusion from the blanket info the plasma
vacuum chamber (a recovery system will collect this tritium and recyclel
it as fuel); (2) diffusion»outward through all reactor materials into
the reactor hall; and (3) diffusion from the coolant system into the
steam system. To help prevent escape by the second route, components.
will be enclosed within a second containment system which will be
maintained at a negative pressure; In the third route, almost all of
the tritium will be oxidized, and small amounts of HTO will, subsequently,
be lost to the environment. In addition, the radionuclide can leak from
other tritium-containing components.

Tritium is a radionuclide Which emirs a4 bela pairlicle of only 18.6
keV maximum energy. For this reason, the external radiation hazard to
an occupational worker is negligible. Tritiated water, however, is an
internal hazard, and it can readily enter the body through the skin.®
The maximum permissible body burden for tritium is 1 mCi, and the average
biological half-life for ingested tritiated water is 9.5 days.7 The
(MPC)w for occubational exposure to HTO is 0.1 uCi/cm3. The (MPC)a for
HTO is 5 x 107 ucCi/em3, with the (MPC)a for tritium gas being a factor
of 400 higher.8

Fortunately, much of the tritium instrumentation needed for fusion

reactors has already been developed in the fission reactor industry.



There has been 20 to 30 years experience in detecting tritium in both

the oxide and gaseous forms and in combination with other radionuclides.



2. ON-SITE TRITIUM INSTRUMENTATION

The currently available on-site insfrumentation for tritium moni—
toring is discussed in this section. On-site instrumentation includes
stack sampling, monitoring process streams and reactor coolants, analyzing
occupational work areas for air and surface contamination, and personnel

monitoring.

2.1 Stack Sampling

Ventilation air from process areas is monitored as it is released
through tall stacks, and the most commonly used instrument for this is

the Kanne chamber.?

The Kanne chamber was developed in the early 1940's
for monitoring radioacti&e gases in the stack effluent from the first
experimental graphite pile at Oak Ridge National Laboratory (then
Clinton Laboratories).10 The instrument has proven to be the most
reliable, accurate, and versatile instrument for monitoring tritium in
air.1! Air to be monitored is drawn continuously through an electro-
static precipitator or ion trap into a large ionization chamber. A
typical system includes an intake or sampling line, filter, flowmeter,
Kanne chamber, air pump, and exhaust line. The current produced by
ionization within the chamber is measured by an electrometer.

'The Savannah River Plant is a large tritium-handling facility, and
at this site, stack sampling is accomplished with either an aluminum
chamber with an active volume of 51.5 liters or a stainless steel chamber
with an active volume of 18.5 liters.!2 Air flow through each chamber

is approximately 3 cfm. The amplifiers are logarithmic, and the range

of the monitoring system for tritium in air is 1 x 1075 uCi/cm3 to
y



5 uCi/cem3. Except in the case of inordinately high tritium concentra-
tions, or when a large fraction of the tritium present is in the oxide
form, there is no problem with residual internal contamination. If this
does occur, decontamination can usually be accomplished by purging the
chamber for several hours with heated, desiccated air, or the chamber
can be disassembled for decontamination. The instruments are sensitive
to unusual particulate air loading, external gamma radiation, and other
radioactive gases. These effects, however, are reduced by filtering the
air intake, by locating the chambers in areas of low gamma background,
and by using moisture traps between two chambers in series, respectively.
Since the stack monitor provides a continuous record of tritium concen-
trations, simple_integration of the data on the recorder chart indicates
the total stack release.
At Lawrence Livermore Laboratory, air is drawn continuously through

1-liter chambers at 1.5 cfm, and concentrations from 10™* uCi/cm3 to

103 uC,i/cm3 can be detected.!3 The ionization chamber output is converted
proportionately to pulses which are then fed to avcounting.system. One
scaler, called the accumulator, is used for long-term recording of
activity released from a stack. This determines the total tritium
released during a given period and eliminates the hand-integration of

.the logarithmic curves and conversion of ampere-seconds to curies.
Another scaler (one for each monitor) also accumulates pulses, but it is
reset automatically every 15 min by an external timer after a printer
pfints the tota} count from the scaler. If the total count during any

- 15-min period exceeds preset limits, a high- or low-level alarm is acti-

vated. The low-level alarm activates a bell in the building, and the



high-level alarm activates an evacuation alarm and sends a signal to the

Emergency Control Center.l*

2.2 Process Stream and Reactor Coolant Monitoring

Anthony!® has developed ionization chambers for measuring tritium
in process streams. These ion chambers are used to monitor continuously
the streams and indicate process irregularities immediately. Three
types of ion chambers were designed for monitoring tritium gas in
process lines and tanks in the range of 0,01l to 100% tritium. These ion
chambers have active volumes of 5.5, 20, and 930 cm3 and are designed to
monitor tritium in hydrogen at pressures between 50 and 760 mm Hg. The
930-cm3 chamber is used for both in-line and in-tank monitoring. The
chambers are made of stainless steel and have glass insulators. The
accuracy of the chambers and associated instrumentation is claimed to be

“within +107%.

ln the LMFBR program, & contluuvus woultur Lu delect tritium in the
sodium coolant has been developed.16 The sensor for this monitor
consists of a thin nickel membrane which permits the diffusion of
tritium into an argon sweep gas containing 1 to 5% hydrogen. This type
of instrument is probably similar to what will be required for moni-
toring the presence of tritium in potassium, which is a promising primary
coolant for a fusion reactor.l7,18

The monitoring of tritium in secondary and ternary reactor coolants
is important in order to determine the amount of radiocactive material
leaving the plant. Many solid scintillation detectors have been devel-

oped for monitoring flowing water. Muramatsu et al.l!® were the first to



develop a scin;illation_probe for continuous monitoring of tritiated
water. Moghissi and associates?? later aeveloped a detector that is
cyliqdrical in shape and contains parallél 3-mm-diam plexiglass rods
coated with anthracene. The rods are viewed by opposing photoﬁultiplier
" tubes, and the response for tritiated water is approximately 10 cpm for
each uCi/liter. |

The detection of tritium in flowing water has also been accomplished
using plastic scintillators. One concept which has been used consists
of 37 parallel sheets of 0.013-cm scintillator mounted between two disks
of Lucite;21 Two phétomultiplier tubes are used to view the cell, and
their outputs are counted in coincidence to reduce the background.
Osborne22’23 has fabricated plastic scintillator systems, which are
capable of measuring down to 10-3 uCi/cm3 of tritium in water with a
response time less than 1 min. One detector is a 4.6-cm-long cylinder

2 and a counting

with a 2.7-cm diam; it has a scintillation area of 240 cm
efficiency of 26%. The second detector is a 5 x 5 x 5 cm cube, with a
scintillation area of 3000 cm?. This instrument has a counting efficiency
of ;2%, and when used as an effluent monitor, the detector is housed
inside 10 cm of lead.

