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Pridobivanje dovoljenj za zamenjavo

uparjalnikov in povecanje moc¢i JE Krsko

Integrated Licensing of the Steam Generators’ Replacement
and Uprating at the Krsko Nuclear Power Plant
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Namen prispevka je predstaviti poglavitne znacilnosti postopka pridobivanja dovoljenj za posege, ki
potekajo zadnja tri leta in vplivajo na jedrsko varnost. Sedanja slovenska zakonodaja temelji predvsem na
zakonih in pravilnikih, ki jih je v osemdesetih letih izdala nekdanja Jugoslavija in ki so po osamosvojitvi leta
1991 ostali veljavni v Republiki Sloveniji. V prispevku je pregled zakonov in pravilnikov, ki zadevajo postopke
pridobivanja dovoljenj za JE Krsko. Celoten postopek pridobivanja dovoljenj za projekt zamenjave uparjalnikov
in povecanje moci lahko razdelimo na dve skupini:

— postopki pridobivanja dovoljenj za posege, ki vplivajo na jedrsko varnost ter

— postopki pridobivanja dovoljenj za posege, ki ne vplivajo na jedrsko varnost.

© 2000 Strojniski vestnik. Vse pravice pridrzane.

(Kljucne besede: pridobivanje dovoljenj, specifikacije tehni¢ne, poro¢ila varnostna, okna obratovalna)

The aim of this paper is to outline the most important parts of the nuclear safety licensing process,
which has been pursued continuously during the last three years. The present Slovenian regulatory system is
essentially based on the laws and regulations which were passed in the 1980s by the former Yugoslavia and
have remained in force in the Republic of Slovenia following its independence in 1991. The paper reviews the
laws and regulations applicable to the licensing of Krsko nuclear power plant (NPP). The integrated licensing
process of the steam generators’ replacement and the uprating at Krsko NPP can be divided into two groups:

— nuclear-safety-related licensing process,
— non-nuclear licensing process.

© 2000 Journal of Mechanical Engineering. All rights reserved.
(Keywords: licensing procedure, technical specifications, safety analysis reports, operating windows)

0 UVOD

JE Krsko je ena izmed zadnjih tlacnovodnih
jedrskih elektrarn v Evropi, zgrajenih po zahodni
tehnologiji, ki se je odlocila za zamenjavo sedanjih
uparjalnikov ter dvig povecanje moci hkrati.
Elektrarna ima dovoljenje za delovanje pri polni moci
z najve¢ 18% zacepljenih cevi v obeh uparjalnikih.
Vendar pa se je v zadnjih desetih letih pokazalo, da
je vzdrzevanje zacepljenosti cevi znotraj navedenih
omejitev drag ter tudi Casovno potraten postopek.
Zaradi tega se je JEK odlocila za zamenjavo sedanjih
uparjalnikov. Novi, tehni¢no izbolj$ani uparjalniki,
omogocajo dvig povecanje moci za 6,3%: od 1882
MW, do 2000 MW . Najpomembnejsi parametri
sistema NSSS (jedrski uparjalni sistem) pred
povecanjem in po povecanju moci so prikazani v
preglednici 1.
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0 INTRODUCTION

Krsko NPP is one of the last European
pressurized-water reactor NPPs of western design
that has decided to replace the existing SGs and
perform the power uprating at the same time. Cur-
rently, the plant is licensed to operate at nominal
power with up to 18% of the tubes plugged in both
steam generators. However, maintaining the plug-
ging level below this limit during the last ten years
has proved to be a very expensive and time-con-
suming process. As a result, it was decided to re-
place the present steam generators. Better perfor-
mance of the new steam generators enables an in-
crease in the plant’s nominal power of 6.3%: from
1882 MW, to 2000 MW,. The most important pa-
rameters of the NSSS, before and after the power
uprating are summarized in Table 1.
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Projektni izracuni ter varnostne analize, ki
so bile izvedene, dokazujejo da:

- so novi uparjalniki zdruzljivi s sedanjo opremo
elektrarne in

- da elektrarna lahko varno deluje pri vecji moci z
enokovrednimi delovnimi ter varnostnimi omejitvami.

Omenjene analize prav tako razpoznavajo vse
potrebne spremembe v elektrarni in/ali delovne
omejitve, ki bi se lahko pokazale pri delovanju na vecji
moci. Analize so zbrane v obseznem paketu porocil,
ki je bil uporabljen kot temelj za spremembo licen¢ne
dokumentacije; ta je bila posredovana URSJV (Upravi
za jedrsko varnost R Slovenije) z namenom, da bi
pridobili obratovalno dovoljenje elektrarne z novimi
uparjalniki ter pri vecji moci.

