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TRITIUM MONITORINGWITHIN THE REACTORHALL

ff A DT FUSION REACTOR

ABSTRACT

Roland A. .Jalbert
Los Alamos National Lebormtory

Loa Nmmos, New MOXICO 87545
(505) 667-3367

Monitoring the reaotor hall ●tmosphere of
DT-fucld fusion reactors will probnbly be
performed with conventional ion ohmcber nd
proprtlonal oounter inatrments modified ●s
necessmry to deal ulth the bsckgromd rmdiation.
Background includes external neutron ●nd gmmne
radiation md internal betn-gamna radiation !Fan
the ●ctivated atmosphere. Although Iooating
lnstrunent.s in remote #re@a of the reaator hell
and molding 100al shielding ● nd ●leotronio
oomp8nsation may be femsible, placing the
instruments in aooeeslble low-background ●reas
outside of the reaotor hmll end doing remote
smnpllng is preferable ●nd solves most of the
radiation poblems. T7te remminlng problem of
the sctivst~ ●tmosphere may be solved by
recently developed lnatrunentq in oonjmotion
W1th the use of sani-permeable membrmes
ourrently under develo~ent and ●valuation.

INTRODUCTION

Fusion power reactors fueled by D-T gma
mixturen will hmve large quantities of t,rttlun
in the resotor and support buildings, For
lnstanoe in the STARFIRE oonceptusl reactor, tho
total Inventory ounclsts of ●pprosimately 11 k-
o’: tritium (Tmbl.e 1).

Aotiv~ monitoring for tri~ium leaks into
seoondmry oontalmnenta or lnti roan stmaopheroa

Table 1. STARFIRC Tritlum Inventoryl

r uTrltlms@- 1~
Vu Inorabld (I); MO& FUlnWObl O- (c)

is essential
reasons ●nd

both for safety ●nd enviromoental
for correction or control ef the

problmm before (further) dmage ia done snd/or
●dditlonml ‘trltium is reles~ec!. Pbnltoring for
●tmospherlo tritlun in nupport bulldingn wiLh
normal baokgromd radiation can be ●ooauplished
with oonventlonal instrumentation. In the ●remo
with high radiation background l~vela auoh ●s
the hot oell(s) ●nd reaotor hall, epeoidl
●pproaoheo or lnmtrumentation ●re needed.

MONITORINGINSTRUHEKT’S

Most trltium room nir ❑onitors ●re of two
types: flow-through ion ohmnber lnstruoenta and
flow-through ~oprtlonal oomters. Ion chnmber
monitors are genermlly more oammon ●xeept in
oomtries with more stringent oonoentretion
litnita or monitoring requirmmenta (mm in
h!%IMY, fOr htStBnOO). Tho normml sons l$Jv;::
of mn lon ohmmber monitor 18 1-5 uCi/M
depends somekat on the size of the ohsmber md
the time oonstant and other prop~rtlos of the
●leatroniaa, Although most cuoh ❑onitors employ
flow-through ion ohanbers uhloh for air
monitoring require the use of ● pump, in mmy
omses the punp may b. dimponsed with and tho
ohmmber designed with “openn (performtod) walls.
An ●xmple of mush ●n open-wmlled ahmbor is tha
one shorn in FIc. 1 deslgnmd for glovobox
monitorln~ ●t tha Trltiun Systmns Temt Aenembly
●t tne lAs Almnos Nationsl laboratory.

The proportional aountor instrunant, on tha
other hand, omnnot fhnotlon ulthout pumps slnoe
the sampled atmospharo must be ■ ixed with ●

oomting gas (usually methsns or natural gas)
before ●ntering the oounter. It is inherently
more aonoitlve than the ion ohnmber monitor by o
fmotor of 10-100 or more depending on thw

‘him mny be oompmred to the ~rived Alr Cmom-
tration Or 20 uC1/m for trltlsted wqter vapor
roowtly publlahed by the International
Ctxmnlenlon Rdlatia ?rotaation in ICRP-Yl
(Part 1, 1979).



‘t

Fig. 1, Cpen-w.dlled trltium ion chsmbers used
●t TSTA for glove box monitoring. A
remotely ●ct vnted germna oheck souroe
unit for routine instrument ohecking 1s
shon ●tteohed to the ●ssembl ed
ohamber, whioh 10 protected by a felt
dust oover.

aomting t!me, but itd upper range i ~limited to
a tritium concentration of %1 mC1/m” , whioh in
mmy cases restriots its usef’ulncss. The ion
ch~ber hms no such limitation. .