Reacfor effluents are usually dirty, and filtration down to 5- or
10;um pore size 1s necessary. Chlorine, which is normally used to
prevent bacterial growth in the water system, interferes.with the measure-
meﬁt of tritium thfough chemiluminescence and 1s removed by.an activated
charcoal filter. To reduce interference from other radionuclides, ionic
products can be removed by ion exchange, and gaseous nuclides can be

purged from the water by sparging with air prior to passing the sample

through the detector.



Ting and Litle2" have built a liquid séintillationidétector for the
continuous monitoring of secondary reactor coolants. They developed a
system that mixes a toluene-based liquid scintillator (or dioxane-basqd
scintillator if very rapid mixing is required) with the water sample in
a mixing chamber. The mixed solution flows through a light trap, a
liquid scintillation counter, and then out as waste. The liquid scin-
tillator flows.continuously into a vial. The water sample enters the
viallby dripping gravity flow, and it is stirréd-for thorough mixing
twice before exit. The time response is very good, and the total
response peak is over in about 4 min. The efficiency for tritium detec-
tion is 32%, and the system is capable of detecéiﬁg 6 x 1077 uCi/cm3. '
The device was successfully field-tested at the Saﬁ Onofre Nuclear Power

Plant where it measured tritium levels in the secondary coolant which

were about half the (MPC)W, with a few-percent precision.2®

2.3 Qcerupational Pratection

Radiation protection for the radiation worker involves monitoring
the reactor halls and working areas for airborne tritium (as water vapor
and tritium gas), with both real-time and integrating instruments. It

also includes instrumentation for monitoring the presence of surface

contamination and for personnel monitoring.

2.3.1 Real-Time Air Monitoring

2.3.1.1 TIonization Chambers
.Monitoring the occupational work areas for airborne tritium is
important in protecting the occupational worker from radiation hazards.

A Kanne system at the Savannah River Plant permits the sampling of air



from widely separated work areas individually or from many work areas
simultaneously.26 By using electrically- or manually-operated valves,
samples can be selected from one or more points in a work area, or the
size of the area being monitored by one system can be éhanged. A
selector switch at the Kanne amplifier allows the output signal to be
transmi;ted to a remote meter in the area being sampled so that workers
will have visual indication of the tritium concentration or the signal
may be sent outside the work area to be used by the Health Physics
Inspector. Audible alarms and flashing lights are added to the system
to alert personnel when predetermined concentrations of tritiﬁm are
reached. Recorders are also included when a record of air activity in a
work area is needed. Tritium concentrations from 10 ° uCi/cm3 to
5 uCi/cm® of air can be measured.?’

A description of instrumentation installed in the reactor halls of
a nuclear plént for measuring tritium in air is given by James.28 The
instruments described are air ionization units that measure from 1075 to
1072 pCi/em3. Twelve remote sampling points are connected to each unit
by polythene tubing. The delay time between a release near a sampling
point and the first indication on the monitor has been measured as
approximately 45 sec for 31 m of tubing. Two standard radioactive gas
monitors, which have 5-cm lead shields around them, are used in each
unit. The system has proved adequate for all operational requifements,
and remote monitoring can be used in the event of evacuation from the
reactor buildings.

The first éortable tritium monitoring instrument was the Los Alamos

Model 101 Sniffer; however, this monitor was sensitive to spurious
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ionizations.?? One of the first tritium monitors that considered this’
problem was the detector developed'by Tracerlab Incorporated.30 They
made a tritium flow monitor in which air is drawn through a filter,
removing the particulate matter and some ions. The air then passes into
a sweeper (which is esséntiall§ a parallel-platé ionization chamber)
where the remaining ions are removed from the air. Ant:hony31 improved
Tracerlab's modél with the addition of a gamma-compensation chamber. It
accurately detects tritium concentrations in the range 4 x 1075 to

1.6 x 10™2 uCi/cm3. It has a dc amﬁiifier, two iohization chambers
(sample and compensating chambers), a deionizer, and a battery-operated
motor and blower. Air is drawn through a sample chamber which proddées
a current proportional to the gamma field and the tritium in the air
sample. The compensating chamber is connected so that its current
subtracts from the sample-chamber current. The difference current,
proportional to tritium activity, is amplified énd displayed on the
meter. The to£al weiéht of the monitor is 7.3 kg, and thé overall
dimensions are 13 x 25 x 41 cm.

Another mopitor developed at Los Alamos to replace the Model 101
Sniffer was the Model 200 AC/DC air samplér.32' The Model 200 AC/DC is
essentially the same electronically as the Model 101 but can be operated
as either a portable unit (DC) or an in-place monitor (AC). The re-
chargeable batteries provide a big advantage in lower cost and lighter
weight, and the replacement of a selector sensitivity switch with a
four-decade logarithmic response circuit eliminates range changing.

Only a qualitative detectiop of radioactive gases in the atmosphere is
obtainéd, and low—lgvel concentfations of less than 50 x 107% uCi/cm3 of

tritium water vapor are not detectable with this air sampler.
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At Chalk River National Laboratory, a considerable effort has been
undertaken in the development of ionization chambers (along with other
instrumentation) for tritium monitoring in the heavy-water reactor
industry.33'36 Cowper and Simpson33 developed gamma-compensating ion-
ization chambers where the chambers consisted of the halvesAbf a cylinder
divided on an axial plane. However, because of the spatial separation
of the two chambers, the compensation was dependent on the gamma-field
direction. Osborne and Cowper3“ later developed concentric chambers in
which a sealed cylindrical ionization chamber is mounted inside a cylin-
drical sampling chamber in order to compensate for inhomogeneities in
gamma fields. The effective volume of the outer chamber is equal to
that of the sealed chamber, and only the difference in current from the
pair of chambgrs is measured. With this arrangement, épproximately 987
of the gamma contribution to the ionization current in the outer chamber
can be cancelled out. Using this compensation technique, an area monitor
was developed (AEP 10101) that uses a 40-liter ionization chamber with
an air—fiow rate of 36 liters/min.3% For this detector, the most sensi-
tive range is 0-1.5 (MPC)a, and the least sensitivé range ié 0-50,000
(MPC)a. Chart recorder and meter outputs are provided, together with an
alarm on all ranges. The instrument dutﬁut reaches 907 of its final
reéding in respbnse to a large discrete input of HTO in air in 2 min,
and.recoﬁery to 1% after such a pulse of HTO takes 25 min.

