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iHT CONSEQUENCES OF AN ACCIDENT
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:JSîRACÏ

lhe tracer cechnique can be usecj Ín ventìIacìon and contaminant spreaciìng
i nvesiigarions. l.le nä'¿e cnoosen sulf ur hexaf i uorioe. hle nave consiructed a spe-
ciiic inStrumen¡arron co perforir ìncoor ano outooor tests. All componenrs are
,sorrabte ano craEi3ry op€racìe, iie use generators with remocely controìjeo ílov¡,
real -¿inle chroma¡ograpns as anaìysers, conc'inuous SF6 monitors anci f ield-use
cal i oracors.

.¡þ have performec numercus te,sts, in the nucìear ì nouscry (Laboraccri es ,

reprocessìng facil icies ano Pr.iR), in convenc'ional industries and in hospicals.
lhe goal ,¡ras as lvel I nygìene proDìerns as the improvement of an industrial process.

iXT.Ð.ODUCIION

Sulfun hex¿fluOride has'oeen firS¡ used in the laboralory far atmosoheric

ciffusioc"ì experimencs. A home-macje instrumentation vras developpeo, allowing the

oirecl derermination of SF6 in çraçer studies. Several rea'l-time, portable anci

baltery-operateci chromatographs vrere cpnstruçted,
ihe same ana'lyzer"s were ihen used for the evaluation of the efficiency of

ventilaçion sysEems. 0wing to ¡he sensit'ivìty Of outooor designeo chroma-uographs,

lve only hao io aqapc ihe f 'lorvrete of the generator. fhe acguracy requ'ireci for ai r

i nr'i I irac'íon nei;iJreÍìenrs 'le C us i0 cgngcruçt rlelci u$e calì brators and genere-

ccrs vrit,n en elecrron ica rl y co^crolìeci ciiscirarge flow. ïh js ser '¡as cailed. rhe

'SF5 Sys!€m''.

i'iETt-i00s

The "5F6 S s cgm rr

hrgma to !.t hs SãX 83 The l"¡ome-made chromð tographs a re pêcked i n rugged

aluminium c4seS. A reçhargeable baltery for up to i0 hours operation and a bottle
0f hìgh purity nilrogen gas are built-in. The case includes also the chart-
reço rder ,

Ihç cOnçepriOr: is very classical. All lemperature and contamination sensiti-
ve elemenls are mounted in a cyì'indrical block, thàt can be easjly removed and

deco n tam'í ned .

Ihe cietecEor operates in the ìinear range (0.1 - 20 vpb).
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Ïhe time,deìay between two consecutive samplìngs can be reduced to'¡alues
as''low as 30 seconds.

SF6 continuous mon j:to rs ( SFD 84 ) . For some appì ications, as the determ.ina-
tion.of the transfert tjme to a specific detector, a tjme resolution of 30 se-
conds is not sufficjent. Available monìtors, as leak detectors, are not suitable:
the dr.ift has generaììy the same order of magnitude as the expected s'ignaì.

hle have desìgned and constructed SF6 contìnuous monitors, without drift and
vrith a time resolution of nearly I second. For short-range experiments, sensìti-
'rìty älay be very poor (useful rance : i0 vpb - 600 vpb),, if ilne resoìucjon is
suffjcient. For rnìs runpose, air is driven into the appararus ac a nìgh;lo,,rra¡e
ic reduce transfert time. A small parr is continuousìy taken oft, mìxeci irìth
Argon gas and passeci jnto an electron cap[ure detector. All flovr rates ere regu-
lateci.

All components, battery operated, are disposed in the same'case as the chro-
matographs.

, Generators. For most application.s, vre need a precìse control of the flourrate
of .the discharge of SF6. For contam'ination transfert s'imulations, the source has
to be remotely actuated, because the operator may carry.traces of SF6 in hjs
clothes after he has actuated the valve.

i,'ie use tvlo 3enerators.
The firsl one is designed for ìndustrial appljcat'ions and large roonls. SF6

ìs passed throug/r mass flo,¡meters (0 - 10 cm3.mjn-l or 0 - l0o cm3.mjn-l) anc the
flot¡rrate 'is regulgtsci. Ihe control sìgnal 'is eìther, a gête sìgnaì (knovrn flor+race
during a known perìod), or any other law available from ihe output of a Fi,i r.ecor-
oer. it is also ross'ibìe io Eet impulses (discharges from small pressurìzei voìu-
lr lq.') I

lhe-seccnci qeneracor, oesignei for smaìl rooms, us-ês ajr vjth i., SFó ;as
enc is icencical io Ene f,re,lious one.

