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ABSTRACT

Monitoring the reactor hall atmosphere of
DT-fueled fusion reactors will probably be
performed with oonventional ion ohamber and
proportional ocounter instruments modified as
necessary to desl with the background radiation.
Background includes external neutron and gamma
radiation and internal beta-gamma radiation from
the activated atmosphere. Although loocating
instruments in remote asreas of the resctor hsll
and e&dding 1local shielding and eleotronic
compensation may be feasidble, placing the
instruments in acoessible low-besckground areas
outside of the reactor hall mmd doing remote
sampling i{s preferable and solves most of the
radistion problems. The remaining problem of
the activated atmosphere may be solved by
recently developed inatruments in oconjunotion
with the use of semi-permeable membranes
ourrently under development and evaluation.

INTRODUCTION

Fusion power reactors fyueled by D-T gas
mixtures will have large quantities of tritium
in the resotor and support buildings. For
instance in the STARFIRE conceptusl resctor, the
total inventory oconziats of approximately 11 kg
ol tritium (Table 1),

Active monitoring for trilium leaks into
secondary contairments or into room atmaispheres

Table 1, STARFIRE Tritium Invcntory1
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is essential both for safety and environmental
reasons and for correction or control of the
problem befure (further) damage is done and/or
additional vritium {s releated. Monitoring for
atmospherio tritium in support buildings with
normal background radiation can be acoomplished
with conventional instrumentation. In the areas
with high radiation baokground lavela such as
the hot oell(s) and reactor hall, special
approaches or instrumentation are needed.

MONITORING INSTRUMENTS

Most tritium room uir monitors are of two
types: flow-through ion chsmber instruments and
flow-through proportional counters. Ion chamber
monitors are generally more oommon except 1in
countries with more stringent ooncentration
limits or monitoring requirements (as in
Germesny, for inatance)., The normal sensijivity
of an ion ohamber monitor {is 1-5 uCi/m and
depends somewhat on the size of the ohamber and
the time oonatant and other properties of the
eleatronics. Although most such monitors employ
flow-through ion aohambers whiech for air
monitoring require the use of a pump, in many
oasnes the pump may be dispensed with and thao
ohamber deasigned with "open" (perforated) walla,
An example of such an open-walled chamber is the
one shown in Fig, 1 designed for glovebox
monitoring st the Tritium Systems Test Asaembly
at tne Los Alamos National Laboratory.

The proportional esounter instrument, on the
other hand, cannot funotion without pumps since
the sampled atmoaphere muast be mixed with a
counting gas (usually methane or nstural gas)
before entering the aounter, It 18 {nherently
more sensitive than the ion chamber monitor by o
factor of 10-100 or more depending on the

*™is ray be compared to the Derived Ai{r Concen-
tration of 20 uCi/m for tritisted water vapor
recently published Dby the Internstional
Commission Radiation Protection in ICRP=30
(Part 1, 1979).



Fig. 1. Open-walled tritium ion chambers used
at TSTA for glcvebox monitoring. A
remotely act vated gamma check sourae
unit for routine instrument checking is
shown attaahed to the assemb] ed
chamber, which is protected by a felt
dust oovei.

counting time, but its upper range 1§ limited to
a tritium corcentration of ~1 mCi/m’, whioh {n
meny cases restriots its usefulness. The ion
chamber has no such limitation.