Portable m&nitors having 1.2-liter or 0.3-liter ionization chambers
have also been developed at Chalk River.3% The most éensitive rénges on
the portable monitors are 0-10 (MTC)a and 0-45 (MPC)a, respectively, and

both can be switched over two decades with five ranges. Sampling rates
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are high enough for the response times of the monitors to be less than
1 min. An ion trap and filter unit are attached beneath the mounting
board, and a battery-operated air pump is attached to the carrying
frame.

Commercially, Johnston Laboratories3”

sells both stationary and
portable tritium monitoring instruments. The 955B model is their sta-
tionary high sensitivity instrument, and it measures 1073 uCi/emd full
scale. The reproducibility of the instrument is *2%, and it has an '
accuracy of 10%Z of full scale. The instrument has a pump displacement
of 10 liters/min, and the filter system removes particles, ions, and
smoke. The 1055B model is portable and has a ;ensitivity of 5 x 1073
uCi/em3 full scale. This monitor can operate on line voltage, or it can

be run 6 hr continuously on an internal rechargeable Ni/Cd battery.

Both instruments have gamma compensation up to 5 mR/hr.

2.3.1.2 Proportional Counters

Proportional counters can also be used for the detection of tritium.
The use of proportional counters to detect tritium was initiated by
Driver,38 who developed an air monitor that mixes methane with the air
before counting; the instrument is capable of detecting a tritium
concentration of 1072 puCi/cm3 in air. This sensitivity was later in-~-
creased by Ehret3® to 107° uCi/cm3 [0.02 (MPC)a] using counters with
less than 1-liter volume. The above counters, however, are of the
flow-through type which may make them impractical for some monitoring
- situations.
A thin window proportional counter designed for general monitoring

has been described by Block and associates. 0742 They developed a
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largefareg, thin-window gas-flow proportional counter that can measure
5 x 10~6 uCi/cm3 of tritium oxide in the presence of 3 mR/hr of a uniform
gamma radiation field. It does not require an external pump, since
diffusion of gas in the atmosphere surrounding the counter provides the
sample to be counted; tritium penetrates through inherent cracks and
capillaries of a polymer window. There is also no exit port since the
counting gas is allowed.to diffuse through the window at slight ﬁositive
pressure. The system uses two almost identical counters; one counter
has an aluminized Mylar window that is infinitely thick for tritium
betas and has a very low HTO permeation rate, while the other has a
Formvar (C5H802) window sufficiently thin to allow adequate detection of
tritium by penetration and permeation. Both counters detect background
with essentially equal efficiency, but only the thin-windowed counter
detects tritium. Therefore, the difference between the outputs is the
tritium contribution. The system design prevents response to other
radioactive gases. The monitor is 2 x 9 x 22 cm and has a counting

volume of 200 cm3.

2.3.1.3 Scintillation Sys£ems
Plastic scintillators can be used to detect tritium in air. Sannes
and Banville™3 havé developed a plastic scintillation monitor in which
the beta rays from tritium are détected by two photomultiplier tubes
mpunted on each end of the scintillator detector. A tunnel diode coin-
gidence circuit and a three-channel pulse-height selector are employed
to analyze the'photomultiplier pulses. Detection efficiencies of 20%
have been observed with this system. Many of the other plastic scintil-

lators described previously for measuring tritium in water effluents can



" 14

also be used to monitor for tritium in air. In particular, the detector
developed by Osborne,22 that consists of sixty 5 x 5-cm plates, has a
response of 150 cpm per 107° pCi/em3® [750 cpm/(MPC)a]. |

An inorganic scintillator for detecting tritium in air has beeﬁ

developed at Lawrence Livermore Laboratory.“!

This system uses a single
crystal of CaF,(Eu), which has a diameter of 4.4 cm and a thickness of
0.025 cm. The inorganic scintillator is nonhygroécopic, can be used as
a windowless detector, and does not suffer from memory effects comﬁonly

observed with organic scintillators. However, the instrument has a

minimum sensitivity of 160 x 10~® uCi/em3.

2.3.2 Tritium Collection and Conversion Systems

Since most direct monitoring instruments have difficulty in measuring
tritium concentrations close to the MPC level and have interference
problems from gaseous radionuclides, more sensitive techniques involving

collection and conversion systems have been developed.L‘S_51

Unfortunately,
many of these instruments cannot monitor tritium on a real-time basis.

In collection systems, tritium is collected by pumping air through a
desiccant or by bubbling the air sample through ethylene glycol, water,

or a cold-trap configuration that condenses the sample. The HTO is then
absorbed onto the desiccant or into the counting liquid, and the sample

is counted by liquid scintillation. Air that is pumped through a des-
iccant such as Drierite, silica gel or molecular sieve will lose almost
quantitatively its water vapor to the desiccant as long as saturation is
not approached. The vapor can be retrieved by distillation, or if a

lower sensitivity is tolerable, the water vapor can be retrieved by

mixing the desiccant with distilled water and letting the solution sit
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until displacement has occurred. Oxidation of HT through palladium or
other oxidizing beds and trapping of the HTO onto an absorbent such as
molecular sieve is frequently used. 1In integrating systems, therefore,
individual analyses of the air sample stream for HTO and HT can be done
by sequentially cold-trapping to obtain the oxide fraction and then
oxidizing and trapping the HT fraction.

The cooled condensation trap yields high sensitivity since aliquots
of the condensed vapor can be obtained without dilution. However, care
must be exercised to ensure complete collection. If incomplete but
constant collection can be tolerated, the water bubbler may prove to be
satisfactory. [Condens;tion traps measure down to 10~% (MPC)a, while
bubblers measure down to 10~2 (MPC)a.] The bubbler does necessitate
dilution, but the lower sensitivity méy be offset by the greater con-
venience.