Both instruments ●re s~nsitive to external
penetrating rdiation, whlah rmsults in signmle
~:ch tiould be mistaken for tritium. For
instmoe the ion Jhambcr monitor’
gmrrrln rodiation 1s ~100 uCi/mSr~Y’%~
Eliminating or minimizing the effeats of high
redlation backgrounds om be ●ocanpliohal by
local bhieldlng, by rom~te sampling, or by the
use of ●dditional ohnmbtrs w provide the
subtracting ourrmt or oomta. In the omse of
ion chember monitore, ounpensmtion usually tmkes
the form of a olosed ohamb?r placed next to or
oonoentrio wtth tha momsuring ahamber. sub
traotion, whioh is novm pcrfeot, d~pends on tha
rmdiction field epootrwi and gamnetry at the
tihambar locntion. bmpnauti~n that varias from
95S to 105S is aolsid~red ●xuellent, Subtrac-
tion with Prowrtional ooIntera lb aooompliohcd
with gusrd ohmmbers Placd m ●ither side of t,ho
oomting volunc. Using IWJ1OOheight ●d rim@-
time disuriminatlon and ooineidano@/mtiooinoi-
deroe oomting, the no?sitivity of ~ha oonting
ohsmbcr to penttrmting radiation 10 gremtly
roduoad md oom~nsstion more onsily ●ooomplish-
ed, As in th? ono~ of ion ahamborn, nubtrootion
la ni~ dopcndmt on t.h~ raditition spootrun ●d
~ometry,

Neither of the two Instrment types in its
basic oonfigurntion differentlmtes between
molecular tritium (HT) rnd tritimted wdter vm~r
(m). This diacriminmtion is oftentimes
desirable sinoe the relative hazerd of ~0 to
the ❑oleoular fom is of the ordar of 25, 000.
However
Stet,es Ln~e~~Z9b0~:ZrEve~lpP~oE~~
ion ohanber end proportional oounter instruments
thmt oan perform this differentiation. Semi-
permeable membranes, whioh take ●dvmtmga of th
❑uch greater psrmcmbility of water vapor OV( ‘
thmt of hydrogen gnJ, ● re used to make the
separation. Major disndvmtngea of mmobrmes
●re long response and olearing times, being of
minutes to tens of minutes,

To further oanplioate the problan of
monitoring the reactor hall, the atmosphere will
have hiuh oonoentrations of radioactive gases,
Assuming there is ●n inner shield surrounding
the reaotor, the concentrations within ●nd
outside of the shield will, of oourse, be
substmtially different ●KI will depend on
whether there is mix!ng of the ●tmospheres of
the tuo volunes. For purwses of illu&rmt{~n,
the q~ximun nvermge onoentrations of N, N,
■nd Ar ex~cted within the (original) shield
●nd ranainlng reaotor hall (test oell) of the
Tokmmmk Fusion Test Reaotor (TFTR) (whero the
atmosphere is ●ir), ●aauning no ventilation, are
given in Table 2. At ● next generation remctor
like en INTOR or STARFIRE, the eonoentrations
will be higher-- ●t least within th~ sh~.eld.

Proportional oounter inetrunelts with :>e
design femturos mentioned eirlier, by virtue of
their gemnetry ●nd oirouitry, ●re ●lw auitmble
for nubtractlng the oountn produoed by high-
●nergy-beta mnitting gnaes in the smnpled atmos-
phere, However , the subtraction, whioh, ●s in
the ease of oxternml rsdintion, is ●ltctron-
ioally programmed into the oomting oircuit, is
dif:erent for d~fferent bete-emitters or for
background radietion, for that mmtter, The

Toble 2. Maximun Conoentratit.na of iiotivetti
Oases Uithin Test Cell ●t TFTR
(uCi/m3)



rclatlve momts of each r8dio#ctive g-s would
hsve to ranain oonatmnt for omnpensa~ion to be
●ffeotiv~l over m pried of time.

An ion ohmnber lnstruaent whioh uses two
concentric . ooaximl ehembers for current sub-
tractlofi has reoently been developed ●t the Los
Almoa f’br t~onit ring tritium in the Fesenoe of

8
●otivatwl gases. The inner, ❑emmuring ohmmber
● nd tile outer , ounpensating ohmabar are
m.epnrat!d by a ounmon wall ado of 6.3 u-thiok
double-aluminized Mylar supportd over ● oopper
mcreen . The Mylar sto;- che tritium bates but
mlloum those of higher energy M penetrete to
the outer chamber *ore the subtraction ourrent
is pr{ducaf, Eaoh ohmmber feds its own
electrometer md ourret?t bolmnoing is performed
●fter the electrcxneter stages. Heesurmnente
mde ●z Lo$ Almros ●nd ●t the RTNS4! fsoility ●t
the lmrence Livermore Nmtionml Lmborator y
con firnad its predicted detec t+on limit (fbr
tritium) of less then wuCi/m where C is t e

!!concentration of the oontmnlnent gas in uCi/m .
Its m~lximun sensitivity is that of conventional
ion c“lmnber instrwnents. Figure 2 is ● photo-
graph of the ohamber ●ssembly of the ~ototype
instrument. Similar inat-une~ta we ●xpeoted to
be uwd fbr monitoring the TFTR test nell after
tritim is lntrOJuoed.