Both instruments are sensitive to external
punetrating radistion, whioh results i{n signals
which would be mistaken for tritium, For
instance the {on ahamber monitor'g response %o
gemma redistion is ~100 uCi/m per mR/h,
Elimineting or minimizing the effeots of high
radiation baokgrounds oan be accanplished by
local thielding, by remote sampling, or by the
use of additional ochambers to provide the
subtracting ourrent or eounts. In the oase of
{on chamber monitors, canpensstion usually takes
the form of @ olosed ohamdbar placed next to or
congentric with the measuring ochamber, Sub-
traotion, whioh is never perfeot, denends on the
radistion fleld speotrum and geamatry at the
shamber locetion. Compensutiun that varies from
954 to 1051 is co.sidere’ excvellent, Subtraso-
tion with proportional ocounters i{s aceomplished
with guard chambers placed on either side of the
counting volume. Using pulse helght and rise-
time discrimination and coincidence/anticoinci-
derce counting, the aenaitivity of the aounting
nhamber to penetrat.ng radiation 1ia greatly
reduccd and compensation more easily mccomplish-
ed. As in the case of ion ahambera, subtraction
{s aiso dependent on the radlietion spectrum and
Keametry,

Neither of the two instrument types in fits
basic oonfiguration differentiates between
molecular tritium (HT) and tritisted water vapor
(HTO) . This discrimination s oftentimes
desirable since the relative hazard of HTO to
the moleoular form is of the order of 25: 000.
However , several ,uborltorios in the United
States and Canada’ have developed prototype
ion ohamber and proportional oounter instruments
that can perform this differentiation. Semi-
permeable membranes, whioh take advantage of th
much greater permeability of water vapor ove-
that of hydrogen ga3, are used to make the
Separation, Major Jisadvantages of membranes
are long response and olearing times, being of
minutes to tens of minutes,

To further oampliocate the problem of
monitoring the reactor hall, the atmosphere will
have high oonaentrations of radioactive gases,
Assuming there is an inner shield surrounding
the reaotor, the concentrations within and
outside of the shield will, of aourse, be
substantially different and will depend on
whether there is mix’ng of the atmospheres of
the two volumes. For purposes of m%tqun.
the g ximum average conoentrations of N, N,
and Ar expected within the (original) shleld
and remaining reactor hall (test cell) of the
Tokamak Fusion Test Reaator (TFTR) (where the
atmosphere is alir), assuming no ventilstion, are
given in Table 2. At « next generation reactor
like an INTOR or STARFIRE, the conaoentrations
will be higher--at least within the shleld.

Proportional oounter instruments with :‘4e
design features mentioned earlier, by virtue of
their geometry and aircuitry, are also Ssuitable
for subtracting the oqounts produced by high-
energy-bets emitting gases in the sampled atmos-
phere. Howaver, the subtraation, whioh, as 1in
the oase of external radiation, is electron-
ifcally programmed into the ocounting oircuit, is
different for different bets-emitters or for
background radistion, for that matter. The

Table 2. Maximum Concentrations of Activated
Gases Within Test Cell at TFTR
(uCi/m3)
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relative amounts of each radiocactive gas would
have to remain conatant for compensation to be
effeotive over a period of time,

An 1on chamber instrument whioh uses two
concentric, ooaxial chambers for currant sub-
tractior has recently been developed at the Los
Alaros for monit%ring tritium in the presenae of
sotivated gases., The inner, measuring chamber
and the outer, campensating chamb or are
separatad by a common wall made of 6.3 ym-thiock
double~aluminized Mylar supported over a copper
screen, The Mylar stope che tritium betas but
allows those of higher energy to penetrate to
the outer chamber where the subtraction ourrent
is produced, Each ochamber feeds 1ts own
electrcmeter and current bdalancing is performed
after the electrometer stages, Measurements
made a. Los Alamos and at the RTNS=2 faoility at
the lawrence Livermore National Laboratory
confirmed its predicted detectjon 1limit (for
tritivm) of less than V C uCi/m’ where C is the
concertration of the contaminant gas in uCi/m-.
Its maximum sensitivity is that of conventional
ion c"amber instruments, Figure 2 13 a nhoto-
graph of the ohamber assembly of the prototype
instriument, Similar inst-umnents ure expeoted to
be usad for monitoring the TFTR test nell after
tritim is introluced.