Valentine“® describes a bubbler system that consists of a 125 cm3
of distilled water as the collecting medium. A low-volume gas pump and
flow meter combination is used to provide a known air flow through the
system. The tritiated water from the bubbler is analyzed by liquid
scintillation counting. The HTO concentration in the air is calculated
from the volume of air pumped tﬁrough the bubbler, the volume of bubbler
water, and the HTO concentration in that water. The bubbler collector
was tested under varying conditions, and the collection efficiency for
tritiated water vapor was consistently greater than 90% and was less

. than 0.17 for tritium gas.
Another bubbler tested"® experienced an average efficiency of 98%.

This technique employed a gas wash bottle filled with ordinary distilied
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water through which air was bubbled at a constant flow rate. The method
proved to be rapid, reliable, and sensitive and was proven under a
variety of field conditions. The minimum detectable tritium oxide air
concentration that can reliably be measured in a 5-min sampling period
is 1 x 1077 uCi/cmd.

An instrument developed for the continuous measurement of tritium
"(HTO) in air in the vicinity of a heavy-water reactor is discussed by
Gibson and Burt.“® In this instrument, water is condénsed continuously
from the air, and the tritium activity is measured in a flow cell filled
with anthracene crystals; condensed water is pumped through the cell at
the rate of 10 cm3/hr. The instrument can continuously measure a tritium
level of 0.4 x 107 uci/em3 [0.08 (MPC)_]. In addition, it can be
operated in a high gamma~-ray background, and the instrument does not
respond to radioactive gases such as “lar. Contamination of the cell is
rapidly removed following a large release of tritium activity by flushing
the cell with distilled water. The long-term buildup ot activity and a
loss of efficiency limits the life of the flow cell to 6 months.

At Chalk River National Laboratory51 an HTOv/watef exchanger is
used with plastic or liquid scintillator as the detector for tritiated
water in a single sémple—type liquid scintillation counter. The device
was designed to measure tritium in the presence of radioactive noble
gases, and is used for continuous measurement, with the concentration of
tritium in the water leaving the exchanger sufficiently proportional to
the concentration in the sampled air. The.piastic scintillator consists
of an array of 0.13-mm-thick sheets of scintillator. One such plastic

scintillator, developed by Osborne, fits in a cell designed to be
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interchangeable with the standard liquid scintillation counter vial.
Flow rates of 4000 cm3/min for air and 4 cm3/min for water are used.

The response is 50 cpm per (MPC)a with a time constant of 4 min and a
background of 14 cpm. When a liquid scintillator is used as the detector,
the processing system becomes far more complicated, but the sensitivity
to tritium and discrimination against noble gases are improved by an
order of ﬁagnitude. The watef flow is 0.02 cm3/min with the flow of the
liquid scintillator at 0.2 cem3/min. The response with liquid scintilla-
tion is 200 cpm per (MPC)a with a time constant of 2.5 min and a back-
ground of 20. cpm. The discrimination factor against Argon-41 is at
least 2000. It is worth noting that both systems can be used either as

a water or an air monitor.

2.3.3 Surface Monitoring

Tritium will be present on the walls of the containment vessel and
associated reactor systems due to permeation and adsorption. Since this
will be a source of occupational exposure, surface monitoring will need

to be performed routinely at CTR's. Surface monitoring for tritium has

2 53

been performed with the use of GM tubes,5 ionization counters, pro-

portional counters,38’L+2 smears measured in liquid scintillation

5 56

systems,13’5“ plastic écintillators, 5 and exoelectron dosimeters.

One of the first instruménts used for tritium surface monitoring
was the Geiger tube &eveloped by Karraker®2? at Savannah River Laboratory.
It is a windowless Geiger tube with the counting gas (98% helium, 2%

isobutane) flowing through it. The normal detection limit of a single-

tube probe is 800 dpm, and the counting efficiency for triﬁium is about
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10%. Experience with this instrument, however, has shown it to be
cumbersome and its results nonreproducible.

Further development at Savannah River produced an open-end ioni-
zation chamber for tritium detection.33 The chamber is operated as a
dosimeter to integrate the ionization current. The charged chamber is
exposed to the contaminated surface and the reduction in the potential
difference of the chamber is read with an electrometer. In this way it
is possible to measure 12,000 dpm of tritium on a surface of about
50 cmz, with a signal-to-noise ratio of 10:1.

Proportional counters, due to their prime advantage of high sensi-
tivity, have also been developed to measure tritium surface contamination.
Driver38 described a surface monitor that uses a 90% argon-107 methane
‘counting mixture. With a counting system adjusted to accept pulses down
to 10 mV amplitude, and the voltage on the 2.5 X 10" 3-cm-diam collector
wire set just above the breakdown potential, the monitor will count
virtually all ionizing particles entering the chamber volume.

Block and associates"? dev?loped a proportional counter, described
previously, which can also be adapted for surface monitpring. With
some minor modifications, the detector is compatible with an Eberline
PAC-4G alpha survey meter for contamination readout. The propane counting
gas flow is set at a flow rate of about 30 cm3/min so that a bottle

containing 8.5 X 104 cm3

would operate the system for about 46 hr. The
counter has a window thickness of approximately 50 ug/cmz. With 107%
efficiency, the instrument is able to detect approximately 2 X 1073 uci

per probe area (about 100 cm?). This detection system has been found to

be useful in tritium contamination surveys at Lawrence Livermore Laboratory.
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The most common approach used to check for surface contamination is
through the use of smear tests. The standard smear is a 5-cm~diam
circle of filter paper-type material. Usually, the smear is counted in
a liquid scintillation counter; however, it can also be counted in a
windowless flow proportional counter. Porter and Slaback®% state that
VM-1 and VM-100 are the best overall swipe materials for tritium smearing.
The smear technique can be made more sensitive and reliable if the paper
disk is wet in an 6rganic liquid such as ethylene glycol before wiping.

At many facilities handling tritium, surface surveys are conducted
at some scheduled freduency unless a release occurs requiring an immediate
survey. If a swipe removes 10% of the surface contamination from 100 cm?,
and a 2% counting efficiency is assumed, then 10™% pCi/cm? will give
rise to about 400 net counts in 10 min in a liquid scintillation céunter.
This technique is qpite adequate at facilities having a surface contami-
nation limit of 103 to 10 dpm/100 cm?.

Hughes Whitlock offers a tritium surface monitor which is available
commercially.55 A light-tight seal is made with the surface, and a
vacuum pump evacuates above the area to be measured. A 0.125-mm plaétic
scintillator is uéed in the instrument for.beta detection, and 'a contam-
ination level of 10™% uCi/cm? is measured with less than 2% error in
10 seconds.