Namen prispevka je predstaviti poglavitne
znacilnosti postopka pridobivanja dovoljenj za
posege, ki potekajo zadnja tri leta in vplivajo na
jedrsko varnost. Glede na posebnost zamenjave
uparjalnikov in poveCanja moci, je opisan upravni

Appropriate design and safety analyses were per-

formed to demonstrate that:

- the new steam generators are compatible with the
existing plant,

- that the plant can safely operate at higher power
with adequate operating and safety margins.

These analyses also identified all the
required modifications of the plant and/or operating
limitations that might be imposed at uprated power
conditions. They are documented in a comprehensive
set of reports which were used as the basis for the
changes in the licensing documentation and were
submitted to the SNSA in order to obtain an
operational permit for the plant with he new steam
generators and uprated power.

The aim of this paper is to outline the most
important parts of the nuclear safety licensing pro-
cess, which has been pursued continuously during
the last three years. The regulatory framework and
practice for nuclear-safety-related objects in Slovenia

Preglednica 1. Obratovalni parametri NSSS pri vecji moci in po zamenjavi uparjalnikov
Table 1. NSSS operating parameters related to the power uprating and SGs’ replacement

Parametri Parametri 16. Parametri 17.
Parameters gorivnega obdobja |gorivnega obdobja (po
Original zamenjavi SG ter
Design povecanju moci)
Cycle 16 SGs' Replacement and
Power Uprating
Cycle 17
Skupna mo¢ NSSS v MW, 1882 2000
NSSS Total Power in MW,
Reaktorska mo¢ v MW, 1876 1994
Reactor Power in MW,
Pretok za toplotni projekt sredice v m*/s 12,011 12,013
Thermal Design Flow in m*/s
Tlak reaktorskega hladila v MPa 15,5 15,5
Reactor-Coolant Pressure in MPa
Temperatura reaktorskega hladila v °C
Reactor-Coolant Temperature in °C
Temp. na ni¢elni moci v °C 291,7 291,7
Zero-Load Temperature in °C
Temp. izstopa iz sredice v °C 325,9 3274
Core Outlet Temperature in °C
Temp. izstopa iz posode v °C 3243 325,1
Vessel Outlet Temperature in °C
Povpreéna temp. sredice v °C 307,8 308,1
Core Average Temperature in °C
Povpreéna temp. posode v °C 305.9 305,7
Vessel Average Temperature in °C
Temp. vstopa v posodo/sredico v °C 287,5 286,2
Vessel/Core Inlet Temperature in °C
Temperatura pare v °C 279,2 279,3
Steam Temperature in °C
Tlak pare v MPa 6,34 6,48
Steam Pressure in MPa
Pretok pare v t/s 1,029 1,0896
Steam Flow in t/s
Temperatura napajalne vode v °C 221,1 219,4
Feedwater Temperature in °C
Skupna elektricna mo¢ v MW, 664,4 706,8
Gross Electrical Output in MW,
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okvir in praksa v Sloveniji pri objektih, ki so
pomembni za jedrsko varnost.

1 PREGLED ZAKONODAIJE PRIDOBIVANJA
DOVOLIJENJ ZA POSEGE, KI VPLIVAJO NA
JEDRSKO VARNOST

Sedanja slovenska zakonodaja temelji
predvsem na zakonih in pravilnikih, ki jih je v
osemdesetih letih izdala nekdanja Jugoslavija in ki
so po osamosvojitvi leta 1991 ostali veljavni v
Republiki Sloveniji. Naslednji zakoni in pravilniki
so uporabljeni pri procesu pridobivanja dovoljenj za
delovanje, izvajanje projektnih sprememb in zato tudi
sprememb SAR:

1. Zakon o varstvu pred ionizirajocimi sevanji in o

posebnih varnostnih ukrepih pri uporabi jedrske
energije (Uradni list SFRJ 62/84)
Zakon zahteva izdelavo preliminarnega varnostnega
porocila SAR za pridobitev gradbenega dovoljenja
objekta ter izdelavo koncnega SAR za pridobitev
obratovalnega dovoljenja. Omenjeni zakon podaja
temeljna nacela varnega obratovanja jedrskih
elektrarn. Med drugim zakon opredeljuje uporabo
domace zakonodaje ter tehni¢nih standardov. V
primeru, da domaca zakonodaja ni sprejeta, se sme
uporabiti tudi zakonodaja ter tehnicni standardi
drzave, od koder izvirajo, ¢e so potrjeni od
domacega upravnega organa (URSJV).

