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FOREWORD

In order to facilitate the exchange of techniques and experiences in occupational exposure
reduction, the Nuclear Energy Agency (NEA) of the Organisation for Economic Co-operation and
Development (OECD) launched the Information System on Occupational Exposure (ISOE) on
1 January 1992, after a one year pilot programme. In 1993, an arrangement was agreed between the

International Atomic Energy Agency (IAEA) and the NEA by which the IAEA’ co-sponsors ISOE
inviting those IAEA Member States which are not members of the NEA to participate cost-free in the
programme.

This three-level database joins utilities and regulatory agencies throughout the world,
providing occupational data for trending, cost-benefit analyses, technique comparison, information
exchange, and other analyses following the ALARA principle. In creating the network for the
collection of this data, a forum for direct information and experience exchange was also created, thus
allowing operational radiation protection professionals, from both utilities and authorities, to freely
exchange ideas, views and experience.

This is the Sixth Annual Report produced by the ISOE Programme, and covers the period up
to the end of 1996. The analyses presented in this Report focus on the radiological indicators supplied
to the NEA 1 database by Participating Utilities.

Based on a decision by the ISOE Steering Group at its 1997 meeting, this report will be the
last of its type. With participants now all equipped with a user-friendly database containing this
occupational exposure data, it was felt that the Annual Report should focus more on events and
overall trends than on data presentation. Periodic reports containing summaries of overall data, or
discussing other specific aspects of the ISOE data will be issued, however not necessarily annually.
The first new format Annual Report, covering events of 1997, will be issued during the first half of
1998.

This report was prepared by the ISOE European Regional Technical Centre (ERTC), with
the assistance of the NEA ISOE Secretariat, and was reviewed and approved by the Members of the
ISOE Bureau and Steering Group, who also provided valuable comments. The NEA Secretariat is
very grateful to the ERTC for its excellent contribution.

This report is published under the responsibility of the Secretary-General of the OECD. The
opinions expressed do not necessarily reflect the point of view of any OECD Member Country or of
any international organisation.

*The material in this document has been supplied by the authors and has not been edited by the IAEA. The views expressed
remain the responsibility of the named authors and do not necessarily reflect those of the government(s) of the designating
Member State(s). In particular, neither the IAEA nor any other organisation or body sponsoring this work can be held
responsible for any material reproduced in this document.
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EXECUTIVE SUMMARY

The year 1996 was a productive and successful one for the ISOE Programme. In total, as of
the end of 1996, the ISOE databases included 399 reactors (365 operating and 34 in cold shutdown or
some form of decommissioning) from 24 countries, representing 71 utilities. National regulatory
bodies from 21 countries were also participants.

The annual total occupational collective exposure corresponding to reactors in operation has
decreased from more than 800 to about 500 man.Sv during the last ten years (1986 to 1996). During
the same period the average collective dose per reactor, as well as the average collective dose per
TWh produced have also decreased by a factor two, reaching 1.43 man.Sv per reactor and
0.24 man.Sv per TWh produced in 1996. During that period the number of operating reactors has
increased by over 25% except for GCRs where a decrease of 40% has been observed.

These trends are observed for most types of reactors and regions, particularly for the
collective dose per reactor. The decrease in the average collective dose per unit of energy produced is
more significant for BWRs (approximately 60%) than for CANDUs (35%), however the initial level
for CANDUs was very low.

It should be noted that in 1996, LWGRs (RBMK), presently represented in the database
only by the two units in Lithuania, have an average collective dose per reactor higher than for all
other types of reactor (7.55 man.Sv).

The decrease in the total collective dose, despite the increasing number of reactors, is
obviously due to the implementation of dose reduction and ALARA programmes, and perhaps also to
the lengthening of operating cycles. The larger decrease of dose per reactor and per TWh produced is
due to these same factors, but is also related to the introduction of newer reactors, whose ambient
radiological environment is improved over older reactors, and which require, for the moment, less
maintenance work.

The impacts of the fuel cycle lengthening and reduction of outage duration are highlighted
in chapter 5, which discusses principal events. In France, for example, the report states “Future
improvements are expected from the extension of the 1300 MW fuel cycles, as well as from the
introduction of outages for refueling only”. The report from the United States notes “In 1996, nuclear
power plants focused on initiatives to reduce refueling outage duration and operating costs”. Many
other countries also refer to very short outages, such as in Germany in Neckar 2 where the refueling
outage for 1996 lasted only 15.2 days.

The average annual collective doses for European PWRs is lower than 1 man.Sv per reactor
in Sweden, Belgium and Switzerland. Particularly notable are the results in 1996 in Belgium, where
all 7 reactors have had refueling outages, and a steam generator replacement occurred at Doel 4 with
excellent dosimetric results (0.63 man.Sv).



One major characteristic of the year 1996 within ISOE is the emphasise put on the impact of
good “work management” in order to reduce doses. This is illustrated by two publications issued
during that year:

—  first, an international Expert Group working within ISOE finalised the report, Work Management
in the Nuclear Power Industry. The NEA has sold over 1 200 copies of this report, which is now
on the process of being translated into several languages; and

— second, in Spain, a report has been developed jointly between authorities and utilities entitled:
“Management of the Optimization of the Radiation Exposure” to establish the general principles
to be considered by companies in the nuclear power industry.

Benchmarking also appears to be one very efficient tool for exposure reduction. This was
particularly the case in France where a set of national radiation exposure benchmarks at the job levels
is well on the way to completion. This work has been performed in 1996 for all steam generator work
and most non destructive tests. Bench-marking appears to also be very popular in the United States,
particularly in terms of more global dose indicators such as total site dose.

More classical dose reduction techniques also improved during year 1996: American PWRs
implemented new shutdown chemistry protocols to reduce occupational dose by stabilizing radiation
fields during refueling outages, and many American BWRs are accelerating plans to implement
hydrogen water chemistry and depleted zinc injection to reduce adverse chemical environments for
reactor internals and to control radiation fields. Also, noble metals as a protective coating in reactor
internals was tested at the Duane Arnold Nuclear Energy Center in Iowa with promising results.

Despite all these efforts, some dose increases have also occurred, for example all Swedish
BWRs are now involved in significant modernisation programmes requested by the National
Authorities. Some American nuclear power plants were shutdown during much of 1996 for extended
maintenance outages (improvements in the material condition of the plants before deregulation) and
due to regulatory requirements to reconcile operational practices with design basis analyses and
document all modifications prior to restart. Occupational doses have tended to increase in these plants
due to more maintenance and inspection activities in controlled areas.
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EXPOSE DE SYNTHESE

1996 a été une année particuliérement productive et efficace pour le programme ISOE. Fin
1996, la base de données ISOE inclut 399 réacteurs (365 en fonctionnement et 34 en arrét a froid ou
en démantélement) situés dans 24 pays, et appartenant a 71 exploitants. Les autorités nationales de
21 pays participent également a ce programme.

L'exposition collective professionnelle annuelle totale correspondant aux réacteurs en
fonctionnement a diminué de plus de 800 homme.Sv a environ 500 homme.Sv pendant ces dix
derniéres années (de 1986 a 1996). Pendant la méme période, la dose collective moyenne par réacteur,
comme la dose collective moyenne par TWh produit ont également diminué d'un facteur deux,
atteignant 1,43 homme.Sv par réacteur et 0,24 homme.Sv par TWh produit en 1996. Pendant cette
période le nombre de réacteurs en fonctionnement a augmenté de plus de 25% excepté pour les

réacteurs graphite-gaz ot une diminution de 40% a été observée.

On observe ces tendances pour la plupart des types de réacteurs et la plupart des régions, en
particulier pour la dose collective par réacteur. La diminution de la dose collective moyenne par unité
d'énergie produite est plus importante pour les réacteurs REB (approximativement 60%) et moins
importante pour les réacteurs CANDU (35%), toutefois le niveau initial pour ces derniers était tres
bas.

Il convient de noter qu'en 1996, les réacteurs RBMK, actuellement représentés dans la base
de données par deux réacteurs en Lituanie, ont une dose collective moyenne par réacteur plus €levée
que les autres types de réacteur (7,55 homme.Sv).

La diminution de la dose collective totale, en dépit du nombre croissant de réacteurs, est
évidemment due a la mise en place de programmes de réduction de dose et de programmes ALARA,
et peut-étre également a l'augmentation de la durée du cycle du combustible. La diminution plus
importante de la dose par réacteur et par TWh produit tout en étant due a ces mémes facteurs, est
également liée a l'introduction de nouveaux réacteurs, ol I'environnement radiologique est amélioré,
et qui exigent, pour le moment, moins de travaux de maintenance que les réacteurs anciens.

L'impact de I'allongement du cycle de combustible et de la réduction de la durée des arréts
est illustré dans le chapitre 5 de ce rapport qui présente les principaux événements de l'année. En
France, par exemple, ou de « futures améliorations sont attendues de l'extension des cycles de
combustible des réacteurs 1300 MW, ainsi que de l'introduction d'arréts simples pour rechargement ».
Les commentaires sur la situation aux Etats-Unis indique qu' « en 1996, les centrales nucléaires se
sont concentrées sur les initiatives pour réduire la durée des arréts pour rechargement et les coiits
d'exploitation ». De nombreux autres pays mentionnent également des arréts tres courts, comme
I'Allemagne ol l'arrét pour rechargement a Neckar 2 en 1996 a duré seulement 15,2 jours.

Les doses collectives annuelles moyennes pour les réacteurs REP européens sont inférieures

a 1 homme.Sv par réacteur en Suide, en Belgique et en Suisse. Les résultats 1996 sont
particulierement notables en Belgique, ou les 7 réacteurs ont eu un arrét pour rechargement, et ou un
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remplacement de générateur de vapeur a eu lien a Doel 4 avec d'excellents résultats dosimétriques
(0,63 homme.Sv).

Une caractéristique majeure de 1'année 1996 au sein du systeme ISOE est la place accordée
A la « gestion du travail » en vue de réduire les doses. Cela est illustré par deux publications :

— en premier lieu, un groupe d'experts internationaux a finalisé le rapport ISOE, Work
Management in the Nuclear Power Industry. L'AEN a vendu plus de 1 200 copies de ce
rapport, qui est maintenant sur le point d'étre traduit dans plusieurs langues; et

— en second lieu, en Espagne, un rapport a été réalisé conjointement par les autorités et les
exploitants pour définir les principes généraux de gestion a appliquer dans I'industrie
nucléaire. Il est intitulé: Management of the Optimization of the Radiation Exposure.

Le benchmarking (ou intercomparaison) est aussi apparu comme un outil tres efficace pour
réduire les expositions. Cela a été en particulier le cas en France ou un ensemble de références
dosimétriques nationales au niveau des chantiers est en cours d'élaboration. Ces références ont €té
définies en 1996 pour I'ensemble des travaux sur générateur de vapeur et pour la plupart des contrdles
non destructifs. Le benchmarking est également tres utilisé aux Etats-Unis, en particulier en termes
d'indicateurs dosimétriques globaux tels que la dose totale du site.

Des techniques plus classiques de réduction de dose ont été également améliorées pendant
l'année 1996: les réacteurs REP américains ont mis en oeuvre de nouvelles procédures de contrdle de
la chimie du réacteur pour réduire l'exposition professionnelle en stabilisant les débits de dose
pendant les arréts pour rechargement; et de nombreux réacteurs REB américains accélerent la mise en
oeuvre de techniques d'injection d'hydrogéne et d'injection de zinc appauvri en vue de réduire les
environnements chimiques défavorables pour les internes de réacteur et pour controler les débits de
dose. En outre, des métaux nobles utilisés comme revétement sur les équipements des internes de
réacteur ont été testés a Duane Arnold Nuclear Energy Center en Iowa avec des résultats prometteurs.

En dépit de tous ces efforts, des augmentations de dose se sont également produites. C'est le
cas, par exemple, pour l'ensemble des réacteurs REB suédois qui sont impliqués dans des
programmes significatifs de modernisation demandés par les autorités nationales. Quelques centrales
nucléaires américaines ont été arrétées pendant une bonne partie de I'année 1996 pour des arréts de
maintenance prolongés (améliorations des conditions matérielles des centrales avant la
"déréglementation” du systeéme électrique de I'Etat concené). Ces prolongations d'arréts ont
également été dues a des demandes des autorités sur la concordance, avant tout redémarrage, des
pratiques de terrain (procédures réellement réalisées dans les centrales) avec les analyses de base
faites a la conception, ainsi que sur la concordance des documents d'exploitation avec les
modifications réalisées. Les expositions professionnelles dans ces centrales ont tendance a croitre du
fait de l'augmentation des travaux de maintenance et des inspections dans les zones contrlées.
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ZUSAMMENFASSENDE UBERSICHT

1996 war ein produktives und erfolgreiches Jahr fiir des ISOE-Programm. In Summe
umfaBte die ISOE-Datenbank Ende 1996 399 Reaktoren aus 24 Lindern (365 in Betrieb und 34 im
kalten Stillstand oder einem Stadium der Demontage), wobei 71 Versorungsunternehmen vertreten
waren. Nationale Behorden von 21 Landern zihlten ebenfalls zu den Teilnehmern.

Die gesamte jihrliche Kollektivdosis fiir die in Betrieb befindlichen Reaktoren fiel im
Verlauf der letzten zehn Jahre (1986 bis 1996) von iiber 800 auf etwa 500 Pers.Sv. Im gleichen
Zeitraum sind sowohl die mittlere Kollektivdosis pro Reaktorblock als auch die mittlere
Kollektivdosis pro erzeugter TWh um einen Faktor zwei auf einen Wert von 1,43 Pers.Sv pro
Reaktorblock und 0,24 Pers.Sv pro 1996 erzeugter TWh gefallen. Wihrend dieses Zeitraums nahm
die Zahl der in Betrieb befindlichen Reaktoren um iiber 25 % zu, auBer bei den GCRs, wo ein
Riickgang um 40 % zu beobachten war.

Diese Tendenzen sind fiir die meisten Reaktortypen und Regionen zu beobachten, besonders
fiir die Kollektivdosis je Reaktor. Die Abnahme der mittleren Kollektivdosis pro erzeugter Energie ist
signifikanter bei den SWR (etwa 60 %) als fiir die CANDUs (35 %), allerdings war das
Ausgangsniveau der CANDUs schon sehr niedrig.

Es ist anzumerken, daB 1996 fiir LWGRs (RBMK), derzeit nur durch die beiden Blocke in
Litauen in der Datenbank vertreten, die mittlere Kollektivdosis pro Reaktor hoher war als fiir alle
anderen Reaktortypen (7,55 Pers.Sv).

Die Abnahme der Gesamtkollektivdosis, trotz der Zunahme der Zahl der Reaktoren, wird
offensichtlich hervorgerufen durch die Einfilhrung von Dosisreduzierungs- und ALARA-
Programmen und eventuell auch durch die Verlingerung der Betriebszyklen. Die groBere Abnahme
der Dosis pro Reaktor und pro erzeugter TWh wird durch die gleichen Faktoren verursacht, ist jedoch
auch verbunden mit der Einfiihrung neuerer Reaktoren, deren radiologische Auswirkungen gegeniiber
den ilteren Reaktoren verbessert wurden, die daneben momentan auch weniger
Instandhaltungsaufwand benétigen.

Die Einfliisse der Verlingerung der Brennstoffzyklen und der Revisionsverkiirzungen
werden in Kapitel 5 beleuchtet, wo besondere Gegebenheiten betrachtet werden. Fiir Frankreich zum
Beispiel stellt der Bericht fest, da “zukiinftige Verbesserungen von der Verliangerung der 1300 MW-
Brennstoffzyklen erwartet werden, ebenso von der Einfiihrung von Stillstinden ausschlieBlich zum
Brennstoffwechsel”. Der Bericht der Vereinigten Staaten bemerkt: 1996 konzentrierten sich die
Kernkraftwerke auf Anstrengungen zur Reduzierung der Dauer der Brennelementwechsel und der
Betriebskosten”. Viele andere Linder berichten ebenfalls von sehr kurzen Revisionen wie z. B. in
Deutschland bei Neckarwestheim 2, wo der Brennelemntwechsel 1996 nur 15,2 Tage dauerte.

Die mittleren jihrlichen Kollektivdosen fiir europdische DWR liegen in Schweden, Belgien

und in der Schweiz unter 1 Pers.Sv pro Reaktor. Besonders bemerkenswert sind die Ergebnisse 1996
aus Belgien, wo alle 7 Reaktoren Brennelementwechsel durchfiihrten und ein
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Dampferzeugeraustausch bei Doel 4 mit hervorragenden Dosimetrie-Ergebnissen stattfand
(0,63 Pers.Sv).