Studies of solid-state detector capabilities indicate the feasibility
of using thermally stimulated exoelectron emission (TSEE5~dosimeters as
tritium detectors. The exoelectron dosimeter can measure weakly pene-
trating radiations, such as tritium beta rays, due to the shallow surface

region within which the exoelectrons originate. Exoelectron dosimeters
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made of ceramic BeO have been tested at the Oak Ridge National Labora-
tory.56 A tritium contaminated surface can be monitored by placing the
BeO disk face down in direct contact with the surface. An exposure time

2

of 100 seconds to an activity of 1073 uci/cm? produces a signal-to-noise

ratio of 10:1.

2.3.4 Personnel Monitoring

The standard personnel monitoring device at nuclear facilities
continues to be the film dosimeter; however, the paper_wrapping around
‘films is too thick to allow penetration by tritium beta particles. The
HTO can diffuse through the paper, but the amount of fogging depends on
how long the HTO remains in contact with the emulsion before the film is
developed; this causes difficulty in interpreting the fogging in terms
of dose. A film badge for measuring HTO exposures of about 100 (MPC)a—
hours or more has been developed,57 but the dosimetér is 5 x 10" times
more sensitive for tritium as HTO than as HT. The film fogging due to
HTO may also make it impossible to measure any dose from other sources.
The film badge for tritium personnel monitoring would probably be
useful only if facilities for measuring tritium in urine were not avail-
able.

Urinalysis is more sensitive and accurate than a film badge for
measuring tritium exposures, and it is more applicable because tritium
represents a hazard only if it is taken into the body. Various descrip-
tions of urinalysis techniques have been given.“2’58_63 Presently,

almost all of the urinalysis is performed with liquid scintillation,
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though techniques involving ionization chambers,s1 GM couﬁters,60 and

2

proportional counters®? can also be used.

For tritium analysis in the field, the T449 Radiological Urinalysis
Kit®2 or the proportional counter described by Block and associates™?
can be used. .The T449 makes measurements down to 10 uCi/liter in
aqueous solutions and makes the determination in 5 min. A disposable

cartridge uses the following reaction of water and calcium carbide to

form acetylene as the counting gas: ‘
CaC, + 2H,0 - C,H, + Ca(OH)j, . o h (&)

The gas is liberated from the urine at a controlled rate and is analyzed
by the flow-through chamber for tritium conﬁent. The instrument weighs
8.2 kg and is enclosed by a 23 x 36 x 25 cm external carrying case. The
instrugent is adaptable for field operation and is presently installed
in the Lawrence Livermore ﬁaboratory emergency response trailer.

Liquid scintillafion counting of urine samples is the most common
procedure used at tritium-handling facilities. 'In the past; the routine
assay of urine 'samples involved an elapse of hours or days between
submission of a sample and the returned information. Osborne, °8,59
however, developed an automatic analyzer to determine almost instanta-
neously the amount of tritium in urine. This instrument is currently
being used at Chalk River National Laboratory and at the heavy-water
power reactor sites in Canada. The automatic tritium-in-urine analyzer
can bc used in the same manner as a hand-and-foot monitor for periodic
checks. The instrument is extremely easy to operate; a person voids

3

into a urinal and a 0.3 cm3 sample is collected and mixed with 5 cm® of
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liquid scintillator (Nuclear Enterprises, NE220). The mixture is pneu-
matically transferred into a counting cell located between photomulti-
pliers. The counting rate is displayed on a chart recorder that is
caiibrated directly in pCi/liter of urine and maximum permissible body
burdens (MPBB). A slot in the recorder case allowslthe user to sign the
chart by his recorded body burden. The analyzer can measure as little
as 1 uCi/liter, and the total time for the assay is less than 2 min.
Performance of the instrument is automatically checked by processing

. standard and background samples. In addition to urine, any aqueous

sample, such as a bubbler sample, may be assayed by this method.
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3. OFF-SITE TRITIUM INSTRUMENTATION

The off-site requirements for tritium monifbring involve collecting
water, air, and Pioiogical samples in a reactor's vicinity. Since ﬁhe
concentrations are low and the sampling locations are unattended,
integratiﬁg systems are required to monitor the air. Proportional
samplers, which collect a proportional fraction of the.effluent being
released, are used for water collection. In all reported cases, the

samples are analyzed by liquid scintillation counting.

3.1 Water Sampling

At tritium facilities, water éamples are collected continuously by
proportional samplers.. The liquid samples are then brought back to the
labdfatory to be analyzed by liquid scintillation counting. Numerou;
journal articles®*7®9 and books?%>71 have been written about liquid
scintillation counting systems. Several important facts deéling with
liquid scintillation systems and the counting of samples are reported by
Moghissi et al.b8 They state that plastic vials are preferable to glass
vials and that the solution which optimizes counting efficiency is 6-7 g
of PPO (2.5—diphenyioxazole), 1.2-1.5 g of bis-MSB [p-bis-(o-methyl-
styryl)-benzene], and 120 g of naphthalene per liter of dioxane. In
this solution, the optimum water content is about 1 ml wate? per 4 ml
solution. The minimum detectable activity at a confidence level of OAe
'sigma of statistical error for 1l-min counting time is about 1078 uci/cm3.
Lieberman and Moghissi69 state that emulsions should be used when more
sensitive counting is needed. By using emulsions, a minimum sensitivity

6f 0.2 x 10=° pci/em® ean be achieved.
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The major problem associated with liquid scintillation systems is
quenching, which has considerable variation among scintillation solutionms.
The most frequently used calibration method for tritium counting is ;he
internal standa;d, in which a standard activity is used interchangeab}y
with the gnknown samples. The United States Bureau of Standards has

tritiated-water and tritiated-toluene standards.®®

3.2 Air Sampling

At Savannah River,12 tritium is removed from air by the use of a
desiccant (silica gel) for routine sampling.' Air is drawn through a
silica-gel column at a continuous rate of 100 cm3/min by an aquarium
aerator pump. The columns are replaced weekly, and the water is removed
from the silica gel by distillation befpre analysis. The concentration
of tritium oxide in air is estimated from the tritium content of the
sampled'moisture and the absolute humidity of the atmosphere. The
minimum sensitivity of this procedure is 4 x 10~!1 pci/cm3.