2. Pravilnik o izdelavi in vsebini varnostnega

porocila in druge dokumentacije, potrebne za
ugotavljanje varnosti jedrskih objektov (Uradni
list SFRJ 68/88)
Pravilnik podaja razlago vsebine SAR kot osnovne
dokumentacije, potrebne za ugotavljanje varnosti
jedrskega objekta. Varnostno porocilo mora biti med
obratovanjem dopolnjevano s podatki in analizami
o vseh spremembah, ki so nastale na jedrskem
objektu. Pravilnik nacrtuje tri kategorije sprememb
in dopolnitev kon¢nega SAR. Prva kategorija
predvideva obvescanje URSJV o izvedenih
spremembah po njihovi izvedbi. Druga kategorija
sprememb predvideva obvescanje URSJV pred
njihovo izvedbo. V tretjo kategorijo pa spadajo
spremembe, za katere je treba pri URSJV vloziti
prosnjo za dovoljenje za izvedbo. Natancnejsi
kriteriji ter navodila glede kategorizacije sprememb
v elektrarni in SAR sprememb pa niso podani.

3. Pravilnik o pogojih za lokacijo, graditev,
poskusno obratovanje, zagon in uporabo jedrskih
objektov (Uradni list SFRJ 52/88)

Pravilnik zahteva, da mora med obratovanjem
jedrskega objekta njegov uporabnik stalno spremljati
in analizirati stanje varnosti jedrskega objekta, pri
¢emer mora upostevati izkusnje drugih jedrskih
objektov in tehnoloskega razvoja. Pravilnik med
drugim zahteva, da je pri izvedbah sprememb
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are outlined, followed by the specifics of the steam
generator replacement and the plant’s uprating.

1 LEGISLATION FRAMEWORK
FOR NUCLEAR SAFETY
LICENSING

The present Slovenian regulatory system is
essentially based on the laws and regulations which
were issued in the 1980s by the former Yugoslavia
and have remained in force in the Republic of
Slovenia following its independence in 1991. The
following laws and regulations are applicable to the
licensing of the NPP’s operation, modifications of
its design and consequently the changes of the SAR:
1. Thelaw on Radiation Protection and the Safe Use

of Nuclear Energy (Off. Gaz. SFRJ, 62/84)

The law requires submission and acceptance of
the Preliminary SAR before the construction per-
mit is issued and submission and acceptance of
the final SAR to obtain an operating permit. The
law provides the general framework for the safe
operation of nuclear power plants. Among other
points, it states that national regulations and tech-
nical standards shall be applied and, when not
available, the regulations and technical standards
of the country of origin can be applied, if ap-
proved by the domestic regulatory organization
(SNSA).

2. Regulation on Safety Analysis Reports (Off. Gaz.

SFRJ, 68/88)
This regulation defines the SAR as the basic li-
censing document for nuclear installation with re-
spect to nuclear safety. The SAR shall be con-
tinually supplemented to appropriately address
all changes which have been implemented in the
nuclear power plant. Three categories of plant
changes, resulting in changes to the final SAR,
are established. The first category allows imme-
diate implementation of the change, followed by
notification to the SNSA. The second category
requires a notification to the SNSA before the
implementation of the change. The third category
requires an approval by the SNSA before the
change is implemented. However, detailed crite-
ria or guidance about the categorization of plant
and SAR changes are not given.

3. Regulation on Siting and Construction and Op-
eration of Nuclear Facilities (Off. Gaz. SFRJ, 52/
88)

This regulation requires that the licensee continu-
ously monitors and analyzes the level of nuclear
safety, with the experience of other nuclear fa-
cilities and new technological developments to
be taken into account. This regulation requires,
among other things, a mandatory independent
third-party evaluation of the proposed changes
to the TS. The TS is the most important chapter



J. épiler - T. Plestenjak: Pridobivanje dovoljenj -

neodvisnega vrednotenja pooblascene organizacije.
TS so najpomembne;jsi del SAR, saj definirajo
dovoljena obmocja vseh parametrov, pomembnih
za varnost elektrarne. Neodvisno vrednotenje lahko
izvede organizacija, ki je pooblasc¢ena od URSJV.
Za organizacijo izvedbe neodvisnega vrednotenja
je skladno z dogovorom z URSJV hkrati
odgovoren upravljalec jedrskega objekta.

2 POSTOPKI PRIDOBIVANJA DOVOLJENJ ZA
POSEGE, KI VPLIVAJO NA JEDRSKO
VARNOST TER NJIHOVO IZVAJANIJE V
SLOVENIJI

Podrobnejsa navodila glede postopkov
pridobivanja dovoljenj za izvajanje sprememb SAR
ter sprememb na jedrskem objektu (npr. glede
kriterija razvrstitve, vsebine dokumentacije,
neodvisnega pregleda) Se niso izdelane niti pri
upravnem organu niti pri upravljalcu. Zaradi tega
postopki pridobivanja dovoljenj v NEK temeljijo na
prej omenjeni zakonodaji, hkrati pa so skladni z
zakonodajo drzave prodajalca (ZDA, npr. 10 CFR
50.59), JEK pa o vseh projektnih spremembah
obvesca tudi URSJV. Taksen postopek je v skladu z
Zakonom o varstvu pred ionizirajocimi sevanji in o
posebnih ukrepih pri uporabi jedrske energije, v
praksi pa se kaze v dnevnem sporocanju med URSJV
ter JE Krsko. V nadaljevanju je opisan pomembne;jsi
del obicajnega postopka.

