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1. IERARHIZAREA RISCURILOR ACTIUNII SI NONACTIUNIIIN SISTEME ENERGE

SUSTENABIKECATS
CATS SistemeApoieticeComplexélopologicesistemeenergeticece cuprindsursesi cicluleiinclusiv
consumatoriicu care saflain conexiunale tipcibernetig
1.1 NEVOIA DE MODELARE REALISTA FLEXIBILA BAZATA PE IERARHIE A RISCUE
A wS@2 Udeid AV O A @ae OINdZNIRIINNY nidént@hlul energiei caresepetrecein
contextual general afi 2 O A el R (RA Mnfar®) dekidateri politice, socialeU économicece
depindinmareY N & did\ddeasta
A Dezbaterintenseasuprariscurilordiverselorsursede energiesuntdusein contextulatingerii
U A y d&decarbdnificarea mediuluiaflatein ¥ | fatiegiiplanete 5 S tédpectarealeciziilor
NE y dzyaitlAd@atombustibilorfosiliesteo & I NJeApgrégreude indeplinitla nivel
global,avandputerniceO 2 y 2 pblitiée X N O phayteRlintr-unl R S @NINI aéiiéhdmic
mondial i 2 (lalmivelregional, cumeste U dazulRomanieisuntK 2 i NINNyaBBerarede
CO2 carg@resupunNB Yy dzy Nt INGBd®Nbustibiliifosili, incepandcuO N ND dmi 81€sS
1.2 CONSIDERAREA IERARHIEI RISCURILOR POATE EVITA EVOLUTIA/INVOLUTIA
CRESTEREA RISCURILOR CATS
A Cutoate acesteain(i NB fie3pug sa@ N 1 CdidiereuS E A aiigiiakhie ariscurilor; astfel
intre riscuriley’ S f drNONTY AR A Ra8zNIY Bl NdIitNN Nl Japargntregional, U deleale
nivelurilor de COZ-adecison y 3 K Paitial Mdoradintre Y N & daNA ¥ #&s8el oseriede

reintoarcerj chiarlaLINE R ge@artine, pamacceptabileacit.
DarvorbaaceeaCO2ul U (i?5 $ @& cumil NJ- iefdrifiariscurilor?
Ne gandimacumdin merscuspatelela zid? Decenu neam gandit de lainceput?
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MOTIVATII PENTRU NECESITATEA STABILIRII UNEI IERARHII A RISCURILOR

(detalii in Parteaa 2-a)

A Sa@ N 1adtélO Netareade obiectiveluandcail A yiriakumit riscd O K A Y glishatidef
nu trebuie ¥ N OsindeNicial(in opinia autorului) U fsau3d K A Rié ideNixe cu
(0 S VLIZNE AU thah OABUAGYA A yidgljaRdpalibilitateacad A INBHATREIO I NI O (id8 NJ
ol RS @ N\NH (idi&Nliscuri interconectate n care diminuarea unora ducela
probleme prin O NB U ialtors, pémaiorbindde & A G daicardapar riscuriimmediate

catastrofalec NN T deztemplusauO N2 N R & IOOfaKciarl f A Y S $aidowvedit O M
planificain energiecuidei paranoideguvernatede ideologii este o strategie catastrofaN

A Tnacestcontext,i I W2 | aNIN\WNamdxNJya¢cidentalintern saunu, la retehnologizarea
centralelor pe O N NJ pldyf iStroducereade sistemede filtrare moderne si reinnoirea
tehnologiilor, ssa 3 N anAF I _sirlgurei2 LJG »peizyfuio i NJ v dorird ckoSometru la
un nivel G A yedrdpeande S A 6 & NCRPNdaz probabil repornire pe O N ND cizya petrol,
nucleare(dar unele sevor opri R dzLiiNprogram! y dzydé &cumzeceani), regenerabilecat pot
si ele (O Mu NN & Lldayirective LJ2 £ AANW20-NAI Mcopere ce procente spune politica..) UX:
strategii U planuri pentru ce va fi pesteopt-zeceani candO 2 Y (p&leviergiey dzO f X3Nu pelea
panaacumcevafoarte profund U ai alesdin timp gandit, neffind considerateevaluaride riscuri
UdnalizedeNB 1 A tidsiStgfrieéhergetice
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MOTIVATII PENTRU NECESITATEA STABILIRII UNEI [IERARHII A RISCURILOR

(detalii in Parteaa 2-a)

A Aceastdn contextulin careavemprogrameenergeticehaotice,cuA Y LJX S Y&y (i
hoc desurseregenerabilecapanaceuuniversal cuof A IOANNaA W 2 AW RR A0
lad O K A YasidieMilluienergeticy | U A RAOISINID Snieryeiide(de fapt am cam
RS & T X A Qi lieNédaspesialitater UD dvemU 3 E LI de®@d nii mad) i A Y
Unicinuvrema N (i &uMi seproduceenergia.),o6 N 0 drduddnN U ,$éntbud
careU-ar trebui Y dzt eie¥giecad Nufacicomentariy SUUGAAY UA FAOS

A Nu auexistatcercetarisi dezvoltarisistematicesi coordonatepanaacunt doar planuri
pe termenescurte farao utilizarerealaimplementatade utilizarea resurselorfosile cu
metode de filtrare U RNE ( B SaindarSiemondiale sfaraperspective deezolvare
cualte surse

A Astfelfaraun sprijin constantsustinutal statului, care se face si laulte economiide
piata ce predicaliberalismulin energetica nu se potlezvoltadecatversiunide
strategiienergetice caresed O K Al¥450ni, camcapolitica, in contextul in care
un programenergeticseR S 1 @@deni Wi N aetigeani.

N
N
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2. METODE DE CAUTARE DE SOLUTII SI SCENARII ENERGETICE VIABILE PENTRU
ENERGETICE SUSTENABIAES

2.1 Energiacasistemde sistemeCATS

A Crizeleunelecatastrofale caceadin prezent din energie indicanecestitateaabordarii
sistematicea planificariiunui sistemenergetic cutrasaturi specificeunui sistem
functional sirezilient, pe care tamdenumit casistemde sistemeCATS.

o Inacestcontextdevineevidentanevoiade aconsiderasursecul R S @altdtdative
cum esteenergiay” dzO f , BeintNilSlarepana nudemult seoptasela nivel Y | G AGN/
nu este oprioritate inovarea

0 Nusa¥ N QdeiDA B évhluamscare esterisculy’ S A Vv 2 daiNibdEAtdvaluni se
vedeT N adhBlizecateste de mare.

o Similarafost cuutilizaread 2 3 N Weshr§edING, pecarecun Y 6 dzy/N U R BN |
am putea utiliza respectandstrateqiile de atingerede fel defel de U A yfip&ede
| f UdcdeptatecudzU dzNdkeyide N Y U &efO Sl EhdlS

Despreriscurile actualealei n o vnteriini dirvéhtriidiinenh i Urelel e adiuialédine n e r giregenieral&din cean u ¢ | fe gartidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretatDLMFS



Academia Romana “'
Comitetul Roméan dédstoriasiFi | s o f i aTehitii(ORIFSTE | K i %

DiviziadeLogica, MetodologieFilozofia Stiintei (DLMFS) * -
SimpozionulDespre riscurin K t 1 i tneSh rBdkiunie 2022 f =

A 2. METODE DE CAUTARE DE SOLUTII SI SCENARII ENERGETICE VIABILE PENTRU SISTEME ENERGEIATE®U$TENABIL

2.2 Provocaripentru CATS

A

A

Tintele climaticeemisesub imperativ politic s-au dovedit recent catotal nerealistein fata
unor provocari ale sistemelor CATS Acum cand peste noi vin catastrofe cum este un
NNIT,atdeo O2 Y LI MirelcdleR 2 daBturi I NJcé aNdzo auXost’ls O £ dateN
strategij ¥ N $¢dharide NB T STNIAMlizede riscuri

O abordare nesistematizatasi care nu ia in consideratiediverse scenariisi ierarhii ale
riscurilor se dovedestela provocarimajore ca fiind catastrofala Abordari« la moda » ca
programareaunui viitor pe gazefara carbune cu putin nuclearsi cu regenerabilede baza
ne poatefi catastrofala

« Cum estegposibila Bi catl A yachinperio LIN f Nesdacubor larg iarna, candai NN YF & babanci? »

5 S T paralella noi s-auintrodus, sub¥ 2 Na¢ Knport direct,d 2  dizfrddiicerein

A Y & Ude énkergieNd 3 S y SaddsteAiyt 2NBHaurfinadéjain acestmoment limita de
dezvoltarecanivelde LINE R dz@iai Ausir fi fost Udlficiente¥ N tNiSprijin financiarde
stat ,careinteresantca nuerainterziscapentru nuclear. de certificate verziX

Exista deasemenea lipsaaunei O S N 84dleN BlipersonalcalificatUal O 2 y & dzf
a LIS OA lirfdamedih f 2 NJ
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2.3.1Necesitateac sistemeledevin Qomplexe smodelarilela fel )
A LanivelA y (i S Ny1} iseR /1 @@ $ NibDiBndamedtaleU 0 A A Y REBA O3 €

~ M4

tehnologii energeticepentru acestsecolU de vaurma. AstfellanivelU i A )\svgfauuf\d"flﬁ\)\d
sursepentru secolulurmator: reactoride fuziune, energiily S O2 vV 8 S ieinae y I {
ST Avé(isgﬂ%n@ﬁelﬁrbite planetare curandamentecelputin pentuple ¥ | deNefacem
pe LIN Y Nehergiedefisiunededzf G A SWS NF U A S
(cumsuntsi SMRurile cuapasaunu, sibateriile nucleare

A De mentionat_cala o0 OS y U délfuizithie ne va trebui & Nivem cel putin trei
centrale de fisiune & ' pornim ; cam greu de ¥ N Grdzbliene si fotovoltaice
terestre.