Ein besonderes Merkmal des Jahres 1996 in ISOE ist die Betonung, die auf den Einflu8 von
gutem “Workmanagement” zur Dosisreduzierung gelegt wird. Dies wird durch zwei Publikationen,
die wihrend des Jahres herausgegeben wurden, verdeutlicht:

— zunichst stellte eine bei ISOE titige internationale Expertengruppe den Bericht
Workmanagement in der Nuklearindustrie fertig. Die NEA hat iiber 1 200 Exemplare
dieses Berichtes verkauft, wobei derzeit die Ubersetzung in verschiedene Sprachen
lauft; und

— zweitens wurde in Spanien ein Bericht zusammen von Behodrden und Betreibern
erarbeitet mit dem Titel Management of the Optimization of the Radiation Exposure
(Handhabung der Optimierung der Strahlenexposition), um die allgemeinen Regeln, die
von den Unternehmen der Nuklearindustrie zu beriicksichtigen sind, festzulegen.

Benchmarking scheint auch ein sehr effizientes Werkzeug zur Reduzierung der
Strahlenexpositon zu sein. Dies war besonders in Frankreich der Fall, wo eine Aufstellung nationaler
Strahlenbelastungskriterien (benchmarks) auf Basis der Tatigkeiten kurz vor der Vollendung steht.
Diese Arbeit wurde 1996 fiir alle Arbeiten an Dampferzeugern und bei den meisten zerstérungsfreien
Priifungen durchgefiihrt. Benchmarking scheint auch in den Vereinigten Staaten sehr iiblich zu sein,
besonders in Bezug auf mehr globale Dosisindikatoren wie etwa der Standort-Gesamtdosis.

Klassischere Dosisreduzierungstechniken wurden 1996 ebenfalls verbessert: Amerikanische
DWR fiihrten neue Chemie-Abfahrportokolle ein, um die tdtigkeitsbezogene Dosis durch
Stabilisierung der Strahlenfelder wihrend der Brennelementwechsel zu reduzieren. Viele
amerikanischen SWR beschleunigen Pline zur Einfiihrung der Hydrogen-Wasser-Chemie und der
Injektion von abgereichertem Zink, um ungiinstige chemische Umgebungsbedingungen fiir die
Reaktoreinbauten zu reduzieren und die Strahlenfelder zu beeinflussen. Auch Edelmetallbelige auf
Reaktoreinbauten wurden beim Duane Arnold Nuclear Energy Center in Iowa mit vielversprechenden
Ergebnissen getestet.

Trotz all dieser Anstrengungen traten auch einige Dosisanstiege auf, so sind jetzt z. B. alle
schwedischen SWR von bedeutenden Modernisierungsprogrammen betroffen, die von den nationalen
Behorden gefordert werden. Einige amerikanische Kernkraftwerke wurden 1996 fiir umfangreiche
Instandhaltungsstillstinde abgeschaltet (Verbesserungen der materiellen Bedingungen der Anlagen
vor der Deregulierung) und wegen Behordenforderungen, die Betriebspraxis mit Ergebnisse von
Auslegungs-Basisanalysen abzustimmen und alle Anderungen vor dem Wiederanfahren zu
dokumentieren. Die titigkeitsbezogenen Dosen tendierten in diesen Anlagen wegen umfangreicherer
Instandhaltungs- und Priiftitigkeiten im Kontrollbereich nach oben.
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OCHOBHBIE HTOI'H

1996 roan 6bn1 ana nporpamMmel UCTTO npoaykTHBHBIM M ycnewHbiM. B nenom no cocrosuuio
Ha koHen 1996 roma 6a3pl nanneix HMCIIO Brmouwanu B . ceba nanHbie o 399 peakropax
(365 3kcrutyaTUpyeMbIX M 34 B COCTOSHHH XOJIOAHOTO OCTaHOBAa MK B ONpENCICHHOM peXuMe
CHATHA € 3KCIUTYaTauuH) M3 24 cTpaH, NPEACTaBNAIoWMX 71 JMEKTPOIHEPTeTHYECKYIO KOMIAHHIO.
VyacTHHKaMH ABASIINCH TaKKe HALOHAJIbHbIE peryaupylolte opransl 21 cTpansl.

Exeronuas cymMMmapHas KOJNEKTHBHas no3a npodeccHoHanpHoro obJyHMeHMA, CBS3aHHas ¢
3KCTUTyaTHPYEMBIMH PEaKTOpaMH, COKPAaTHIIACh 3a NOCNeNHHE AecaTh JieT ¢ Gonee yem 800 yen.3e no
npubansurensHo 500 yen.3s (1986 no 1996 roawl). 3a TOT ke NEPHOA BPEMEHH CpEXHAR
KONJIEKTHBHAs [03a Ha peakTop M CpejHAA KolekTHBHas Ao3a Ha TBr1ay BeIpaboranHO#M
3EKTPO3HEPTHH TakXKE YMEHDIIMINHCD B /1Ba pa3a u cocTaBwin 1996 roxy 0,43 uen.38 Ha peakTop H
0,24 uen.38 Ha TBT.4 NpPOH3BENEHHOH ONEKTPO3HEPrHH. 3a 3TOT MNEPHOA BPEMEHH YMCIIO
3KCIUTyaTHpYEeMBIX PeaKkTopoB Bo3pocao Gonee uem Ha 25%, 3a MCKIIOYEHHEM FasoOXNaXAaeMbiX
peakropos (I"OP), uncno koTopeix coxparunock Ha 40%.

Otn TeHaeHuMH HabmoparoTcs s GONbIIMHCTBE THNOB peakTopoB M Oonbluel uyacT
perHoHoB, ocOOEHHO B OTHOWIEHHH KOJIEKTHBHOM 103b1 Ha peakTop. YMeHblleHHe cpeiHel
KOJNJCKTHBHOM M103bI Ha €OMHHLY NPOM3BeNCHHOW 3HeprHH Oonee 3HauurensHo ana BWR
(npubausutenbHo Ha 60%) no cpasHennto ¢ peakropaMun CANDU (35%), x0T4 nepBoHavabHbIH
yposetb a1 CANDU 6rbin BeCbMa HH3KHM.

Cnenyer oTMeTHTh, 4TO B 1996 roay peakropsl PEMK, npencrasnennbie B HacTosLIee BpEMS B
6a3e navHBIX JHIL AByMA O6nokamu B JIuTBe, Mmenu Oonee BLICOKMH cpeaHMii nokasarenb
KONIEKTHBHOM 03Bl Ha PEAKTOP, 4eM BCE APYTHE THNBI peakTopos (7,55 wen.3s).

YMeHblLIEHHE CYMMapHOH KOJUIEKTMBHOH N103bl, HECMOTPS Ha pacTylUEE YHCIO peakTOpOB,
OYEBHIHBLIM 00Pa30M CBA3AHO C OCYIIECTBICHHEM NIPOrPaMM MO CHHWXEHHIO 103 H nporpamm ALARA
H, BO3MOXHO, TAKKE C YLTMHEHHEM 3KCIUTyaTAUMOHHBIX LMKIOB. bonee 3HaYHTENLHOE CHMDKEHHE
nokasarteneil n03bl Ha peakTop M Ha TBT.4 npousBeAeHHOH 3/EKTPOIHEPrHH OOYCIIOBIEHO TEMH Xe
¢axTOpaMH, OZHAKO OHO TAIOKE CBA3aHO C BHEAPEHHEM HOBbIX PEAKTOPOB, PafMALIMOHHAaA 0OCTaHOBKa
Ha KOTOpBIX YNy4LI€Ha 110 CPaBHEHHIO ¢ 6ojiee CTApHIMH PEaKTOPaMH M KOTOPbIE B HACTOAIIEE BPEMS
TpeGy0T MeHbLIEro 06beMa TEXHHUECKOTO 00CTYKHBaHHA.

MocnencTBus YMIMHEHHA TOMNHMBHOTO UMKJIA H COKPalleHHs JUIHTENBHOCTH TPOCTOEB
paccMaTpHBAIOTCA B FNaBe 5, B KOTOpoi o6CyneHbl OCHOBHble cobuiTHa. Hanpumep, B nownane
GpaHuMH ykashBaeTcs, 4TO “ynyuwleHus B OyaylieM OXXHIAlOTCS B Pe3yibTaTe YBeJHYEHHA
JIUTENLHOCTH TOMIMBHBIX LIMKIOB peakTopoB MowmHocTeio 1300 MBT, a Take B pesynsraTe
BBEJICHHS OCTaHOBOB PEaKTOPOB TOJILKO IUIA Neperpy3kd tonauea”. B noxnage CoeRHHEHHBIX
1llratoB ormeuaerca: “B 1996 rogy ocHOBHOe BHMMaHME Ha aTOMHBIX 3JIEKTPOCTaHLMAX ObuLIO
COCPENIOTOMEHO  Ha ... HHULIMaTHBAaX 10 COKPALEHHIO NPOAC/KHTENLHOCTH OCTaHOBOK [nA
Neperpy3ky TOM/IHBA H CHWKEHHIO 3KCTUIYaTaLIMOHHBIX 3aTpaT’. MHOrHe Apyrue CTpaHbl Takxke
CCHINAIOTCS HAa BechbMa MANyl0 IJIMTENLHOCTb OCTAHOBOK, Kak, Hanpumep, B I'epmanuu Ha Oioke
“Hekap 2”, rae NpoAOMKMTENIbLHOCTh OCTAHOBOK JUIS TMEPerpysku Toriuea B 1996 romy cocrasuia

Juwb 15,2 aus.

CpenHne roloBble KOJUIEKTHBHblE A03bl s epponeiickux PWR B lllseumn, benpruu u
1llBeiiuapuy cocTaBuny MeHee 1 uen.3s na peaktop. OcoGeHHO CieAyeT OTMETHTL pe3yibTaThl B
1996 rogy B Benbruu, rie Ha Bcex CEMH peakTOpax HMeJi¥ MECTO OCTaHOBBI [UIs Neperpy3KkH TOIUINBA,
a onepauMs 3aMeHbl naporeHepatopa Ha Gnoxe “Jloanb4” Obina MpoBefeHa C OTIHYHBIMH
No3uMeTpHYecKHMH pesynbTaTtamy (0,63 uen.3s).
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Opno# n3 rnaeHbix Xapaktepuctuk 1996 rona B UCIIO saBnsercs BHMMaHWe, ynenseMoe
BJIMSAHUIO KaYECTBEHHOro “ynpasieHHa paboTaMu” Ha CHHWXEHHE 03, OTO MUIOCTPHPYETCH AByMS
my6aMKauMAMMY, BHIITYLUEHHBIMH B TEYEHHE 3TOTO roja:

- BO-NEPBBIX, MEXAYHapoaHas rpynna skcneptos, paborasmas B pamkax HMCIIO, 3akonumna
pabory Ha;m  joknanoM  “Vmpaenenue  pabomamu 6  a0epno-3Hepzemuveckoli
npomviuwnennocmu”. ASL3 pacnponano csbiine 1200 3x3eMnIspOB 3TOr0 KOK/Mana, KOTOPLIN B
HacToslllee BPEMA T1EPEBOANTCA Ha PA A3bIKOB; H

- BO-BTOpPBIX, B MCNaHMH KOMNETEHTHBIMM OpraHaMH M 3HEPrOKOMIAHMAMHM TOArOTOBJIEH
COBMECTHBII [I0KNaR, O3ariaBnenHbld “VYnpaenenue onmumusayueit 003 obayuenus” H
YCTaHaB/IMBAOWMA 00lIMe NPHHLMIBL, KOTOphie NOJDKHBI COOMIONAaTbCS KOMIAHMSIMH B
#/1€PHO-3HEPTE€THUECKOH NPOMBILLIEHHOCTH.

TlpoBenerye 3TalOHHBIX TECTOB TAKXKE, MNO-BUAMMOMY, SBIAETCH BeChbMa 3(PQPEKTHBHBIM
CpeaCTBOM CHIDKEHHs 00JyyeHHs. 3To 0cobeHHO 4eTKo NposBnseTcs Bo MpaHUMH, rie NMOAXOUHUT K
3aBeplUEHNIO pa3paboTka KOMNIEKCa HALMOHAIBHBIX HCXOMHBIX IaHHBIX U1 CPAaBHHUTENBHON OLEHKH
ofnyyeHHs Ha ypoBHAX onepauMil. 3ta pabora 6bina BhinonHesa B 1996 roxy ans Bcex pabor,
CBA3aHHBIX C MapOreHepaTopaMH, H AnA OONBUIMHCTBA HEpaspylNAIOIHMX MCMbITAHWH. OTanoHHblE
TECThi, MO-BUAHMOMY, Taloke BecbMa nomynspHbl B CoenuneHHbix lllTatax, oco6eHHO B OTHOLLEHHM
6onee rno6anbHBIX HHAMKATOPOB 1103bl, TAKHX, KaK CyMMapHas 1032 Ha ILIOLaKe.

B Teuenne 1996 roga 6niny Takke ynyduieHsl 6onee KiacCHYECKHE METOIbl CHHKEHHS NO3bI:
Ha amepukaHckix PWR ocymecTBieHb! HOBbi€ NMPOTOKONBI BOAHO-XMMHYECKOTO peXHMa MNpH
OCTaHOBE B LENAX CHIDKEHMA J03bl TNpodeccHOHaNbHOro OoOMydeHHs ITyTeM cTaOWIH3aluH
paflauMOHHBIX MOJIeil NP OCTAHOBAX JUIA NEPEerpy3KH TOIUIMBA, M HA MHOTHX amepukaHckux BWR
YCKOPAIOTCS TUIaHbl peann3allyd  BOJAOPOJHOrO BOAHO-XMMHHYECKOTO peXHMa W  MHXKEKLHH
ofelHEHHOro LMHKa B LENSX CHWXEHHA BO3NEHCTBHA HeOIaronmpuATHOHW XHMHYECKOH cpeflbl Ha
BHYTPEHHHE KOMIIOHEHTbl PEaKTOPOB M Ul KOHTpONs paAHauHoHHbIX mnoned. Kpome Toro, B
SlpepHo-3HepreTHueckoM neHtpe Jlbtodiina OpHonbaa B wTate AdoBa ObulM NpoBemeHH ¢
MHOrooOeLlalOIHMH  pe3yNbTaTaMH HMCNbITaHHA OnaropoAHbIX METAIOB B KAyecTBE 3alIMTHOIO
NOKPBITHY BHYTPEHHHX KOMIIOHEHTOB PEaKTOpPOB.

HecMoTps Ha BCE 3TH YCHNIHA, MMENHN TAKXKE MECTO CJIyYyau YBeNHHEHHA NO03; Hanpumep, 1o
TpeGOBaHUIO HaUMOHAIbHBLIX KOMIETEHTHBIX OpraHoB Ha Bcex mBeackix BWR ocymectensiorcs B
HacTosllee BpeMs 3HAYHUTENbHbIE NPOrpaMMbl MoaepHU3aLMKH. HekoTopble aMEpHKaHCKHE aTOMHbIe
3NEKTPOCTaHUMH B TEYEHHE 3HAuUHMTENbHOH 4acTH 1996 roma 6bIM OCTAHOBJIEHBI HA ANHTENBHOE
TexHHyeckoe obcnmyxuBanue (yayulleHHe COCTOSHMS MAaTepPHANBHO-TEXHHYECKOHW YAaCTH CTaHUMH
nepea OTMEHOH perjaMeHTALHOHHBIX OrPaHHYEHHH) M B CBA3H C PEryJHPYIOLIHMH TpeGOBaHMSIMH
COrnacoBathb 3KCIUTYaTaUMOHHYI0 TNPaKTHKY C JaHHBIMH aHalIu3a TNPOEKTHOH OCHOBbI H
JOKYMEHTHpOBaTb BCE H3MEHEHWA Nepel NOBTOPHbIM 3amyckoM. Ha 3THX craHumax uMmenach
TEHAEHLMS K YBEJWUYEHHIO 103 npogeccHoHanbHoro obnayyeHns B CBA3M C GonplimM o6beMoM
MHCNEKLMOHHBIX paboT 1 paboT 1o TexHH4YeCKOMY 00C/Y’)KHBaHHIO B KOHTPOJIHPYEMBIX 30HaX.
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RESUMEN EJECUTIVO

El afio 1996 ha sido productivo y de considerable éxito para el Programa ISOE. A finales
del afio, las bases de datos de ISOE contenian un total de 399 reactores (365 en operacién y 34 en
parada fria o en alguna etapa de clausura), correspondientes éstos a 24 paises y a 71 empresas
propietarias. También han participado los organismos reguladores nacionales de 21 paises.