Tehni¢ne specifikacije dolocajo, da je
elektrarna dolzna podati porocilo URSJV o
nacrtovanih spremembabh, testih in poskusih vsaj 45
dni pred njihovo izvedbo.

JEK podaja URSJV v odobritev vsako
naértovano spremembo Tehni¢nih specifikacij.
Elektrarna je prav tako dolzna sporociti neodvisno
strokovno oceno spremembe, ki jo izdelajo neodvisne
organizacije. Neodvisne organizacije so pooblascene
od URSJV. Tako je v odobritveni postopek URSJV
vedno vkljucena tretja, neodvisna oseba.

Pooblas¢ene neodvisne strokovne organizacije
imajo izdelane QA postopke zagotovitve kakovosti za
izdelavo strokovnih ocen za podrocja, za katera so
pooblascena. Preglede postopkov QA opravita skupaj
URSJV ter JEK priblizno vsaki dve leti.

Podane naértovane spremembe, ki imajo
vpliv na SAR, so vedno podprte z varnostnim
vrednotenjem, ki ga izdela osebje JEK. Ce URSIV
izrazi zahtevo, pa ji JEK sporoca tudi varnostno
presojanje sprememb, ki kazejo, da ni vpliva na SAR.
Omeniti je treba, da so varnostna vrednotenja
nacrtovanih sprememb namenjena predvsem ocenitvi
moznega vpliva na varnost. Preden se nacrtovana
sprememba izvede ali pa poda v pregled URSJV, mora
biti varnostno vrednotenje potrjeno od KOC (komisija,
sestavljena iz osebja - strokovnjakov JE Krsko) ter
KSC (komisija zunanjih strokovnih sodelavcev).

Integrated Licensing

of the SAR and defines the allowable range of all
the parameters which are important for the safe
operation of the plant. The independent evalua-
tion shall be performed by organizations autho-
rized by the SNSA. The arrangements to perform
this independent evaluation are an implicit re-
sponsibility of the licensee, which is in practice
accomplished in an agreement with the SNSA.

2 THE NUCLEAR SAFETY
LICENSING PROCESS
AND PRACTICE
IN SLOVENIA

Detailed requirements or guidance for the li-
censing process involving modifications to the SAR
and the plant are presently not established in either the
Slovene regulations or in the operating license. Such
guidance could, for example, include criteria to cat-
egorize the SAR changes and plant modifications, the
content of the application document and the content
of the independent third-party review. Krsko NPP is
currently using the criteria and guidance established
in the relevant legislation of the vendor country (USA,
Code of Federal Regulations 10 CFR 50.59) and noti-
fies the SNSA about all design modifications. Such
an approach is consistent with the applicable Law on
Radiation Protection and the Safe Use of Nuclear En-
ergy and resulted in practices established in daily com-
munication between the SNSA and Krsko NPP. The
most important practices are described below.

The Technical specifications require that a
report on planned modifications, tests and experi-
ments on the plant is to be submitted 45 days before
the license is expected to be issued by the SNSA.

Further, Kr§ko NPP submits for approval
every proposed change to the plant’s Technical Speci-
fications. Every submission is supported by indepen-
dent expert opinion, prepared by the so-called Tech-
nical Support Organization (TSO). TSOs are autho-
rized by the SNSA. The decision making process
within the SNSA is therefore always supported by
an independent third-party assessment.

All TSOs have developed QA procedures for
quality assurance for their area of expertise for which
they are authorized. Joint (SNSA and Krsko NPP) QA
audits are carried out approximately every two years.

Submittalls of proposed plant changes, which
have an impact on the SAR, are also always accompa-
nied by the safety evaluations prepared by the staff of
Krsko NPP. On request, Krsko NPP also submits to the
SNSA the safety evaluations of plant changes, which
have no impact on the SAR. It should be mentioned
here that the safety evaluations are aimed primarily at
the assessment of potential safety consequences of the
proposed modification. Before the proposed modifica-
tion is implemented or submitted for approval to the
SNSA, the safety evaluation has to be approved by the
KOC (board of experts from the Krsko NPP personnel)
and the KSC (board of external experts).