A Deaiciof S Gaate@ Y LJ2 NI I y (i N

NuLJ2 piakificain energied Mecide 1aO | y RaSuzibhe trecerease facenivelde

energiecunivelde energie acestaestesensuR S 1 @ 20 AN NFoaidtre G A
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2.3 MODELAREA S| PLANIFICAREA SISTEMATICA GENT RLDNT)
2.3.2Modelareastaticii sidinamicii CATS scenariienergeticesi inovarea

A Planurile de viitor la nivel A y (i S NJ/iaulih @3/yF & A Rtatlitaeah (ENB 1 A f 7
| & A 3 disN@siNe Aintre care energiaeste T dzy’ R | Y .Sn/liime eNac astfel de
calcule U finele rezultate ale autorului au fost comunicateanterior pentru RomaniaU A
U N NohlticeS

A Surselede energieale urmatorilor 50-100de ani in mod sigursevor bazape energetica
y dzO t de Fishie pentru ad dza (pdisyf SaltuldzNJIY N G 2 NJ

A Tn acestcontextaparnoi 3 Sy S d&A R X Mz A A YatumnFuhtéBa3a Sy S NJ
I\V) dar U thoi tehnologii.

A Energeticay dzOf Sskte MNINJA @eho/UUIANR VI K g@dtelaNizicii, care va
evoluamult 2 R I ctINLJF Ni& noixehnologii/ descoperiride exemplu

calculatoarelecuantice(cevor permite calculerapide U thult mai rapide)
nanotehnologiile

1A

centraledigitale gemenesaumai ales

noid Sy Sdel N X N y(aha,bBethaetc)

s
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2.3 MODELAREA S| PLANIFICAREA SISTEMATICACENT RLONT-2.3.2Modelareastaticii si dinamicii CATS, scenariienergeticesiinovarea

A Optimizareareactorilor nuclearise efectueazasi prin construireade SMR raspunzand
la intrebareaiDe ce avem nevoie de reactori modulari mici?_opentru ca
reactorii nucleariai noilor generatii, inclusivSMR ,sunt

mult maiN2 6 dzU @ A
maiO2 YLJ OU A
maiSTA OASY U A
mai flexibili in utilizare U A
costatot mai LJdzu A Yy

s

A Alte directii de optimizare cuprind noi metode de producerea energieiin reactor, dar
tot bazatpe fisiune (reactori rapizisautermici cu I L¥aul f agentide racire, cu zona
I OUsA2ZANAR R LA G N
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APLICABILITATE LA CAZUL PARTICULAR SMR

A

AT

DezvoltareaO A @ A fniplodtelii R § & 2 @OING N di&NIE de energiepe careil
putema U N LWbGSi F N &ldepoluasaudistruge. AcestaesteacumsensulO S NO S G N
UdAAFWBYBNESGAON

In acestcontextpasuldzNJY NeSt@abigurareanivelului energeticminimal pentru & dza U A
energiilorsecolelordzNJY N 0, @elexdiBplufuziunes sauenergiad NI @A { lsaui 2 y |
sprijinireaproducerii de energiepe orbite terestre U tiu numai U tkansmitereapet N Y Ny
Unul dintre obiectiveva fi asigurareade sursede materii prime U toi tehnologii de
producerea energiei

Noile tehnologii vor aveariscurilelor U deamai mare3 NB Udsfl & NéclariparanoidO N
nuseRSFSQGSIT N

Seva sofisticanu doar proiectul reactoruluiin sine, darU thodalitateade combaterea
accidentelorposibile; cu calculatoareputernice, robotizare U A reactoristica de la
cercetarela dezafectareval NNaarte diferit, in sensulde diminuared LJS O U | @ulzf 7
ordinede Y N NJ afiScurilorn y dr\acestsecol

InaceastsR A NB@nsdriceel T f UM, importandde lal £ @ N &einenu maiO S N !
noin Yy Upkentr&utilizarein acestdeceniy noi filiere, cumsunt reactorii modulari mici.

| O S Wdeaiekempluau multe din atributele de cercetare ¥ I 6 N &bloatarBale noii
ISy SN O AA
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Muclear U1

Muclear U2

Muclear U3

Muclear U4

CET Galati Grupul 3

CET Galati Grupul 4

CET Galati Grupul 5

CET Galati Grupul 6

CTE Galati (Enel}

CTE Braila 1

CTE Braila 2

CTE Braila

CCGT Tulcea (Alro)

CET Palas 1

CET Palas 2

CEE Pestera (EDP renewables)

CEE Valea Mucarilor - Tulcea (Enel)

CEE Fantanele -Cogeleac

CEE Silistea (Romconstruct)

CEE Cernavoda 1 (EDP renewables)

CEE Dorobantu, Constanta (Wind Power]

CEE Cernavoda 2 (EDP renewables)

CEE Salbatica 1

CEE Mihai Viteazu, Constanta (Iberdrolal

CEE Salbatica 2

CEE Corugea

CEE Sarichioi

CEE Vutcani

CEE CEDD CAS Regenerabile

CEE CEED Alpha wWind Nord 1

Proiect eolian 1
Proiect eoclian 2
Proiect eolian 3

IE1_ESW35_CY1_E1L
IEL_ESW35 C¥1 E1 O
IEL_ESW35 CY1_E1_1
IEL_ESW35 C¥1 E1 2
IE1_ESW35_CY1_E1_3
IEL_ESW35 CY1 E2
IEL_ESW35_CY1_E2_ O
IEL_ESW35 CY1 E2 1
IEL_ESW35 CY1_E2 2
IEL_ESW35 CY1 E2 3
IEL_ESW35_CY1l SP1
IEL_ESW35 CY1 SP1_ 0O
IEL_ESW35_CY1 SP1_1
IEL_ESW35 CY1 SP1_2
IEL_ESW35_CY1l SP1_3
IE1_ESW35_CY1_SP2
IE1L_ESW35 CY1 SP2 0
IE1_ESW35_CY1_SP2_1
IE1L_ESW35 CY1 SP2 2
IE1_ESW35_CY1l SP2_3
IEL_ESW35 C¥1 T1
IEL_ESW35 CY1_T1_0O
IEL_ESW35 Cv1 T1 1
IEL_ESW35 CY1_T1_2
IEL_ESW35 C¥1 T1 3
IEL_ESW35 Cv1l T2
IEL_ESW35 CY1 T2 O
IEL_ESW35 CY1l T2 1
IEL_ESW35 C¥1 T2 2
IEL_ESW35 CY1l T2 3
IE1_ESW35_CY1_TR1
IE1L_ESW35 Y1 TR1_ O
IE1_ESW35_CY1 _TR1I_1

Initiating Event
Initiating Event E1 for SC1 ESW35 Cyl
IEEL 0O for SC1 ESW35 Cyl
IEEL_ 1 for SC1 ESW35 Cy1l
IEEL 2 for SC1 ESW35 Cyl
IEEL_ 32 for SC1 ESW35 Cyl
Initiating Event E2 for SC1 ESW35 Cyl
IEE2_0 for SC1 ESW35 Cyl
IEE2 1 for SC1 ESW35 Cyl
IEE2_ 2 for SC1 ESW35 Cyl
IEE2 3 for SC1 ESW35 Cyl
Initiating Event SP1 for SC1 ESW35 Cyl
IESP1_0 for SC1 ESW35 Cyl
IESP1_1 for SC1 ESW35 Cyl
IESP1_2 for SC1 ESW35 Cyl
IESP1_3 for SC1 ESW35 Cy1l
Initiating Event SP2 for SC1 ESW35 Cyl
IESPZ2_0 for SC1 ESW35 Cyl
IESP2_1 for SC1 ESW35 Cyl
IESP2_2 for SC1 ESW35 Cyl
IESP2_3 for SC1 ESW35 Cyl
Initiating Event T1 for SC1 ESW35 Cyl
IETL_0 for SC1 ESW35 Cy1l
IETL 1 for SC1 ESW35 Cy1l
IETL_2 for SC1 ESW35 Cy1l
IETL 2 for SC1 ESW35 Cy1l
Initiating Event T2 for SC1 ESW35 Cyl
IET2_ 0 for SC1 ESW35 Cy1l
IET2_1 for SC1 ESW35 Cy1l
IET2 2 for SC1 ESW35 Cy1l
IET2_3 for SC1 ESW35 Cy1l
Initiating Event TR1 for SC1 ESW35 Cyl
IETR1_O for SC1 ESW35 Cyl
IETR1_1 for SC1 ESW35 Cy1l
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Barbosi |Lacusarat| Lacul | Smardan | Tulcea |Constanta| Medgidia | celula |Tariverde | Medgidia | Rahmanu
Conec Energie
coa Gastionar Statia de racord u Ciclu | a200kv [100 kv sau| 400 kv 400kv | vest400 | Nord 110 |Sud 110kv | 110kv din | 400kv Nord
anuarie 2013) tare primara Smardan kv kv Tulcea 110KV
Esnin Nuclear U1 Nuclearelectrica RET | Cernavoda 400 kv Nuclear| cvz x
Esniz Nuclear Uz Nuclearelectrica RET | cCernavoda 400 kv Nuclear| _cvz x
esmis Galati RET Barbosi 110 kv Hidrocarburi| __cvz =
eske Galati RET Barbosi 110 k\ Hidrocarbun| _ Cva x
esmz Electrocentrale Galati RET Barbosi 110 kv Hidrocarburi| Cv2 =
Esmn Electracentrale Galati RET Barbosi 110 kW Hidrocarburi| __cvz x
estao SE Braila RET | Lacu Sarat 220 kv Hidrocarburi| _cvz x
estay SE Braila RET | Lacu Sarat 220 kv Hidrocarbun| _cvz x
— SE Canstanta pey | Constanta Nord 110 ) )
kv 50.0 42.6| Hidrocarburi| CY2 x
— sE Constanta ner | Constanta Nord 110 ) )
50.0 425 Hidrocarburi| Cvz x
EDP Ranawablas Medgidia Sud - Enel Distributie Dobrogea / Racord In
Eswie RED. P derivatie s.c. din LEA 110 kv pana la st
de transf 110/23 kv a utilizaterului ol e vant| cva .
Enel Green Power Enel Distributie Dobrogea / Racord in
eswaz | €58 ""::I Nucarilor RED. T“s':re:‘::‘s: derivatie simplu circuit LEA 110 kv
eea Tulcea Vest - Sarinasuf 340 334 want| vz x
CEE Fantanele - |CEZ Transelectrica / statia 400/110 kv
Eswis RET Tariverd
Cogeleac arfverds Tariverde 600.0 585.0] Vant| cCvz *
Romconstruct - ButanGas Enel Distributie Dobrogea / racard
Harsova - Medgidia | intrare - resire in LEA 110 kv, prin
s CEEsilistea RED Nord statie de conexiune 110 kV si LEA 110
KV pana la st de transf a utilizatorului 250 248 want| vz x
cernavoda Power Enel Distributie Dobrogea / racord in
eswzo | CEE Cernavoda 1 rep | MIFEeaVOoda - MedE:| o atie din LEA 110 kV pana la st de
. transf 110/33kV a tui 9.0 68.3 Vant|  cvz x
wind Power Park Transelectrica / racord prin statie
Eswz1 cEEc::::’:;‘“' RET Rahmanu noua 400/110 kW Rahmanu intrare in
LEA 400 kv Isaccea - Medgidia 46.0 42.7 Vant| vz x
Cernavoda Power Enel Distributie Dobrogea / racard
esw2z | CEE Cernavoda 2 RED. Tortomanu radial prin LEA 110 kV s.c. in st. de
transf. Baia pana la st. de transf. 9.0 &7.7 wvant| vz x
Enel Green Power Tulema vest - Tl Enel Distributie Dobragea / racord in
esw23 | CEE salbatica 1 RED een “9% | derivatia d.c din LEA 110 kv pana la st
de transf 110/33 kV a ului 700 68 5 wvant|  cvz x
. | CEE Mihai Viteazu, |Eclica Dobrogea (iberdrol
e RED ? ? 80.0 79.0 vant| cvz
Enel Green Power Tulema vest - Tul Enel Distributie Dobragea / racord in
Eswas CEE Salbatica 2 RED. eea “e2 | derivatiae d.c din LEA 110 kv pana la st
==t de transf 110/23 kV a wlui 700 568.5 wvant|  cvz x
Enel Green Power Enel Distributie Dobrogea / racord
eswze CEE Corugea RED Cismeaua Noua prin LEA 110 kv din statia de transf
Clsmeaua Noua pana la st. de transf. 700 69.0 want| vz
EDP Renawables Enel Distributie Dobrogea / racord in
esw2z CEE sarichioi RED Vest- Zebil |derivatie din LEA 110 kV pana la st de
transf a utilizatorului 3z.a want| vz x
CAS Regenerabile (Austr| Transelectrica / iesire prin statie
Eswan Ciilﬁlslmm. RET Rahmanu noua 400/110 k¥ Rahmanu intrare -
cea cas iesire in LEA 400 kV Isaccea - 506 49.6 Vant| cvz x
Alpha wind - verbund Transelactrica / iasire prin statie
CEE casimcea, Moua 4007110 kv Rahmanu intrare -
eswzo
Tulcea Alpha RET Rahmanu iesire in LEA 400 kV Isaccea -
mMedgidia (Dobrud)a) e o vant| cva "
Eviva Nalbant - Martifer
Enel Distributie Dobrogea / prin LES
e CEE Babadag RED Babadag 110 KV direct in statia Babadag.
336 330 wvant| vz
eswas | CEE Mihal Viteazu |Wind Farm Mvy RED. i3 ? 13.8 13.8 vant|  cvz
eswaz CEE Gemanele |Braila Winds (GDF Suez) 483 47.6 Vant|  Cvz
swa Elcomex EGL 1196 1190 vant|  cvz
Eswaa CEE Topolog Total Electric 270 270 Want| cva
Total nuclear in
operare (cvz) 1413.0| 1298.0
Tatal hidrocarburl in
operare (€v2) 912.0| 8390
Total carbune in
operare {cv2) 0o 00

