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ABSTRACT

4 stand=-alone system was devaloped for monitor-
ing process support servicea snd tritivm lavels
in gloveboren, roca air, room exhauat ducks, and
stack exhawsk. Sixty ¢ritduo menltors were
builc and incerficed to & Health Physics control
toom whera all frftiun levels are displayed and
abtmormel conditfong appesr &5 zlatms on large
display boavds. The cortrel toon was designed
for Eyll vepoke control of all genitovs, with
the excepriom of chose for gloaveboxen, as well
aa for econtrgl and alarc display of pany othar
fuperiong, inclueding the puvge rate for glovebox
atmagphere and the gelectien of roo air
discharge to stack or to a2 critiue claanup
gyseem.  The monitoring system Is interfaced to
2 data gathering computesr and an  awbonatic
dialivng alarm evsten.

THTRODACEION

Four objectivea govermed tbe dewelopaant of
an intagreted monicoring system xt Mound. These
vera: (1) 2 stand-xlane sysrfem using a campuber
ety for daca gachezing; {i) the Tewote fontroel
of monitort and tha digplay of gll fritium
conesntrations In a <omirel voemi {3} simple
maincenance-fraer wonltors of a common dasign
wich Ipterchengeable components; and (4} a
regponse tioe congeant of one second forT control
Eunctlons and safecy.

Ty mest thase obhjeztives, ion chambers,
éloctroneieys, alares, and confrols wére
designed and dewvelopedi. Fow design  concepts
were stressed by mitimizing the influence of
existing eonjroring systen nie_signml

1t CHAMBER AND ELECTECMETER DEVEZLOPMENT

The classical don chamber uzes a small
cylindrical counting slectrods varying in diame-
ter from §/16 ¢o 35/8 in. Linearlty and accuracy
dacrease tapldly dye primarily ta ion

recombinacion. In outr sewpdies, B ]fE=-in., alac-
trode ahows Ioss of linearity at a2 tricium
concentration of B wfifo® and a 1/M4=in. rod st
20 oife®. To provide ressonsble ascutacy, most
comnarcial awnitors u¥a & strisax of rTanEes
scconpanied by eleccrical compensation.

Te achieve the deslced accuracy and sim-
plicity. it appaarad that linearity improvesant
gnd elininatfon of range changes wera lmpartant
development Eoals. An eppirica]l srudy of
At EFerent counking electrode conflpurarions ip a
nowinal 2=-licter chamber ashowad thet the desigo
in Fig. !: a four-fie electrede, provided che
beet Linesricty mod could eliminacs range chenga
requiTements.

Tha aleckrade conmiets of four xepinlesa
gteel fint femch &% dn. long and 1% 1n. wide) =
k-in. diameter rod in the center and 2 k—in. ailrc
g2p betwesn the [ioe and the center rod. The
fine provide che 1tnwaricy ce high levels of
ctitium, emd the Todfalr gap provides linsaricy
at the low micracuris Ievelsz., 1f coptinuous
fing in the formx of m c¢rose were wged, the
Jinsariky will deteriorzie below 200 ulifa®
bacayze af an ghmormal fnereasze in current,. JF
gnly ar air gap ware used betvean the fing, the
cppasice ocours with an gbnormal decrease in
corrent belew 200 wiifm .

Henca, the eleccvode In Fig. 1 provides
linkaciry from ! o0ffm® to 0.5 Cifm' with an
accyracy af =3X. The collectiom efficiency aof
thiz electrade fg elas much highar, If a facrorm
ol one 15 assigned to the fin electrode for &
krewn quantity of rritius, & typica]l k-in. rod
alectizods yields an «f€iciency of only 0.7, The
mechaniom bBehind ehis improved lioearity is
apparently wery comples, The linaaricy may be
inked to rhe imiform wvoltsge field created
wichin cthe chacker by the fin eystem, Ic is
currently under apgdy and peaulpa are o be
publizhed,
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Fig. 1 ~ Open ion chasher showing fin eouncing
elsctrode.