At Mound Laboratory,50 a rugged ultrasensitive tritium field air
sampler capable of simultaneously differentiating tritium oxide from the
elemental tritjum in the air has been developed. In the collection
system, ambient air is passed through a bottle containing silica gel
which stripé the HTO vapor from the air stream.  The air then passes
through a second bottle containing silica gel coated with palladium
black, and the elemental tritium is catalytically converted to tritiated
water. To assure the collection of sufficient HTO in this bottle for
subsequent tritium analysis, tritium-free supplemental hydrogen is

introduced into the dry air stream just prior to entering the catalytic
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collection bottle. The recovered fractions are. counted by liquid scin-
tillation spectrometry. The detection sensitivity approaches tritium
background levels. The ;heoretic;l sensitivity of this sampling system
is 1.6 x 10712 uCi/cm3 of air at the 95% confidence level for 1iqqid
scintillation counting %ith 20-cpm counter background, a 217 counter
efficiency, and a 100-min sample counting time.

Integrating systems using molecular sieve and freeze-out samplers
are also used for environmental air sampling.'*s’w’72 Ostlund“®
described a system in whiéh tritium gas is extracted from the air by
catalytic combustion on palladium at ambient temperature, with the
resultant water being absorbed on a molecular sieve carrying the pal- ‘
ladium. In freeze-out methods, the sampler condenses water vapor from
thg surrounding air. However, the "cold finger" method may be unwieldly
for field use, because of pump requirements, and a device such as a
"cold strip™*’ may be more applicable for a condensation instrument in
the field. This apparatus consists of a metallic strip partially im-
mersed in a liquid nitrogen bath; water droplets and carbon dioxide from
the atmosphere condense on the upper part of tlie cold strip. In the
laboratory, the ice is melted, and the solution is analyzed by liquid

scintillation counting.

3.3 Biological Sampling

From the area surrounding a tritium-handling facility, samples of
milk, food, crops, soil, vegetation, and animal tissue are analyzed for
tritium content. The free water of the samples is separated by freeze-

drying and analyzed separately from the organically-bound tritium. The
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organically—bouhd tritium is converted to water by burning the dried
tissue in a furnace in an oxygen’atmosphete over copper oxide or by
using a commercially available sample oxidizer. All samples are measured

for tritium content with liquid scintillation counting.
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4, ASSESSMENT OF INSTRUMENTATION

4.1 Ion Chamber and Proportional Counter

The ion chamber is used extensively for the measuremenf of airborne
- tritium. It offers the benefits of simplicity and economy and requires
only an electrically polarized ionization chamber, an electrometer, and
a method for passing the sample through the chamber. However, such an
instrument can give erroneous results because of cigarette smoke,
aerosols, ions, moisture and condensation, abso;ption and memory effects,
clogged filters, incorrect instrument' calibration, ambient,gamma—ray
field changes, radon, and fission product gases.73 To compensate for
cigarette smoke, aerosols, and ions, a microq—pore-size filter is used
to remove all the larger particles. Those particles that pass through
the filter are removed by an electrostatic precipitator. Generally,
both the filter and electrostatic precipitator must be used, since
-neither is sufficient alone. *
The materials used in the air stream and ion chamber must be care-
fully selected. If improper materials are used, tritium can be absorbed,
causing a low reading, and later reemitted, causing a "memory effect.”
Polythene and Teflon are good materials to use, whereas, gum rubber and
polyvinyl chloride tubing are very retentive for HTO. Also, when
. flushing the chamber, a dry gas is much less effective than a gas at a
high relative humidity, because In rhe latter case surface tritium
activ?ty is exchanged.
73

.. Calibration of ion chambers is also very important. Waters

states that a tritium measuring instrument should be calibrated frequently
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with tritium gas and not by gamma rays or internally generated ions.

The gamma-ray check iqdicates that the ion chamber is working, but an
air hose may have fallen off or de§eloped leaks so that the air sample
could not be drawn througﬁ the chamber for measurement. The most
accurate calibration is obtained when the instrument operates in a
closed loop so that the tritium concentration is constant, and a steady
meter reading is obtained independént of air-flow rate and instrumental
time constants. Johnston Laboratories3? sells a tritium calibrator that
has an accuracy of *10%, reproducibility of *2%, and a calibration time
of 3 to 5 min. )

Around the fusion reactor there will be a flux of neutrons creating
gaseous activation products of argon, nitrogen, and oxygen. °~ Unfortu-
nately, tritium ionization monitors will respond to these radionuclides,
and relatively low concentrations of the gases will indicate a false -

_ high concentration of tritium. For example, 1 (MPC)a of argon-41 pro-
duces the s;me ionization in air as about 50‘(MPC)a of HTO0.36 This is a
problem which must be solved since a CTR reactor hall will contain
sizable quantities of activation products in the air.

A problem to fusion plants will be the effect that magnetic fields
have on ionization chambers. Strong magnetic fields are used to confine
the high~temperature plasmas in many fusion reactor concepts, such as
the tokamak design. For the 5000 MW(t) UWMAK-1 concept,7q a toroidal
field in the order of 10,000 gauss will be present in the area near the
reactor, and strong poloidal fields as high as 70 to 450 gauss may be

present outside the reactor area in the transport and hot cell regions.

(For comparison, the earth's magnetic field is about 1/2 gauss.) The
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effects of the strong magnetic fields on ionization collection efficien-
cles and on readout meters require documentation.

Tritium inventories for present CTR designs vary between 2 and
15 kg,“ with much of the tritium in storage; appropriate instrumentation
will be needed to monitor for leakage from these facilities. At Savannah
River, an ion chambér has been developed’® for use as a leak detector to
ensure the integrity of storage bottles containing concentrated tritium
gas. It can detect tritium leaking at aArate of 10713 cm3/sec over a
gas-collecting period of 16 hr; this corresponds to a total tritium
leakage of 0.015 uCi. The instrument is simple, inexpensive, and easy
Eo maintain. This detector, along with other instrumentation aiscussed
in the review, should be adequate to check for leakage.

Proportional counters are also used to monitor for tritium; ﬁhey
have an advantage over ion chambers in that energy discrimination is
possible by electronic discrimination on the output pulse height, whose
size 1s proportional'to the energy deposited. The primary disadvantage
of the gas proportional counter is the continual consumption of counting
gas, which is.discarded after being used in the assay of tritiated ‘
samples.