Total vant in
operare (CY2]

Nuclear U3
rNuclear ua
CTE Galati
CTE Braila
CCGT Tulcea
CEE

Nuclearelectrica
rNuclearelectrica
Enel
Enel
Alra

Cernavoda 400 kv
cernavoda 400 kv

Muclear

MNuclear

Carbune

Carbune

Gaze

Want

RONEAE

Vo
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CRITERII

Impactul unor

Cerinte ale diti "
indeplinirii olA|B|c|D|E|F|G|H comcifionart ola|lB|c|D|E|F|G|H

A dominante asupra
grupelor de criteril cerintelor / TO TAL

satisfacer
& cerinte

glementan/hnmtan

Investitie totala 6|8 |10|10f9 |10[10] 8 | & lfnantare din partea
£ = CE 16 FEN 18 16 16 16
: P cmentari pe pi ﬂ.ﬂﬂﬂﬂﬂ
2 initial 2 investitiei pe| 6 | 8 |10 1010|1010 | 10 | & [ReBlementan pe piata
g durata realizarii Jnationala si UE 16 16 16 16 18 18
: o S Scenarii _energetic ﬂﬂ ﬂﬂﬂllﬂﬂ
& toata durata de viata| 8 [ 8 |10 10| 8 [10] 10| 5 | 6 [PCCM2™  cnCTRClcE
&, i Jnationale si UE P8 16 16 16 16 18

Rezerve si cost n nnnnnn
86| 8|8 | 8|8 |8 |8 6nalionalcvsvariahe
et UE i€ 16 (16 16 16 |18
[Nivelul de securitate [Regelementari UH(e

§ = nuclearacearut pentru( 10 | 2 [ 2 | 2 | 2 | 2 | 2 | 4 | 4 |Directiva Secumtate)

] E ) centrale noi centrale noi

E T Nive_lnl de- risk la Protectic pasival 6
@ 2 evenimente inteme si| 6 | 2 | 2 | 2 | 2| 2 | 2 (4 [ 2 erescuta la accidente

exieane

@ Costul cu deseurile r - g
= % 10| 8 | 8 (8 (8|8 8|86 Jcombiustibil si all Lo L1 L | ]
E = tipului de centrala
25 3 Reglementari
A E 108|828 (5|8|5|5|6 |nationale posibil
AR
5 106 |6l|6|6|s|6|s]|s [Prosmme IDEL
g suport 14 (12 (12|12 |12 |12 (12 |10 11
o . 6| 6|8|s8 |88 |8|s|s
E 6|6|8|&|s|s|s|s]|s|[fosmme nationale Ok,
® suport 12 | 12 16 16 16 16
=
s =
3 MOX si ake cicur Alegere ekl lﬂﬂ
E 10| 6|6|6|6|6]|6]|6]|6]combustibi si AIRCE
colaborari UE/SUA N e e
Nepro la
N g8|a|a|6|8|8|&8|8]|4 IDesipgn
ferare
ToTAL [V ABH ke O

N o u tnlicleareReactoarenuclearemodularemici - Utilizarealor in Roméania Dan SerbanescunginerFizician, Dr.ing energeticanuclearg S
ecretar interimar Divizia de Logict, Metodologie ki Filosofia kti
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4. |Intarirea sectorului nuclear si crestereacontributiel sale

I. Consolidareafunctionarii pe termen lung a centralelor in
functione care functioneazain regim de bazade sarcinain
SEN
a. Retehnologizareall
b. Punereain functiune de nol centrale de mare putere

(U3/4)

ll. Considerarea energetiicii nucleare pentru a participa la
reglarea in SEN prin utilizarea de centrale de puteri mai
mici ceasigura acestlucru subforma reactorilor de fisiune
, detip SMR, etapizat
a. SMR cuapa
b. SMR degeneratielV

Nout £t nucl ear e Re act-dtlizarealorinikRoneamiaDan Serbathasdu,dngieer Riziciani Dr.ing energetica nucle@ra,
ecretar interimar Divizia de Logict, Metodol ogie Ki Filosofia kti
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Studiu de caz
MODELAREA SCENARIILOR SI NECESITATILOR
INOVARII/NON-INOVARII
CuU
APLICABILITATE LA CAZUL PARTICULAR SMR
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MODELE S| METODE DE EVALUARE SCENARII SMR IN CONTEXTSWE RGHENOVAR

Ac RIDM / ARBORI DE DECIZMETODA SES RISK

B¢ MCDA DE TIP ESRENRAJBE

Cc MODELARE ANALITIC PARAMETREIATEME
ENERGETICE NUCLEARE CA FUNCTIE DE O
VARIABILA SI UNU/DOI PARAMESIRITEME
ENERGETICE NUCLEARE CA O TEHNOLOGIE

D¢ SISTEME ENERGETICE MODELATE CATS

E - METODE INOVATIVE CALCULE DE RISC PENTRU
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MODELE S| METODE DE EVALUARE SCENARII SMR IN CONTEXTEWERGHENQVARE

A¢ RIDM / ARBORI DE DECIZMEETODA SES RIS&#etalii in ANEXA 1

MODEL- sistemcomplex cunterdependente(CATSinodelat sub formaarborescentasicu
diversescenariisimilar curidm pentru domeniul nuclear. semodeleazansasi
factorii nontehnici

METODA /
REZULTAT¢EScenariidominante la anumite provocaricaredescriupuncteleslabesiindica
masurilede luat

CRITERIILE suntde supravietuirea sistemului¢ spatiulsolutilora { | -w& ™

REZULTAT
REFERITOR SMRScenariilecarearatanon inovareasi neconsiderareesSMR potavea
contributii mari

Despreriscurile actualealei n o vnteriini dirvéhtriidiinenh i Urelel e adiuialédine n e r giregenieral&din cean u ¢ | fe gartidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretatDLMFS
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]
Modelul‘s‘urs\eﬁﬁ siretelelor