With the wide range of llneariry aveilable,
oily one rapge chaoge 18 vacessary for display=-
img § pCA/a® to 20 Ci/m® on & &% daglt digleal
panel peter. The tuo rengeg employ two high-
megohn Tealetoras wich [000:1 ratle, When the
tritrum conceptration (voltaged Teaches a2 level
ok 20,004 ércl'fl-!' the lower resxsisnce rasistor
(.., 10° &) which 13 saspended in air Is
mechanieally pulled by a gelenndd Inte conteck
vith the counting slectrode and in paraliel Lo
the high wvalue first cange resistor C(e.g..
lote @y,  Thig renge changing Cechnigue weldwmi-
nates any leakagw pachs which ey oeccur wikh
convantional ewitching wmethoeds. Thus, the
meeuracy of the first ctange 15 caintained.

Porentizl problems of electrometer iDsta-
brlicy and zerTw dvift due co hualdity changes
and current leakage paths weres pinimized by
tedesigning the 1nterface ta  the countiog
elecirode,  Connesclens o the slsctrede were
restricecad to the gate of the field efface
transistar (FET)} and the bigh iopedance load
resistor. A feedback of pearly 1007 allcuws the
connting electrode to opereacse At the game gare
rotential gs che hase plice 1a vhich che Torlon
snsulatet £or the slectrode 15 mounted. Becguss
of rthese Features, che &lectysmecer Ia unaf-
fected by 998 relatidse famadaty and curzent
leakagea from the alectrads ia greaskly redusad.

The vesuleing eleckroweter, opercafimg with
a M=volt eleccroda potectial, ¢atn withstaod
abrupt pressurz changse fa the 1on chamber From
vacuun o tWo atmespharas waithout failure of the
input FET. Measursmens accuracy and linearicy
are maietaxned down ko a pregsore of 150 terr.

The tims conscanc (tedponse co G6F of a
stup changa 1m ioput signal of cricium) for
these electromerars iz less than ome  zecand,
Becouse of the ghort time eonsrant and pengi-
tivicy, background noise (cosmic, alphe, cher-
mal, and eleckriral) mey appear &8 Emall
ehort=tarm mplkea en cthe digleel display. A
discrimimator was developad to regove fvom the
cutput of the glectrometar oolse =xignales having
randon frequency periods of lessz than 2.2 B. Ag
a result, the ctime zonstant of the wonitor was
increaswd to 6.0 . Hecause noise cml; affaccs
concancracion veadings below 15 pCifm™, 1b was
desivable to restore the fast rTesporge Ffor
highetr lewelzs of tritium. HAence, & coapatazor
circult wis added Co fants whao the salecCoooetar
ontputr dee to eritium exceeds g maxioum voltage
level for unwanted nofae ao that the dizcrieipa-
tor functiocn can be antomacically tuyrmed off.
dence, the sleciromerer oubluk can raturn Es 4
1 ¢ tima rasponge. The rate of rise of the
inpe sigtel {the roncentracion of eritium} will
affect the overall time cengfanc, Hore spe-
eifieally, a 20,000 pti/m® stap functisz in
¢otcentiration may bave a Cims constant of 2 =,
while 70 pCife® will have 6 5.

TYPICAL HMONITOR

The slectrooices consols s shovm in Fig, 2.
Alchough this woit could satisfy west mealtoring
needg, 2t was used primsrily for glovebox
moniteripg sincw repote control weg uasd for mll
athar mealkaeing in  ethis projwct. The
Lexar-feced conpele, which can be mack or table
mounked, Tequires a sSpace of only T in. in
helight,



Fig. 2 ~ Hanirering conzola.

