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TRITIUM MONITORING WITHIN THE REACTOR HALL

OF A DT FUSION REACTOR
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(505) 667-3367

ABSTRACT

Monitoring the reaotor hall atmosphere of
DT-fueled fusion resctors will probably be
performed with oonventional {on ohamber and
proportional oounter {instruments modified as
necessary to deal with the background radiation,
Background includes external neutron and gamma
radistion and internal beta-gamma radiation from
the activated atmosphere. Although looating
instruments (n remote areas of the rasotor hall
and edding 1looal shielding and eleotronio
oompensation may be (feasible, placing the
instruments in accessible low-background areas
outside of the reaotor hall mmd doing remote
sampling {s preferable and solves most of the
radiation problems, The remaining problem of
the activated atmosphere may be solved by
recently developed inatruments 1in oonjunotion
with the use of semi-parmeable membranes
ourrently under development and evalustion,

INTRODUCTION

Fusion power reactors fueled by D-T gas
mixturea will have large quantities of tritium
in the reaotor and support buildings. For
instanoe in the STARFIRE oonceptual reactor, tha
total {inventory oonzists of approximately 11 kg
ol tritium (Tab'e 1),

Aotive monitoring for tritium leaks into
seoondary oontaimments or into roam atmispharas

Table 1, STARFIRE Tritium Invnnt.ol-y1
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is essential both for safety and environmental
reasons and for corraction or control of the
problem befure (further) damage is done snd/or
additional =ritium (s releazed. Monitoring for
atmospherio tritium {n support bulldings with
normal baokground radiation can be acoomplished
with oonventionsl i{nstrumentation. In the areass
with high radiation baokground levels asuoh as
the hot oell(s) and reaotor hall, speoial
approaohes or instrumentation are needed.

MONITORING INSTRUMENTS

Most tritium room air monitors are of two
types: flow=through ion ohsmbar instruments and
flow-through proportional oountera. Ion chamber
monitors are generally more oommon except in
oountries with more stringent oonoentration
limits or monitoring requiremants (ass in
Germany, for inatanoe). The normal aans vity
of an {on ohambar monitor {s 1-5 yCi/m and
depends somevhat on the aize of tha ohamber and
tha time oonstant and other propertiss of the
eleotronios., Although most auoh monitors employ
flow-through ion ohambara whioh for air
monitoring require tha use of a pump, in many
oases the pump may be diapanaed with snd tho
ohamber designed with "open™ (perforated) walla.
An exampla of auoh an opan-walled ohambar i{a the
one shown 1in Fig. 1 dasigned for glovabox
monitoring at the Tritium Systems Teat Asaembdbly
at tne Loa Alamoa National Laboratory.

Ths proportional ocounter {natrumant, on the
other hand, oannot funotion without pumpa sinoa
tha sampled atmoaphere muat ba mixad with a
oounting gas (uasually methana or natursl gaa)
before antering the oounter. It 1a {nhasrantly
more sensitive than the ion ohamber monitor by a
faotor of 10-100 or mora depending on the

i may be comparad to tha Derived A{r Conoan-
tration of 20 uCi/m for tritiated watar vaper
raoently published by the Internstional
Commission Radiation Proteotion in ICRP-30
(Part 1, 1979).



Fig. 1. Open=walled tritium i{on chambers used
at TSTA for glcvebox monitoring. A
remotely act vated gamma check souroe
unit for routine instrument ohecking 18
shown attsohed to the assembl ed
ohsmber, whioh is protected by a felt
dust oover.

oounting time, but its upper range 1§ limited to
a tritium corcentration of A1 mCi/m”, whioh {n
many cases restriots its usefulness. The {on
chamber has no such limitstion.