- -

: § g'""“"""[;g&élrsuz.: ------------- E E BARRIER SYSTEMS FOR A GIVEN CYCLE OF ONE ENERGY SOURCE
Eo E E E OPERAT‘OMNTBMNCE(M é; E ai T:‘c’snmum“ E?",EWTEI‘:E"- P:gl:‘llgAlL TERRORIST
iz i ENERGY B
i I SOURCES { f=n
B | s ; | i B
R e R
EE gl g0 kB
EOH B S ] p &
gl | 1 Bt T « 1 R 8 | = > 4
1t i Ee it | ot o
LR ol e BES Eéé: ----------- ! LAim: =
L R § 69 b0 INTERCONNECTIONS BETWEEN BARRIERS |
ﬁ%" gili i PEmgp
IE_ES1_CY2 51 nitting Event SP1 for SC1€51 G2 | MY (O | o HE— b 08 nomomoHECEE®®
IE_ES1_CY3_SP1 kg Evert SP1 e SC2ES1 CYRf I 1= 01 ¢ B 1 1 L Edl wel o mor o e
IE_ES2_C1_5P1 Iritiating Event SP1 for SC2 E52 Cy2 Eﬂﬂ.: : ) : ¥ : ; E | E_ E oo 1 0 1 1 1 11
IE_E$2_CY2_SP1 Intiating Event SP1 for SCIES2 Cy2 ] Rt ikt O :-‘g: oo o0 1 1 1 1 1 1 1
IE_ES3_CY2_SP1 Infising Evert SP1 for SCIESIC2 L i | 1 9 i f il e BB
isieny lestioxmonlll 0§l (Gl Sl 0T
ES1_ u 1 for SR B L d I
[E1_EST_CY2_E1_2 EEsT2osciesice) 15 (1 ESTIoW % DR SR
IE1_ES1_CY2_T1_0 IE T1_0for SCT EST Cy2 T L 129! B L
IE1_ES1_CY2.T11 ETI1frSCIESTCR | | | RN IR
IE1_ES1_CY2_T1_2 [ ) b i et 01 1 1 1 1 1 0 0

N
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SAMPLE RESULTS

TCO IMP

ES2 CY1 TR _SYS2 Failure of System 2 ES2 TR Cy1l
IGR_CY2 E SYS2 Failure of System 2 IGR E Cy2
188 jIE_SC1 ES2 CY2 E2 IE E2 for SC1 ES2 Cycle2

Failure of System 2 ES1T Cy2 considering
switches

285 [ES1 CY2 T SYS2

Split fraction not considering switches for
failure of Systems ES3 TR Cy3

132 [ES3_CY3_TR_SYS_SWSF

lI=HM
113 gES3 CY2 SP_SYS1 Failure of System 1 ES3 SP Cy2

IE_SC1_IGR_CY1_E1 |E E1 for SC1 OGR Cycle1(R&D&T)

IE_SC1 OGR_CY2 T2 IE T2 for SC1 OGR Cycle2
ES2 CY2 T SYS1 Failure of System 1 ES2 T Cy2

Failure of System 1 ES1 T Cy2 considering
switches

Weight of choosing GC2

=ML

290 JES1 CY2 T _SYS1

Split fraction not considering switches for

o0 I " failure of Systems ES2 SP Cy2

Despreriscurile actualealei n o vnteriini dirvéhtriidiinenh i Urelel e adiuialédine n e r giregenieral&din cean u ¢ | fe gartidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretatDLMFS
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Scenarios

Survivability
category
Rank of input
Confidence in
results
Impact Group

T
<
T
<

SURV 2 A = Failureof the barrier defined by System 2 of SP type
for ES1in Cycle 2

B= Afailure of the barriersystem?2 of Safeguardand H H HH
strategicdevelopment type for a ES2 under developmen

Cycle 1 due to blocking decisions od SP type in highly

tense initial conditions GC 3 of the whole system

Medium

C = Failuref the barrier defined by System 2 of T type fo

ES3 in Cycle 1 with initial condition GC3 of worst type

Challenge consists of a failure of barrier 2 of socio- political type for ES1, i.e. nuclear (e.g. failure of reaching consensus
between government, industry and public regarding the continuation of nuclear power plant prediction (cycle 2). In this
scenario, the decision-maker could shut down the nuclear plant, but this could have serious repercussions to the entire
survivability of the whole energy system, as nuclear is one of the important sources of the energy mix. However, this
could lead to even worse public reaction when they will realize that their everyday lives may be drastically changed due
to lack of electricity. Thus, as this scenario is of high-risk and high confidence, the decision-maker may have no other
choice but to speedily re-open dialogue with the public to seek consensus on the best course of action
&
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MODELE S| METODE DE EVALUARE SCENARII SMR IN CONTEXTEWERGHENQVARE

B¢ MCDA DE TIP ESREAJBE- detalii in Anexa?2
Generalizareanetodei propusade autor in metoda Epentru un numar de criterii mai mare de 3

MODEL- Descriereprovocariale sistemuluienergetic nucleadupadoi parametrii: utilitate si
nivel de risc semodeleazasi factorii nontehnici

METODA /
REZULTAT¢ESe obtine un spatiu al solutiilor sub formaunui CUB hetodologie ESREDA)

CRITERIILE suntde supravietuirea sistemuluic in spatiul definit de CUBpentru TREI
criterii limitative

REZULTAT
REFERITOR SMRNeconsiderarescMRcainovareduce laobtinereade solutii in afaraCUB

Despreriscurile actualealei n o vnteriini dirvéhtriidiinenh i Urelel e adiuialédine n e r giregenieral&din cean u ¢ | fe gartidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretatDLMFS
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Expected space achievimgt achieving innovation
High

STRONG
INTERACTION

AVERAGE
INTERACTION
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Multicriterial analysisby using ESREDA CUBE

L=
Eachnodeis definedby intersectiorof three facetsyhich |
arecommon areasf fulfilling any two out ofthree

criteria. 5f/ K6f

Theresultangeometricaform is of cube type, as presente
in Figure Facet3r | /

Thenodes andhefacets maybedescribedn an / __
Interdependencielatrix of the 3criteria. 0y
*

{
This principle is valid for any 3 /2;’_
number of criteria. The @/ & @
resultant geometrical formis of Facet1s /
more complex polyhedraltype /

CORRELATION WITH o ———G)

METHOD E i CATS approach Fcet b
] - ‘

iy
' .
| e @adhuialédin eﬁe "mgerierelcﬁdin cean u c | fe partidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretalDLMFS
¥
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B3 -I'oweverif there willbe more than B8riteria, then theacceptablspace od optimal solutidn
il bedescribedy a more compIeXypeof polyhedralasthe Type Dof evaluati wiII
lllustrate (and which issymbolicallyill tr tedin theright side of theFigure).

Exemple the CUBE - \ | More than three facets / categories / criteria
J L

Three facets / categories/ criteria

I

-
=
2
=
=
[
5
2
[
=
@
-
E
@

=
"

) NENOUU
[
2

Apply results of
topological
analysis
Description of
acceptable states
as poliedra

UBEto evaluate optlmeﬂolutlo'
optimizationb
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MODELE SI METODE DE EVALUARE SCENARII SMR IN CONTEXTEWERGHENQVARE

Cc MODELARE ANALITIC PARAMETRBIATEME ENERGETICE NUCLEARENCAIE DE
O VARIABILA S| UNU/DRARAMETRSISTEMEENERGETICEJCLEARE CA O TEHNOLOC

MODEL- Descriereprovocariale sistemuluienergetic nucleadupadoi parametrii: utilitate si
nivel de risc semodeleazasi factorii nontehnici

METODA /
REZULTATESe obtine un spatiu al solutiilor definit de curbarisculuisi ceaa utilitatii , care se
evalueazgentru fiecareparametru

CRITERIILE suntde supravietuirea sistemuluic in spatiul definit de infasuratoareatuturor
volumelor desemnatepentru un criteriu dat

REZULTAT
REFERITOR SMRileconsiderareecMRcainovareduce laobtinereade solutii in afara
volumului infasurator

Despreriscurile actualealei n o vnteriini dirvéhtriidiinenh i Urelel e adiuialédine n e r giregenieral&din cean u ¢ | fe gartidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretatDLMFS
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olumesf acceptable optimal
of onevariableand oneparame

nof the dependenciesf the optir

~

Volume of acceptable
solutions for the “collision “
of
two competingcriteria

—--_-T----_—"‘

-
Z




Academia Romana
Comitetul Roméan destoriasiF i1 | s o f i aTehpiti(ORIFSTE i K |
Divizia deLogica, MetodologieFﬂozofia Stiintei (DLMFS)

SimpozionulDespre riscurin K t | i tneSh Bokiunie 2022
-

- P DBA PRA 1 Emergency Severe accidents
§5 @D A - Intrinsic - Procoduron& = International Procedures & (PRA 2/ SAMG) & Risk (PRA 3)
£ B \ DN, 5 ! “Intrinsic safety (focus on ESF for existing
"DBA - PRA 182 (SA) & new features for Gen IV)
| :ﬁ “ "L - DBA - Extend symptom based procedures
(o - Intrinsic safety ~Safety for all sources on site (fuel etc)
5
o

-

Safety
margin

Optimistic risk
curve (upper

,A—a‘i

-_‘---.