Thers are oot dials oo read; all contrals on
Ehe Erant of the pansl [alara Ievela, zero,
$YStam test, wic.) are rTead f£frem the eans
digital pane]l mater which displays the tritium
congenkratior. The approprlace pushhubton is
dapraaped to obhtaln the sekrineg of a control.
tpeclal friccion shaft locks ace waed oo all
conkrols £e prevent accldental change of the
seteinge. Independens  low~ and high-level
Alavmd <¢am be et apyvhevs In fhe pPange aof
l—ZD,ﬂﬂ‘D pﬂit

A1l di=zplays of Eritium concentrations are
sxprapred fn mievocuriss per suble mekar, When
rangs chapge occwra, a deadfronc (black wuneil
lighted} red display of "x 10°" appears adjacant
to the DPH, indicating thet the DFY resding oust
be multiplied by 1000,

A system or lostrumerre kest from che foomd
pangl ellowa thg yser to test the performance of
the antire meniter fism chamber, elactromataz,
alaxms, apd dlsplay). TVhen the eesc button 1s
depressed, s refersnce woliage equivalent to a
predetermiced fricive consembrTation {e.2..
12,300 # 100 ,01/w™ is applied to the input of
the elecerometer,

Upon recovery [ren a power oukage, 4&n
antemakle deackdvatisn cireuit disables the
alacae of the mopitesr Zor a pericd of 90 1.
This allows the monltor o come to equilibyium
afrer power-up and pyevenis zlarmisg. The zame
slarm desctivatfon Eegtuze 8 aloo s part of the
"zéro test" check of bz aisctrometer, Iu addi-
Eien, It alss mllows the Tayatem test” bto ba
made withewE alatm asti~vation by deptessing che
"aero test" pughbutbon srior bo the S¥stem Egsk,
During thiz time delay, the DPF¥ etill displays
current brlrivie coocenesdtions.

AiTIlew through the lom chanhar ix measgred
copcivuously by a chermietor amd can be read
from tha I'PH by maane of e pushhutton switch on
the front panel. The bridgs measuring circuic
conziste of 2 measuring tchermiscer 1n the X-in.
diamaker exhauzr poart of the chamher and 2
rafarerce thermistar withim the chamber. Both
are heated at the gams hias level, The JIf-
ference iz eocoling rate of the two thermistors
cayges a bridge oaffser woltage which 1=
diaplayed as litera/minute airflow,

The contrel reom (Fig. 3) wvag designed to
afable the Haalth Phyaicist to wawnily ascertaln
the radieleglcal environment of che Eacilicy, as
vall e85 rhe comditfon of dimportant sUpporE
segvicea, From this room, the operstor has
remots conmkrel oF all manitors with the axeap-
tion of glovebox moniters. It contaima oomcen—
tration and &lavm displays, alrflow cootrol,
tlovebex purge <Somtrel, & data gathering
computat, and an automatic dialing alsro ayakem
for after-hours protection of the facility., The
room, a8 well aa 8ll monitors, are avpplied
emergency power within 6 s of & power outazge.

The high-rise gection of the general con—
trel congole (Fig, 4) contains 60 ddpltal panel
wekere for displaying the rricium concenrra-
tlepa. For eage of ddentification, displsya are
color=-coded dn groups according to use.  Below
the DPMs, s control panal for 30 monltors
centains gll the coontrels normally found on the
rack-mounted ceomeole shovn sarlisr in Fig. 1.
The control conscle cootains 1its <wm  pouver
dupplie=s, bockup power supplics, relaye. and
contrels for pending alarms to all ares: of the
facility. A1l AC =nd DC civcults ate izalated
In indfividuval condvits and compATImEnte.
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Fig. & — Ganatal zonkral consols.

ALARMS AKD ALARM STATUS DISELAT

A11 mpnitorz have low- and  high=leval
zlarms with audible cuktpucs engd wissal displays.
In the control rpo®, aa alate stertua display
board, one-half deadfront Cor discreca alavma
gnd one-half with = floor laysutr of tche
facilicy, shows the icarsicy and locatiom of all
protess Support sefvicsx apd Ewowlpvel tritium
alarms {Frg. 5}, Oos co==pp andible 13 wsed in
the control Toom, chas tecuzring the opecalor bo
1ok en the black caadigomt display for a
flashang wisual alars. Low-Jevel alarmi agpeatr
g3 discrete yellow lzzncs and high-level as ead
lighes, Room alarms sapear a3 flashimg room
tusbers on the flmor larsur. Clovebores Lp each
totm are cutlined oo the Eloer Rayout and small
tud LEDs I[dent:ify whoch gloveboeres are in the
high-alarw state.