La exposicién colectiva profesional anual total correspondiente a reactores en operacion
viene reduciéndose a lo largo de los tltimos diez afios (de 1986 a 1996), pasando de 800
hombre/Sievert a aproximadamente 500. Durante este mismo periodo se han reducido de forma
sostenida, de un afio al siguiente, tanto la dosis colectiva media por reactor como la dosis colectiva
media por TWh producido; estos dos indicadores se han reducido por un factor dos en los ultimos
diez afos, alcanzédndose en 1996 las cifras de 1,43 hombre/Sievert por reactor y 0,24 hombre/Sievert
por TWh producido.

Durante este periodo el mimero de reactores en operacion ha aumentado entre un cuarto y
un tercio, con la excepcion de los reactores refrigerados por gas, donde se ha observado una reduccién
del 40%. Las tendencias descritas anteriormente se pueden observar para la mayoria de los distintos
tipos de reactores y regiones, particularmente en lo relativo a la dosis por reactor. La reduccién de la
dosis colectiva media por unidad de energia producida es mds significativa en el caso de los reactores
BWR (aproximadamente el 60%) que en el de los de tipo CANDU (35%), si bien es cierto que el
nivel inicial para los CANDU era muy bajo.

Conviene subrayar que en 1996 los reactores de tipo LWGR (RBMK), representados
actualmente en la base de datos por sélo las dos unidades de Lituania, tienen una dosis colectiva
media por reactor mds alta que ningun otro tipo de reactor (7,55 hombre/Sievert).

La reduccién de la dosis colectiva total, pese al creciente mimero de reactores, se debe
evidentemente a la implantacién de programas de reduccién de dosis y ALARA, y quiz4 también al
alargamiento de los ciclos de operacién. La mayor reduccién de la dosis por reactor y por TWh
producido se debe a estos mismos factores, aunque también guarda relacién con la introduccién de
nuevos reactores cuyas condiciones radiolégicas se ha mejorado con respecto a los reactores mas
antiguos y que requieren, hasta la fecha, menos trabajos de mantenimiento.

El impacto del alargamiento del ciclo de combustible y de la reduccién de la duracién de las
paradas se subraya en el capitulo 5, que se refiere a los sucesos mas importantes. Por ejemplo, y
refiriéndose a Francia, el informe dice que “Se esperan mejoras en el futuro debidas a la extension de
los ciclos de combustible de las centrales de 1300 MW y a la introduccién de paradas s6lo para la
recarga de combustible”. El informe de Estados Unidos manifiesta que “En 1996, las centrales
nucleares se centraron en ... iniciativas para reducir la duracién de las paradas para recarga de
combustible y los costes de operacién”. Otros muchos paises se refieren a paradas muy cortas, como
por ejemplo en la central alemana de Neckar 2, donde la recarga de combustible duré tan sélo
15,2 dias en 1996.

Las dosis colectivas anuales medias correspondientes a las centrales PWR europeas son

inferiores a 1 hombre/Sievert en Suecia, Bélgica y Suiza. Particularmente llamativos son los
resultados belgas para 1996, donde los 7 reactores han experimentado paradas para la recarga del

21



combustible, y se cambiaron los generadores de vapor de Doel 4, con excelentes resultados
dosimétricos (0,63 hombre/Sievert).

Una de las principales caracteristicas de 1996 en el marco de ISOE ha sido el énfasis puesto
en el impacto de una “buena gestién del trabajo” en la reduccién de las dosis. Esto viene reflejado por
dos publicaciones emitidas ese afio:

— primero, un Grupo de Expertos internacionales trabajando en el seno de ISOE ha
publicado el informe La Gestién del Trabajo en la Industria Nuclear. La AEN ha
vendido mds de 1200 copias de este informe, que se estd traduciendo actualmente a
varios idiomas; y

— segundo, en Espaiia se ha elaborado conjuntamente por el Organismo Regulador y las
centrales nucleares un informe titulado: La Gestién de la Optimizaciéon de la
Exposicién a las Radiaciones, con el fin de establecer los principios generales a
considerar por las organizaciones de las empresas participantes en la operacién de
centrales nucleares.

El Benchmarking también parece una herramienta muy eficaz para la reduccién de las
exposiciones. Esto ha sido particularmente evidente en Francia, donde estd a punto de finalizarse un
conjunto nacional de referencias en materia de exposicién a las radiaciones para los distintos puestos
de trabajo. Esta labor se ha llevado a cabo durante 1996 para todos los trabajos a realizar en los
generadores de vapor y para la mayoria de los ensayos no destructivos. Estas referencias también
parecen ser muy utilizadas en los Estados Unidos, particularmente en términos de indicadores de
dosis mas globales, tales como la dosis total para el emplazamiento. :

Las técnicas de reduccién de dosis mds clasicas también han mejorado durante 1996: las
centrales PWR estadounidenses han implantado nuevos procesos quimicos para condiciones de
parada, con el fin de reducir la dosis profesional mediante la estabilizacion de los campos
radioldgicos durante las recargas de combustible, y muchas centrales BWR americanas estin
acelerando sus planes de implantar una quimica del agua basada en el hidrégeno e inyecciones de zinc
empobrecido para reducir los entornos quimicos adversos para las partes internas del reactor y
controlar los campos de radiacién. Asimismo, se ha ensayado el uso de metales nobles como
revestimiento protector de las partes internas del reactor en el Centro de Energia Nuclear Duane
Armold, en fowa, con resultados prometedores.

A pesar de todos estos esfuerzos, se han producido algunos aumentos de dosis,
particularmente por ejemplo en todas las centrales BWR suecas, que realizan actualmente programas
significativos de modernizacién, exigidos por las Autoridades Nacionales. Muchas centrales
estadounidenses estuvieron paradas durante gran parte de 1996 para trabajos de mantenimiento
(mejoras en la condicién material de las instalaciones previas a la desregulacién) y como
consecuencia de requisitos reguladores para acomodar las practicas operativas con los andlisis de base
de disefio y documentar todas las modificaciones antes de continuar en operacién. En estas centrales
ha habido una tendencia al aumento de las dosis profesionales, debido a un mayor nimero de
actividades de mantenimiento e inspeccién en zonas controladas.
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Chapter 1
NEA/IAEA INFORMATION SYSTEM ON OCCUPATIONAL EXPOSURE - ISOE

1.1 The ISOE System during 1996

The year 1996 was a productive and successful one for the ISOE Programme. Participation
continued to expand, steps were taken to significantly improve the software used to access
occupational exposure data, and a major report on the impact of work management on occupational
exposure was issued.

The participants in the ISOE Programme are grouped into four “regions”. Originally, these
were geographically defined, and included North America, Europe and Asia. After one year of
operation of the Programme, however, the IAEA agreed to act as co-sponsor, allowing the
participation of authorities and utilities from non-NEA Member countries. These participants then,
became the ISOE Programme’s fourth “region”. The North American region includes Canada,
Mexico and the United States of America. The Asian region is comprised of Japan and Korea. The
European region consists of all European countries with light water nuclear power plants (Belgium,
Czech Republic, Finland, France, Germany, Hungary, Italy, Netherlands, Spain, Sweden, Switzerland
and the United Kingdom). It should be noted that, since the co-sponsorship of the Programme by the
IAEA, three countries, Czech Republic, Hungary and Mexico, have become Members of the NEA,
thus shifting from the IAEA region to the European region. The IAEA region thus now consists of
seven countries: Brazil, China, Lithuania, Romania, Slovak Republic, Slovenia and South Africa. In
total, as of the end of 1996, the ISOE databases included information from 399 reactors (365
operating and 34 in cold-shutdown or some form of decommissioning) from 24 countries,
representing 71 utilities. National regulatory authorities from 21 countries were also participants. Co-
operation with the EC and with WANO also coninues to be a useful addition to the ISOE Programme

During 1996, it was agreed by the ISOE Steering Committee that access to ISOE data,
particularly the NEA 1 database containing occupational exposure information, should be improved
and modernised. The ISOE Sub-Group on Data Analysis and Technical Guidance was thus charged
with overseeing this improvement. The result, attained in early 1998, is that the NEA 1 database is
now available in a Microsoft ACCESS environment, and it is planned to move the other two ISOE
databases to ACCESS.

One of the most important contributions of ISOE to its users during 1996 was the
publication of the report, Work Management in the Nuclear Power Industry. This report, prepared by
the Expert Group on the Impact of Work Management on Occupational Exposure, has, since its
publication, sold over 1200 copies, and has been a great success among operational radiation
protection and outage maintenance personnel, as well as among regulators. The complete approach to
the application of work management principles presented in the report, each phase of which is
illustrated by numerous hands-on case studies, has proven to be very useful at helping to shorten
maintenance outages thus reducing doses and operational costs.
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1.2 Characteristics of the ISOE Database

1.2.1 Introduction

In this sixth year of ISOE operation, data for 1996 has been collected for 24 countries. As of
the end of 1996, the ISOE database included 399 operating reactors, representing 83% of the
operating reactors in the world. The reactor types included in the ISOE database are BWR', PWR’,
GCR’, LWGR® and CANDU’. This report describes the evolution of the occupational exposure over
the last ten years (1986-1996). The data from 1969 to 1985 have been omitted in this report, but are in
the database now available on computer diskettes for the users to perform their own analyses.

1.2.2 Characteristics of reactors in operation

The 365 operating reactors (PWR, BWR, CANDU, LWGR and GCR) in the ISOE database
as of the end of 1996 included 352 in NEA Member countries and 13 in non-NEA Member countries.

The participation of Lithuania, who joined the Programme during 1996, added a new type of
reactor, the LWGR (RBMK) reactors, to the database.

In 1996, the PWR programme had by far the highest number of operating reactors in the
ISOE participating countries representing 59% of the total number of reactors, while the BWRs, the
GCRs, the CANDUSs and the LWGRs represented 24.5%, 10%, 6% and 0.5% respectively.

Nuclear power plant operating experience in the ISOE database has reached, as of the end of
1996, 5791 reactor years. The average age per reactor is 15.9 years (Table 1). Obviously, the average
age per type of reactor and per region reflects the previous evolution of the numbers of reactors of the
various types. Therefore, GCRs are on average older than PWRs, BWRs, LWGRs and CANDUSs. Due
to the total number of reactor years of experience, one has to keep in mind that the weight of the large
nuclear programmes in the USA, France, Germany, United Kingdom and Japan will have a major
influence on trends in total and average collective dose.

BWR = Boiling Water Reactor

PWR = Pressurized Water Reactor

GCR = Gas Cooled Reactor

LWGR = Ligth Water cooled Graphite Reactor
CANDU = CANadian Deuterium Uranium

Nk W=
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Table 1 Characteristics of reactors operating during 1996 (included in the ISOE database)

Number of Years of Mean age
Regions operating operating per operating
reactors experience reactor

PWR

Europe 100 1355 13.6

Asia | 33 433 13.1

North America 72 1178 | 16.4

IAEA 11 119 10.8

All regions 216 3085 14.3
BWR

Europe 22 390 17.7

Asia 28 388 13.9

North America 39 679 174

All regions 89 1457 16.4
GCR

Europe 34 866 25.5

Asia 1 31 31.0

All regions 35 897 25.6
LWGR

IAEA 2 23 ‘ 11.5

All regions 2 23 11.5
CANDU

Asia 1 14 14.0

North America 22 315 14.3

All regions 23 329 14.3

All types of reactors 365 5791 159

1.2.3 Characteristics of reactors definitively shutdown

Table 2 shows the number of definitively shutdown reactors as of 1996 in NEA countries,
the corresponding number of years of experience since plant shutdown, and the mean age per reactor
at time of shutdown. Based on the 34 shutdown reactors included in the ISOE database, we can see
that the GCRs. have operated on average longer (22.1 years) than the CANDUs (20 years), PWRs
(18.9 years) and BWRs (12.7 years) before being shut down.
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Note that in most cases, these reactors had ceased operation for some time prior to the
decision being made for their definitive shutdown. In the ISOE database, these pre-decision years of
zero production are included in the years of shutdown experience, and are thus not taken into account
when calculating mean age per reactor at time of shutdown.

Table 2 Characteristics of definitively shutdown reactors during 1996
(included in the ISOE database)

Number of reactors Years of Mean age
Regions definitively shutdown shutdown per reactor at time of
experience shutdown
PWR
Europe 2 14 24.0
North America 6 53 17.2
All regions 8 67 189
BWR
Europe 5 68 11.8
North America 4 53 13.8
All regions 9 121 12.7
GCR
Europe 14 ' 109 22.8
North America 1 7 13.0
All regions 15 116 22.1
CANDU
North America 2 22 20.0
All regions 2 22 20.0
All types of reactors 34 326 18.7
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Chapter 2

ANNUAL TOTAL COLLECTIVE DOSE

21 NEA Trends for reactors in operation

The evolution of total collective dose is presented in Figures 1, 2 and 3. The annual total
collective dose has been decreasing through the 1986-1996 period. In spite of the growth in the
number of reactors, the implementation of dose reduction programmes has lead to decreases in
collective dose.

The reduction of total collective dose since 1986 can be seen for each region and for each
reactor type. The largest fraction of this decrease, however, is the result of a decrease of the annual
collective doses in the North American and European regions where the largest fractions of ISOE-
participating reactors are located.

2.2 1996 in ISOE participating Countries

North America accounts for 46% of the 1996 ISOE participating Countries total collective
dose, Europe for 35%, Asia for 15% and ISOE participating Non-NEA Countries for 4% (Figure 4).
In 1996, PWRs represent 54% of the total collective dose for all reactors, while the BWRs, CANDUs,
LWGRs and the GCRs represent, respectively, 38%, 3%, 3% and 2% (Figure 5).
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Figure 1
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Figure 3
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Figure 4

TOTAL COLLECTIVE DOSE, BY REGION,

OF OPERATING REACTORS INCLUDED IN THE ISOE ISoE
' DATABASE
IN 1996
_ 3.96%
14.57%
35.11%
46.36%
OEUROPE ONORTH AMERICA EASIA B TAEA
Figure 5§

TOTAL COLLECTIVE DOSE, BY REACTOR TYPE, ISOE

OF OPERATING REACTORS INCLUDED IN THE ISOE
DATABASE
IN 1996

286% 2-96% 1.77%

38.51%
52.90%

OGCR OPWR BBWR ECANDU BLWGR

30




Table 3 gives the value of the collective dose per unit of gross electric energy produced for
the year 1996 by reactor type and by ISOE region. The annual collective dose per TWh has continued
to decrease since the last five years, to reach a value of the annual collective dose per TWh of 0.24 in
1996 corresponding to a decrease of 8% as compared with 1995. For BWRs, the ratio increases by
12% in 1996 as compared to 1995. The new type of reactor included in the ISOE database, the Light
water graphite-moderated reactors are characterised by a dose to electricity output ratio higher than
the other types of reactors, nearly 4.5 times higher than the average ratio for the other four types of
reactors in the ISOE database. The evolution of collective dose per unit of electricity produced by
region and by reactor type is given in Figures 6 and 7. It can be noticed that the trend for LWGRs
does not appear in Figure 7 because historical data for Lithuania were not available at the moment of
the ISOE Annual Report elaboration.

Chapter 3

ANNUAL COLLECTIVE DOSE PER TWH

Table 3 Annual collective dose per TWh by reactor type and by region in 1996

(in man.Sv/TWh)
Region BWR PWR | GCR CANDU LWGR ALL TYPES
Asia 0.26 0.17 (0.37 0.62 / 0.22
Europe 0.31 0.20 10.10 / / 0.21
IAEA / 0.23 |/ / 1.07 0.43
North America | 0.49 0.19 |/ 0.12 / 0.27
TOTAL 0.37 0.20 |0.10 0.15 1.07 0.24
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Figure 6
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Chapter 4

AVERAGE ANNUAL COLLECTIVE DOSE PER REACTOR

4.1 Evolution by region and by reactor type

The evolution of annual average collective dose per reactor by region and by reactor type
from 1986 to 1996 are graphically displayed in Figures 8 and 9.

Regarding average doses data presented in this report, it should be noted that the shifting of
countries from the IAEA Region to other regions, as countries that have joined the NEA, will result in
average values changing from year to year for the affected regions. This means that average values
may change from one year to the next. This is particularly the case for the year 1996 with the addition
of Lithuania, operating LWGRSs, in this region. The increase of collective dose per reactor for the
IAEA region in Figure 8 is mainly due to Lithuania, which has a total collective dose of 15.10 man.Sv
for two reactors. All other ISOE Regions have a decreasing trend.

