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Abstract

As u part of the Intermnational Remote
Monitoring  Project, dunng Maroh 1995, a
Remole Manitoring System ([RMS) was
installed ut the Ernbalse Nuclear Power Stetion
in Embalte, Argentine. This gvetem monitore
the status of four typical Candu spent fuel dry
storage silos. The monilering squiptient for
each silo oconsists off analog eensors for
ternperulure und gemma radistion
measwemenl,  digikd sensors for motion
deteotion; end electronic fiber-optic seals. The
monitoring system for cech silo is  comnucicd
to a wireless Authenticete ltemm Momnitoring
Bystem (AIMS), This paper describes the
operation of the RME during the first year of
the teal and presents ie results of the signals
reported Uy U systent sowpared with the “on
site® inspections conducted by e regulatory
bodizs, ABACC, IAEA, ENREN. As an
odditionnl  scourity festurs, vach scnsur
periodically transmite authenficated State-of-
Health (SOH) messages. This feanire provides
atcuranoe that all cencore nre oporational and
have not been tampered with. The deteils of
the trarmmitted inforuetion and (e Lvidents
of loss of SOH, refimred as Missing SOH
Event, and the possible vnuses whoe produced
the MEOIEL arc desenibed. The RMO at the
Embalse facility uses gamma mdistion
dotectors in o strong redistion ficld of spemt
frel dry storage silos. The delectors we Qeiger
Mulicr tubes and Silicon solid state dwodes, ‘The
study of the thormel dnfit of dleotronies in GM
detectors and the possible radiution datnage in
silicon deteotors is shown. Since the bulid

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED M AST?

ustullation, the systern has been succsssfully
interrogated  from  Buenoe  Aires and
Albuquetque, ‘the axperience gained, and the
small changes made in the hardwaic in uider to
improve the performance of the system is
preesnted.

Introduction

The National Board of Nucleatr Keguistion ol
Argentina (ENREN) and the US Department of
Energy (DOE) sponsored the installation of a
RM3B at diz Tinbulsc Nuclear Power Statdomn,
loented in Cordobs, Argontine. The Embalac
facility, which houses one power reactor and
spent fucl Quy stonage silos, provides an
cxuellent <ite tn test the concept of front-end
detectionl. This {5 Lecause Te Major aouvity of
sufsguard’s interest is the movement of spent
fuel, which occurs during six months svery
yeas ot this plaat..

The RMS Seld {est in Asgentins have beon
operedonal for almost sixteen months. Motion
and tomperoture sensors and the fber optiv
seals have performed fhirly well GM radiation
sensuls  cxpubented  some idft due 10
temporsture changes while silioon rodiation
detectors showed radiation damage during the
fiest yoar of opslativi,

Technical description.

A full fechnical descnplion of the RMS
installed in Argentng hgs been published in
reference (1). Somc changes have been made
to the original sysiem which include the
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installation of an evtarnal modem, in order to
improve the telephone data tink, In addition, a
new version of the contro] soflware was used.

Test results

A proper analysis of all the companents of the
RMS cun be canied out by grouping them in
the following wey:

-Date transmission by {elephone lines:
-Hardwate,

-Radiofrequency link;

-Motion sensors;

-Fiber optic seals;

<Temperature sonsors,

~Rudistion sensom.

Data transmission by telephone lines

After analyzing several  alternalives, a
conmutted telephone line was chosen, duc to
the eaginess ond the ropidnoss of its instullation
in the site. 'Ihis line is an analog one, since only
o feotion of Ui Asgontincen telephone
network 15 digitelyzed. By the other hand, the
finat ik Letween the telephone company and
the nuclear powor plant s done trough a
mictowuave system with a redneed bandwidth
wludds Jeeply deizidorsies the signal 1o nojse
ratio. Previous tasts perfonned belween the
Iizoiza Atomic Center (CAE) and the Ssndiu
Nutiod Laboratonics (SNL) showed thal the
maxtmum transmission speed for n stable daia
link wes 4800 baud, Aflerwads, the
sonununication trials ontricd out between SNL
and the Embalke NP8 demonstrated that the
Lt speed butwoen both facilides was 1200
baud. Highar speeds produced loss of carmier
effect which interrupted the communication.
Having inlo eaccourt the above expressed
resilts, it was decided ta nperate et 1200 haud.

Hardware

Concerning the hadwaie of the Recciver
Processing Unit (RPU), it behaved properly,
since only 1ihc floppy disk drive of the
compuler had to be rcplaced.  This
demonstrates the adequacy of an industrial
computer for this application. By the other
hand, it wae found that most of the failurcs
occnrred while axfablishing the
carnntivetions weie produced by ihe interne!
modem, which haniged up the system. Thic
was caused by the fact that several peripherals
shared hardware interruptions and, sometimes,
it provoked hardware malfiinations. This
pioblein wes deudt with by using ¢ RS232

nerdol interface , which allowed full interruption
and VO address selection. The R8232 seria)
intorfbos wus defined ns Com=3 ond it was
comneated to an extemal modem. By this way,
the cominuniostions were improved and their
evolution could be vorified through the fiont
pannel LR s.

Radinfrequenoy link

Euch puir detector-manssnitter periodioolly
emits & signal indicoling ite proper
performance; this signall received by the
computer, not only indivates that the
radiofrequency link js operstive but also
uuthentioates the message. During the first year
of opetation, this behaviour was studicd and
the osuses of some failures were detected.