A =] bound Gen. Il Safety
> alculations i
3 3 < ~— ) afety Margin Mo Sen
<~ % - ‘ Gen IV "na&n+
{ -~ e
-~

*DBA —sites for multiple units |
* Financial impact

-

Number of reactors

Enhagnce international coo orallon —
Nucl,-ar Zclimate change g ’ s QSﬁm |C risk
33 curve
Security (IT, unovhg
Security of energy supply (lower bound
VvV calculations) |

Chernobyl

Fukushima

Probabillty evel;ttsltlme

NPT OJL crisis Oklo Paris Convention ferin weir Rio NSC Y2K 9/11 Kyoto Gas&Fin crisis

r.ing energetica1u;:leara,iiretarDLMFS
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METODE DE EVALUARE SCENARII SMR IN CONTEXT ESERGEATINOVARE
D¢ SISTEME ENERGETICE MODELATEG@EDal approach for CUBE (method B)

MODEL- Descriereprovocariale sistemuluienergetic nucleapentru mai mult detrei
criterii inclusivhon tehnice

METODA /

REZULTAT¢E seobtine un spatiual solutiilor definit de de un poliedru de diverse
configuratii. Pentru3 criterii seobtine un hipercub. Pentrumai mult de 4
criterii seobtin spatii definite de alte poliedre

CRITERIILE suntde supravietuirea sistemuluic in spatiul definit de interiorul
poliedrului

REZULTAT

REFERITOR SMfRleconsiderareé&MRcainovareduce laobtinereade solutii in afara
volumului intern al poliedrului pentru oricate de multe criterii
considerate

Despreriscurile actualealei n o vnteriini dirvéhtriidiinenh i Urelel e adiuialédine n e r giregenieral&din cean u ¢ | fe gartidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretatDLMFS
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. A
Featureghatare common mf;é\a‘ureszlifferentfor two industri
F

COMMON FEATURES NO FEATURES THAT DIFFER

L Degree of dependence from political and social
Critical infrastructures D1 influences (R=Low; N=Medium)

Organizational structure required. D2 Phase of technology mature operation versus research
(R=High; N=Medium)

) ) . Different timings for the technology lifecycles
Interface with societal organization D3 (R=Short; N=Long)

Resources allocated i material, training,

Societal environment D4 organizational structure (R=Low, N=Medium)
Learning from similar Cross industries / planetary connection (R=Medium,
technological implementation D5 N=High)
hefs o s D6 (ng?_%lve\lmﬁgha}gﬁ? of lessons from similar technologies
c7 Commercial/safety/security D7 Feedback systems CATS type (R=Low, N=High)

: implications considered




Academia Romana
Comitetul Roméan destoriasiF i1 | s o f i aTehpiti(ORIFSTE i K |
Divizia de Logica, MetodologieFilozofia Stiintei (DLMFS)
SimpozionulDespre riscuriin K t i 1 tn S rBOkunie 2022

D.2 The solutions of the topological approach for the evaluation of the spaces of optimal
results for a multi criteria decision in a complex system are represented by the matrix

n Figure

01 11
101 -l i-l-—l
B 110 1 Il -1
-1 1 01 -l
-1 1 :u 1
Code | short [T
S Similitude :
E Evaluation I
Y . ¢ F §F Fr 5 |
L Learning "
-
c cyck | ai ||
P Political
T

Technologies "+

Ny
Ny
Ny
l.....
Ny
"y
n‘

evaluating criteria (in table% Ieaw to ac?'spaces as defined by pglyedral t
-
e a&hlmmgerierakﬁdin cean u c | fa mrtidulaﬁDan Serbane: giner Fizician, Dr.ing energeticanucleara,secretatDLMFS py
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neral, a multiple set of evaluations f Increased number of criteria lea Is
solutions, which are in matrix format er the FigureHtQvever, there isa
format a geometrical representes as—

il

Connect Faces

151028

WD DO =] O L e R B e

4510 38
151035
351048
3 18t 58
IN to 2N
INtodN
1Wto SE
Aphnar “net.” From this configuration, Nto 3N
the icosahedron may he assemh Jed. Last Pisce: SN
hitps./ifi. wikipedia.org/wikiTiedosto: Pyritohedron_animation. gif '

—
=

hitps:/fi. wikipedia.org/wikiTiedosto: Pyritohedron_animation. gif Generation ofan icosahedron by the interzection of five tetrahedra: geometrical and crystalographic
features ofthe intermediate polyhedralLivio Zefire Dip. Te.Ris, Universita'di Genova, ltaly
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Molecularlife ML=5YS1
Planetary P =SYS2 skl =%8 am+Ef=ﬂw*1

) G, R0
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METODE INOVATIVE PENTRU CALCULE DE RISC CENTRALE NUCLEARE DE TIP
E¢ SISTEME ENERGETICE MODELATE&@XJEal approach for CUBE (method B)

MODEL- Descriereprovocariale unei centrale SMRsi definireaunor metode pentru
nivelul 5 alprotectiei in adancime Planulde Urgenta

METODA /

REZULTATE seobtine un model aldescrieriiunitare a provocarilorde securitateposibile
de probabilitate foarte redusasi a masurilorcetrebuie luate caparte auni
program specialPlan deUrgenta

CRITERIILE sedefinescetapaledefinirii provocarilorextremesia masurilorcetrebuie
luate pentru protejareaintegralasi completaa mediului si populatiei.

REZULTAT
REFERITOR SMRVletoda dezvoltataesteinovativasi sepoate aplica la SMR Detaliiin
Anexab

Despreriscurile actualealei n o vnteriini dirvéhtriidiinenh i Urelel e adiuialédine n e r giregenieral&din cean u ¢ | fe gartidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretatDLMFS
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AvemR 2 @NLJU xefytdare laimplementareaSMR
Putema NJB & Spiioyr¥mulnuclearU& D 2 v & 2 teavierhidéja, a K S N Sail N
n v Uponfisl de lacevadéjastudiat, & Ne LINS 3 Rbriai WdameniUa NS E LI 2 |

centralelegandindla dzNJY N G 2dr NSY SNI G A A
2. Sauputem comenta discuta,scrieprograme, dezbateri critici, dezvoltateorii

conspirativeU & Nu facemnimic.

PentruO NeR A & Q@eigirdxiscuri: fiecaredintre acestedeciziiare riscurilesale.
Darriscul2 LJ0 Aldzné & Au facenimicR S 1 o NUiéhtigaRd esteletal.
Nu credO Idstavrem
Estenecesarab viziunepentru Romaniaacestuisecol.

Oviziunepentru Romaniaacestuisecoleste sa devina un hubnergeticg stiintific si
tehnologicbazat pe tehnologii revolutionare ale fizicii reactorului, IT simecaniciicuantice.
Un hubcelputin regional este oviziunepe masuraresurselormateriale siumane, atraditiei
sirealizarilornoastre, a structurii fine afiintei noastreculturale.

Si DA, 0 nougehnologiedereactori este un pasolidin aceastadirectie
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SES -

odel

IE for ES1, ES2,
ES3

Technical challenges

Economical

challenges
Socio-political

challenges
Terrorist challenges

3

ES,= Power Plant type 1
ES,=Power plant type 2
ES,;=Power plant type 3
Electrical grid

Fueliraw material
supply

Evaluation of various
possible scenarios for
ehergy systems
reaction to a set of |[E

based on a model

for ES1, ES2, ES3,
electrical grid and fuel
{ raw material supply
grids

-

o [ [ ) '_
» . .
. -

Cycles for a given energy
source

Cycle 1 (CY1)— Research,
development, testing,

prototypes

Cycle 2 (CY2) — Operation &
Maintenance

Cycle 3 (CY3) -Waste
management and
decommissioning

Categories of SES for
the ranking process
based on the risk
involved by each of
possible scenario,
which will result if a
challenge (IE) is
applied to the energy
systems. Uncertainties
are considered

The result is in the
format of options for
the actions to be taken
by the decision makers

Areas of energy system
+ Local

+ Regional (European)




a4 SES - The Model

Evaluation of various

|E for ES,.ES,,ES, possible scenarios for Cat:ggr;es o
energy system reaction to or
IE based on a Ranking based
Technical Challenges .
MODEL for on risk of
. scenarios and
Ecenomical giallenaes ES,,ES,,ES; electrical grid uncertainty
and fuel supply calculations
Socio political challenges
Proposed
Terrorist challenges nptions for
v . . decision makers
ES = Power Flant type 1
ES = Power Flant type 2 Cycles for energy source Areas of energy system
ES,= Regenerative » Research and deveiopment « Local
resources » Operation & MTCE - normal » Regional (European)
Electrical Grid and accident
Fuel supply + Decommissioning & Waste

management
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Barriers assumed by \
design for a given S
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with IE Failure of a barrier
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Systems
End failure
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Connection End States (CES)
used for connection to the next
level of scenarios where the
grouping of the end states is
considered.
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= End States
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= challenges (IE) to
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SF_TTRh

Mo. [ Freg.

Conseq.

Code

[iT

i

3 Bl

1 CO1IES ES_.

I}

Deszcription

Mode infarmation

SC1_OGH_Cv2_TR1_3._ET

Ewent Tree for IE for TR1_3 for SC1 OGH Cy2 Event Tree

SC1_OGH_Cv2_TR1_DLIM'

Diurmry Event Tree for IE TR1 for SC1 OGH Cy2 Event Tree

SC1_OGH_Cv2 TRZ 0 ET

Ewent Tree for [E for TRZ2_0for SC1 OGH Cy2 Event Tree

SC1_OGH_Cv2 TRZ_1_ET

Ewent Tree for [E for TRZ2_1 for SC1 OGH Cy2 Event Tree

SC1_OGH_Cv2_TR2 2 ET

Ewent Tree for [E for TR2_2 for SC1 OGH Cy2 Event Tree

SC1_OGH_Cv2 TR2 3 ET

Ewent Tree for [E for TR2_3 for SC1 OGH Cy2 Event Tree

SC1_OGH_Cv2_TRZ_DLIM'

Durmmy Event Tree for IE TRZ for SC1 OGH Cy2 Event Tree

SC1_ST_ESPH ET

ET for SC1 ESPH pentru ST

SC1_ST_ESPL ET

ET for SC1 ESPL pentiu ST

SC1_ST_ESPM_ET

ET for SC1 ESPM pentu ST

SCI_TTRH_ET

ET for SC1 TTRH

SCI_TTRLET
1 TT T
SC2 F51_Cra E1_0ET

ET for SC1 TTRL

ET for SC1 TTRM

| =SC1_TTRM_ET-SF_TTRM
CalcValue = F
Conzequences:
coz
IES_ESPM
SURY_ESP1
SRV T2
SURWZ