The occupational exposure of PWR, BWR and GCR reactors has also a decreasing trend
since 1991. :

A significant difference still exists between the regions by type of reactors (Table 4).
Figures 10, 11, 12 and 13 show the evolution of the collective dose per reactor in the various regions.
The lowest annual collective dose per reactor during the period of this report, from 1986 to 1996, was
for GCRs.

Table 4 Average annual collective dose per reactor by type and by region in 1996 (in man.Sv)

Region BWR PWR GCR CANDU LWGR | ALL TYPES
North America 2.80 1.30 / 0.53 / 1.61
Asia 1.60 0.99 0.39 2.99 / 1.28
Europe 1.92 1.38 0.24 / / 1.21
IAEA / 0.94 / / _ 7.55 1.95
Total 2.21 1.27 0.26 0.63 7.55 1.40
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Figure 8
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Figure 10
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Figure 12
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4.2 Evolution by country for operating reactors

The 1996 average annual collective dose per reactor for PWRs, BWRs, GCRs, CANDUs
and LWGRSs in the different countries under study are presented in Table 5. Figures 14 to 25 show the
evolution of the average exposure per reactor by type of reactor for each country. Generally speaking
for countries with a significant number of reactors, the average collective doses for BWRs are higher
than those for PWRs, GCRs and CANDUs.

In some countries, average annual collective doses per reactor increased significantly during
1996. This can be seen for CANDU reactors in Korea; for PWRs in Finland, Hungary, Brazil, South
Africa, Slovak Republic and Slovenia, and for BWRs in Finland, Mexico, Spain and Sweden. In all
other participating countries, average annual collective doses per reactor remained stable or decreased
during 1996. Chapter 5 discusses some of the reasons behind these dose increases and decreases.

Since 1994, European PWR average annual collective doses have been lower than 1 man.Sv
in Sweden, Belgium and Switzerland. Particularly notable are the results in 1996 in Belgium, where
all 7 reactors have had a refueling outage, and a steam generator replacement occurred at Doel 4 with
excellent dosimetric results (0.63 man.Sv).

The increase of European BWR average collective dose is mainly due to increases in Spain
and in Sweden. The results in Spain, operating a small number of reactors, are impacted by the
number of reactors which have had a refueling outage: in 1996, the 2 BWRs have had an outage (none
in 1995). In Sweden, the increase is due to the increase of safety requirements (material testing) for
Barsebiick 1 and 2, and modernising projects for Oskarshamn 2. It is important to note that, for the
past few years, all Swedish BWRs are concerned by significant modernising programmes requested
by the National Authorities and that, other modernising projects are currently in the planning stage
and will be implemented in the near future.

In the United States, collective doses have been decreasing for both PWR and BWR. This is
particularly noticeable for American PWRs, where the average annual collective dose per reactor has
dropped 25% from 1995 to 1996.

It should be noted that in 1996, LWGRs (RBMK), that are for the moment only
corresponding in the data base to the units located in Lithuania, have an average collective dose per
reactor higher than for the other types of reactor (7.55 man.Sv).
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Table 5 Average annual collective dose per operating reactor by type for a number of countries

in 1996 (in man.Sv)
Country PWR BWR CANDU GCR LWGR
Belgium 0.92
Brazil 1.34
Canada 0.53
China 0.74
Czech Republic 0.36
Finland 1.32 0.84
France 1.59
Germany 1.66 1.43
Hungary 0.63 '
Japan 1.04 1.60 0.39
Korea 0.88 2.99
Lithuania 7.55
Mexico 8.08
Netherlands 1.11 0.99
Slovak Republic 0.68
Slovenia 1.79
South Africa 1.11
Spain 1.47 3.36
Sweden 0.66 2.33
Switzerland 0.71 1.68
United Kingdom 0.53 - 0.25
USA 1.30 2.52
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Figure 14
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Figure 16
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Figure 17
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Figure 19
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Figure 21
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Figure 23
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Figure 25
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4.3 Contribution of outside personnel and outages to total collective dose in 1996 for
reactors in operation

Table 6 shows the contribution of outside personnel to the total collective dose in 1996 for
ISOE-participating Countries. In general, the values for 1996 have not changed significantly from
those observed for the previous years. It should be noted that in this context, outside personnel refers
to those workers who are not from the plant. This can include contract workers, but also workers from
the utility who are not permanently stationed at the site.

The contribution of outside personnel to the total collective dose continues to vary
considerably between the countries. For example, for PWRs it is 27% in China and 57% in
Switzerland whereas it is 97% in Japan, for BWRs it is 49% in Netherlands, whereas it is 95% in
Japan and for CANDUs it is 9% in Canada whereas it is 77% in Korea. -

Tables 7 and 8 give the contribution of outages to the total collective dose for operating
BWRs and PWRs in 1996 in ISOE participating countries.
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Table 6 Contribution of outside personnel to total collective dose for each country
and type of reactor in 1996

Percentage of collective dose
Country received by outside personnel
PWR Belgium 84%
Czech Republic 73%
Finland 79%
France 79%
Germany 88%
Hungary 61%
Netherlands 80%
Spain 94%
Sweden 66%
Switzerland 50%
United Kingdom 82%
EUROPE 81%
Japan 97%
Korea 93%
USA N.A.
Brazil 75%
China’ 27%
Slovak Republic N.A.
Slovenia 78%
, South Africa N.A.
BWR Finland 81%
Germany 78%
Netherlands 49%
Spain’ 89%
Sweden’ 87%
Switzerland 70%
EUROPE 82%
Japan 95%
Mexico N.A.
USA N.A.
GCR United Kingdom N.A.
Japan 92%
LWGR Lithuania 34%
CANDU Canada 9%
Korea T1%

1. Data had break down into 3 types of personnel (plant, outside and no breakdown)
for 2 reactors. These data has not been considered in the calculation.

2. Data had break down into 3 types of personnel (plant, outside and no breakdown)
for 2 reactors. These data has not been considered in the calculation.

3. Data had no break down into type of personnel for 3 reactors.
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Table 7 Contribution of outages to total collective dose for operating BWRs in

1996
Contribution of
Countries outage dose to total
collective dose
Finland 85%
Germany 64%
Netherlands 68%
Spain 82%
Sweden 92%
Switzerland 72%
EUROPE 82%
Japan ?
Mexico 88%
USA 80%

Table 8 Contribution of outages to total collective dose for operating PWRs in 1996

Contribution of
Countries outage dose to total
collective dose

Belgium 88%
Czech Republic 86%
Finland 95%
France 84%
Germany ' 85%
Hungary 95%
Netherlands 78%
Spain 78%
Sweden T8%
Switzerland 80%
United Kingdom 92%
EUROPE 85%
Brazil 95%
China 94%
Japan ?
Korea 69%
Slovak Republic 93%
Slovenia 89%
South Africa 83%
USA 89%
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Chapter 5
PRINCIPAL EVENTS OF THE YEAR 1996 AS REPORTED BY PARTICIPANTS

This chapter addresses the principal events, if any, having had an impact on the collective
doses of the different countries’ with operating nuclear power plants in 1996. This information has
been provided directly by the participants.

Belgium:
Tihange:

Unit 1: The particular works which caused effects on the dosimetry during the year were
the dismantling of a boric acid tank, in the containment (11.3 mSv), finishing of the
walkways of the steam generators (20.1 mSv) and the installation of an hydrogen
recombiner (7.9 mSv).

Unit 2: The main work was the nickel plating of 600 steam generator tubes (159 mSv)
with the plugging of 2 tubes (6.5 mSv) and the examination of the hydraulic seals of the
primary pumps (27 mSv).

Unit 3: This unit is preparing the steam generator replacement of next year. The
preparation of this operation contributes to a dose of 22.6 mSv. The control and
plugging of leaking tubes of these steam generators during two forced shutdown leads to
respectively 63.7 and 213 mSv, and 135.7 mSv during the planned outage: this means
41.2% of the total annual dose of the year. On the other hand, some inspections and
repair of penetration on the upper side of the reactor vessel head contributes to a dose of
50 mSv.

Doel:
Unit 1 & 2: There were no special events affecting the collective dose.

Unit 3: The principal events were: ASME In Service Inspection of the reactor vessel and
a planned cold shutdown for a leak repair job at a reactor head standpipe. These
activities lead to collective dose of respectively 0.37 mSv and 24.69 mSyv.

Unit 4: During the annual outage, the 3 Steam Generators were replaced, and the total
collective dose for this work was 620 mSv. During the annual outage also an ASME In
Service Inspection of the reactor vessel and the replacement of the core exit
thermocouples were performed,; total collective dose for these activities was respectively
3.02 mSv and 11.49 mSv.
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Brazil:

Canada:

The most significant event at the Angra 1 NPP was the refueling outage, including ten year
old in service inspection of the reactor vessel internals. The total collective dose for the
outage was 1.33 man.Sv with no workers receiving a personal dose above 11.5 mSv.

The total annual collective dose for the 22 Canadian CANDU?® reactors was 0.53 person.Sv,
back down to levels more typical of pas years.

At Ontario Hydro, total collective dose decreased by 36%, at 0.58 person.Sv per reactor.
Principle radiological events at each OH station were:

Pickering (0.45 person.Sv/unit):

Activities at PND were dominated prolonged shutdown to five of the eight units to
address specific, non-radiological, work initiatives. Significant radiological jobs at
PND-A, consisted of completing repairs to primary heat transport over-pressure relief
valves and piping on Unit 2, and shutdown cooling heat exchanger work on Unit 4. On
the B side, precautionary repairs to emergency coolant injection check valves on all four
units were made. Work in the Unit 6 reactor building to repair high pressure service
water valves also contributed to collective dose.

Bruce ‘A’ (0.66 person.Sv/reactor):

Unit 1 boiler maintenance cleaning carried over into 1996. Fuel channel inspections at
Unit 3 were the other significant radiological work at BAND. Unit 2 was layed up all
year.

Bruce ‘B’ (0.45 person.Sv/reactor):

There was one planned outage on Unit 7, with a forced outage caused by a stuck fueling
machine head also contributing to collective dose.

Darlington (0.28 person.Sv/reactor)

A major outage on Unit 1 contributed to collectie dose, as did minor boiler repairs on
Unit 3, and a fueling machine head getting stuck on a Unit 1 channel.

Internal dose (mainly due to tritium) for 1996 increased slightly at Ontario Hydro, to 24% of
the total collective dose. In 1996, the ratio of workers who reeived less than 5 man.Sv went
down slightly to 89%.

At Point Lepreau, New Brunswick Power, the 1996 collective dose (0.94 person.Sv),
decreased substantially from 1995. The plant recovered from an incident where foreign
material was accidentally introduced into the heat transport system. Significant radiological
work was done on inspecting heat transport feeder piping (0.15 person.Sv), and inspection
and plugging of boiler tubes (0.30 person.Sv).
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The Gentilly 2, Hydro Québec, dose decreased substantilly to 1.48 person.Sv (16% internal
dose). The 504 workers received an average of 2.93 man.Sv.

Seventy-six percent of the 1996 dose was received during the annual two week outage
which consisted of work on a steam generator, fuel channel inspection (SLAR), and F/M
gear box maintenance.

China:
Daya Bay NPP:
The principal events occurring at the Daya Bay NPP were the replacement of control
rods drive mechanisms.
The replacement work at unit 2 started on January 1st 1996 and ended on January 14th
1996. Fifty eight people were involved in the work. The collective dose was
100.13 man.mSv. The maximum individual dose for this work was 4.36 mSyv.
The replacement work at unit 1 started on April 9th 1996 and ended on May 2nd 1996
with a collective dose of 155.01 man.mSv.
The accumulative collective dose of the plant was 1650 man.mSv out of which the dose
for the replacement of control rod drive mechanisms was 15.5%.
Qinshan NPP:
The principal event in Qinshan was the refueling outage which lasted 62 days and
resulted in a collective dose of 739.24 man.mSv. This represents 94.8% of the collective
dose of Qinshan for the year 1996 (779.71 man.mSv).
The main projects during the outages were:
— Steam generator maintenance and inspection: 87.39 man.mSv
— Valve work 44.06 man.mSv
Czech Republic:

The most significant events on NPP Dukovany were refueling outages.

Unit 1: one planned outage, duration of outage: 39 days. Collective dose for outage
0.31 man.Sv. It is 21% contribution to collective dose of NPP Dukovany for the 1996
year.

Unit 2: one planned longer outage, duration of outage: 70 days. Collective dose for
outage 0.43 man.Sv. About 30% contribution to collective dose of NPP Dukovany.
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Unit 3: one planned outage, duration of outage: 58 days. Collective dose for outage
0.38 man.Sv, about 36% of the collective dose of Unit 3 is traceable to steams.
Contribution to collective dose of NPP Dukovany is about 26%.

Unit 4: one planned outage, duration of outage: 39 days. Collective dose for outage
0.13 man.Sv. About 9% contribution to collective dose of NPP Dukovany for the 1996
year.

France:
1) Collective radiation exposure:

Measurements of collective exposure to radiation continued to drop through 1996,
which puts EDF well on the way to reaching its year 2000 goal of 1.2 man.Sv per
reactor-year.

. Future improvements are expected from the extension of the 1300 MW fuel cycles as
well as the introduction of outages for refueling only. They should offset any radioactive
exposure generated by the second wave of ten-year inspections of the 900 MW series.

The average collective dose per reactor in commercial operation use dropped by nearly
3% in 1996, reaching a level of 1.59 man.Sv, compared to 1.63 man.Sv in 1995.

Sample achievements in the drive to reduce collective radiation exposure: in the last two
years the levels observed during reactor vessel opening and closing have been lowered
by 22% and 33% for the 900 MW and 1300 MW series respectively.

An example of dosimetric variation observed in 1996 between two reactors in extreme
operating conditions: 0.31 man.Sv at Golfech 2, a recent unit, during a “refueling only”
outage, against dosimetry of 5.5 man.Sv at Chinon B2, a unit with hot spots, during a
ten-year inspection.

Important variations do exist between reactors; improving those units posting the worst
results will obviously have a substantial effect on overall gains in future.

2) Personal radiation exposure:

After a period of constant reduction since 1992, the level of radiation exposure sustained
by individuals shows contrasting results. The number of workers exposed to an annual
dose greater than 30 mSv continued to decrease to a very low level (55 persons).
However, the work force subjected to a dose greater than 20 mSv per year has remained
stable at 500 persons mark.

We will make a special effort for 1997 so that EDF's target can be achieved, that is to
say “no one above 20 mSv by the year 2000, not counting accidents”.

Implementation of the ALARA project now underway should soon help this objective to
be met.
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A special action plan is aimed at reducing personal exposure to radiation. Designed in
1996, this plan addresses all subcontractors operating in controlled areas, targeting
specifically the 27 companies who employ close to 90% of the workers registering over
20 mSv per year. The plan calls for the reassignment, whenever necessary, of the most
exposed workers to other tasks with a lesser risk of exposure. National and localised
communication and coordination, as well as individual monitoring, are already the
linchpin in keeping dose rates down, and they will play an increasingly important role in
future. Our priority is to monitor the workers in the most sensitive trades, such as pipe
insulation, scaffolding or welding.

3) The ALARA project:

Germany:

Two years after it was launched, the ALARA initiative produced encouraging results.
Important milestones were reached in 1996:

— A set of radiation exposure benchmarks for the most vulnerable sites is well on the
way to completion. This is a collective achievement, involving every nuclear unit,
together with a large number of contractors. The part which concerns steam
generator operations (20% of the overall dose) was finalised by the end of 1996. The
same applies to most non-destructive tests. For the remaining activities, which
represent about 50% of the total dose, partial documentation is available and will be
completed in 1997.

— Special groups have been formed within certain corporate units with a view to
managing the networks that gather benchmarking data and thereby share and enrich
each other’s experience. They are tests, Corporate Technical Support, for specialised
or generic operations, Corporate Engineering Support for operations and the
Engineering groups for any design modifications.

— An analysis of variance between actual and planned dosimetry is now systematically
conducted upon every outage. '

Most outage durations in German NPPs lay in range of 20 to 30 days. The shortest
outage was performed in Neckar 2 with 15.2 days, the longest happened in Briinsbuttel
(51 days), Kriimmel (68 days) and Biblis-B (67 days). The annual collective dose
amounted to a normal level in Briinsbuttel and Kriimmel whereas in Biblis B the
collective dose was 11.69 Sv, 1 Sv of this for plant personnel and 10.69 Sv for
contractor personnel. The high dose for Biblis-B was again generated, as in the years
before, by extensive inspection and repair work in connection with the detection of
corrosion effects at fixing elements in the bearing construction and at some measuring
pipes of the main cooling pumps. These findings motivated the local supervision
authority to set up extensive questionnaires and requirements lists though the utility had
already clarified all factual issues and developed a pertinent repair concept. Corrosion in
the piping was caused by chlorine induced stress at parts of the piping where chlorine
contenting glutens had been used during the construction phase of the plant. In one case
the corrosion resulted in a minor leakage and caused the utility to perform a detailed
inspection and cleaning programme in order to avoid further events of this kind.
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Japan:

Lithuania:

Throughout the last two years, the radiation protection experts in the power plants
studied the methods of a quantitative radiation protection optimisation in the sense of
ALARA, based on o-value considerations undertaken on a national and international
level. This study resulted in an o-value concept which is presently taken as a test-
version in German NPPs on a voluntary basis. Experience feedback will be collected
and evaluated in the German radiation protection expert group. Independent of the
result, the o-value concept is considered to be one decision criteria amongst the others
for the ALARA management which might help to reach a monetary balanced optimum
in radiation protection efforts.