Both instruments are sensitive to external
punetrating rasdietion, whioh results i{n signals
which would be mistsken for tritium, For
instanoe the {on ahamber monitor'g response to
gamma radiation is "~100 uCi/m per mR/h,
Elimineting or minimizing thce effeots of high
radistion baokgrounds oan be aocamplished by
local thielding, by remote sampling, or by the
use of additional ohambers ¢to provide the
subtracting ourrent or oounts. In the oase of
ion chamber monitors, oompensstion usually takes
the form of a olosed ohambar placed next to or
oonoentrio wi:th tha measuring ohamber, Sub=
traotion, whioh is never perfeot, denends on the
radiation fleld speotrum and gemmetry at the
shamber locetion, Compensutiun thst varies from
954 to 105% {8 ooasidare! exvellent, Subtrao-
tion with proportional oounters {& aoccomplished
with guard ohambers placed on either side of the
counting volume. Using pulse height and riae-
time discrimination and ooincidenca/sntiocoinoi-
deroe oounting, the aeasitivity of the oounting
nhamber to penetrat.ng radistion 1s greatly
reduced and compensation more easily ascoomplish-
ed. A8 {n the ocase Of ion ohambera, subtraction
18 ai80 dependent on the radistion apeotrum and
Keametlry.

Neither of the two instrument types in {ts
basic oonfiguration differentiates between
molecular tritium (HT) and tritiated water vapor
(HTO) . This discrimination 18 oftentimes
desirable sinoe the relative hazard of HIO to
the molecular form is of the order of 25: 000,
However, several .,l_aborntorioa in the United
Ststes and Canada“ have developed prototype
ion ohamber and proportional oounter instruments
that oan 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 Lhe
separation, Msjor Jisadvsntages of membranes
are long response and olearing times, being of
minutes to tens of minutes,

To further oamplioste the problem of
monitoring the reactor hall, the atmosphere will
have high oonoentrations of radioasctive gases,
Assuming there 1is an {inner shield surrounding
the reaotor, the concentrations within and
outside of the shield will, of oourse. be
substantially different and will depend on
whether there {8 mix’ng of the atmospheres of
the two volumes, For purposes of 111%"%?.
the ximun average onoentrations of N. N,
and Ar expected within the (original) shield
and remaining reaotor hall (test oell) of the
Tokamak Fusion Test Reaotor (TFTR) (where the
atmosphere 1s air), assuming no ventilation, are
given in Table 2. At « next generation reasctor
like an INTOR or STARFIRE, the conoentrations
will be higher--at least within the shleld.

Proportional oounter {instruments with :t4e
design features mentioned earlier, by virtue of
their geametry and oirouitry, are also suitable
for subtracting the oounts produced by high=-
energy-bets emitting gases in the sampled atmos-
phere. Howaver, the subtraotion, whioh. as in
the oasse of external radiation, {s electron-
ioally programmed {nto the oounting oircuit, is
different for different betas-emitters or for
baokground radiation. for that matter., The

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

An {on ohamber {nstrument whioh uses two
concentric, ooaxial ohambers for currant sub-
tractior has reoently been developed at the Los
Alaros for monitgring tritium in the presence of
sotivated gases, The inner, measuring ohamber
and the outer, oanpensating chambesr are
separatyd by s oommon wall made of 6.3 ym-thiok
double-aluminized Mylar supported over a oopper
screen, The Mylar stop® che tritium betas but
allows those of higher energy to penetrate to
the outer chamber where the subtraction ourrent
is produced, Eaoh ohamber feeds {ts own
electrcmeter and ourrent balanoing is performed
after the electrometer stages. Measurements
made a%, Los Alamos and at the RTNS-2 faoility at
the lawrence Livermore National Laboratory
confirmed 1its predicted detectjon 1limit (for
tritium) of less thsn VYV C uCi/m’ where C is the
concertration of the oontaminant gas in uwCi{/m-,
Its maximum sensitivity s that of oonventional
fon ciamber {instruments, Figure 2 is a nhoto-
graph of the ohamber assembly of the prototype
instrument, Similar {nst~uments ure expeoted to
be us»d for monitoring the TFTR test nell after
tritim i{s i(ntroluoed,