The thin window proportional counter,42 which utilizes a polymer.
‘film, has an inherent advantage. For many polymer films, the permeation
rate of HTO is greater than that for HT by one to two orders of magni-
tude. This is of advantage for a tritium monitor in that tﬁe (MPC)a is

two orders of magnitude greater for HT than for HTO, and hence the

instrument response may be approximately related to dose.



30

4.2 Scintillation Systems

The inorganic scintillator system developed by Prevo and Santomassimo""

for detecting tritium in air appears to offer the advantage of simplicity
in that only a single photomultiplier tube, an amplifier, and a single
channel analyzer is required. The sensitivity of this system, however,
is lower than other scintillation systems. The minimum detgctable
activity is 1.60 x 10™% uCi/cm3 [32 (MPC) | for HTO], and hence this
detector, used alone, is not adequate for monitoring work areas.

Solid organic scintillatorszo’zz’“3_(anthracene and plastic) have
also been used for air monitoring, but with limited success. One problem
is that when these systems are used for monitoring tritiated water
vapor, adsorption of water on the scintillator surface increaées the
counting rate above that from tritium gas at the same air concentration.
The counting rate for a given concentration of tritium in air will also
vary with the relative humidity of the air, with the highest count rate
occuring at very low humidities. In addition, anthracene will oxidize
over time, resulting in a loss of sensitivity.

Anthracene cells are satisfactory in many laboratory applications,
but in industrial applications, such as liquid effluent monitoring, they
have not been very successful, since they are easily fouled by retention
of material suspended in the flowing sample. In addition, the anthracene
is subject to relocation and erosion. Plastic scintillators are better
in this respect, but plastic surfaces tend to deteriorate over a period
of time because of sedimentation, bacterial growth, and discoloration.
Discoloration of the scintillator surface or accumulation of slimes on

the scintillation surface leads to loss in sensitivity and retention of
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activity. The latter point has proved to be a practical problem in
monitoring effluents from fission reactors, and a periodic flushing of
the deteétor with a chelating agent is required.?3 Plastic scintil-
lators may, therefore, not be acceptable for liquid effluent monitoring,
although when specific activity is high and the water samp;e is pure,
this method can be used satisfactorily.

For solid scintillators, the conversion of tritium gas to a liquid
prior‘to counting has been more successful than counting the gas directly.
Tritium as tritiated water vapor can be measured by continuously con-
densing the sampled vapor as described by Gibson and Burt.*> An inherent
disadvantage of the condenser method, however, is that the sensitivity
in terms of concentration in air is dependent upon the humidity of the
air since the flow cell measures concentration in water. This is of no
consequence‘if the air is maintained at a fixed hpﬁidity, but for moni-
toring in an uncontrolled environment, the effect of varying humidity
must be properly accounted for. Another system for continuous monitor-
ing developed by Osborne®! does not rely on the condensation method.
Here an HTOv/water exchanger is used in which the concentration of
tritium in the water leaving the exchanger is sufficiently proportional
to the concentration in the sampled air. In addition, the radioactive
gases are discriminated égainst in that, relative to HTO, they are only
slightly soluble in water.

The use of liquid scintillation allows several orders of magnitude
more sensitive detection of tritium, has greater freedom from contami-
nation, and offers better opportunity to discriminate against other

" radionuclides than solid scintillation techniques. For batch samples,
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as in the off-site surveillance, liquid scintillation counting will be
used exclusively, and these techniques are well established. The liquid
scintillation system is, however, more difficult to adapt to continuous
monitdring, because of the problems of metering and mixing the scintil-

lator and sample.

4.3 Integrating Systems

Integrating systems must be used for an aécurate determination of
low levels of tritiuﬁ in the air at a fuéion plant. These use desic-
cants, bubblers; or cold traps to collect HTO. ' The bubbler is not as
efficient as silicaAgel, but preparation for counting is less compli-
cated. Additionally, the use of silica gel (or other desiccant) pre-
sents a "memory effect'" that must be taken into consideration because

complete moisture desorption of silica gel is not easily attainable.
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5. INSTRUMENTATION FOR A CTR

Tritium will most likely be the only radionuclide released in’
sigﬁifiéant quantifies &uring the normal qperation of a CTR. The CTR
cémplex will be quite large (the reactor hall alone may be 50 m in
diameter’®) and will include mahy components with diverse functionms.
Tritium will be present in oneﬁform or anbther within most of the sub-
systems;'however, for most systems, neither the loss.rate nor thé form
of tritium to be released is yet knan. The rate of conversion from HT

;

to tritiated water and to tritiated organic materials’’ is also unknown
for the type of environment into which it Qill'be released. Nonetheleés,
much tritium monitoring development has taken place at national labo-
ratories, production facilities, and at heavy-water reactor éites, and a
sigﬁificant bod§ of knowledge concerning tritium monitoring already
exists.

Gamma-compensating ion chambers will likely be used at fusion power
plants as detectors for stack sampling and for monitoring accidental
releases where high concentrations of tritium are involved. It is
important that the chambérs be gamma compensated, since 1 mR/hr gamma
field gives a Feading'of 10 (MPC)a for HT0.3® For fixed locations, such
as near the feactor, the gamma-ray flux may vary in intensity, but not
in relative spafial distribution. In this case, side-by-side compen-
sating chambers31233 are satisfactory, and lead shields can be used.
Where portability in monitoring is required within the reactor building,
the concentric chambers concept developed by Osborne and Cowper:“+ should
be used to compensate for inhomogeneities in the gamma fields. In a CTR

plant, it will usually be better to keep a monitor fixed and use a long
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flexible sniffer hose to investigate remote areas, rather than using a
portable monitor.

In order to accurately record tritium levels, it will be necessary
to employ instruments that are more sensitive than ion chambers. Tritium
collecting systems will be needed at fusion plants to integrate the
cumulafive tritium release over a convenient period of time. Cooled
condensation traps yield very high sensitivity, and the air can be
analyzed for both HTO and HT by sequentially cold-trapping to obtain the
oxide fraction and then oxidizing and trapping the HT fraction. Weekly
composite samples for liquid scintillation counting will give good data
of the amount of HTO and HT in the air.

Scintillation methods appear to be the only practical approach for
the assay of tritium in liquids at CTR's. Solid and liquid scintilla-
tion methods have been used, and both are discussed in the review.