Pig. }.shows tis RPU jwport on the missing

B0H oceurred in an spproximately 100 duys
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A thorough anslysis of the dota clearly
demonstroted thet, in e major proportion,
maintenanoce and sspoction jobs on the silos or
the operation of the bridge-crane ovas ieun,
Interfersd the RF link. In thoss cases wWhere 8
olsar explanation could not be found, adverse
meteorological eonditions or signal collisions
betwssn Umumuilters were assumed 1o be
responsible of the above mentioned falures.
Anyway, each sensor emits ebout 8600 SOH
signals per month, being approximately S hose
reported by the RPU as missing ones,
indicating the high reliability of the system.

Mation senaars

Motion sensore were placed ot the silo
instrumentation tubes, in order to verity the
pusitioning of both the radiation detector and
the lid of the riln, which conducts to the inner
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baskets. Thoe data report of the motion senszors
is shown in Fig. 2.
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Background signals prevails during 2 period of
ubvul 50 days, snd @ matked increase of
motion detection signals appears after this
period covering ons or. two days. This. facl.
corrolates fairly well with an inspection peniod.
In cases, when a less important rate of signala
above e Ladkgowd weie  delevied, &
coincidence with different jobs performed on
the silos seotor such 8s spant fuel twansfers
invelving bridge cranc opcration was fonnd.
Background sigrals may be atfribuled to the
high . sensitivity. of. ic deicuion, wlivh dlows.
the detection of quite weak movemnents such ag
those produced by rantdlls or the occcurrence
of birds on the silos. This spuricus contribution
may be climinated by reducing the defector’s
sensitivity,

Radiation sensors

The radialion sensors- are based- on Geigar-
Muller delectors and solid stale semiconguctor
detectors (Silicon diodes).

The dose mate indicated hy the GM detectars
and its associated electronic chains (HV power-
eupply, proamplifiar and amplifier) showed
shght fluctustions wound ¢ many velue since
the installaton of the systom. It

dependent, and, having into sccount that the
temnpstature at the detector’s location stoyed
almost comstant during the pedods. nnder
consideration, it -was -assuimed- that the- daity
changes on the tomperaturs only affscted the
electronic chains, As shown in Fig.3, the major
value of the desc rate is registarsd at noan.

was
damonztmten that thiz effant wasz-femperatira.
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Pig. 4 shows the temperature variation durting
the same period (one day) comresponding to the

etectronic ohain location.
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Tho vonolation butween the dose 1ot and the
temperature can be visualized in Fig. 5. The
lineality of Wis wouvhston allows. the.
application of -a fempereture correction facior §
{o the dose rate mearuremend halween § and 40 '
ol

Po4
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The dose rate measurements performed dusing
twelve menthe, aarreeted  for temperature, ave
veprosanted In Fig6. Tha wvalues show o
deoreasing behaviour,. fairly coineident with the
radiogctive decay of g tvpical CANDU bumt
fuel element.

SILO 31 GM DETECTOR

80- .

) Sa

7 CRLVULATED
X

AQ 4 ; _——
0 3 10
MONTHE PROM APRIL 2nd
Fig. 6

Regarding the sehuconduclor detectors, since
the tungsten stuetdiy hud W be taken out from

the, onack dus to mschenicnl asposts, the doss,

mie mensmmments fid not represent the rght
values. This situatiopn was comrected by
applying o lineal fdotor, whilc it was

demonsirafed that the whole system, detectors.

plus electronic chains, were not affected by the
daily temperature variations (Fig.7):

Jul, 16 1995
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On.a.long term perlod, & decrossing tondoncy
of the meagured veluss oun be seen. This

wndency dies not correlale W ths dicsotive
ducay provess, und it vun be vxplainad by o

‘

decresse of the counting- efficlmoy of dw
datactor, caugad by vadiation damnge (Pig 8).
In order to support this assumption, it should
bs taken inte ascount that the esmiconduotor
deteplorg feceive & monthly dose ot 360 Gy.
which s high cnouglt W pioduve severs
radiation damage on this kind of detectors,
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In order. to. solve. Uus  jacblemt, the sbove,

tmantonsd - dateotors  were- teplaced by
ionization chambers on May, 1996

Fiber aptic seals..

The performance of these devioes wes fully
noogpteble, without any indication of fiber
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optic rupture. Only - 12w cases of missing of
SOH were wpuried, wost of them due o
interferences or shiclding of tranemitters or
oollisions among signals Som similar. remota.
vontrol devioss. By the other hand, the lthiumn
batteries ware raplacad by anathar enas with a
higher capacity, since the performance of the
former waa not satisfactory.

‘Temparature gengors

These. devices, connected to both radiation and.
motion detectors, heve shown a proper
beheviour during the first year of operation.

Conclusions

The experience gained duing the fist yeor of
vpoation, vl dis. systan. Jduwusunted it
adequaoy for safaguards purposss.

The “on line” remote opemtion and the
poosibility of its sotdement without interfering
with the normal plant activitier, make thic
systemn an atbactive wismative W routine “in-
siiu® safeguards inspactions.

‘The usc of evthentication and 2 trusifl RT
tranamission.  technigus. assuses. that  ths.
information. has not been tampered on.
puspose, allowing the nse of this sysiem in
many high scourity installations.
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