STECJINISKI L
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V vseh primerih, ko se podaja nacrtovana
sprememba URSJYV, se uporablja formalni postopek,
predpisan z Zakonom o splosnem upravnem
postopku. Se posebno je postopek primeren v
primerih:

- pomembnejSih sprememb,

- ko varnostno vrednotenje pokaze nereseno
varnostno vprasanje,

- sprememb v organizacijski strukturi
(organizacijska shema, definicije odgovornosti,
medsebojno sporocanje itn.),

- spremembah TS,

- spremembah pomembnejSih programov ter
postopkov (npr. program nadzora med uporabo
(ISI), program pozarne zaSCite, program
radioloskega nadzora itn.), ki so omenjeni v SAR,
ne pomenijo pa pomembnejsega dela tega porocila.

Na koncu lahko navedemo opis tipicne
dokumentacije, posredovane URSJV za odobritev
vloge za spremembo SAR:

- predlagano spremembo SAR (izdela jo JE Krsko
ali pogodbeni izvajalci),

- varnostno ovrednotenje (izdela ga JE Krsko),

- varnostno analizo ali porocilo o upravicenosti (e
je to treba, izdela jo JE Krsko ali pogodbeni
izvajalci),

- tehni¢no delovno porocilo (izdela ga JE Krsko
ali pogodbeni izvajalci),

- pozitivno neodvisno strokovno mnenje o
spremembi, ki ga pripravi neodvisna pooblas¢ena
strokovna organizacija - TSO.

Sam postopek pregleda upravnega organa ter
varnostno vrednotenje uradno stece po dostavi potrebne
dokumentacije URSJV. Med upravnim postopkom se
opravi vsaj eno zasliSanje stranke, pri katerem sta
navzoci obe strani, zastopniki elektrarne ter URSJV, in
na katerem se po potrebi reSujejo odprta vprasanja.
Postopek se konca s formalno odlocitvijo URSIV o
spremembah SAR in drugih obratovalnih razmerah.

Na koncu postopka pridobivanja dovoljenj
izda URSJV odlocbo.

3 PRIDOBIVANJE DOVOLJENJ ZA PROJEKT
ZAMENJAVE UPARJALNIKOV IN
POVECANIJE MOCI JE KRSKO

Celoten postopek pridobivanja dovoljenj
lahko razdelimo na dve skupini:
- postopki pridobivanja dovoljenj za posege, ki
vplivajo na jedrsko varnost ter
- postopki pridobivanja dovoljenj za posege, ki ne
vplivajo na jedrsko varnost.
Obe skupini postopkov sta na kratko predstavljeni v
nadaljevanju.

3.1 Postopki pridobivanja dovoljenj za posege, ki
vplivajo na jedrsko varnost

stran 2468

In all cases involving the submission of a
modification to the SNSA, the formal administrative
procedures prescribed in the Law on Administrative
Procedure are followed. This is particularly neces-
sary in the following cases:

- major modifications,

- when a safety assessment shows the elements of
an unreviewed safety question,

- changes in the organizational structure of the plant
(organizational chart, definition of responsibili-
ties, communication lines, etc.),

- changes to the TS,

- changes of important programs and procedures (for
example, the in-service inspection (ISI) Program,
the Fire Protection Program, the Radiation Moni-
toring Program, etc.) which are referred to in the
SAR, but are not a constitutive part of the SAR.

Let us summarize the above discussion with
a description of typical documentation submitted to
the SNSA to approve a change in the SAR:

- proposed change to the SAR (prepared by Krsko
NPP or its contractors),

- safety evaluation (prepared by Krsko NPP),

- safety analysis or safety analysis justification re-
port (if necessary, prepared by Krsko NPP or its
contractors),

- technical report packages (prepared by Krsko
NPP or its contractors),

- positive independent expert opinion about the proposed
change prepared by an independent reviewer - TSO.

After the documentation package is
submitted, the process of regulatory review, safety
evaluation and decision making is officially started
by the SNSA. During this process, at least one hearing
takes place to give KrSko NPP and the SNSA an
opportunity to consider and discuss the application and
open issues, if any. The process formally concludes
with the SNSA’s formal decision about the proposed
change to the SAR and other licensing conditions.

At the end of licensing process, the SNSA
issues the Licensing Amendment.

3 INTEGRATED LICENSING OF THE STEAM
GENERATORS’ REPLACEMENT AND
UPRATING AT THE KRSKO NPP

The whole licensing process can be divided
into two groups:
- nuclear-safety-related licensing process,
- non-nuclear licensing process.
Both are discussed in some detail below.

3.1 Nuclear-safety-related licensing process

The manpower involved in the preparation
of the steam generator replacement and power
uprating AT KrSko NPP exceeded 80 man-years.
Therefore, the SNSA suggested that the licensing
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Celotna priprava zamenjave uparjalnikov in
dviga povecanja moci je zahtevala prek 80 ¢loveskih
let. Zaradi tega je URSJV predlagala, da se postopek
pridobivanja dovoljenj razdeli na naslednje
vzporedne prostopke pridobivanja dovoljen;j:

- projektiranje, izdelava in testiranje uparjalnikov
JE Krsko,

- analize ob zamenjavi uparjalnikov in analize za
povecanje moci,

- skladisc¢enje starih uparjalnikov in radioaktivnih
odpadkov, nastalih zaradi zamenjave.