The first ABWR (1356 MWe): Kashiwazaki-Kariwa No. 6 started commercial operation
in November. The second ABWR (1356 MWe): Kashiwazaki-Kariwa No. 7 also started
test operation and reached first criticality in November. Genkai No. 4 (PWR,
1180 MWe) started test operation and reached first criticality in October.

Speaking with the total collective dose for the FY 1996, the value for 23 PWRs was
23.82 person.Sv and the value for 28 BWRs was 44.79 person.Sv. And then, the whole
value was 68.99 person.Sv for all commercial reactors including GCR that was marked
by a little increase from the previous year. The average collective dose per reactor for all
commercial reactors was 1.33 person.Sv that was the same as the previous year.

On the other hand, during the periodical inspections ended in FY 1996, the average
collective dose was 1.61 person.Sv for PWRs and 2.25 person.Sv for BWRs, and was
marked by the increase from the previous year on the whole. The main factor of those
results, especially for BWRs, was the increase of the amount of improvement work.

The principal events which have affected the collective dose during 1996 at the Ignalina
- NPP were:

Unit 1:

Dismantling of the drum-separator water balance pipes (0.747 man.Sv).

Repair of the primary system valves (0.397 man.Sv).

Repair of the weld defects of the primary system pipes d = 800 mm (0.641 man.Sv).
Repair of the weld defects of the drum-separator water balance pipes (0.198 man.Sv).
Repair of the weld defects of the drum-separator branch pipes (0.107 man.Sv).

Flaw detection of the primary system metal structures (0.128 man.Sv).
Modernisation of the reactor steam and gas discharge system (1.325 man.Sv).
Insulation works (0.135 man.Sv).

Unit 2:

Dismantling of the drum-separator water balance pipes (0.617 man.Sv).
Repair of the primary system valves (0.129 man.Sv).
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Mexico:

Repair of the weld defects of the primary system pipes d = 800 mm (0.549 man.Sv).
Repair of the weld defects of the drum-separator branch pipes (0.035 man.Sv).
Flaw detection of the primary system metal structures (0.148 man.Sv).
Modernisation of the reactor steam and gas discharge system (0.858 man.Sv).
Insulation works (0.089 man.Sv).

The collective dose after implementation of this work during the maintenance period of
unit 2 is 2.425 man.Sv. This means 52% of the total dose during outage of unit 2 in 1996
and 16% of the annual dose of the Ignalina NPP’s personnel, including contractors.

In 1996, there were two long outages: 89 days for unit 1 and 85 days for unit 2; critical path
in both cases: thorough turbine inspection and blade replacement.

Romania:

Cernavoda Unit 1 went into commercial operation on 2 December 1996.

Slovak Republic:

At the Bohunica NPP there are 4 PWR reactors in operation. The main contribution to the
collective dose was caused by the activities during the planned outages. Most of these
activities were carried out after the long term plan of control and maintenance. However,
there were also some reconstruction activities, for example, installation of the upper
feedwater distribution system into steam generators. In the year 1996 there were the
standard outages (duration 45 and 46 days) at two of the reactors. At two reactors there were
large outages (planned for every three years) with a wider programme for quality control
including control of the reactor vessel (duration 78 and 79 days).

During the long term outage at unit 2 (78 days) an extensive volume of modifications was
performed. The most significant collective dose received was due to the modification of the
steam generators blow down pipelines - 229.34 mSv. During the regular outages work was
done on exchanging the feedwater distribution pipes inside the steam generators Nos. 34, 41
and 43, with the collective doses 22.49 mSv, 40.76 mSv and 57.62 mSv respectively.

The highest collective dose during outages results from removal and assembling of devices
(27%) and by quality control and testing (17%). In 1996 the workers received 30% of the
collective dose during outages from activities on steam generators, 25% of the collective
effective dose from activities on reactors and 34% from activities on primary coolant pipes,
radwaste and control of the integrity of the fuel cladding. The most exposed work function
groups in 1996 were the welders and mechanics of special maintenance, quality controllers
and primary circuit operators. The collective doses are higher than in 1995 in both NPPs
because of large outages on two reactors.
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Bohunica NPP:

Unit 1: no special events.

Slovenia:
Krsko NPP:

Radiological performance indicators for the year 1996 were: -

— Collective radiation exposure 2.01 man.Sv.
— Maximum individual dose 16.85 mSv.
—~ Average individual dose 2.26 mSv.

The collective dose is at the maximum acceptable level (from 1.5 to 2 man.Sv). The average
value over the past 5 years is 1.61 man.Sv. The goal is set at 1.5 man.Sv. During the
refueling outage (at the end of the 13th fuel cycle) there was maintenance work due to the
steam generator tube sleeving which contributed a major additional dose of 0.53 man.Sv.
The total number of steam generator tube sleeves installed was 488. The specific activities
were also the removal of a stuck reactor vessel head bolt and the removal of foreign material
from the reactor vessel bottom. This material was mainly tailings from previous steam
generator deplugging activities which had triggered some fuel failures.

The total collective dose from the refueling outage was 1.58 man.Sv. The plant was
disconnected from the grid for 65 days. Reactivation of steam generator tubes provided
13.15% of plugged tubes instead of 17.29%. With these conditions and based on the
projected degradation of the tubes, the power level can be at 100% for the next 4 years
before both steam generators are replaced.

The modification was started which will provide lower doses to waste processing personnel
and radioactive waste volume reduction using a drying process of the evaporator bottorn and
resins.

South Africa:
In South Africa, nuclear power is produced by two PWR units at Koeberg Nuclear Power
Station. For the year 1996, major dose contributions were from refueling Outage 108
(48 days), with a total dose of 869.7 mSv and Outage 207 (51 days) with a dose of 897.3

mSv. Outage durations are planned to be reduced to 26 days by the year 1999.

Highlights were the fact that no personnel were exposed above 15 mSv for 1996, and only
three were exposed to more than 10 mSv. ALARA planned a total dose for the station of
2400 mSv, with an actual dose of 2219.4 mSyv total.

Major dose contribution were as follows:

— Lagging replacement on steam generators, 207: 52.55 mSv.
— Lagging replacement in reactor building, 207: 41.55 mSv.
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Spain:

— Maintenance work in reactor cavity, 207: 35.30 mSv.
— Steam generators sludge lancing, 207: 35.25 mSv.

— Install and remove SG nozzle dams, 108: 42.05 mSv
— B service of active valves, 108: 45.35 mSv.

The total collective dose for the Spanish NPPs is distributed as follow:

— 7 PWR reactors: 10.29 man.Sv ( 1.47 man.Sv / reactor)
— 2 BWR reactors: 5.37 man.Sv (2.69 man.Sv / reactor)

It is appropriate to underline:

e A report has been elaborated jointly between the Regulatory Body and the NPPs:
“Management of the Optimization of the Radiation Exposure”. The objective of this
report is to establish the general principles to be considered by the organisation of the
companies participating in the exploitation of the nuclear power plants, in order to
manage the optimisation of the expositions to the ionizing radiations.

e Singular projects at Asc6 II NPP:

— Steam Generators Replacement: 1.58 man.Sv
— RTD’s Bypass Replacement: 0.29 man.Sv
— Others Modifications: 0.91 man.Sv

These projects have involved the 75% of the total collective dose.
e Singular projects at Almaraz I NPP:

— Steam Generators replacement: 1.56 man.Sv
— RTD’s Bypass Replacement: 0.37 man.Sv
— Head Closure Vessel Replacement: 0.29 man.Sv

These projects have involved the 58% of the total collective dose.

o Cofrentes NPP has been involved for several years in an outage re-engineering project
which results in a set of one long and one short refueling outage every three years.
During 1996 the first short refueling outage was performed in 19 days 15 hours against
the 20 days scheduled. This success permitted to have 1.35 Sv for the outage and
1.81 Sv collective dose for the whole year (outage and operation).

e The main contributions to the refueling outage collective dose (4.17 man.Sv) are the
following:

— The source term increased between 20-30% because of the Hydrogen injection.
— Modification of the Clean-up system (replacement of the heat exchangers):

0.69 man.Sv. :
— Maintenance and modifications works in mean steam isolator valves: 0.69 man.Sv.
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Sweden:

— Replacement of the rods of 2 recirculation valves: 0.13 man.Sv.

Without taking into account this modifications, the 1996 results are comparable with the
1994 refueling outage results (3.36 man.Sv), that was one of the best records in Sta. M* de
Garofia NPP.

The last years levelling trend for occupational exposures in Swedish BWR nuclear power
stations is changed into a rather upgoing trend. Of the work contributions to the increase in
occupational exposures the most significant events appears as follow:

Barsebick: Refueling outage for both units was prolonged for the same reason by 31
respective 44 days. This due to cracks in weldings, found during routine inspections, in the
residual or shutdown heat removal system. Resulting in replacement of pipings, pumps and
suspensions. The total outage dose increased a bit over 50% from original budget. Personnel
categories mainly effected by the dose increase due to unplanned work activities was the
mechanical team. But also the insulation, inspection and decontamination/cleaning teams
were effected as well by increased personnel dose.

Forsmark: Unit 1 and 2 are undergoing a modernisation program to secure future power
production and therefore the dose budget is a bit higher than for previous years. The dose
target for 1996 was 1.1 and 1.2 man.Sv per unit 1 and 2. Unit 2, overwrite their target by
25%, mainly caused by measures taken, due to crack indications found on both the RPW
head and the residual or shutdown heat removal system. About 40% of the collective dose
for both unit 1 and 2 is traceable to steam and turbine systems. Where the reason is .
increased dose rate caused by high moisture content in the steam. Unit 3 had a normal
refueling outage period with no exceptionals. The dose target, set to 1.3 man.Sv for the year,
was underpassed by 0.1 man.Sv.

Oskarshamn: Occupational exposure for all three units in Oskarshamn was 9,1 man.Sv.
About 6% of total reported occupational exposure for 1996 was acquired during unit 1’s
outage period, prolonging 64 days into the year of 1997. All three units are undergoing
continuos modernisation to secure future safe power production. Commonly this year’s
outage was modification of residual or shutdown heat removal system. With replacement of
isolation valves and operating devices as well as optimisation of system piping in order to
reduce future inspections.

Unit 1, most significant work contribution to dose, about 30%, was according to authorities
directions an increased inspection programme of the recirculation system and the shroud
head. Unit 2, modernisation by replacement of all cablings as well as conduits and to protect
cable and switch cabinets against water level movements inside containment. Quite a large
task that contributed to around 40% of unit 2s total collective dose of 5.4 man.Sv. Unit 3
outage was prolonged by eight days due to unplanned modification of core spray system
attachment inside RPV. This work contributed to a collective dose increase by about 40%.

Ringhals: Unit 1, about 25% of total refueling outage collective dose contributes to
preparatory work for the modernisation program starting at 1997 years outage. A
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modernisation program that includes replacement of connections, pipings and stellite valves
in the recirculation system and the residual or shutdown heat removal system. As well as
decontamination of those systems using LOMI method.

The trend for occupational exposures in Swedish PWR nuclear power stations is heading
down. For this years work contributions to the occupational exposures some of the most
significant events was:

Ringhals: Unit 2, reactor vessel head replacement, due to cracks found in the 1992 years
control rod penetrations. Work contribution to personnel dose was around 40% of total
refueling outage collective dose. Dose rates in the steam generator channel heads, replaced
in 1989, seems to have reached a steady state at a low level.

Unit 3, a 23 days short refueling outage period with no exceptionals. Dose rate in the SG
channel heads, one year after replacement, was considered low.

Unit 4, had a normal 28 days refueling outage without any exceptionals. The dose rates in
the steam generators (not replaced) are stable and still very low.
Switzerland:
Power production and refueling outages
Each of the five Swiss NPP’s at four sites had a normal refueling outage of standard

duration. No really large maintenance or modification work was scheduled at any plant,
resulting in a new record low set of collective doses for the calendar year:

Plant Person-Sv
Beznau I 0.52
Beznau II 0.68
Mulheberg 1.40
Gosgen 0.92
Leibstadt 1.96

The highest individual dose accumulated in Swiss NPP's was 15.2 mSv; showing that the
Swiss legal limit of 20 mSv in 1996 again posed no significant problem.

Developments in 1996

No significant regulation or safety requirement modifications were undertaken. With the
Swiss constitutional 10 years nuclear moratorium still running, no planning for new plants
could be undertaken but also no shutdown considerations for the mid term future were
followed.

Mid term developments

The start-up at the building site for national intermediate waste storage site (at

Whuerenlingen; adjoining the site of the research institute PSI and near the Beznau NPP) for
all types of waste was not influenced by the moratorium.
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The only significant new mid term work planned is the steam generator replacement
scheduled for 1999 at Beznau II.

United States:

In 1996, nuclear power plants in the USA focused on work management initiatives to reduce
refueling outage duration and operating costs. This focus was developed due to company-
wide programs to prepare for de-regulation and competition in the US energy market over
the next several years. Also, the success of specific US nuclear plants, e.g., Limerick and
Peach Bottom, in achieving shorter refueling outages for the past several cycles stimulated
other US plants to achieve similar outage goals. Recognizing the benefits of international
cooperation one reason for Limerick’s and Peach Bottom’s success in achieving shorter
refueling outages was the adoption of European approaches to work management and plant
maintenance.

The US plants with the shortest outages in 1996 are as follow :

Power plant Days man-mSv
Limerick, Unit 1 (1R06) 24.8 1529
Peach Bottom, Unit 2 19.45 1320
South Texas, Unit 1 22.6 1136

Some US nuclear power plants were shutdown for much of 1996 for extended maintenance
outages (improvements in the material condition of the plants before deregulation) and due
to regulatory requirements policy to reconcile operational practices with design basis
analyses and document prior to continued operations. An increasing trend in occupational
dose was observed in these plants due to more maintenance and inspection activities in the
radiological areas of the plants.

PWR Highlights

US pressurized water reactors implemented new shutdown chemistry protocols to reduce
occupational dose by stabilizing radiation fields during refueling outages. Steam generator
replacements continued in the US, both in actual execution and in development of future
steam generator replacement plans. Point Beach Unit 1 started their steam generator
replacement outage in the forth quarter of 1996 and finished in 1997. The total dose for
Point Beach Unit 1 for the steam generator replacement was 1880 person-mSv.

Commonwealth Edison Company’s Byron Nuclear Power Station developed plans to replace
steam generators in 1997 for Unit 2. The feasibility of steam generator replacement for
Commonwealth Edison Company’s Zion Nuclear Power Station was studied in 1996.

BWR Highlights

The US Boiling Water Reactor experience in 1996 included increased inspections of reactor
vessel internals for cracks. Many US plants are accelerating plans to implement hydrogen
water chemistry and depleted zinc injections to reduce adverse chemical environments for
reactor internals and to control radiation fields. Also, noble metals as a protective coating in
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reactor internals was tested at the Duane Arnold Nuclear Energy Center in Iowa with
promising results.

Health Physics Initiatives

Two technical topics being addressed by utility and regulatory health physicists in 1996
were skin dose limits for hot particles and effective dose equivalence studies. Research
studies were sponsored by industry and regulatory agencies to study dose effects of hot
particles on pigs skin. A scientific report is being prepared by the National Council on
Radiation Protection (NCRP). Opportunities for regulatory relief of hot particle skin dose
limits will be evaluated following the release of the NCRP report.

Effective dose equivalence studies have been conducted by Texas A & M University using
Monte Carlo computer analysis. Results of the studies show that placement of a single
dosimetry badge on the front upper body of an occupationally exposed worker provides
adequate monitoring for the worker’s dose. Implementation of these concepts will reduce the
need to issue multiple badge dosimetry packets to workers assigned to activities in radiation
areas of the power plant.