[t is possible that semi-permeable mem-
branens whioh oan be used for HTO-HT disorimi-
nation may also be used for HTU-HT/sctivated air
discrimination or even HTO-HT-aotivated air dis-
crimiratior by adding & oatalyst and an addi-
tional ohamber, How useful membranes became for
this applioation depends on the relative per-
meabilities of HTO 13nd N (or“NO'. the probable
ohemical form of N) znd Ar’, Preliminar:
permesbility measurements eppear to be enoourag-
ing but more work needs to ba aone,

MONITORING THE REACTOR HALL

A tritium monitor looated in a reaotor hall
would have to fasoe an intereating radiation
envirormment: direot and seoondsry nautron nnd
gamma/tremsstrahlung radiastion, gamma radiation
from activated equipment and building atructures
snd beta/gamma radiation from activated gaaes.
Certainly the atm.sphere within the inner shield
would have to be monitored remotely. Altnough
it might be possible to looate at leaat the
inatrumant cohambers within the resotor hall
outside of the inner ahield and then provide
loosl shielding and ocompensation as naoeasary,
fron a logistios point of view {t would
certainly be preferable to looate all of the
tritium {nstruments outside of the reasotor hall
in a low radiation ares where instrumenta may ¢

c_

Fig. ¢. Prototype onamber assembly developed at
LANL for monitoring tritium in the pre-
senoe of sotivated air. Smmpled air is
introduced and removed through the
kollow oentral asleotrode (bottom),

oheoked , calibrated, repleced, or rensired as
required without ocnoern about the rasotor's
operation or tha radiastion in the reaotor hall,
Ail monitoring of the raactor hall atmosphere
would then be done remotely with long hoaes,
The sdded asmpling dalay of ~1 min for a 30-60 m
asmpling lina haa & buijt-in benefit whioh would
otherwise probably have to be {inoorporated inte
the external plumbing of some of tha {inatru=
lun:‘%. The delay would sllow the oonoontrlt*gn
of N to decsy to a value balow that of N
before it rasohas tha meaauring ohamber, thareby
inoresning the aensitivity of & oompensating
tritium monitor by a faotor of 10 or more. In
the oase of TFTR, for {instance, the oonocantrio
ion ahambar gonitor with a minimum asensitivity
of VT uC1/m” oould detaot a ialun within the
innar ahield (voluma of 370 @) cf less than 90
mCi,



't 1s expected that the resctor hall
atmo: hare will be monitored by ion-ohamber-type
instrunents using the oompensating type for the
volume within the inner shield and the non-
oompenss: ing type outside. If semi-psrmesble
membrancs cen be used to asdvantasge with
activated gases, as I feel they csn be, they may
then be {n:orporated ' (th these instruments to
further {mprove their jensitivity end to allow
simultaneous discriminstion of HTO and HT,

The exhsust air thst must be staoked to
maintsin negative pressure in the reaotor hall
could be monitored with a proportional ocounter
instrument wusing membranes to serarate the
tritium from the activated air and the HT from
the HTO, {f desired., It is expeoted that a
psssive HTO-F[-disoriminating stack bubbler
would also be used so that the active stack
monitor's ability to discriminste between HTO
and HT {s probably not very important.

PASSIVE MONITORING

Aithough the emphasis in this paper has
been direoted toward real-time monitoring, a
word should be said asbout passive monitoring.
Fassive monitoring usually oonsists of taking
grad samples of moisture in the sir by freezing
or bubbling and anaslyzing the oollected mojsture
for HTO using a liquid scintillation spectro-
meter, To measure the HT, a oatalyst |{s
incorporsted in the sampling line to oonvert {t
to HTU prior to oollection, Exoept for losses
in sampling hoses or tubing, the measurement s
very accurate and oould be used to oheok or
cslibrate active {rs' uments while aotuslly in
use. Vapor losses iIn 1long 1lines oex Dbe
minimized by either heating the sampling tubing
or having a bubbler within the reactor hall aend

remotely sampling the liquid. Passi{ve analysis
of the oollectel moisture allows for r2latively
simple ohemical and/or alectronio techniques to
aohieve the drsired separation of the tritium
from any racloactive oontaminants thst may have
beocme antrapped.
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