JEK je tako na predlog URSJV dne 31. julija
1997 podala vlogo za projektiranje in izdelavo
uparjalnikov JE Krsko in dne 8. septembra 1997 Se
vlogo za vgradnjo novih uparjalnikov ter varnostne
analize za poveCanje moci ob zamenjavi uparjalnikov.
Postopek pridobivanja dovoljenj stavbe za
skladis¢enje starih uparjalnikov in radioaktivnih
odpadkov, nastalih zaradi zamenjave pa je Ze koncan.

Projektiranje, izdelava in testiranje uparjalnikov JE
Krsko

Dela projektiranja, izdelave in zamenjave
uparjalnikov JE KrSko so zaupana konzorciju Si-
emens-Framatome in se izvajajo v skladu s
standardom ASME vrelnih in tlaénih posod. Kot
neodvisni ocenjevalci so pri nadzoru, zagotovitvi
kakovosti in nadzoru kakovosti sodelovale naslednje
pooblascene organizacije iz Ljubljane:

- Fakulteta za strojnistvo,

- Institut za varilstvo,

- Institut za metalne konstrukcije,

- Institut za kovinske materiale in tehnologije.

Njihova opazanja potrjujejo visoko
tehnolosko raven in kakovost novih uparjalnikov.
Ugotovitve so zbrane v strokovnih ocenah, ki jih
izdela vsaka izmed pooblaséenih organizacij.
Strokovne ocene se skupaj z dokumentacijo
projektanta oziroma izvajalca del konzorcija Sie-
mens-Framatome podajo URSJV v odobritev.

Analize ob zamenjavi uparjalnikov JE Krsko in
analize za povecanje moci

Leta 1991 je bila izvedena Studija
izvedljivosti povecanja mo¢i WENX 91-42.
Omenjena Studija je pokazala, da je mogoce
povecanje moci za 6,3% (do 2000 MW ) brez izvedbe
pomembnejSih posegov. Sama zamenjava
uparjalnikov ter povecanje moci elektrarne je tako
podprto z ugotovitvami ve¢ analiz.

Rezultati analiz dokazujejo zmoznost
delovanja elektrarne v danem delovnem oknu ter
zmoznost varnega delovanja z novimi uparjalniki pri
vecji moci. Osnutek delovnega okna zagotavlja vecjo
proznost delovanja elektrarne kakor pa sedanja
licencirana delovna toc¢ka (npr. ni treba izvajati

Integrated Licensing

process should be systematic and divided into the
following parallel licensing processes:
- design, manufacturing and testing of the Krsko
NPP steam generators,
- steam-generator replacement and power uprating
safety analyses,
- storage of old steam generators and radioactive
waste as a result of the replacement.
Following the above suggestion of the
SNSA, the Krsko NPP filed the application for the
commencement of the licensing process for the steam
generators’ design, manufacture and testing on July
31, 1997. This was followed by the application for
the commencement of the licensing process for the
replacement of both steam generators and power
uprating safety analyses on September 8, 1997. The
licensing process for the storage of the old steam
generators and the radioactive waste resulting from
the replacement has been completed.

Design, manufacture and testing of the new steam
generators

The design, manufacture and testing of the
new steam generators was performed by the consor-
tium Siemens-Framatome in accordance with the
ASME Boiler and Pressure Vessel Code. The TSOs
from Ljubljana listed below were involved as inde-
pendent reviewers supervision, quality assurance and
quality control of the manufacturing process:

- The Faculty of Mechanical Engineering,
- The Welding Institute,

- The Institute for Metal Structures,

- The Institute of Metals and Technology.

Their findings support the high technologi-
cal level and the quality of the new steam generators.
As documented in independent evaluation reports is-
sued independently by each TSO, they were submit-
ted to the SNSA for approval together with a compre-
hensive set of documentation prepared by the designer
and manufacturer - consortium Siemens-Framatome.

Steam generator replacement and power-uprating
safety analyses

The plant uprating feasibility study WENX
91-42 was performed in 1991. The main conclusion
of this study was that a power increase of 6,3% (to
2000 MW ) is feasible without major modifications
to the plant. The steam generator replacement and
power uprating are now supported by a substantial
set of adequate analyses.

The analyses verified the plant’s maneuver-
ability for a selected operating window and safe op-
eration with a new steam generators at an uprated
nominal power. The concept of the operating win-
dow provides more flexibility in the plant operation
than the currently licensed operating point (e.g., no
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dodatnih analiz po Cepljenju cevi uparjalnika, ¢e niso
prekoracene omejitve delovnega okna). Izvajanje
analiz z odobritvijo delovnega okna zagovarja tudi
praksa v Evropi.