Bigh=-lavel slarms of roem aod duct menfkors
getivita 3 flaxshing DD HOT ENTER sagh &t the
entreace of the #fEected vwogm. Thizs sige 1%
extinguished only aftar the tritivm lavels drep
below the high-alarm set poinc, TFor safercy
reaaoas, che high-level {Flaxon] alsvms snd che
high=level stack zlavm, which activates balls in
all arsas, can be acknowladged ooly frem Cha
concrel room.

RotM MONITORS

Each Toom im cthe new faciliry has ooe or
more indzpendant reom manitsr statlons suspended
from the ceiling az showm In Fig., &#. The sta-
tion consises of 3 deadfroct snclosurd, wWith twe
digitel pamel oeters tg display tritlum cqnoeon-—
tration rTeadings io two opposice direccfona.
The stetion, which has o excarmal controls,



Fig. & — Room display enclosvre.

conteins thea ion chamber, 1ts alectroMecer, &
rotanecer, filter, Iow-lsiel wvizual and audible
alarmg for troom and auer mwonafors. Yallow
vizsuwal alsrms appear ¢ beth sldes of the
dazdirat erelagure 1ndizetimg eichar ROOM oT
BUCT alarmg sines hotlt wse the sare Iowe=level
gudible alarm apd beth ¢an bes ackoowleodged ac
the monitor enciosure. All comteol components
and DL phwer supplies are lecated dno the contral
Toom.

4 hounse vacuum =yztom provides the alrfleow
through the tosm ien chamkbers by maintaining a

=35 {m, of warer werhawst pressure at  each
toniter. The eyhaugt pressure and pump  ATH
continuously mmitered. Any abnovmal conditions
are displayed on the alaym board in the cantral
Toom.

CLOVEEDA HOWITORS

Becansa glpvabox soaltors ere an ioticate
part of the proce=a oppeérations, the ooniror 1s
lecated in the work araa aod 1s ueder the
control of tha process operators. To moniror
triclum  Jevelz ifn the glovehox, 1te Iinext




atpndphere iz purged ar ? L/mfig thraugh am don
chamber to an effluent remeval xysztey (EES) for
recovery of the triciuvm.

The fumctlon of the moalcoy I3 twofokd: Lo
provide a high purge rate for & vize in criciem
levels and to Indlcate when & proce3sg eperacion
or equipment 1a & epuice gF tritiyn relesse,
The lon chamber ia mounred putaide the glovebonx,
and Lthe gas sample 13  continumysiy  pollad
through the chamber by rthe negarive operating
pregaure of tha ERS. Tritjunm goagsntrations,
alares, and purge contrgel gignala are lnterfaced
ts the control room for displar and data
gaehapring purpodas,

By means of s chree—say switeh [OFF, AETO,
ON) ar che moniter, the high porge can he
contrelled matwally. The high-level alarm will
activate the high-flow sorgs 1f  the  purge
contral ia dn the AUTO position. To ensura that
the ERS gag handling capacicy i3 not exceeded,
tha purge pcontrol =slprsl frem gach glovebox
pessat chrough a ¢onerel boazd fo che control
reom {right sida of Fig. 7) allowing the contraol
Touth operateT to override the purge =zignal by
teans of a thees—way switeh (08, REMOTE, OFF).
In the renoce positien, the lab fechpfician or
Funltes has conerel of the purge rate. The
negactive preasures and flow rate =6 the ERS arw
constantly monitored on LED bergraphe and, at
the digeretign of the contyel room operater, che
purging can ba stopped or srarted on any of 30
glovebox arstems,

DUCT HOMITGRS

Exhaust Juces From e4ch Toom coataln mopi-
korz which eerve fwe purposes: (1) backup for
the rtook meopitors, and (2] activation of a
trivivo emecgency clesoup oyocam (ECE). Exhausk
alr 1s diverted from tha stack tg the ECS im the
evenrt of & eritium apill,