It is possible that semi-permeable mem-
branes which can be used for HTO-HT disorimi-
nation may also be used for HTO=-HT/sctivated air
discrimination or even HTO-HT-activated air dis-
crimiratiorn by asdding a catalyst end an eddi-
tional ohamber. How useful membranes became for
this appliocstion depends on the relative per-
meabilities of HTO 13nd N (oru‘NO'. the probable
chemical form of N) znd Ar’, Preliminar:
permesbility measurements appear to be encourag-
ing but more work needs to be aone,

MONITORING THE REACTOR HALL

A tritium monitor located in & reactor hall
would have to face sn interesting radiation
envirorment: direot and secondary neutron onnd
gamma/bremsstrahlung radistion, gamma radiation
from sctivated equipment and building structures
and bete/gamma radistion from sctivated gases,
Certainly the atm.sphere vithin the inner shield
would have to be monitored remotely. Altnough
it might be possible to locate at least the
instrumant cohambers within the reaotor hall
outside of the inner shield and then provide
local shielding and oompensation as necessary,
fron a logistics point of view {t would
oertainly be preferable to locate all of the
tritium instruments outside of the reactor hsll
in a low radistion ares where instruments may ¢

Fig. <.

Prototype onamber asssembly developed at
LANL for monitoring tritium in the pre-
sence of soctivated air, Sampled air 1is
{rntroduced and removed through the
knllow oentral electrode (bottom).

oheoked, oalibrated, repleced, or repaired as
required without ocnacern about the resctor's
operation or the radiation in the reaotor hall,
Ail monitoring of the resctor hall atmosphere
would then be done remotely with long hoses,
The added sampling delay of ~1 min for a 30-60 m
sampling line has & buijt-in benefit whiah would
otherwise probably have to be incorporated into
the external plumbing of some of the inatru-
mn:‘%. The delay would mllow the oonoontrlt*gn
of N to decay to & value below that uof N
before it reaches the measuring chamber, thereby
inoresaing the sensitivity of a oompenssting
tritium monitor by a faotor of 10 or more. In
the case of TFTR, for instance, the oconaentrio
{on ahamber gonitor with a minimum sensitivity
of T uCi/m” onuld detect » iolnu within the
inner shield (volume of 37C @) cf less than 90
mCi,



"t is expescted that the reactor hall
atmo: here will be monitored by ion-ohamber-type
instrunents using the ocompensating type for the
volume within the inner shield and the non-
aompensa:ing type outside, If semi-psrmeable
membranes can be used to adavantage with
activated gases, as I feel they can be, they may
then be in:orporated @' (th these instruments to
further improve their jensitivity end to allow
simyltaneous discriminstion of HTO and HT,

The exhaust alr that must be stasoked to
maintain negative pressure in the reactor hall
could be monitored with a proportional ocounter
instrument using membranes to separate the
tritium from the activated air and the HT from
the HTO, if desired. It is expected thst a
passive HIO-H[-disoriminating stack bubbler
would also be uysed so that the active stack
monitor's ability to discriminate between HTO
and HT {s probably not very important.

PASSIVE MONITORING

Aithough the emphasia in this paper has
been directed toward real-time monitoring, a
word should be sajd about passive monitoring.
Fassive monitoring usually oonsists of taking
gradb samples of moisture in the air by freezing
or bubbling and analyzing the collected mojuture
for HTO using a 1liquid scintillation spectro-
meter, To measure the HT, a oastalyst |{s
incorporated in the sampling line to oconvert it
to HTU prior to collection. Except for losses
{n sampling hoses or tubing, the measurement is
very accuraste and could be used to ocheak or
calibrate active irs' uments while aatually {n
use, Vapor losses in 1long 1lines ce1 De
minimized by either heating the sampling tubing
or having a bubbler within the resctor hall end

remotely sampling the 1iquid., Passive analysis
of the oollectel moisture allows for ralatively
simple chemical and/or electronic techniques to
achieve the dssired separastion of the tritium
from any racioactive oontaminants that may have
became entrapped.
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