Drugi del analiz pa obravnava in potrjuje
osnutek LBB za cevovode reaktorskega hladilnega
sistema. Osnutek LBB dovoljuje, da se dinamicne
obremenitve, ki so posledica velikega zloma, pri
izraéunih ne upostevajo. Uporaba osnutka LBB
seveda temelji na analizah, ki kazejo, da je trdnost
materiala cevovodov reaktorskega hladilnega sistema
na taki stopnji, da se opazi pus¢anje skozi poskodbo
pred zlomom cevovoda. Ena izmed mogocih
prednosti takega postopka je tudi odstranitev za
vzdrzevanje zapletene cevne opreme (npr. cevne
podpore).

Izvajalec vseh omenjenih analiz je
Westinghouse Electric Systems Europe, ki je
podruznica projektanta JE Krsko s sedezem v Bruslju.
Vse analize so zajete v delovnih porocilih (eno
porocilo za posamezno analizo), zbirni oceni (zbirka
vseh izvedenih analiz) in spremenjenem SAR
vkljucno z spremenjenimi TS. Vsa ta dokumentacija
je tudi poslana URSJV v odobritev.

Vsako delovno porocilo je bilo hkrati
pregledano od JE Krsko, pooblascenih organizacij
ter URSJV. Njihove ugotovitve lahko kategoriziramo
kot komentarje, priporocila ter zahtevane spremembe
(sl. 1). Po pregledu in/ali razresitvi vseh komentarjev
je pripravila pooblas¢ena organizacija neodvisno
strokovno oceno, ki se je skupaj z drugo potrebno
dokumentacijo poslala URSJ v odobritev. Z
omenjenim postopkom (sl. 1) so se skupaj z URSJV
pregledala in resevala vsa odprta vprasanja, ki
zadevajo pridobivanje dovoljenj, tako da bodo za
ponovni zagon elektrarne na ve¢jo mo¢ ter z
zamenjanimi uparjalniki pridobljena vsa potrebna
dovoljenja.

Naslednje pooblascene organizacije so bile
izbrane od JE Krsko in z odobritvijo URSJV kot
neodvisni ocenjevalci analiz, ki jih izvaja
Westinghouse:

- Institut Jozef Stefan, Ljubljana,

- Fakulteta elektrotehnike in racunalnistva Zagreb,
- Fakulteta za gradbenistvo in geodezijo Ljubljana,
- Enconet, Dunaj.

Njihove ugotovitve dokazujejo primerno
varnostno raven JE Krsko po dvigu moci ter
zamenjavi uparjalnikov.

Dodaten pregled dejavnosti zamenjave
uparjalnikov ter preostalih remontih del bo izvajal
ter nadzoroval URSJV ter pooblaséene organizacije
v skladu z dosedanjo prakso pregleda remontnih
dejavnosti.
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re-analysis of the plant operation is needed after plug-
ging of some tubes in the steam generators, if the
limits of the operating window are not violated) The
analyses supporting the operating window were con-
sistent with European practice.

Another part of the analyses also verified
the applicability of the LBB concept for the reactor-
coolant-loop piping. The LBB concept allows that
the dynamic loads resulting from a large break in the
piping is not taken into account. Application of the
LBB concept is of course based on analyses show-
ing that the material of the reactor-coolant piping is
tough enough to allow for reliable detection of leaks
through defects before the risk of a break takes place.
One of the possible advantages of such an approach
is the removal of the complex and difficult-to-main-
tain piping support hardware (e.g., snubbers).

All of the above analyses were performed
by Westinghouse Electric Systems Europe, a Brus-
sels-based subsidiary of the designer of the Krsko
NPP. All analyses are documented in Work reports
(one per analysis), Summary reports (summarizing
all analyzes performed) and a revised SAR includ-
ing a revised TS. These documents represent the
documentation submitted to the SNSA for approval.

Each of the work reports was reviewed in
parallel by the Krsko NPP, the TSO and the SNSA,
resulting in a list of comments, categorized as sug-
gestions, recommendations and required changes (see
Figure 1). After the clarification and/or resolution of
all the comments, the TSO prepared Independent
Evaluation Report(s), which were submitted together
with other licensing documentation to the SNSA for
their approval. With this approach (shown in Fig. 1)
all licensing issues (questions, concerns) were ad-
dressed and resolved in due time with the SNSA and
should enable the authorized restart of the plant after
the power uprating and SG replacement is authorized.

The following Technical Support Organi-
zations were selected by Krsko NPP in agreement
with the SNSA to act as independent reviewers for
the analyses performed by Westinghouse:

- Institute Jozef Stefan, Ljubljana,

- Faculty of Electrical Engineering and Computing
Department of Power Systems, Zagreb, Croatia,

- Faculty of Civil and Geodetic Engineering, Ljubljana,

Enconet, Vienna, Austria.