Fieì.: Li se calioraior Per iocijc cal ibr"ation of sìnpr'ifiea.chr.omatcçr:apns .is

necesl:.y, a¡ leaS¡ a.E che..oegìnnìng or: the.enc of a study ciay. ,Known Stanoancis
of SFo ìn compressed..gas cyì inders are not r^el iabìe, so rve have designed and

constructeci a fieì d use cal i brator, \ .

ïhe apparatus includes two parts :

- a.permeation tubq system, dìsposed in, a rvellrinsuiu,.O QVen, releasing
pure SF6 at a constant rate of 0.95 ng.min-1. ,, 

,

- a dilutiop systq-m, wj,th mass flownreters, that enables us to obtain-any
conce,ntrat'ion, in the -usef-gl ,range to cal ibnate. s'imUltaneously all our chr.omato- -.
graphs. In ,some qppì jcat.icrr,s..(acçurate flor¡¡r:ate measu¡ements.,) , -the cal ibrator is.
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used Ìor the ino'i recc measure¡nent of SF6 concenf,racìons, as cnromai,ograpns are
used onìy for ccmparì son betlreen the unknov¡n concenf,racion j n the duc-" ano rne

known scandard oel ivereo by che dilutìon sysi,en.
Ïhe useful ciata (F'lowrates, ...) are available on a LEO dispìay. lhe calj-

cratolis d'isposed in the same ajuminium case, ìs batiery operateC ano ls self
sufficren¡ (power, sweepìng gas) for 48 hours.

fux'il I ìarlz equicments. '¡ie use also temperature recorcjers (for tne concinucus
noni'uoring of the vertical temperature gr"adìenc), anemometers ancj a home naCe

¡ubble generator ("HEl-IBUL'), ,,vhjcli del jvers cal jbrated bub,bles ',.rith a nui

aooarenl ireignt.
icmpcsi:ìcrl cl' :ne 'Sí5 S r/c :cñil

' rlc I LiCeS

-,-1l,an :

ó cnroma¿oEreons !

nc 2 generatcrs.
i continuous Sió ;ronl tor isccn j , å iie jc ,.lse c:ìi -

Some ¿coiìca¡ìcns of -"he " SF6 Sysrem"

Pri nc i oles inci I im'i'uari ons SF6 System vras desìgneo ',vì rh respec-r to the iol -
ìorving prìncioles :

- i,Je use sêve13l anaìysers, operaiing sìmultaneousìy anci wirh resuìts avai-
I abl e j n real irme for ciireci interpretì ng.

- Accuracy ìs guaranreed by frequenr calibrarion ano by exrensive use or
;lass flor,,.meters.

- Al I comoonenEs are portable anci battery operareo.
The tracer tecirnique ís a povierful tool . Ihe I jm j cacions result f rom i¡¡o

fac¡s:
- Ïhe pnenomenon to'oe stuciied must be'Ín ihe concentrac'íon of the tracer :

r're can measure leaks in builciings or glove boxes in the nuclear energy, where

saf ecy occurs j'rom cjecress'ion anci leaks create a f resn al r enErance. Ìhe same

is noE Ðcssìoìe in rÌre soece inciustr';r, ivhere ccnfinmenE is cocaìnec clz overgres-
:ure.

- SF6 in an inert gas,,,.lirereas contamrnants, ciusE rno ¡oxic _qases

--racpec on ;ilc:rs.
IìEntness ireåsurefnenrs. i,le nave usec tracer cecitnicues io e\/aluaie

are

oynamìc confinmenr rn nuclear buildinqs. The lest is a slmulation of the
fert of concaminaiion.

rhe

rrans -

A puff ot SF6 ís released instead of the contaminant (from the reactor pooì,

from che fuel pooì ror example). t¡Je use contjnuous SF6 tnonitors (SFD 84) co measu-

re the transferc time in ihe reacror buildìnç (in the fuel buiìciing . ) io ine



294

detectors or to the airlocks. Chromatographs (SFX 83) controì the lack of tracer
outside the bu'ilding and in the neìghbotrring ce1'ls. This,procedure may ìnclude

severaì parameters, as the effects of traffic, the open'ing of the doors of the

a'irlock, and the transient effects in,case of a part'ia1 failure Ín the ventila-
tìon system.

Ca ture efficienc of local exhaust ventilation s s tem s. Capture ef,fìciency

is general'ly easily measured us'ing tracer technìques. Capture effjcìency ìs rela-
ted directìy to the resulting aìrborne contaminant concentration, tvhereas capture

velocity is only an useful information on the abil'ity of the system co prevent

contaminants to escape to the work place.