Sequence: SC1_TTRM_ET-SF_TTRM

LI

Ewent Tree for IE for E1_0for SC2 ES1 CY'3 Event Tree

SC2 ES1_CraEl1_1 ET

Ewent Tree for IE for E1_1 for SC2 ES1 CY3 Event Tree

b air | Consequencesl Analysis Cazes |

Event Tree

Memoz

Conzequence

SC2 ES1 CrakEl 2ET

Ewent Tree for IE for E1_2 for SC2 ES1 CY3 Event Tree

SC2_ES1_Cra E1 3 ET

Ewent Tree for [E for E1_3 for SC2 ES1 C'3 Event Tree

SC2_EST1_Cva E1_DUMMY

Dy Event Tree for IE E1 far SC2 ES1 CY'3 Event Tree

IES_ESPM

SC2_ES1_Cva E2 0 ET

Ewent Tree for [E for E2_0for SC2 ES1 C'3 Event Tree

SURY_ESF1

SC2_ES1_Cra E2 1 _ET

Ewent Tree for [E for E2_1 for SC2 ES1 C'3 Event Tree

SURY_T2

SURYZ

SC2_ES1_Cva E2 2 ET

Ewent Tree for |E for E2_2 for SC2 ES1 C'3 Event Tree

SC2_ES1_Cva B2 3 ET

Ewent Tree for [E for E2_3 for SC2 ES1 C'3 Event Tree

SC2 ES1_Cv'3_E2 DLUIkbY

Dummy Event Tree for |E E2 for SC2 ES1 Cv'3 Event Tree

SC2 ES1_Cv'3 SP1_0ET

Ewvent Tree for IE for SP1_0 for SC2 ES1 CY'3 Event Tree

SC2_ ES1_Cv3a_S5P1_1_ET

Ewvent Tree for IE for SP1_1 for SC2 ES1 CY'3 Event Tree

SC2 ES1_Cv3_5P1_2 ET

Ewvent Tree for IE for SP1_2 for SC2 ES1 CY'3 Event Tree

SC2 FS1_Cva SF1_3.ET

Ewent Tree for IE for SP1_3 for SC2 ES1 CY'3 Event Tree

SC2 FS1_Cra_SP1_DUMY

Dummy Ewvent Tree for |E for SC2 ES1 Cv'3 Event Tree

SC2 ES1_Cra SP2 0ET

Ewent Tree for IE for SP2_0for SC2 EST O3 Event Tree

SC2 ES1_Cra SP2 1. ET

Ewent Tree for IE for SP2_1 for SC2 EST O3 Event Tree

SC2_ES1_Cva GP2_ 2 ET

Ewent Tree for |E for sp2_2 for SC2 ES1 CY'3 Event Tree

SC2_ES1_Cva GP2_3 ET

Ewent Tree for [E for SP2_3 far SC2ES1 CY'3 Event Tree

SC2_ES1_Cra_SP2_DUMY

Dy Event Tree for [E SP2 for SC2 ES1 CY'3 Event Tree

SC2_ES1_Cra_T1_0ET

Ewent Tree for [E for T1_0for SC2 ES1 CY'3 Event Tree

SC2_ES1_Cra_T1_1_ET

Ewent Tree for [E for T1_1 for SC2 ES1 C'3 Event Tree

SC2_ES1_Cva_T1 2 ET

Ewent Tree for |E for T1_2 for SC2 ES1 C'3 Event Tree

SCZ_ES1_Cra_T1 3. ET

Ewent Tree for [E for T1_3 for SC2 ES1 Cv'3 Event Tree

SC2 ES1_Cv'3_T1_DUkbdy

Dummy Event Tree for IE T1 for SC2 ES1 Cv'3 Event Tree

SC2 ES1 Cv3 T2 0ET

Event Tree for IE for T2 0 for SC2 ES1 CY'3 Event Tree

SC2 ES1_Cv3 T2 1_ET

Ewvent Tree for IE for TZ_1 for SC2 ES1 CY'3 Event Tree

SC2 ES1_Cv3 T2 2 ET

Ewvent Tree for IE for T2_2 for SC2 EST CY'3 Event Tree

SC2 FS1_Cra T2 3 ET

Ewent Tree for IE for T2 3 for SC2 EST CY'3 Event Tree

SC2 ES1_Cra T2 DLMMY

Durmmy Event Tree for IE T2 for SC2 ES1 Cv'3 Event Tree

SF_TTRM Consequences: CO2, IES_ESPM. SURY_ESP1. SURY_TZ2. SURY2

LE'StartI | |©] SECURE - Microscf... | &1 vahoo! - Microsoft... | ) LESSA

| & riskspectrum P54 | & Rriskspectruma

GROUPING
CONSEQUENCES TO

CALCULATE
SECURTITY :

CRITERIA
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REZU LTA'(E'

SURV3 MCS Q= 6.574E-01
GC2_SF IE_SC1_ES2_CY3_TR1
ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF GC2_SF IE_SC1_ES2_CY3_TR1
ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF | GC2_SF IE_SC1_ES2_CY3_TR1
GC2_SF IE_SC1_ES2_CY3_TR1
GC2_SF IE_SC1_ES2_CY3_TR1 OGR_CY3_SP_SYS1 OGR_CY3_SP_SYS_SWSF
GC2_SF IE_SC1_ES2_CY3_TR1 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF
GC1_SF IE_SC1_ES2_CY3_TR1
GC2_SF IE_SC1_ES2_CY3_TR2 IGR_CY3_SP_SYS1 IGR_CY3_SP_SYS_SWSF
ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF | GC2_SF IE_SC1_ES2_CY1_TR2
ES3_CY3_SP_SYS1 ES3_CY3_SP_SYS_SWSF | GC1_SF IE_SC1_ES2_CY3_12

6 ES1_CY3_E_SYS2

GC1_SF

E_SC1_ES2 CY3_T12

ES2_CY3_E_SYS1

ES2_CY3_E_SYS_SWSF

GCO_SF

IE_SC1_ES2_CY3_T11

ES1_CY3_SP_SYS2 | ES1_CY3_SP_SYS_SWSF | GC2_SF IE_SC1_ES2_CY3_IR2

ES3_CY3_SP_SYS2 | ES3_CY3_SP_SYS_SWSF | GCO_SF IE_SC1_ES2_CY3_T1

ES1_CY3_T_SYS1 ES1_CY3_T_SYS2 GCO_SF IE_SC1_ES2_CY3_T1
ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF GC2_SF

ES2_CY3_E_SYS1

ES2_CY3_E_SYS_SWSF

GC2_SF
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ES2_cYz_SP_sYs2
|IE_SC1_OGR_CY3_SP2

ES1_CY2_T_SYS2
ES1_CY3 E_SYS2
IE_SC1_OGR_CY2_TR2
ES3_CY1_TR_SYS1
ES1_CY1_E_SYS1

[E_SC1_OGR_CY2_12
IE_SC1_IGR_CY2_T2
OGR_CY2_T_sYsi

Failure of System 2 IGR E Cy2
ailure of System 2 ES2 SP Cy2

E SP2 for SC1 OGR Cycle3

[Failure of System 2 ES1T Cy2
onsidering switches
ailure of System 2 ES1 E Cy3

IE TR2 for SC1 OGR Cycle2
IFailure of System 1 ES3 TR Cy1

‘eight of chossing GC3
plit fraction not considering

switches for failure of Systems ES3
P C




SAMPLE RESULTS

'.

SURV3 MCS

ES2_CY3_E_SYS1

Q= 6.574E-01

GC2_SF

IE_SC1_ES2_CY3_TR1

ES2_CY3_E_SYS_SWSF

GC2_SF

IE_SC1_ES2_CY3_TR1

ES2_CY3_SP_SYS1

ES2_CY3_SP_SYS_SWSF

GC2_SF

OGR_CY3_SP_SYS1

IE_SC1_ES2_CY3_TR1

OGR_CY3_SP_SYS_SWSF

OGR_CY3_E_SYS1

OGR_CY3_E_SYS_SWSF

IE_SC1_ES2_CY3_TR1

GC2_SF IE_SC1_ES2_CY3_TR1

GC2_SF IE_SC1_ES2_CY3_TR1

GC2_SF IE_SC1_ES2_CY3_TR1
GC1_SF

GC2_SF IE_SC1_ES2_CY3_TR2

IGR_CY3_SP_SYS1

IGR_CY3_SP_SYS_SWSF

ES2_CY3_SP_SYS1

ES2_CY3_SP_SYS_SWSF

GC2_SF

IE_SC1_ES2_CY1_TR2

ES3_CY3_SP_SYS1

ES3_CY3_SP_SYS_SWSF

GC1_SF

IE_SC1_ES2_CY3_T2

ES1_CY3_E_SYS2

GC1_SF

IE_SC1_ES2_CY3_T2

ES2_CY3_E_SYS1

ES2_CY3_E_SYS_SWSF

GCO_SF

IE_SC1_ES2_CY3_T1

ES1_CY3_SP_SYS2 | ES1_CY3_SP_SYS_SWSF | GC2_SF IE_SC1_ES2_CY3_TR2

ES3_CY3_SP_SYS2 | ES3_CY3_SP_SYS_SWSF | GCO_SF IE_SC1_ES2_CY3_T1

ES1_CY3_T_SYS1 ES1_CY3_T_SYS2 GCO_SF IE_SC1_ES2_CY3_T1
ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF | GC2_SF 3

ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF | GC2_SF 3




4.00E-03
4.00E-03
4.00E-03
3.60E-03
3.60E-03
3.60E-03
3.60E-03
3.60E-03
3.00E-03
3.00E-03
2.70E-03
2.70E-03
2.70E-03
2.70E-03
2.00E-03
2.00E-03
1.80E-03
1.80E-03
1.80E-03
1.80E-03
1.00E-03
1.00E-03
9.00E-04
9.00E-04
9.00E-04
9.00E-04
4.00E-04
4.00E-04
4.00E-04
4.00E-04
3.60E-04
3.60E-04
3.60E-04
3.60E-04
3.24E-04
3.24E-04
3.24E-04
3.24E-04
3.00E-04
3.00E-04
2.70E-04
2.70E-04
2.70E-04
1.80E-04
1.80E-04
1.80E-04
1.80E-04
1.62E-04
1.62E-04
3.24E-05
3.24E-05
3.00E-05
2.70E-05
2.70E-05
1.62E-05

-

0.3
0.3
0.27
0.27
0.27
0.27
0.15
0.15
0.14
0.14
0.14
0.14
0.06
0.06
0.06
0.06
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.04
0.04
0.04
0.03
0.03
0.03
0.03
0.02
0.02