US utilities are implementing remote monitoring systems for key in-plant work areas such
as refueling floor, BWR drywell and radwaste areas. The worker is outfitted with several
electronic dosimeters which are capable of remotely transmitting their readouts to
centralized health physics control points. The control points are equipped with closed circuit
video monitors and electronic dosimeter readout monitors to track several crews dose
accumulation. Cellular phones/radios are also provided to facilitate communication between
the workers and the health physics control technicians. Remote monitoring programs reduce
the number of health physics technicians needed in field, potential provides closer
supervision of work in radiation areas and reduces person rem for the work force (e.g.,
health physics technicians).
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LIST OF ISOE PUBLICATIONS

ANNUAL REPORTS

e Nuclear Power Plant Occupational Exposures in OECD Countries 1969-1991,
(ISOE First Annual Report, OECD Nuclear Energy Agency, June 1993).

e Nuclear Power Plant Occupational Exposures in OECD Countries 1969-1992,
(ISOE Second Annual Report, OECD Nuclear Energy Agency, May 1994).

e Occupational Exposures at Nuclear Power Plant 1969-1993,
(ISOE Third Annual Report, OECD Nuclear Energy Agency, May 1995).

e Occupational Exposures at Nuclear Power Plant 1969-1994,
(ISOE Fourth Annual Report, OECD Nuclear Energy Agency, May 1996).

e Occupational Exposures at Nuclear Power Plant 1969-1995,
(ISOE Fifth Annual Report, OECD Nuclear Energy Agency, May 1997).

EXPERT GROUP REPORTS

Work Management in the Nuclear Power Industry — ISOE Expert Group on the Impact
of Work Management on Occupational Exposure, OECD Documents, 1997.

TOPICAL SESSIONS PROCEEDINGS

o Fuel Failures — Steam generator Replacements,
First ISOE Topical Sessions, OECD, Paris, December 1994."

¢ Electronic Dosimetry — Chemical Decontamination,
Second ISOE Topical Sessions, OECD, Paris, November 1995.

e Primary Water Chemistry and its Effects on Dosimetry — ALARA Training & Tools
Third ISOE Topical Sessions, OECD, Paris, October 1996.

REGIONAL TOPICAL SESSION PROCEEDINGS

e NARTC Workshop, Orlando, USA, 1997.
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INFORMATION SHEETS

From the Asian Regional Technical Centre:

Japanese Dosimetric Results: FY 1994 data— Asian ISOE Information Sheet No. 1,
October 1995.

Japanese Occupational Exposure during Periodical Inspection at LWRs ended in FY 1994 -
Asian ISOE Information Sheet No. 2, October 1995.

Japanese Dosimetric Results: FY 1995 data— Asian ISOE Information Sheet No. 3,
July 1996.

Japanese Occupational Exposure during Periodical Inspection at LWRs ended in FY 1995 -
Asian ISOE Information Sheet No. 4, July 1996.

Japanese Dosimetric Results: FY 1996 data— Asian ISOE Information Sheet No. 3,
September 1997.

Japanese Occupational Exposure during Periodical Inspection at LWRs ended in FY 1996 —
Asian ISOE Information Sheet No. 4, September 1997.

From the European Regional Technical Centre:

Occupational Exposure and Steam Generator Replacement

CEPN ISOE Information Sheet No. 1, April 1994.

The influence of reactor age and installed power on collective dose: 1992 data
CEPN ISOE Information Sheet No. 2, May 1994. :

First European Dosimetric Results: 1993 data

CEPN ISOE Information Sheet No. 3, June 1994.

Preliminary European Dosimetric Results for 1994

CEPN ISOE Information Sheet No. 4, June 1995.

Overview of the first three Full System Decontamination

CEPN ISOE Information Sheet No. 6, April 1996.

Preliminary European Dosimetric Results for 1995

CEPN ISOE Information Sheet No. 7, June 1996.

Reactor Vessel Closure Head Replacement

CEPN ISOE Information Sheet No. 9, December 1996.

Preliminary European Dosimetric Results for 1996

CEPN ISOE Information Sheet No. 10, June 1997.

“Annual individual doses distributions: data available and statistical biases”.
CEPN ISOE Information Sheet No. 11, September 1997.

“Occupational exposure and reactor vessel annealing”.

CEPN ISOE Information Sheet No. 12, September 1997.

From the IAEA, Non-NEA Members Regional Technical Centre:

ISOE Expert meeting
IAEA ISOE Information Sheet No. 1, October 1995.

From the North American Regional Technical Centre:

Swedish Approaches to Radiation Protection at Nuclear Power Plants
NARTC site visit report by Peter Knapp, July 1996.
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OTHER PUBLICATIONS

e “The International System on Occupational Exposure, ISOE — Status and Results for 19957,
T. Lazo, Proceedings of the IRPA9 International Congress on Radiation Protection, Vienna,

e 14-19 April 1996.

e “The International ISOE Programme — ISOE Asian Regional Technical Center Activities”,
H. Kawaguchi, Y. Shibata, N. Aiyoshi, Proceedings of the IRPA9 International Congress on
Radiation Protection, Vienna, 14-19 April 1996.

e “The International ISOE Programme — ISOE European Regional Technical Centre Activities”,
L. D'Ascenzo, P. Crouail et al., Proceedings of the IRPA9 International Congress on Radiation
Protection, Vienna, 14-19 April 1996.

e “The International ISOE Programme —ISOE North American Regional Technical Center
Activities”, D. Miller, Proceedings of the IRPA9 International Congress on Radiation Protection,
Vienna, 14-19 April 1996.

e “The International ISOE Programme — ISOE IAEA Technical Centre Activities”, M. Gustafsson,
Proceedings of the IRPA9 International Congress on Radiation Protection, Vienna, 14-19 April
1996.

Additionally, for publicising the ISOE Program:

e NEA/IAEA Information System on Occupational Exposure leaflet, OECD Nuclear Energy
Agency, April 1996.
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ANNEX 1

PARTICIPANTS IN THE NEA
INFORMATION SYSTEM ON OCCUPATIONAL EXPOSURE IN 1996
as of October 1997



Country

Belgium

Brazil

Canada

China

Czech Republic

Finland

France

UTILITIES
Operating Reactors

Utility

— Electrabel

— Furnas Centrais Eletricas SA

— Ontario Hydro

— Hydro Québec
— New Brunswick Electric Power
Company

— Guangdong Nuclear Power
Joint Venture Co., Ltd
— Qinshan Nuclear Power Co.

— Electrostation Dukovany

— Imatran Voima Oy
— Teollisuuden Voima Oy

— Electricité de France

Plant Name

Doel 1,2,3,4
Tihange 1, 2, 3

Angra 1

Bruce Al, A2, A3, A4
BS5, B6, B7, B8

Pickering Al, A2, A3, A4
B1, B2, B3, B4

Darlington 1,2, 3, 4

Gentilly 2

Point Lepreau

Guangdong 1, 2
Qinshan 1
Dukovany 1, 2, 3, 4

Loviisa 1,2
Olkiluoto 1, 2

Belleville 1, 2

Blayais 1, 2, 3,4
Bugey 2, 3, 4,5
Cattenom 1, 2, 3,4
Chinon B1, B2, B3, B4
Cruas 1,2,3,4
Dampierre 1, 2, 3, 4
Fessenheim 1, 2
Flamanville 1, 2
Golfech 1,2
Gravelines 1,2,3,4,5,6
Nogent 1, 2

Paluel 1, 2,3, 4

Penly 1, 2

Saint-Alban 1, 2

Saint Laurent B1, B2
Tricastin 1, 2, 3, 4



Country

Germany

Hungary

Japan

Utility

— Energie-Versorgung
Schwaben AG (EVS)

— Badenwerk AG (BW)/EVS

— Bayernwerk AG (BAG)

Plant Name

Obrigheim
Philippsburg 1, 2
Grafenrheinfeld

— BAG/Isar-Amperwerk AG (IAW) Isar 1
— Ostbayrische Energieversorgungs-AG/

Stadtwerke Miinchen
(BAG/IAW/OBAG/SWM)
— PreussenElektra AG (PE)

— Neckarwerke AG, TWS Stuttgart

— Hamburgische
Elektricitits-WerkeAG (HEW)

— HEW and PE

— RWE Energie AG

— Kernkraftwerke Gundremmingen
Betriebsgesellschaft mbH (KGB)

— Vereinigte Elektrizititswerke
Westfalen AG (VEW)

— Gemeinshaftskernkraftwerk
Grohnde GMBH

— Magyar Vilamos M vek Rt.
— Hokkaido Electric Power Co.

— Touhoku Electric Power Co.
- Tokyo Electric Power Co.

— Chubu Electric Power Cb.
— Hokuriku Electric Power Co.
— Kansai Electric Power Co.

— Chugoku Electric Power Co.
- Shikoku Electric Power Co.
— Kyushu Electric Power Co.

— Japan Atomic Power Co.

— Power Reactor and Nuclear

Isar 2

Unterweser

Brokdorf

Stade

Gemeinschschafts -
Kernkraftwerk Neckar,
Neckarwestheim (GKN) 1, 2

Brunsbiittel
Kriimmel,

Biblis A, B
Miilheim-Kirlich

Gundremmingen B, C
Emsland

Grohnde

PAKS 1,2,3,4

Tomarn 1, 2

Onagawa 1, 2

Fukushima Daiichi 1,2,3,4,5,6
Fukushima Daini 1,2,3,4
Kashiwazaki Kariwa 1,2,3,4,5,6,7
Hamaoka 1, 2, 3, 4

Shika

Mihama 1, 2, 3

Takahama 1, 2, 3, 4

Ohi 1,2,3,4

Shimane 1, 2

Ikatal,2,3

Genkai 1,2, 3,4

Sendai 1, 2

Tokai 1, 2

Tsuruga 1, 2

Fugen ATR

Fuel Development Corporation (PNC)
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Country

Korea

Lithuania
Mexico
Netherlands

Romania

Slovak Republic

Slovenia

South Africa

Spain

Sweden

Switzerland

Utility

— Korean Electric Power Corp.

— Minatomenergoprom

— Comision Federal de Electricidad

~N.V.EPZ

— National Electricity Company

— Electrostation Bohunica

— Nuklearna Elektrana Krsko

— Eskom

— UNESA

— Barsebick Kraft AB

— Forsmarks Kraftgrupp AB

- OKG AB
— Vattenfall AB

Plant Name

Wolsong 1
Kori1,2,3,4

Uljin 1, 2
Yonggwang 1,2, 3,4

Ignalina 1, 2
Laguna Verde 1, 2
Borssele

Cernavoda 1

Bohunica 1, 2, 3, 4

Krsko 1

Koeberg 1, 2

Almaraz 1, 2

Asco 1,2

Cofrentes

Santa Maria de Garona
Trillo

Vandellos 2

Jose Cabrera

Barsebick 1, 2
Forsmark 1, 2, 3
Oskarshamn 1, 2, 3
Ringhals 1, 2, 3, 4

— Kernkaftwerk Leibstadt AG (KKL) Leibstadt
— Forces Motrices Bernoises (FMB) Muhleberg

— Nordostschweizerische
kraftwerke AG (NOK)
— Kernkaftwerk Gosgen-Daniken

(KGD)

Beznau 1, 2

Gosgen



Country
United Kingdom

United States

Utility

— Nuclear Electric

— Arizona Public Service Co.

— Baltimore Gas & Electric
— Boston Edison Company
— Carolina Power and Light

— Commonwealth Edison Co.

— Consumers Energy Company

— General Public Utilities,

— Illinois Power Co.

— Indiana and Michigan

Power Company

— New York Power Authority
— Pacific Gas and Electric Company,
— Pennsylvania Power & Light

— PECo Energy

— South Carolina Electric & Gas
— Southern California Edison

— Texas Utilities

— Wisconson Electric Power Co.

71

Plant Name

Sizewell B

Palo Verde 1, 2,3
Calvert Cliffs 1, 2
Pilgrim 1

H. B. Robinson 2
Braidwood 1, 2
Byron 1, 2
Dresden 2, 3
LaSalle County 1, 2
Quad Cities 1, 2
Zion 1,2
Palisades 1

™I 1

Oyster Creek 1
Clinton 1

D.C.Cook 1,2
Indian Point 3
Diablo Canyon 1, 2
Susquehanna 1, 2

"~ Limerick 1, 2

Peach Bottom 2, 3
Virgil C. Summer 1
San Onofre 2, 3
Comanche Peak 1, 2
Point Beach 1, 2



UTILITIES
Definitively Shutdown Reactors

Country Utility Plant Name
France — Electricité de France Bugey 1
Chinon Al, A2, A3
Chooz A

St. Laurent Al, A2

Italy — Ente Nazionale per 'Energia Caorso
Elettrica Garigliano
Latina (GCR)
Trino
Germany — PreussenElektra AG (PE) Wiirgassen
Netherlands - NCGKN Dodewaard
Spain - UNESA Vandellos 1
United States — Southern California Edison San Onofre 1,
— General Public Utilities, TMI 2
— Commonwealth Edison Co. Dresden 1
— Pacific Gas and Electric Company Humboldt Bay 1
— PECo Energy Peach Bottom 1
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Belgium

Brazil

Canada

China

Czech Republic
Finland

France

Germany

Italy

Japan

Korea

Mexico

Netherlands
Romania
Slovak Republic
Slovenia

Spain

Sweden

Switzerland

United Kingdom

United States

REGULATORY AUTHORITIES

Service de la Sécurité Technique des Installations
National Nuclear Energy Commission

Atomic Energy Control Board (AECB)

China National Nuclear Corporation (CNNC)
State Office for Nuclear Safety
Siteilyturvakeskus (STUK)

Ministére du travail, et des affaires sociales, Represented
by the Office de Protection contre les Rayonnements
Ionisants (OPRI)

Bundesministerium Fiir Umwelt, Naturschutz und
Reactorsicherheit

Agenzia Nazionale per la Protezione dell'Ambiente
(ANPA)

Science and Technology Agency (STA), and Agency of
Natural Resources and Energy of the Ministry of
International Trade and Industry (MITI)

Ministry of Science and Technology (MOST)
Korea Institute of Nuclear Safety (KINS)

Comision Nacional de Seguridad Nuclear y
Salvaguardias

Ministerie van Sociale Zaken en Werkgelegenheld
National Commission for Nuclear Activities Control
State Health Institute

Slovenian Nuclear Safety Administration (SNSA)
Consejo de Segurigad Nuclear

Statens stralskyddsinstitut (SSI)

Office Fédéral de I'Energie, Division principale de la
Sécurité des Installations Nucléaires, DSN

Nuclear Installations Inspectorate

Nuclear Regulatory Commission (NRC)
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ISOE REGIONAL TECHNICAL CENTRES

European Region (ERTC) Centre d'étude sur l'évaluation de la protection dans le
domaine nucléaire (CEPN), Fontenay-aux-Roses, France

Asian Region (ARTC) Nuclear Power Engineering Corporﬁtion (NUPECQC),
Tokyo, Japan
North American Region (NARTC) University of Illinois, Champagne-Urbanna, Illinois,
US.A.
Non-NEA Countries (IAEARTC) International Atomic Energy Agency (IAEA), Vienna,
' Austria

COUNTRY - REGIONAL TECHNICAL CENTRE AFFILIATIONS

Country Regional Technical Centre
Belgium ERTC
Brazil IAEARTC
Canada NARTC
China IAEARTC
Czech Republic ERTC
Finland ERTC
France ERTC
Germany ERTC
Hongary ERTC
Italy ERTC
Japan ARTC
Korea ARTC
Lithuania IAEARTC
Mexico NARTC
Netherlands ERTC
Romania IAEARTC
Slovak Republic IAEARTC
Slovenia IAEARTC
South Africa IAEARTC
Spain ERTC
Sweden ERTC
Switzerland ERTC
United Kingdom ERTC
United States NARTC

INTERNATIONAL COOPERATION

¢ European Commission (EC)
e World Association of Nuclear Operators, Paris Centre (WANO PC)

74



Participation Summary

Operating Reactors Participating in ISOE

Country PWR BWR PHWR GCR LWGR Total
Belgium 7 - - - - 7
Brazil 1 - - - - 1
Canada - - 22 - - 22
China 3 - - - - 3
Czech Republic 4 - - - - 4
Finland 2 2 - — - 4
France 54 - - - - 54
Germany 14 6 - - - 20
Hungary 4 - - - - 4
Japan 23 28 - 1 - 52
Korea 10 - 1 - - 11
Lithuania - - - - 2 2
Mexico - 2 - - - 2
Netherlands 1 1 - - - 2
Slovak Republic 4 - - - - 4
Slovenia 1 - - - - 1
South Africa 2 - - - - 2
Spain 7 2 - - - 9
Sweden 3 9 - - - 12
Switzerland 3 2 - - - 5
United Kingdom 1 - - - - 1
United States 26 15 - - - 41
Total 170 67 23 1 2 263

Operating Reactors Not Participating in ISOE but Included in the ISOE Data Base

Country PWR BWR PHWR GCR LWGR Total
United Kingdom - - - 34 - 34
United States 46 22 - - - 68
Total 46 22 - 34 - 102

Total Number of Operating Reactors Included in the ISOE Data Base

PWR BWR PHWR GCR LWGRTotal
Total 216 89 23 35 2 365
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Definitively Shutdown Reactors Participating in ISOE

Country PWR BWR PHWR GCR Total
France 1 - - 6 7
Italy 1 2 - 1 4
Germany - 1 — - 1
United States 2 2 - 1 6
Total 4 5 - 8 18

Definitively Shutdown Reactors Not Participating in ISOE but Included in the ISOE Data Base

Country PWR BWR PHWR GCR Total
Canada - - 2 - ' 2
Germany - 2 - - )
United Kingdom - - - 6 6
United States 4 2 - 1 7
Total 4 4 2 7 17

Total Number of Definitively Shutdown Reactors Included in the ISOE Data Base

PWR BWR PHWR GCR Total

Total 8 9 2 15 35

Number of Utilities Officially Participating: 71
Number of Counries Officially Participating: 24
Number of Authorities Officially Participating: 21
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ANNEX 2
1986-1996 DATA FOR OPERATING REACTORS PER COUNTRY,
REGION AND TYPE OF REACTOR

1986-1996 data for operating reactors :
— by country and type of reactors,
— by region and type of reactors,
— by type of reactors for all NEA reactors.