ïhe theorit'ical model for a capture efficìency measurement is quìte sìnrpìe.

Captune efficiency is defined to be the fraction of the airborne contaminants ge-

nerated by the source .that ì s ,captured by the I ocal ,exhaust venti'lation slrstem.

Accilrdìng to that,:fi1-gâS.urêmÊnt can be performed by a single chromatograph connec-

ted to the exhaust duct, and a mobile generator. Capture efficiency can be shown

to be,the ratio of ihe concentrations me4sured when ihe generator ìs pìaced at

the rea'l source and when it ìs pìaced in the hood (efficiency set to unìty).
, In some cases, especia'l 1y when intense crossdrafts and recjrcuiat'ion occur,

such a measurement has no physìcaÌ meanìng. SF6 js fìrst dìspersed in the room

envìronment, and measuremenl5 in the exhaust duct aglree rather with the values

of the ambiant concentration than.the val.ues connecteci"with the directly co11ec-
*ued fractton. Simulta¡q,ous measurements ìn the exhaust duct and around the hood,

and trangfert'time considerations may reduce the risk of such a mìsunderstand'ing.

Eva ì uat 'ion,of the ventilation eff iciencv, Tracer techn'Í ques, and the abi 1 ì ty

of sjmultaneous measurements, are a powerful toò-l to evaiuafe the efficiency of

ventilation.systems, and"specìa1-ly the existence,of short circuitìng or deed

zones . Thi s_ can be reveal ed ,by s'imul tqne,g,q1 measureme¡ts of the ai r change rate

per hour!at differ"eni places jn the room..(at urork place, neaì1,!he outlet, uncier

the ceiì ìng...) An alterna!ive method is to-measure the effective decay rate of

SF6 with respecr to t'ime, anci-to compare.it.rvith the tneoritical ,u.1,,1. dravrn îrorn

the exponential law. Any,discrepancy may be asSjgned to transfert time problems

and to the existence of dead zones

S imu I at'i o n of accìdents. One of the major inte !es,ls of t4acer stud'ies is the

ab'il jty to s'imulate accidental situat'ions
, , ;l^le have for example stud jed the consequences gf- the rel ease-of an argon-gas/

'méthane gas mìxture:from a partìcle detectolin the CERN.near Geneva. l.le used and

Arla.ir mixture, marked w'ith SF6 to represent dens'ity effects. In fact, we have
=.
e.t'al
5-I
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jno\,rn iirat densìty dìfíerences ,,rere compìeceìy cencelled by the ìntense tnerr¡al

:ffects around magneEs anci eì ectronìc equipments .

l,le have stuciìed anoxia risks due to leaks occuring ìn the nitrogen 3as

supply circuitry ìn the reactor build'ing of a Pt/R. Air releases, markeci vrìth SF6,

:naole us to evaluate the size of the danger zone and io optimize che conflgura-

:ion of the oxygen monl torì ng netutork.

ib are now studiìng risks resuìtìng from use of toxic gases (phospnin, ersin

and phosgen gas) in the elecironic industry ano in pnarmeceucical plants. ;'ie

ne'¿e f irst simulateci a breaking of the coupling to the supoìy c'Jlinoers cucside.

,ie nave i¡ìeasureo che concencratìons aE lhe ne iEnbourì ng ncuses , ano ì'/e n¿ve al so

:iìc,,rn -, lai ¡ite ic.rlc:louc couic reãch ine rake-up åir inieis of :ne ven:iìa-,:cn
1-- -;.- ^reân r-3cîts,',ie nave also consioerec;ne c3se:i ¿ ìea< insice:re)J>e=: ' J¡ -lrË -i

:lean rooñìs. ihe Eoal l.¡as tc knor,¡ ii Eases couìo reach ine neignbourìnç rccns ci

ine personnet corricicr useo ic esc3pe.

.ONCLUS iON

Tnacer cechniques are a powerful ¡ool to evajua-re the performances ci- venci-

lacion systems. The cnoice of a pecuj iar tracer is unimportanl. We preferreo SF6

for the ease w'ith wh ich it can be moni tored anci used.

SF6 Sysrem is an operational set, characterìzeci by accuracy, mob'il it-v, se jf

suf f ic.iency anci real cime and s'imul taneous measurements.

ie have performeC numerous anci various testS, and we are st'ill finci'ing new

aooljcarions. For thai purpose, ì¡/e are continuously improv'ing'uhe technoìogy or

ihe performances of, our system. The actual trend is towarcis continuous systems

rvi che ihe same mobil i ty and sel f sufficiency as chromatographs.