Dyct moniters wee g flow-through wire wmeah
lon chamber ingtalled In the duct ot behind the
intoke grill of rhe room exheanst duct. Theze
single ramge momiters (1=20,000 wif@®} have a
time ronstant of ! =, %The icn chanhar consiscs
of a 3/B=-in. counting elecrrode enclossd im a
grainless greel mesh gylinder. To reduce nolge
and stabilire readings, a felt bonmet 19 1g
installed over the chamber for trapping dust and
iohized pareficnlare.  Aside from wsing & single
#lecrrode, belng single vange, and hsving no
eycer {fan) chambar, fuct monirers de not differ
elecrrenically from toon ov Zlevebow monlirarea.

ECH/3TACY, ATRFLOW CONTROL

Frem a deak ¢onsgle, the degtipacion ofF the
exhaust air from each Toom may be cantralled,
The eorsole allows the exhavst of any room to be
wanuglly switched o STACK, ECS, ey ANTO. In
the a0 pesition, the exbaust rosting to tha
ECS or stack I3 under control of the duct
wooicer. Dilvertdng 3 coem co che ECS places the
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Fig. 7 = Emergeacy cleenup gsystem and stack
alrflow display board.

room sBupply and wzbaust dn 8 ¢losed-loop witch
tha ECE for cleaoup of Toom afr. In additiom,
tha duce wvalwes for any roonm BA? bé  tedced
perfedically withoot activacing the ECS; a4 roam
may ba complataly 1selated fyom supply end
axhausE: aod motw Ehan anke ool Day be processed
thraugh the ECS.

Thx stakcs of the EC3 and the sxhavst
descination of 2ir froa every room are displayed
on a4 degdfromt xlarw digplay board dn the
contrel Toom as zhown In the left half of
Fig. ?. W%hen a high alarm aignxl ¢omea froe the
duck monltor or a similar signel is supplied
manually frem the cootrol consele, the ECS dis
activated a8 are Four alir-operated duct velves,
cwr closing che sopply and exhsust to the stack
and Ewo opentng che supply and exhayat co tha
EE€5. Four rmspectlive microswitches close,
indicating oe=w valve posicleps. The NGRHAL
STATUE light im extingoiabed, che ECE OPERATING
light iz 1ic, ond four discrete valwe Jights ate
displayed on the alarm beoard showing the room
identificacion and valive positions. The <onscol
consele 2lse sendg our = lacching zigael =o
chat, #ven chopph the triciuvm levels drop beleow
the alarm #et peoinc, the cleanup sysiem end
valves vemain sctivated wotdl the ECS %
mzrnually reaekr,

In the maas apactrometyy lcboratary Halen
Hire control, uring hest semzora, Is eoployad,
The Falon syatem is Inteclocked with the memicer



tor prevent LDS or wvalwe actlvecion 1f Haloa 1=
durped, becausé, afcer pazsing chrough a cace-
1yst, Ealaon can be very cortvosdve ko che
egquipment. Tests with 203 Halen—300 air showed
no effect on Eritfum wonfterting :#sponse or
attuUTACY .

STACK NCONITORING

Tuo teel=-time meniters emd 8 glyocol bubhler
cpllection moniter are used For sappiing exhausk
air. Far day=-tc—gday operations and alarmdng
futtetionioga, e liw-ldével single reape monlbor
0.1-2000 peifm® is wsed, A stardard dusl range
moniter serves as backup in tha evant of a larze
teleasre or walfuncticn of thw low-lewil meniter.
Airflow through the stack duct 1% wezdured by 2
contipucus reading alicrficv devica [Aonubar}.
The data are transmitfed to Ehe coptvol room far
display and a2lse to an accumulster which uses
the airflow and condentration Froo che leow-level
manitor to provide 2 corulative efflyent Toadout
oo a wall diepley board. The take of eEfluent
(plifmin) is ales displayaed.