“[t is ~ssible that semi-permeable mem-
breno! whioh oan be used f“or HTO-HT disorimi-
natlor) may ●lao be used for HTG-HT/~tiveted ●ir
di~cr’,mination or even HTO-WT-aotivatd ●ir die-
crimirlmtio~ by edding ● oatalymt mnd m eddi-
tiona; obunber. How useful membranes becmne for
this spplioation depends on thm relative per-
mesbi?itiea of HTO nd N (orUINOx, the probable
ohemicml form of

11
N) &d Ar. Preliminar:~

permeability measurmnents ●ppear to be ●nooursg-
ing but more work needs to be Oone.

HONIT(MINC THE REACTORHALL——— ——.

A tritium monitor looatal in ● reaotor hall
would have to faoe an lnteremtlng radiation
envirorxnent : direot and aeoondmry neutron nnd
gmma/bremsstrahlmg radiation, garmna rodiation
frdn octivated ●quipment and building structurbn
and bet.e/gmmna radiation from ectivated gasea.
Certainly the atmosphere within th~ inner shield
would have b be monitored remotely, AltnouSh
it might be ponsiblQ to loomte at least the
instrmnmt uhambers within the reaotor hll
outside of the inner shi~ld snd then provide
100al Mhieldinl end ounpensmtion aa neoessary,
frtin ● logiatloa point of view it wuld
oertainly be ~aferable to loo-to ●ll of tha
tritlum inotrunentm outaide of the reaotor hall
in ● 10M radimtion ●rea uherc instrwnanta may RS

.
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Fig, 2. Prototype uhamber asmembly developed ●t

LANL for monitoring tritium in the prc-
a~noe of aotivatd air, Smnpld ●ir 18
ir~troduoet and removed through the
hollow oentral ●leotrode (bottm).

ohaaked, calibrated, repl~oed, or re~aired ● a
required without ocnoern about Chc reao$or’n
operation or the radiation in the reaotor hall,
Ail monitoring of the reactor hall ●tmosphere
would then be done remotely with lon~ hosaa.
The ●ddad smnpling delay of%l min ~or ● 30-60 m
samplin~ line has a built-in benefit ~ioh wuld
otherwime probobly have to be inoorporatad into
tha ●xternal plunbing of mme of the instru-
g;n~ The delay would +9N

●now the oonoentrct n
N to deaay M ● value belo~ chst of

before it resahes the measuring ohmmber, thereby
inoremsing the sensitivity o? a ompenasting
trltium monitor by ● faotor of 10 or more. In
th~ oeae of TTTR, for lnstano@, the oonoentrlo
ion ohamber
of flpCi/mYOZ~~Y~ ~l~ot’ ~~cze’zf~~~v~;;
inner mh,eld (volme of 37P m ) cf leas than 90
mCi ,



‘t is empatted that the reactor hal 1
atmo: here will be monitord by ion-ohanber-type
instrunants using the ootn~nsating type for the
volume within the inner shield ●nd the non-
ocsmpensa:ing type outeide. If aomi-wrmeable
manbrane~ cm be uad ti ●ovantage with

activated gases, ●s I fe~l they can be, they may
then be in:orpcrstd , ,th these Instruments to
further imwove their ~nsitivity end ti allow
simultaneous diaorimine, tion of HTO ●nd HT.

The exhaust ●ir that must be ataoked to
maintain negative pressure in the reaotor hall
could be monitored with ● ~oprtional oomter
instrwnent using membranes to separate the
tritium from the ●ctivated ●ir md the HT froa
the HTO, if desired. It in expeoted that a
passive ~0-F!r-disoriminatlng @tack bubbler
would ●lso be used so that the ●ctive stack
monitor’s ●bility to discriminate betwen ~0
and HT la probably not very important.

PASSIVE MONITORING

Although the emphasis in this paper has
been direotd tiuard real-time monitoring, a
word shoult, be maid about passive monitoring,
Passive monitoring usually oonsista of taking
flrab samples of maisture in the alr by freezing
or bubbling ●nd anmlyzing the oollected mojuture
for ~0 using ● liquid scintillation spectro-
meter, To measure the HT, ● oatalyst is
incorporated in the sampling line ti oonvert it
b HTO prior to collection. Exoept for losses
in sampling hoses or tubing, the measurement is
very accurate ●nd oould be used to eheok or
calibrate ●ctive ir,s!uments Mile totually in
uee, Vapor losses in long lines a?a be
minimized by either heating the sampling tubing
or having ● bubbler within the reactor hall ●nd

remotely sampling the liquid. Passive ●alysis
of the oollectmi moisture ●llows for rylmtively
simple ohemical red/or ●laotronio techniques to
●ohiave the dcaired separation of the tritiun
from my rac loactive oont&minantB that may have
beoane ●ntr~ppmd.
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