Note that this year, for the first time, reactors which have been definitively shutdown and
gas cooled reactors are included in this Report. The following historical tables have thus been
adjusted, with respect to those published in last year’s ISOE Annual Reports, to include these new
classes of reactors. In the case of reactors which are definitively shutdown, these reactors and their
doses are included in these historical records only for those years in which the reactors were
operating.



- BELGIUM, PWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION ) DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 7 39.37 25.29 0.64 3.61
1987 7 4192 14.21 0.34 2.03
1988 7 43.09 17.63 0.41 2.52
1989 7 41.16 19.59 0.48 2.80
1990 7 42.72 11.73 0.27 1.68
1991 7 42.86 11.23 0.26 1.60
1992 7 43.46 8.45 0.19 1.21
1993 7 41.93 943 0.22 1.35
1994 7 40.62 6.84 0.17 0.98
1995 7 41.36 9.20 0.22 1.31
1996 7 43.34 6.42 0.15 0.92
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Annex 2: Operating Reactors

- BRAZIL, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 0.14 1.44 9.95 1.44
1987 1 0.97 0.27 0.28 0.27
1988 1 0.61 2.51 4.08 2.51
1989 1 1.85 1.45 0.78 1.45
1990 1 2.26 0.09 0.04 0.09
1991 1 1.44 1.02 0.70 1.02
1992 1 1.75 0.74 0.42 0.74
1993 1 041 2.24 543 2.24
1994 1 0.06 0.56 10.23 0.56
1995 1 2.52 0.42 0.17 0.42
1996 1 243 1.34 0.55 1.34
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| _Annex2: Operating Reactors

- CANADA, CANDU -

ANNUAL . AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 18 74.62 16.71 0.22 0.93
1987 19 80.60 18.13 0.22 0.95
1988 18 85.58 15.73 0.18 0.87
1989 18 83.23 16.72 0.20 0.93
1990 18 73.36 16.73 0.23 0.93
1991 19 88.38 12.15 0.14 0.64
1992 20 78.26 19.62 0.25 0.98
1993 22 94.57 16.42 0.17 0.75
1994 22 110.65 17.12 0.15 0.78
1995 22 100.29 26.28 0.26 1.19
1996 22 95.23 11.59 0.12 0.53
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((((((

— CHINA, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986
1987
1988
1989
1990
1991
1992
1993
1994 3 13.08 1.17 0.09 0.39
1995 3 12.84 2.69 0.21 0.90
1996 3 14.76 2.22 0.15 0.74
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Annex 2: Operating Reactors

— CZECH REPUBLIC, PWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR - REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 3 6.15 0.67 0.11 0.22
1987 4 10.70 1.17 0.11 0.29
1988 4 11.82 1.31 0.11 0.33
1989 4 12.42 1.60 0.13 0.40
1990 4 12.59 1.02 0.08 0.25
1991 4 12.13 1.27 0.10 0.32
1992 4 12.25 1.87 0.15 0.47
1993 4 12.63 1.79 0.14 045
1994 4 12.98 142 0.11 0.35
1995 4 12.23 1.69 0.14 0.42
1996 4 12.85 1.45 0.11 0.36
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| Annex2: Operating Reactors

— FINLAND, BWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 2 11.74 1.37 0.12 0.69
1987 2 11.80 1.73 0.15 0.87
1988 2 11.93 2.14 0.18 1.07
1989 2 11.30 2.80 0.25 1.40
1990 2 12.05 1.58 0.13 0.79
1991 2 12.05 1.40 0.12 0.70
1992 2 12.04 241 0.20 1.20
1993 2 12.25 1.60 0.13 0.80
1994 2 12.16 2.39 0.20 1.20
1995 2 11.68 1.10 0.09 0.55
1996 2 11.85 1.68 0.14 0.84

— FINLAND, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER ‘

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 2 7.04 2.64 0.37 1.32
1987 2 7.57 1.27 0.17 0.64
1988 2 7.34 1.76 0.24 0.88
1989 2 7.50 1.78 0.24 0.89
1990 2 6.90 2.82 041 1.41

1991 2 7.18 1.68 0.23 0.84
1992 2 6.96 3.29 0.47 1.64
1993 2 7.36 2.16 0.29 1.08
1994 2 6.97 2.33 0.33 1.17
1995 2 6.80 1.13 0.17 0.57
1996 2 7.18 2.64 0.37 1.32
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Annex 2: Operating Reactors

- FRANCE, GCR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 2 471 3.31 0.70 1.66
1987 4 6.54 5.56 0.85 1.39
1988 4 9.33 4.47 0.48 1.12
1989 4 6.15 2.56 0.42 0.64
1990 3 3.15 0.88 0.28 0.29
1991 2 4.00 0.95 0.24 0.48
1992 2 2.59 0.34 0.13 0.17
1993 1 1.64 0.14 0.09 0.14

-~ FRANCE, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1985 32 197.78 61.57 0.31 1.92
1986 38 235.37 86.64 0.37 2.28
1987 44 255.05 84.89 0.33 1.93
1988 47 261.91 82.80 0.32 1.76
1989 49 295.25 101.70 0.34 2.08
1990 49 300.33 115.12 0.38 2.35
1991 52 324.99 125.28 0.39 2.41
1992 52 330.41 122.53 0.37 2.36
1993 53 364.17 108.44 0.30 2.04
1994 54 358.48 93.83 0.26 1.74
1995 54 375.17 88.05 0.23 1.63
1996 54 393.6 8591 0.22 1.59
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. Annex 2: Operating Re

- GERMANY, BWR -

tors

: ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 7 50.14 22.07 0.44 3.15
1987 7 50.82 16.41 0.32 2.34
1988 7 47.52 17.41 0.37 2.49
1989 7 47.28 18.46 0.39 2.64
1990 7 43.72 16.23 0.37 2.32
1991 7 47.17 15.10 0.32 2.16
1992 7 46.95 14.50 0.31 2.07
1993 7 37.79 17.10 0.45 2.44
1994 7 35.56 15.07 0.42 2.15
1995 6 45.09 8.22 0.18 1.37
1996 6 46.72 8.60 0.18 1.43
— GERMANY, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 9 65.56 30.70 0.47 341
1987 11 78.53 30.73 0.39 2.79
1988 13 96.59 35.24 0.36 2.71
1989 13 92.27 34.09 0.37 2.62
1990 14 103.52 24.38 0.24 1.74
1991 14 100.28 31.67 0.32 2.26
1992 14 111.89 27.66 0.25 1.98
1993 14 115.63 20.27 0.18 1.45
1994 14 115.18 31.51 0.27 2.25
1995 14 109.87 27.96 0.25 2.00
1996 14 115.77 23.30 0.20 1.66
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. Annex2: Operating Reactors

- HUNGARY, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION |. COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 2 6.66 1.04 0.16 0.52
1987 3 9.88 2.14 0.22 0.71
1988 4 13.45 1.73 0.13 0.43
1989 4 13.89 2.31 0.17 0.58
1990 4 13.73 3.36 0.24 0.84
1991 4 13.73 2.60 0.19 0.65
1992 4 13.96 2.75 0.20 0.69
1993 4 13.80 1.87 0.14 0.47
1994 4 14.05 1.58 0.11 0.39
1995 4 14.03 2.23 0.16 0.56
1996 4 12.82 2.53 0.20 0.63
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" _Annex 2: Operating Reactors

-ITALY, BWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 5.46 2.25 0.41 2.25
-ITALY, GCR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 1.19 0.29 0.25 0.29
-ITALY, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 2.11 0.31 0.15 0.31
1987 1 0.17 1.75 10.05 1.75

87




- JAPAN, BWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 18 87.15 64.17 0.74 3.57
1987 18 100.30 63.14 0.63 3.51
1988 19 99.04 55.99 0.57 2.95
1989 21 95.20 55.96 0.59 2.66
1990 21 115.35 50.19 0.44 2.39
1991 21 119.41 36.51 0.31 1.74
1992 24 117.69 37.59 0.32 1.57
1993 25 133.36 55.60 0.42 222
1994 26 147.24 41.15 0.28 1.58
1995 26 163.58 40.41 0.25 1.55
1996 28 171.01 44.79 0.26 1.60

— JAPAN, GCR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 0.92 0.91 0.99 0.91
1987 1 0.79 1.07 1.36 1.07
1988 1 0.84 0.85 1.01 0.85
1989 1 0.77 0.66 0.86 0.66
1990 1 0.95 0.56 0.59 0.56
1991 1 0.89 0.55 0.62 0.55
1992 1 1.08 0.45 0.42 0.45
1993 1 0.00 0.30 0.30
1994 1 0.98 0.23 0.23 0.23
1995 1 0.88 0.39 0.44 0.39
1996 1 1.05 0.39 0.37 0.39
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Annex 2: Operating Reactors

- JAPAN, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 16 78.79 36.90 0.47 2.31
1987 16 85.52 30.61 0.36 1.91
1988 17 77.74 3591 0.46 2.11
1989 17 85.89 30.77 0.36 1.81
1990 18 85.11 31.19 0.37 1.73
1991 19 91.87 20.80 0.23 1.09
1992 20 97.83 25.50 0.26 1.28
1993 21 106.50 30.75 0.29 1.46
1994 22 115.59 23.55 0.20 1.07
1995 22 123.89 25.52 0.21 1.16
1996 23 123.40 23.82 0.19 1.04
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- KOREA, CANDU -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 474 1.84 0.39 1.84
1987 | 5.52 0.56 0.10 0.56
1988 1 473 1.69 0.36 1.69
1989 1 5.41 0.71 0.13 0.71
1990 1 5.11 1.17 0.23 1.17
1991 1 5.42 0.56 0.10 0.56
1992 1 5.18 1.60 0.31 1.60
1993 1 5.99 0.49 0.08 0.49
1994 1 491 2.80 0.57 2.80
1995 1 4.97 2.17 0.44 2.17
1996 1 4.83 2.99 062 2.99

- KOREA, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 5 2248 10.40 0.46 2.08
1987 6 32.52 11.76 0.36 1.96
1988 7 35.37 29.24 0.83 4.18
1989 8 41.95 19.18 0.46 2.40
1990 8 47.78 18.13 0.38 227
1991 8 50.89 8.28 0.16 1.03
1992 8 51.35 12.46 0.24 1.56
1993 8 52.14 13.13 0.25 1.64
1994 8 53.40 9.48 0.18 1.18
1995 9 58.99 10.69 0.18 1.19
1996 10 68.18 8.85 0.13 0.88
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Annex 2: Operating Reactors

- LITHUANIA, LWGR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 9.88 8.14 0.82 8.14
1987 2 9.18 13.12 1.43 6.56
1988 2 12.81 21.80 1.70 10.90
1989 2 16.65 7.73 0.46 3.87
1990 2 17.03 10.39 0.61 5.20
1991 2 17.00 13.13 0.77 6.57
1992 2 14.64 22.63 1.55 11.32
1993 2 12.26 17.25 1.41 8.63
1994 2 7.71 16.24 2.11 8.12
1995 2 11.82 13.93 1.18 6.96
1996 2 14.14 15.10 1.07 7.55
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| Annex 2: Operating Reactors

— MEXICO, BWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER
IN OPERATION ' DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986
1987
1988
1989
1990
1991 1 4.24 5.14 1.21 5.14
1992 1 392 5.44 1.39 5.44
1993 1 4.92 1.96 0.40 1.96
1994 1 4.24 6.03 1.42 6.03
1995 2 7.85 5.93 0.76 2.96
1996 2 7.88 16.16 2.05 8.08
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. Annex 2: Operating Reactors

- NETHERLANDS, BWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) {(man.Sv)
1986 1 0.43 2.12 491 2.12
1987 1 0.44 2.49 5.72 2.49
1988 1 0.46 1.34 2.92 1.34
1989 1 0.38 1.46 3.81 1.46
1990 1 0.43 0.76 1.75 0.76
1991 1 0.43 1.03 2.40 1.03
1992 1 0.44 0.86 1.97 0.86
1993 1 0.46 1.13 2.48 1.13
1994 i 0.42 0.85 2.05 0.85
1995 1 0.42 1.01 2.40 -1.01
1996 1 0.42 0.99 2.35 0.99

- NETHERLANDS, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 3.78 1.96 0.52 1.96
1987 1 3.12 2.66 0.85 2.66
1988 1 322 348 1.08 348
1989 1 3.63 2.45 0.67 2.45
1990 1 3.07 1.77 0.58 1.77
1991 1 2.90 2.02 0.70 2.02
1992 1 3.36 1.25 0.37 1.25
1993 1 3.49 1.17 0.34 1.17
1994 1 3.53 1.82 0.51 1.82
1995 1 3.60 0.97 0.27 0.97
1996 1 3.52 1.11 0.32 1.11
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Annex 2: Operating Reactors

- SLOVAK REPUBLIC, PWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 4 11.72 1.97 0.17 0.49
1987 4 11.51 2.57 0.22 0.64
1988 4 11.47 344 0.30 0.86
1989 4 12.16 1.94 0.16 0.49
1990 4 12.04 1.24 0.10 0.31
1991 4 11.69 2.31 0.20 0.58
1992 4 11.05 3.70 0.34 0.93
1993 4 11.02 3.15 0.29 0.79
1994 4 12.14 1.54 0.13 0.39
1995 4 11.44 1.66 0.14 0.41
1996 4 11.26 2.73 0.24 0.68
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' Annex 2: Operating Reactors

— SLOVENIA, PWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 4.02 1.61 0.40 1.61
1987 1 4.49 1.49 0.33 1.49
1988 1 4.14 1.70 041 1.70
1989 1 4.69 1.33 0.28 1.33
1990 1 4.62 2.03 0.44 2.03
1991 1 4.95 0.31 0.06 0.31
1992 1 3.97 2.14 0.54 2.14
1993 1 3.96 1.67 042 1.67
1994 1 4.61 0.84 0.18 0.84
1995 1 478 1.40 0.29 1.40
1996 1 4.56 1.79 0.39 1.79
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— SOUTH AFRICA, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 2 9.32 1.69 0.18 0.85
1987 2 6.60 2.96 0.45 1.48
1988 2 11.10 1.69 0.15 0.85
1989 2 11.73 1.14 0.10 0.57
1990 2 8.94 2.52 0.28 1.26
1991 2 9.70 1.64 0.17 0.82
1992 2 9.88 1.49 0.15 0.75
1993 2 7.75 3.07 0.40 1.54
1994 2 10.28 1.61 0.16 0.81
1995 2 11.92 1.40 0.12 0.70
1996 2 12.37 2.22 0.18 1.11
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 Annex 2: Operating Reactors

— SPAIN, BWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 2 10.50 1.93 0.18 0.97
1987 2 9.87 10.82 1.10 541
1988 2 10.25 11.68 1.14 5.84
1989 2 11.01 4.99 0.45 2.49
1990 2 10.02 10.20 1.02 5.10
1991 2 11.13 6.85 0.62 3.42
1992 2 10.83 8.13 0.75 4.07
1993 2 11.11 5.59 0.50 2.79
1994 2 10.55 7.88 0.75 3.94
1995 2 12.47 1.03 0.08 0.52
1996 2 11.31 6.71 0.59 3.36