© o o o

ES1_CY3_E_SYS1
ES1_CY3 E_SYS1
ES1_CY3_E_SYS1
ES2_CY3_E_SYS1
ES2_CY3_SP_SYS1
ES2_CY3_SP_SYS1
GC2_SF

GC2_SF

ES1_CY3 E_SYS1
ES1_CY3_E_SYS1
ES2_CY3_E_SYS1
ES2_CY3_SP_SYS1
GC1_SF

GC1_SF
ES1_CY3_E_SYS1
ES1_CY3_E_SYS1
ES2_CY3_TR_SYS1
ES2_CY1_TR_SYS1
GC3_SF

GC3_SF
ES1_CY3_E_SYS1
ES1_CY3_E_SYS1
ES2_CY3_E_SYS1
ES2_CY3_E_SYS1
ES2_CY3_SP_SYS1
ES2_CY3_E_SYS1
ES3_CY3_SP_SYS1
ES3_CY3_SP_SYS1
ES1_CY3_E_SYS1
ES1_CY3 E_SYS2
ES1_CY3_E_SYS1
ES2_CY3_SP_SYS1
ES2_CY3_SP_SYS1
GC2_SF
ES2_CY2_E_SYS1
ES2_CY2_E_SYS1
ES2_CY2_E_SYS1
ES2_CY2_E_SYS1
ES1_CY3_E_SYS1
ES1_CY3_E_SYS2
ES1_CY3_E_SYS1
GC1_SF

GC1_SF
ES1_CY3_E_SYS1
ES1_CY3_E_SYS1
ES1_CY3 E_SYS1
GC3_SF
ES2_CY3_SP_SYS1
ES3_CY2_SP_SYS1
ES2_CY2_E_SYS1
ES2_CY2_E_SYS1
ES1_CY3_E_SYS1
GC1_SF

GC1_SF

GC3_SF

GC2_SF
GC2_SF

GC2_SF
ES2_CY3_E_SYS_SWSF
ES2_CY3_SP_SYS_SWSF
ES2_CY3_SP_SYS_SWSF
IE_SC1_IGR_CY1_TR1
IE_SC1_ES2_CY2_TR1
GC1_SF

GC1_SF
ES2_CY3_E_SYS_SWSF
ES2_CY3_SP_SYS_SWSF
IE_SC1_ES3_CY2_TR1
IE_SC1_ES1_CY3_TR1
GC3_SF

GC3_SF
ES2_CY3_TR_SYS_SWSF
ES2_CY1_TR_SYS_SWSF
IE_SC1_IGR_CY1_TR1
IE_SC1_OGR_CY3_TR1
GCO_SF

GCO_SF
ES2_CY3_E_SYS_SWSF
ES2_CY3_E_SYS_SWSF
ES2_CY3_SP_SYS_SWSF
ES2_CY3_E_SYS_SWSF
ES3_CY3_SP_SYS_SWSF
ES3_CY3_SP_SYS_SWSF
GC2_SF

GC2_SF
ES2_CY2_E_SYS1
ES2_CY3_SP_SYS_SWSF
ES2_CY3_SP_SYS_SWSF
IE_SC1_ES1_CY3_TR2
ES2_CY2_E_SYS_SWSF
ES2_CY2_E_SYS_SWSF
ES2_CY2_E_SYS_SWSF
ES2_CY2_E_SYS_SWSF
GC1_SF

GC1_SF
ES2_CY2_E_SYS1
IE_SC1_ES1_CY3_TR2
IE_SC1_ES1_CY3_TR2
ES2_CY2_E_SYS1
GC3_SF

GC3_SF
IE_SC1_OGR_CY2_TR2
ES2_CY3_SP_SYS_SWSF
ES3_CY2_SP_SYS_SWSF
ES2_CY2_E_SYS_SWSF
ES2_CY2_E_SYS_SWSF
GC1_SF
IE_SC1_ES2_CY1_T2
IE_SC1_OGR_CY1_T2
IE_SC1_OGR_CY1_E1

SAMPLE RESULTS

IE_SC1_ES1_CY3_TR1
IE_SC1_OGR_CY1_TR1
IE_SC1_ES3_CY2_TR1
GC2_SF

GC2_SF

GC2_SF
OGR_CY3_E_SYS1
OGR_CY3_E_SYS1
IE_SC1_ES2_CY2_TR1
IE_SC1_OGR_CY1_TR1
GC1_SF

GC1_SF
OGR_CY3_SP_SYS1
IGR_CY3_SP_SYS1
IE_SC1_ES3_CY2_TR1
IE_SC1_ES1_CY1_TR1
GC3_SF

GC3_SF
OGR_CY3_E_SYS1
IGR_CY3_SP_SYS1
IE_SC1_ES1_CY1_TR1
IE_SC1_IGR_CY1_TR1
GCO_SF

GCO_SF

GCO_SF

GCO_SF

GC2_SF

GC2_SF
IE_SC1_ES1_CY2_TR2
IE_SC1_OGR_CY2_TR1
ES2_CY2_E_SYS_SWSF
GC2_SF

GC2_SF
OGR_CY3_E_SYS1
ES2_CY3_E_SYS1
ES2_CY3_SP_SYS1
GC2_SF

GC2_SF
IE_SC1_ES2_CY2_TR2
IE_SC1_IGR_CY2_TR1
ES2_CY2_E_SYS_SWSF
OGR_CY3_SP_SYS1
OGR_CY3_E_SYS1
ES2_CY2_E_SYS_SWSF
IE_SC1_OGR_CY2_E1
IE_SC1_IGR_CY2_SP1
OGR_CY3_E_SYS1
ES3_CY2_E_SYS1
GC3_SF
ES2_CY3_SP_SYS2
ES2_CY3_E_SYS2
IE_SC1_ES3_CY2_T2
IGR_CY3_SP_SYS1
OGR_CY3_E_SYS1
OGR_CY1_E_SYS2

SURV_T2 MCS

IE_SC1_ES2_CY3_TR1
IE_SC1_ES3_CY1_TR1
IE_SC1_IGR_CY1_TR1
OGR_CY3_E_SYS_SWSF
OGR_CY3_E_SYS_SWSF

IE_SC1_IGR_CY2_TR1
IE_SC1_ES3_CY2_TR1
OGR_CY3_SP_SYS_SWSF
IGR_CY3_SP_SYS_SWSF

IE_SC1_ES2_CY3_TR1
IE_SC1_ES2_CY1_SP1

OGR_CY3_E_SYS_SWSF
IGR_CY3_SP_SYS_SWSF

IE_SC1_ES1_CY3_TR1
IE_SC1_ES2_CY2_TR1
IE_SC1_ES3_CY1_TR1
IE_SC1_OGR_CY3_TR1
IE_SC1_ES2_CY1_TR1
IE_SC1_ES3_CY3_TR1

GC2_SF
IE_SC1_ES1_CY2_TR2
IE_SC1_OGR_CY1_TR2
OGR_CY3_E_SYS_SWSF
ES2_CY3_E_SYS_SWSF
ES2_CY3_SP_SYS_SWSF
IE_SC1_ES2_CY2_E1
IE_SC1_ES2_CY2_E1

GC1_SF
OGR_CY3_SP_SYS_SWSF
OGR_CY3_E_SYS_SWSF
GC3_SF
OGR_CY2_E_SYS1
IGR_CY2_SP_SYS1
OGR_CY3_E_SYS_SWSF
ES3_CY2_E_SYS_SWSF
IE_SC1_ES3_CY2_SP1
ES2_CY3_SP_SYS_SWSF
ES2_CY3_E_SYS_SWSF

IGR_CY3_SP_SYS_SWSF
OGR_CY3_E_SYS_SWSF
OGR_CY1_E_SYS_SWSF

Q =6.574E-01

IE_SC1_ES2_CY2_E1

GC2_SF
GC2_SF
OGR_CY3_SP_SYS1
OGR_CY3_E_SYS1

IE_SC1_ES2_CY2_E1

IE_SC1_ES2_CY2_E1
OGR_CY2_E_SYS_SWSF
IGR_CY2_SP_SYS_SWSF

GC3_SF
OGR_CY3_SP_SYS1
GC2_SF
GC2_SF

OGR_CY3_SP_SYS1
s

IE_SC1_ES2_CY2_E1
IE_SC1_ES2_CY2_E1
OGR_CY3_SP_SYS_SWSF
OGR_CY3_E_SYS_SWSF

IE_SC1_ES3_CVY2_E1
OGR_CY3_SP_SYS_SWSF
IE_SC1_ES2_CVY2_E1
IE_SC1_ES2_CVY2_E1l

OGR_CY3_SP_SYS_SWSF



SAMPLE RESULTS

188
285

132

113

290

50

ES2 CY1 TR _SYS2
IGR_CY2_E_SYS2
IE_SC1_ES2 CY2_E2

ES1 CY2 T _SYS2

ES3 CY3_TR_SYS_SWSF

ES3 CY2 SP_SYS1
IE_SC1 IGR_CY1 E1

IE_SC1_OGR_CY2 T2
ES2 CY2 T SYS1

ES1 CY2 T _SYS1

GC2_SF

ES2 CY2_E_SYS SWSF

TCO IMP

Failure of System 2 ES2 TR Cyl
Failure of System 2 IGR E Cy2
IE E2 for SC1 ES2 Cycle2

Failure of System 2 ES1T Cy2 considering
switches

Split fraction not considering switches for
failure of Systems ES3 TR Cy3

lI=HM
Failure of System 1 ES3 SP Cy2

IE E1 for SC1 OGR Cyclel(R&D&T)

IE T2 for SC1 OGR Cycle2
Failure of System 1 ES2 T Cy2

Failure of System 1 ES1 T Cy2 considering
switches

Weight of choosing GC2

=ML

Split fraction not considering switches for
failure of Systems ES2 SP Cy2




e

SAMPLE RESULTS

No

Sample of presenting results from a chosen challenge (Initiating Event) from the list, which is ranked as a high
accompanied by suggested actions to be considered by the decision makers

Challengeconsistsin a technicalfailure of barrier2 of ESL (e.g. failure of safetysystemsdiscoveredduring operationon

nuclearpower plant, i.e. CY2) leadingto the preventiveshut down of the plant This thenresultsin the disruption of

electricity supplyto thegrid, evenif thereis no impacton environmentworkersandpublic.

The decisionmakercouldconsiderasa priority justto improvethe safetysystemsHowever this maynotbethebestcourse
actionfrom the perspectiveof assuringsurvivability of category3 of the entire energysystem,asthis scenariohasa high-

risk impactbut low confidence(seeTable5, row A). Thus, basedon his/her boundary conditions, the decisionmaker

may decideto chooseanother scenaria

Challengeconsistsof a terroristattackof averagemagnitudeon a high voltage switchyardwithin the EU electricalgrid.