Their findings support the appropriate
safety level of the Krsko NPP after power uprating
and the SG replacement.

An additional review and evaluation will be
conducted for the steam generator replacement ac-
tivities and associated modifications as a regular part
of the SNSA and TSO activities during each outage.
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Fig. 1. Licensing process for safety analysis for the SGs’ replacement and power uprating

3.2 Postopki pridobivanja dovoljenj za posege, ki 3.2 Non-nuclear licensing process
ne vplivajo na jedrsko varnost

Pridobivanje dovoljenj za posege, ki ne The non-nuclear licensing process is also
vplivajo na jedrsko varnost, je prav tako del celotnega part of whole licensing process regarding the Krsko
postopka pridobivanja dovoljenj. Sem spadajo steam-generator replacement and power uprating
naslednje dejavnosti v skladu z Zakonom o graditvi project. It covers the following licensing activities in
objektov: accordance with Civil construction law:

- spremembe dokumentacije elektrarne, ki jih - changes to site documents approved by local au-
potrjuje ob¢inska uprava, thorities,

- spremembe na transportni poti za omogocanje - modifications of the roads to accommodate trans-
prevoza nadomestnih uparjalnikov, portation of the replacement steam generators,

- gradbeno dovoljenje za simulatorsko zgradbo, - building permit for the simulator building,

- gradbeno dovoljenje poslopja za shranjevanje - building permit for old steam generators’ build-
starih uparjalnikov, ing,
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- remontna dela ter povecanje moci, ki so
opredeljeni kot rekonstrukcija.

4 SKLEPI

Poglavitni namen projekta modernizacije JE
Krsko - analiz ter postopka pridobivanja dovoljenj je
izvedba vseh potrebnih analiz, ki dokazujejo zdruzljivost
nadomestnih uparjalnikov s sistemi elektrarne ter
zagotavljajo, da bodo parametri normalnega obratovanja
in nezgodnih stanj znotraj podrocja sprejemljivosti tudi
po zamenjavi uparjalnikov. Hkrati pa naj bi analize
pokazale tudi vse spremembe, potrebne za zadovoljitev
omenjenega kriterija.

Vse analize so hkrati pregledane od JE
Krsko, pooblascenih organizacij ter URSJV. Njihove
ugotovitve lahko kategoriziramo kot komentarje,
priporocila ter zahtevane spremembe. Po pregledu
in/ali razreSitvi vseh komentarjev, pripravi
pooblascena organizacija neodvisno strokovno
oceno, ki se skupaj s preostalo potrebno
dokumentacijo poSlje URSJ v odobritev. Z
omenjenim postopkom se skupaj z URSJV
pregledujejo in resujejo vsa odprta vpraSanja, sam
postopek pa je voden tako, da omogoca uspesen
konec procesa pridobivanja dovoljenj.

KRATICE

JEK - Jedrska elektrarna Krsko, SG - uparjalnik,
NSSS - jedrski sistem za proizvodnjo pare, URSJV -
Uprava Republike Slovenije za jedrsko varnost, SAR
- varnostno porocilo, TS - Tehni¢ne specifikacije, QA
- zagotovitev kakovosti, KOC - Strokovni svet
pogona, KSC - Varnostni komite Krsko, LBB -
puséanje pred zlomom.
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- replacement activities and power increase defined
as reconstruction.

4 CONCLUSIONS

The main purpose of the Krsko Moderniza-
tion — Analysis and Licensing project is to perform
all the analyses needed to prove compatibility of the
replacement SGs’ with the plant systems and to prove
that all normal operation and accident conditions af-
ter replacement the SGs’ installation and power
uprating remain within the acceptance criteria. Iden-
tification of all the changes needed to satisfy the above
criteria was included.

All analysis and work was reviewed in par-
allel by the Krsko NPP, the TSO and the SNSA, re-
sulting in a list of comments, categorized as sugges-
tions, recommendations and required changes. After
the clarification and/or resolution of all comments,
the TSO prepared Independent Evaluation Report(s),
which were submitted together with other licensing
documentation to the SNSA for their approval. With
this approach, all licensing issues (questions, con-
cerns) were addressed and the whole process was per-
formed in such a way as to enable the successful
completion of the licensing process.

ABBREVIATIONS

NPP - Nuclear Power Plant, SG - Steam Generator,
NSSS - Nuclear Steam Supply System, SNSA -
Slovene Nuclear Safety Administration, SAR - Safety
Analysis Report, TS - Technical Specification, TSO
- Technical Support Organization, QA - Quality As-
surance, KOC - Krsko Operating Committee, KSC -
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