— SPAIN, GCR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 3.08 0.20 0.06 0.20
1987 1 3.13 0.53 0.17 0.53
1988 1 3.16 0.38 0.12 0.38
1989 1 2.54 0.16 0.06 0.16
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— SPAIN, PWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 5 23.88 16.42 0.69 3.28
1987 5 28.21 14.35 0.51 2.87
1988 6 33.87 16.11 0.48 2.69
1989 7 42.58 15.35 0.36 2.19
1990 7 44.24 15.52 0.35 222
1991 7 44 .45 13.12 0.30 1.87
1992 7 44.94 14.14 0.31 2.02
1993 7 44.46 9.56 0.21 1.37
1994 7 44.78 12.38 0.28 1.77
1995 7 42.50 14.85 0.35 2.12
1996 7 45.01 10.29 0.23 1.47
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 Annex2: Operating Reac

- SWEDEN, BWR -

ANNUAL AVERAGE AVERAGE

NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 9 53.26 11.06 0.21 1.23
1987 9 50.48 10.47 0.21 1.16
1988 9 51.48 12.47 0.24 1.39
1989 9 49.74 9.71 0.20 1.08
1990 9 49.85 11.21 0.22 1.25
1991 9 56.67 10.31 0.18 1.15
1992 9 44 31 15.94 0.36 1.77
1993 9 44.12 23.58 0.53 2.62
1994 9 51.89 15.42 0.30 1.71
1995 9 51.21 15.05 0.29 1.67
1996 9 54.70 20.94 0.38 2.33

— SWEDEN, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 3 16.70 5.99 0.36 ‘ 2.00
1987 3 16.88 4.39 0.26 1.46
1988 3 17.93 4.35 0.24 1.45
1989 3 15.86 5.92 0.37 1.97
1990 3 18.34 3.15 0.17 1.05
1991 3 20.09 2.53 0.13 0.84
1992 3 18.17 3.36 0.18 1.12
1993 3 16.47 2.56 0.16 0.85
1994 3 20.32 1.91 0.09 0.64
1995 3 18.10 2.93 0.16 0.98
1996 3 19.84 1.98 0.10 0.66
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. Annex2: Operating Reactors

-~ SWITZERLAND, BWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 2 9.82 13.67 1.39 6.84
1987 2 10.36 5.05 0.49 2.52
1988 2 10.00 6.13 0.61 3.06
1989 2 10.17 5.76 0.57 2.88
1990 2 10.61 4.09 0.39 2.05
1991 2 9.99 423 0.42 2.12
1992 2 10.49 3.93 0.37 1.97
1993 2 10.44 342 0.33 1.71
1994 2 10.14 4.63 0.46 2.31
1995 2 10.88 3.14 0.29 1.57
1996 2 10.89 3.36 0.31 1.68

- SWITZERLAND, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 3 12.65 6.60 0.52 2.20
1987 3 12.55 8.51 0.68 2.84
1988 3 12.69 5.38 0.42 1.79
1989 3 12.59 6.54 0.52 2.18
1990 3 12.99 4.06 0.31 1.35
1991 3 12.91 4.82 0.37 1.61
1992 3 12.92 4.58 0.35 1.53
1993 3 12.87 4.69 0.36 1.56
1994 3 14.11 2.37 0.17 0.79
1995 3 13.86 2.46 0.18 0.82
1996 3 14.13 2.12 0.15 0.71
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— UNITED KINGDOM, GCR -

| Annex 2: Operating Reactors

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 36 57.14 27.00 0.47 0.75
1987 36 54.11 23.38 043 0.65
1988 38 60.02 22.27 0.37 0.59
1989 39 70.17 21.17 0.30 0.54
1990 36 65.66 18.74 0.29 0.52
1991 36 69.77 16.51 0.24 0.46
1992 34 77.51 14.83 0.19 0.44
1993 34 89.76 12.98 0.14 0.38
1994 34 88.96 10.41 0.12 0.31
1995 34 83.80 9.71 0.12 0.29
1996 34 86.01 8.65 0.10 0.25
- UNITED KINGDOM, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995 1 5.11 0.03 0.01 0.03
1996 1 8.48 0.53 0.06 0.53
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| Annex2: Operating Reactors

- USA, BWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) {(man.Sv)
1986 30 106.01 195.15 1.84 6.51
1987 33 132.50 169.39 1.28 5.13
1988 34 146.39 179.87 1.23 5.29
1989 36 153.68 155.48 1.01 4.32
1990 36 179.35 157.80 0.88 438
1991 37 194.39 120.05 0.62 3.24
1992 37 180.65 133.09 0.74 3.60
1993 37 193.67 121.91 0.63 3.29
1994 37 193.93 121.00 0.62 3.27
1995 37 216.70 95.15 0.44 2.57
1996 37 213.85 93.19 0.44 2.52

- USA, GCR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 85.40 0.02 0.00 0.02
1987 1 208.22 0.01 0.00 0.01
1988 1 718.18 0.01 0.00 0.01
1989 1 576.25 0.03 0.00 0.03
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_Annex 2: Operating Reactors

- USA, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE . REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 58 292.29 220.93 0.76 3.81
1987 63 326.69 224.15 0.69 3.56
1988 67 376.45 218.70 0.58 3.26
1989 71 390.70 203.81 0.52 2.87
1990 72 411.37 207.99 0.51 2.89
1991 74 454.72 165.22 0.36 2.23
1992 73 469.37 160.00 0.34 2.19
1993 72 44791 140.50 0.31 1.95
1994 72 478.47 96.24 0.20 1.34
1995 72 494 .35 124.56 0.25 1.73
1996 72 487.57 93.65 0.19 1.30
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— ASIA, PWR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 21 101.27 47.30 0.47 2.25
1987 22 118.04 42.37 0.36 1.93
1988 24 113.11 65.15 0.58 2.71
1989 25 127.85 49.95 0.39 2.00
1990 26 132.89 49.32 0.37 1.90
1991 27 142.76 29.08 0.20 1.08
1992 28 149.18 37.96 0.25 1.36
1993 29 158.64 43.88 - 028 1.51
1994 30 168.99 33.03 0.20 1.10
1995 31 182.88 36.21 0.20 1.17
1996 33 191.58 32.67 0.17 0.99

— ASIA, ALL TYPES OF REACTORS -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 41 194.08 114.22 0.59 2.79
1987 42 224.65 107.14 0.48 2.55
1988 45 217.72 123.68 0.57 2.75
1989 48 229.23 107.27 0.47 2.23
1990 49 254.30 101.24 0.40 2.07
1991 50 . 268.49 66.70 0.25 1.33
1992 54 273.13 77.60 0.28 1.44
1993 56 298.00 100.27 0.34 1.79
1994 58 322.12 77.21 0.24 1.33
1995 59 352.31 79.18 0.22 1.34
1996 63 368.47 80.83 0.22 1.28
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— EUROPE, BWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) {(man.Sv)
1986 24 141.35 54.46 0.39 2.27
1987 23 133.76 46.96 0.35 2.04
1988 23 131.65 51.16 0.39 2.22
1989 23 129.87 43.19 0.33 1.88
1990 23 126.68 44.06 0.35 1.92
1991 23 137.43 38.92 0.28 1.69
1992 23 125.06 45.78 0.37 1.99
1993 23 ©116.17 52.42 0.45 2.28
1994 23 120.72 46.25 0.38 2.01
1995 22 131.76 29.56 0.22 1.34
1996 22 135.90 4228 0.31 1.92
— EUROPE, GCR -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 40 66.11 30.80 0.47 0.77
1987 41 63.78 29.47 0.46 0.72.
1988 43 72.52 27.12 0.37 0.63
1989 44 78.86 23.89 0.30 0.54
1990 39 68.81 19.62 0.29 0.50
1991 38 73.77 17.46 0.24 0.46
1992 36 80.11 15.17 0.19 0.42
1993 35 91.41 13.12 0.14 0.37
1994 34 88.96 10.41 0.12 0.31
1995 34 83.80 9.71 0.12 0.29
1996 34 86.01 8.65 0.17 0.30
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 Annex 2: Operating Reactors

- EUROPE, PWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 74 419.26 178.30 043 2.41
1987 84 464.58 166.06 0.36 1.98
1988 90 501.89 169.81 0.34 1.89
1989 93 537.15 191.31 0.36 2.06
1990 94 558.42 182.91 0.33 1.95
1991 97 581.51 196.23 0.34 2.02
1992 97 598.31 189.87 0.32 1.96
1993 98 632.81 161.93 0.26 1.65
1994 99 631.01 155.98 0.25 1.58
1995 100 642.62 151.52 0.24 1.52
1996 100 676.53 138.27 0.20 1.38

Czech Republic and Hungary have been added in the European region.

- EUROPE, ALL TYPES OF REACTORS -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 138 626.72 263.56 0.42 1.91
1987 148 662.13 242.49 0.37 1.64
1988 156 706.06 248.08 0.35 1.59
1989 160 745.88 258.38 0.35 1.61
1990 156 753.91 246.59 0.33 1.58
1991 158 792.72 252.61 0.32 1.60
1992 156 803.48 250.81 0.31 1.61
1993 156 840.38 227.46 0.27 1.46
1994 156 840.69 212.64 0.25 1.36
1995 156 858.18 190.78 0.22 1.22

1996 156 898.44 189.19 0.21 121
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— NORTH AMERICA, BWR -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 30 106.01 195.15 1.84 6.51
1987 33 132.50 169.39 1.28 5.13
1988 34 146.39 179.87 1.23 5.29
1989 36 153.68 155.48 1.01 4.32
1990 36 179.35 157.80 0.88 4.38
1991 38 198.63 125.19 0.63 3.29
1992 38 184.56 138.53 0.75 3.65
1993 38 198.59 123.87 0.62 3.26
1994 38 198.17 127.03 0.64 3.34
1995 39 224.55 101.34 0.45 2.60
1996 39 221.72 109.35 0.49 2.80

— NORTH AMERICA, ALL TYPES OF REACTORS -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 107 558.33 432.81 0.78 4.04
1987 116 748.01 411.68 0.55 3.55
1988 120 1326.60 414.31 0.31 345
1989 126 1203.87 376.04 0.31 2.98
1990 126 664.08 382.52 0.58 3.04
1991 131 908.23 302.56 0.33 2.31
1992 131 732.20 318.15 0.43 243
1993 132 741.08 280.79 0.38 2.13
1994 132 787.29 240.39 0.31 1.82
1995 133 819.19 251.79 0.31 1.89
1996 133 804.53 214.59 0.27 1.61
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g G e i inex 2: - Operating Reactors

— ALL BWR REACTORS -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 72 334.51 313.78 0.94 4.36
1987 74 366.56 279.49 0.76 378
1988 76 377.07 287.02 0.76 3.78
1989 80 378.76 254.63 0.67 3.18
1990 80 421.39 252.05 0.60 3.15
1991 82 455.48 200.62 0.44 245
1992 85 427.31 221.90 0.52 2.61
1993 86 448.13 231.88 0.52 2.70
1994 87 466.13 214.43 0.46 2.46
1995 87 519.88 171.04 0.33 1.97
1996 89 528.63 196.42 0.37 2.21

— ALL CANDU REACTORS -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE | DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 19 79.36 18.55 0.23 0.98
1987 20 86.13 18.69 0.22 0.93
1988 19 90.32 17.42 0.19 0.92
1989 19 88.65 17.42 0.20 0.92
1990 19 78.47 17.90 0.23 0.94
1991 20 93.79 12.71 0.14 0.64
1992 21 83.44 21.22 0.25 1.01
1993 23 100.57 16.91 0.17 0.74
1994 23 115.56 19.92 0.17 0.87
1995 23 105.27 28.45 0.27 1.24
1996 23 100.06 14.58 0.15 0.63
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— ALL GCR REACTORS -

: ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 42 152.43 31.73 0.21 0.76
1987 43 272.80 30.55 0.11 0.71
1988 45 791.54 27.97. 0.04 0.62
1989 46 655.88 24.57 0.04 053
1990 40 69.76 20.18 0.29 0.50
1991 39 74.67 18.01 0.24 0.46
1992 37 81.19 15.62 0.19 0.42
1993 36 9141 13.42 0.15 0.37
1994 35 89.94 10.64 0.12 0.30
1995 35 84.68 10.10 0.12 0.29
1996 35 87.06 9.04 0.10 0.26
— ALL PWR REACTORS -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
. (TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 161 838.03 453.23 0.54 2.82
1987 177 932.89 439.87 0.47 2.49
1988 189 1018.78 463.00 0.45 2.45
1989 197 1086.12 450.92 0.42 2.29
1990 200 1130.54 446.09 0.39 2.23
1991 206 1206.77 395.81 0.33 1.92
1992 206 1243.51 395.90 0.32 1.92
1993 207 1262.53 356.43 0.28 1.72
1994 212 1318.63 290.98 0.22 1.37
1995 214 1363.35 319.86 0.23 1.49
1996 216 1401.08 274 .88 0.20 1.27
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_ Annex 2:  Operating Reactors

— NON-NEA, PWR REACTORS -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 8 25.20 6.70 0.27 0.84
1987 8 23.58 7.28 0.31 - 0.91
1988 8 27.33 9.34 0.34 1.17
1989 8 30.42 5.86 0.19 0.73
1990 8 27.86 5.88 0.21 0.73
1991 8 27.78 5.28 0.19 0.66
1992 8 26.65 8.07 0.30 1.01
1993 -8 23.17 10.13 0.44 1.27
1994 11 40.16 5.73 0.14 0.52
1995 11 43.49 1.57 0.17 0.69
1996 11 45.39 10.30 0.23 0.94
— NON-NEA, LWGR REACTORS -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE
YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER
IN OPERATION DOSE REACTOR
(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 1 9.88 8.14 0.82 8.14
1987 2 9.18 13.12 1.43 6.56
1988 2 12.81 21.80 1.70 10.90
1989 2 16.65 7.73 0.46 3.87
1990 2 17.03 10.39 0.61 5.20
1991 2 17.00 13.13 0.77 6.57
1992 2 14.64 22.63 1.55 11.32
1993 2 12.26 17.25 1.41 8.63
1994 2 7.71 16.24 2.11 8.12
1995 2 11.82 13.93 1.18 6.96
1996 2 14.14 15.10 1.07 7.55

110




| Annex2: Operating Reactors

—~NEA, ALL TYPES OF REACTORS -

ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 286 1379.13 810.58 0.59 2.83
1987 306 1634.79 761.31 0.47 249
1988 321 2250.38 786.07 0.35 245
1989 334 2178.98 741.69 0.34 2.22
1990 331 1672.29 730.34 0.44 2.21
1991 339 1802.93 621.87 0.34 1.83
1992 341 1808.80 646.56 0.36 1.90
1993 344 1879.46 608.52 0.32 1.77
1994 346 1950.09 530.24 0.27 1.53
1995 348 2029.68 521.89 0.26 1.50
1996 352 2071.44 484.61 0.23 1.38

—~ NON-NEA, ALL TYPES OF REACTORS -

‘ ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 9 35.08 14.84 0.42 1.65
1987 10 32.76 20.40 0.62 2.04
1988 10 40.14 31.14 0.78 3.11
1989 10 47.07 13.59 0.29 1.36
1990 10 44.89 16.27 0.36 1.63
1991 10 44.78 18.41 0.41 1.84
1992 10 41.28 30.70 0.74 3.07
1993 10 35.43 27.38 0.77 2.74
1994 13 47.86 21.97 0.46 1.69
1995 13 55.31 21.50 0.39 1.65
1996 13 59.53 25.40 0.43 1.95
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| Annex2: Operating Reactors

— ALL TYPES OF REACTORS -
ANNUAL AVERAGE AVERAGE
NUMBER OF GROSS TOTAL COLLECTIVE COLLECTIVE

YEAR REACTORS PRODUCTION COLLECTIVE DOSE PER TWH DOSE PER

IN OPERATION DOSE REACTOR

(TWh) (man.Sv) (man.Sv/TWh) (man.Sv)
1986 295 1414.21 825.42 0.58 2.80
1987 316 1667.55 781.71 0.47 247
1988 331 2290.51 817.21 0.36 2.47
1989 344 2226.05 755.28 0.34 2.20
1990 341 1717.18 746.61 0.43 2.19
1991 349 1847.71 640.28 0.35 1.83
1992 351 1850.08 677.26 0.37 1.93
1993 354 1914.89 635.90 0.33 1.80
1994 359 1997.96 552.21 0.28 1.54
1995 361 2084.99 543.38 0.26 1.51
1996 365 2130.97 510.02 0.24 1.40

112