Large surface areas are generally needed for solid scintillators, since
the tange ot a tritium beta is so short. Liquid scintillation, in which
the scintillator is intimately mixed with the tritiated liquid, possesses
an obvious advantage because of the ideal 47 geometry. For either
scintillation method, however, when monitoring reactor effluents that
contain activated corrosion products and other radionuclides, the
counting system should be preceded by a filter or trap which removes
other contaminants by ion exchange, adsorption, or, in the case of
dissolved gases, purging. The system developed by Ting and Litle2"
shows the most promise for monitoring tritium in flowing water effluents
from fusion reactors. Its main drawback is the cost of the scintilla-

tion liquid; the annual cost of scintillator liquid can be in the range
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of $9,000 to $15,000 ($3 to $5 per liter) when used at the rate of 7 ml
per minute.

Due to the amount of tritium in a fusion reactor, large quantities
of tritium will adhere to and be absorbed in metal surfaces. Fraas’8
has estimated that';he niobium blanket structure for a fusion reactor
alone will absorb épprokimétely 21 g (2:l x 10° Ci) of tritium. Surfaces
within the reactor hall and other working areas are expécted to be major
sources'of occupational exposure. At present, the most common metbod
for determining surface contamination is by using smears. The smear
indicates the amount of removable tritium on the surface and is strictly
a qualitative technique. While the smears indicate the potential hazard
from removable tritium, precise information cannot be obtained about the
amount of tritium occluded in the metal itself. This is an advantage
that an exoelectron dosimeter has over the smear technique. This do-
simeter, however, cannot be used where temperatures are much above
100°C. The reproducibility and humidity problems that have'plagued TSEE
dosimeters in the past must be resolved before they can be used prac-
tically. The monitor by Hughes Whitlock®> appears to be suitable for
CTR application; however, for correct operation the surface to be
monitored should be smooth, impervious, and free from scratches or
cracks. |

The prbportional counter developed by Block and associates“z could
be used to check for surface contamination at a fusion reactor plant.
This counter is compensated against gamma radiation aqd other radioactive

gases up to 5 mR/hr, and it indicates the amount of tritium escaping

from the surface by the permeation of tritium through a plastic film.
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It was noted that HTO has a much greater permeation rate than HT, and,
therefore, the counter is more sensitive to the oxide form. In addition,
further sensitivity (to HT and ﬁTO equally) was attempted by trying to
make the window sufficiently thin to allow the penetration of tritium
betas. Memory effects for this type of instrument are not yet documented.

Uptake of tritium by operating personnel can be de£ermined reédily
by urinalysis. Each worker in tﬁe fusion plant will, in a way, function
as a dosimeter. The urinalysis, in addition to prbviding dosimetric
information, will also function és a sensitive indicator of changes in
the occupational environment at éxposure levels well below regulatory
limits. The automatic analyzer developed by Osborne®? should be partic~
ularly useful for CTR application.

The sampling techniques for environmental analysis of tritium are
well established. For water analysis, the preferred sampling locations
are upstream from the reactor outside of its inflﬁence, at the reactor
ott-site water discharge area; at the first drinking water intake down-
stream from the reactor, and at the largest drinking water intake point

79 gelected wells and rainwater should also be collected

downstream.
continuously at locations surrounding the plant. For off-site air
monitoring, the silica-gel column used by Mound Laboratory50 would be
appropriate for CTR aéplication. All samples will be counted by liquid
scintillation systems using standard teéhniques.

The measurement of tritium levels in reactor systems, howeve;, will
require substantial instrumentatioh dévelopment. For example, sensitive

tritium monitors exist for monitoring gas streams, such as helium coolant

streams, but their use at the high pressures and in the presence of
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large radiation levels has not been demonstrated. Additional research

is also needed to accurately determine tritium concentrations in the
blanket where very low tritium pressures may exist and in primary

coolant systems. Prototype tritium monitors, which depend upon tritium
diffusion across a metal membrané, have been developed for use in molten
sodium.I16 Liquid lithium has a very great affinity for tritium, and
diffusion through a membrane is inadequate at the expected tritium
concentration.80 Additional development work is reqﬁired to allow the
detection of tritium at the 1-100 ppm level in liquid lithium at 500°C.

As engineering designs for future fusion devices evolve, tritium monitoring

and control instrumentation#should be reevaluated for applicability.



38

CONCLUSIONS

Tritium monitoring instrumentation and techniques have been de-
veloped over the past 30 years. Adequate protection from the harmful
effects of tritium associated with CTR's will be provided for the occu-
pational worker and the general public by the proper use of these moni-
toring systems, along with the prudent application of health physics
procedures and engineering techniques. This is not to say, however,
that no tritium will be released or that the amount that will be re-
leased into the occupational areas or the external environment is known
with any certainty at present.

The health physics instrumentation needs can be broken down into
monitoring requirements for environmental protection (air, water, and
biological samples) and for occupational protection (air, liquid, sur-
face, and personnel monitoring). The environmental monitoring will
consist of an integrating device such as a silica-gel column for air
monitoring and a proportional sampler for water monitoring. Various
biological samples will be collected and separated into organically-
bound tritiﬁm and free tritium before measurement in a liquid scintil-
lation system. Major additional efforts in instrumentation development
are not considered to be required in the area of environmental moniforing
for tritium.

In the area of occupational safety, ionization chambers permit
measurements down to (MPC)a levels of tritium, and integrating systems
are able to measure down to 10" (MPC)a. Scintillation methods appear

the most suitable for monitoring aqueous coolants and effluents at a
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CTR, and detection down to 1076, (MPC)aN is available with liquid scintil-
lation systems. Surface monitoring can be performed either by taking
smears or using a modified proportional counter, and established uri-
nalysis techniques will be useful at a fusion power plant. Thus, most

of the instrumentation needed for a CTR plant has been designed and
fabricated. However, developments directed towards improving electronics
and ease of utiliéation should be continued. In particular, some improve-
ments in portable air monitors would provide a greater freedom in con-
ducting health physics surveys. A real-time portable instrument that

can detect (MPC)a levels of tritium in the presence of high levels of
induced eir activity, and a reliable portable instrument for the deter-
mination of air and surface contamination which can indicate on a real-
time basis whether the tritium is in the elemental or oxidized form are
among needed developments. There are also two general areas which

require some research: The first is a need to improve the capability of
detectors to recover quickly after exposure to high tritium levels and

to reduce the longer term "memory effects'"; the second is to ascertain
whether the presence of magnetic fields will cause adverse operation of

instruments to be used within the reactor building.
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