kWhen vaing & fzet Cime copstant and sengl-
tivity to 4.1 pCifm?, bechground nolse from
londzed gmaes, radon, and cosmic radiation cam
cauge sboormal comylative efflusni measurements.
Bence, the outpur of a sscond fdepcical monicor
vhich asamplaes omly iofaks 2ir from a "cold"
corridor iz cennected in oppoalte polericty to
the measyring chamber. The resultant sfgnal is
rereived by Che sgoooenisfor. Althongh todlse
irterferences may net oceur similizneoysly, the
intggrared compensation over a period of geveral
hours reduces the error significantly ro 10X

Because of Lts ecositivicy and 2ifferenti-
ating capability for AT and ET0, a glycel
bubbier fs used for repocting afflueacrs dis-
charged toc the enviconoent.? & The basic
bubbler was vedesignad to nse &2 mass flow
contreller to repulate tre gas flow through two
seriea of glycel bubblers separated hy a
palladiva eponga catsiyet bed held ar SO0°C.
HIO fsx rrapped in tha first secies, awd HT
contvertad o RTO i3 hald up 1o the second
series. The tritiue in che vials iz peggured by
liguid seintillabion countiny, Calibrarion of
tha tbtubbler ghowed B recovery (measutement)
accuracy withies *1% of che sekandard mesaured by
properticnal coumtdng  and  tracagkle te  Che
Burean af Standapde. At fpreglled 1n  tha
exhaust duct to the stack, accuracy wichio £73
waa obhtained when frg cu=2e melapges were mada
in a8 Jumehoord more than 20 ft away from the
srack.,

AUTOMATIC DEAETHG EYSTIM

After mnrmsl worhing Bsurs, sSstvics and
tritium alarme will azrdvate an  aubtomatic
dizling alazrm syster whicgk uses  exlscing
felephone lines for nor:iving plant gecericy.
The alarmn conditione arve wvocalized by &

synthesized woice, Security then caolls the
reaponsible personnel to dpvestigete and correct
the problea. This syatem, which 1s
microprocessor  controlled, iz  capable of
monikoriag 64 alavm chamnels. Haviag a 2=hr
hatteey brekup, 1E alas notifles securiey of o
pokhe¥ cuUlage.

Faoliowing an stknowledgesment of the call,
che syscem vooxlizex @ eiga—vil and haogs wp.
The s#yscem then enters a1 delay € allow adéquare
el for govrective sction. The delay cine is
kevboard programmable from 159 hr.,  If the
delay &lapses and the problem still existz, the
aysten bogina dialing spain at Z-min inpareals
until arknowledged.

Thers are circumstauces when tertain alagw
conditione are acceptable or canpot be corrected
within the normal work dgy. To prevenat thess
“falso" alarms From activating the alarm dfalfing
syacem, A4 lacching alatm interfacs waa dexighad
g lack gyt dayries alarms bur allsw night
wlarms to ackivakse the systam.

The advaotages of the Syscta Includs com—
plete coatrol by monitoring personnel, «4dsy
ehangs of celephone numbers from a keypad, and
azckrtainwent ¢F aldrm status from oEEfsiks.

COMPUTER INTERFACE

Becauase facilicy goidelines required a
stand-alone monitoring eystem, @ coppoter gervas
only 3z g passsive device for datz gathering.
The computer samples 60 mondtors and 66 alirms
and zecords tritlum levele, alarms, etc., for
archival purposes. ARl channels are gampled
avery 10 3. I¥ Erltium levels do aok exceed a
predetermined trigger wvalue, Gthe TIecording
frequency is avery 1BO0 a. When s txiggsr valwe
has been exceeded, e.g., 3 wlifm® for oem
moniters, all sampling data for that chennel are
recorded until the eritiua lavel drops below the
trigger point,

STMMARY

Ho xignificant uss or wmaintesance problems
have baert woCfountered with this iystem, OGCoe
yoar of operation with &) monfrorz fndicatexz w
Ealiure Tate per momitor of lesas than one 1o
nine years of oparation. Host of the failures
eccur during rhe firet gix months, Ie addiries,
the syxten i siople spoygh that mew persenuel
cafl be ipdocerivaced wichin mjinuces on the yge
of the monltors, the contrgl fwoctions, and che
interprecacion of resulis.
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