This leadsto an unstableelectricalgrid anda possibleblackoutacrossEurope,with a high impacton the baseload sources
(nuclear[ES]] or fossil [ES2]). This in turn could lead to failures of technical,political and economicbarriersfor these
energy sources In this scenario,the decisiormaker could consideras a priority to improve the security (including
preventivemeasuresof the keyinfrastructuresof the grid. This could be a bettercourseof actionbecausehis scenarichas
a high-risk impactwith amediumconfidencen the results(seeTable5, row B).

Challengeconsistsof a technicalfailure of barrier 1 of the electricity grid (e.g. technicalfailure of a switchyarddue to

severeveatherconditions) The systemwill switchto the nextlevel of protection(barrier2) but maystill haveminor impact
on usersandotherenergysourcesonnectedo the grid. In this scenariothe decisionmakercould prioritiseto fix barrierl

of the electricalgrid. However,this may not be the bestcourseaction,asthis scenariohasa mediunzrisk impactand low

confidenceg(seeTables, row C). Thus; basedon his/her boundary conditions, the decisionrmaker may decideto choose
another scenaria

Challengeconsistsof a failure of barrier2 of socicpolitical type for ESL, i.e. nuclear(e.g. failure of reachingconsensus
betweengovernmentjndustry and public regardingthe continuationof nuclearpower plant production(cycle 2). In this
scenario,the decisionmaker could shut down the nuclear plant, but this could have seriousrepercussionso the entire
survivability of the whole energysystem,asnuclearis one of the importantsourcesf the energymix. However,this could
leadto evenworsepublic reactionwhentheywill realizethattheir everydaylives maybe drasticallychangediueto lack of
electricity. Thus,asthis scenariois of high-risk and high confidence the decisionmakermay haveno other choicebut to
speedilyre-opendialoguewith the public to seekconsensusn the bestcourseof action(seeTable5, row D).

risk,
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Ay

Muclear U1

Muclear U2

Muclear U3

Muclear U4

CET Galati Grupul 3

CET Galati Grupul 4

CET Galati Grupul 5

CET Galati Grupul 6

CTE Galati (Enel}

CTE Braila 1

CTE Braila 2

CTE Braila

CCGT Tulcea (Alro)

CET Palas 1

CET Palas 2

CEE Pestera (EDP renewables)

CEE Valea Mucarilor - Tulcea (Enel)

CEE Fantanele -Cogeleac

CEE Silistea (Romconstruct)

CEE Cernavoda 1 (EDP renewables)

CEE Dorobantu, Constanta (Wind Power]

CEE Cernavoda 2 (EDP renewables)

CEE Salbatica 1

CEE Mihai Viteazu, Constanta (Iberdrolal

CEE Salbatica 2

CEE Corugea

CEE Sarichioi

CEE Vutcani

CEE CEDD CAS Regenerabile

CEE CEED Alpha wWind Nord 1

Proiect eolian 1
Proiect eoclian 2
Proiect eolian 3

IE1_ESW35_CY1_E1L
IEL_ESW35 C¥1 E1 O
IEL_ESW35 CY1_E1_1
IEL_ESW35 C¥1 E1 2
IE1_ESW35_CY1_E1_3
IEL_ESW35 CY1 E2
IEL_ESW35_CY1_E2_ O
IEL_ESW35 CY1 E2 1
IEL_ESW35 CY1_E2 2
IEL_ESW35 CY1 E2 3
IEL_ESW35_CY1l SP1
IEL_ESW35 CY1 SP1_ 0O
IEL_ESW35_CY1 SP1_1
IEL_ESW35 CY1 SP1_2
IEL_ESW35_CY1l SP1_3
IE1_ESW35_CY1_SP2
IE1L_ESW35 CY1 SP2 0
IE1_ESW35_CY1_SP2_1
IE1L_ESW35 CY1 SP2 2
IE1_ESW35_CY1l SP2_3
IEL_ESW35 C¥1 T1
IEL_ESW35 CY1_T1_0O
IEL_ESW35 Cv1 T1 1
IEL_ESW35 CY1_T1_2
IEL_ESW35 C¥1 T1 3
IEL_ESW35 Cv1l T2
IEL_ESW35 CY1 T2 O
IEL_ESW35 CY1l T2 1
IEL_ESW35 C¥1 T2 2
IEL_ESW35 CY1l T2 3
IE1_ESW35_CY1_TR1
IE1L_ESW35 Y1 TR1_ O
IE1_ESW35_CY1 _TR1I_1

Initiating Event
Initiating Event E1 for SC1 ESW35 Cyl
IEEL 0O for SC1 ESW35 Cyl
IEEL_ 1 for SC1 ESW35 Cy1l
IEEL 2 for SC1 ESW35 Cyl
IEEL_ 32 for SC1 ESW35 Cyl
Initiating Event E2 for SC1 ESW35 Cyl
IEE2_0 for SC1 ESW35 Cyl
IEE2 1 for SC1 ESW35 Cyl
IEE2_ 2 for SC1 ESW35 Cyl
IEE2 3 for SC1 ESW35 Cyl
Initiating Event SP1 for SC1 ESW35 Cyl
IESP1_0 for SC1 ESW35 Cyl
IESP1_1 for SC1 ESW35 Cyl
IESP1_2 for SC1 ESW35 Cyl
IESP1_3 for SC1 ESW35 Cy1l
Initiating Event SP2 for SC1 ESW35 Cyl
IESPZ2_0 for SC1 ESW35 Cyl
IESP2_1 for SC1 ESW35 Cyl
IESP2_2 for SC1 ESW35 Cyl
IESP2_3 for SC1 ESW35 Cyl
Initiating Event T1 for SC1 ESW35 Cyl
IETL_0 for SC1 ESW35 Cy1l
IETL 1 for SC1 ESW35 Cy1l
IETL_2 for SC1 ESW35 Cy1l
IETL 2 for SC1 ESW35 Cy1l
Initiating Event T2 for SC1 ESW35 Cyl
IET2_ 0 for SC1 ESW35 Cy1l
IET2_1 for SC1 ESW35 Cy1l
IET2 2 for SC1 ESW35 Cy1l
IET2_3 for SC1 ESW35 Cy1l
Initiating Event TR1 for SC1 ESW35 Cyl
IETR1_O for SC1 ESW35 Cyl
IETR1_1 for SC1 ESW35 Cy1l
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Barbosi |Lacusarat| Lacul | Smardan | Tulcea |Constanta| Medgidia | celula |Tariverde | Medgidia | Rahmanu
Conec Energie
coa Gastionar Statia de racord u Ciclu | a200kv [100 kv sau| 400 kv 400kv | vest400 | Nord 110 |Sud 110kv | 110kv din | 400kv Nord
anuarie 2013) tare primara Smardan kv kv Tulcea 110KV
Esnin Nuclear U1 Nuclearelectrica RET | Cernavoda 400 kv Nuclear| cvz x
Esniz Nuclear Uz Nuclearelectrica RET | cCernavoda 400 kv Nuclear| _cvz x
esmis Galati RET Barbosi 110 kv Hidrocarburi| __cvz =
eske Galati RET Barbosi 110 k\ Hidrocarbun| _ Cva x
esmz Electrocentrale Galati RET Barbosi 110 kv Hidrocarburi| Cv2 =
Esmn Electracentrale Galati RET Barbosi 110 kW Hidrocarburi| __cvz x
estao SE Braila RET | Lacu Sarat 220 kv Hidrocarburi| _cvz x
estay SE Braila RET | Lacu Sarat 220 kv Hidrocarbun| _cvz x
— SE Canstanta pey | Constanta Nord 110 ) )
kv 50.0 42.6| Hidrocarburi| CY2 x
— sE Constanta ner | Constanta Nord 110 ) )
50.0 425 Hidrocarburi| Cvz x
EDP Ranawablas Medgidia Sud - Enel Distributie Dobrogea / Racord In
Eswie RED. P derivatie s.c. din LEA 110 kv pana la st
de transf 110/23 kv a utilizaterului ol e vant| cva .
Enel Green Power Enel Distributie Dobrogea / Racord in
eswaz | €58 ""::I Nucarilor RED. T“s':re:‘::‘s: derivatie simplu circuit LEA 110 kv
eea Tulcea Vest - Sarinasuf 340 334 want| vz x
CEE Fantanele - |CEZ Transelectrica / statia 400/110 kv
Eswis RET Tariverd
Cogeleac arfverds Tariverde 600.0 585.0] Vant| cCvz *
Romconstruct - ButanGas Enel Distributie Dobrogea / racard
Harsova - Medgidia | intrare - resire in LEA 110 kv, prin
s CEEsilistea RED Nord statie de conexiune 110 kV si LEA 110
KV pana la st de transf a utilizatorului 250 248 want| vz x
cernavoda Power Enel Distributie Dobrogea / racord in
eswzo | CEE Cernavoda 1 rep | MIFEeaVOoda - MedE:| o atie din LEA 110 kV pana la st de
. transf 110/33kV a tui 9.0 68.3 Vant|  cvz x
wind Power Park Transelectrica / racord prin statie
Eswz1 cEEc::::’:;‘“' RET Rahmanu noua 400/110 kW Rahmanu intrare in
LEA 400 kv Isaccea - Medgidia 46.0 42.7 Vant| vz x
Cernavoda Power Enel Distributie Dobrogea / racard
esw2z | CEE Cernavoda 2 RED. Tortomanu radial prin LEA 110 kV s.c. in st. de
transf. Baia pana la st. de transf. 9.0 &7.7 wvant| vz x
Enel Green Power Tulema vest - Tl Enel Distributie Dobragea / racord in
esw23 | CEE salbatica 1 RED een “9% | derivatia d.c din LEA 110 kv pana la st
de transf 110/33 kV a ului 700 68 5 wvant|  cvz x
. | CEE Mihai Viteazu, |Eclica Dobrogea (iberdrol
e RED ? ? 80.0 79.0 vant| cvz
Enel Green Power Tulema vest - Tul Enel Distributie Dobragea / racord in
Eswas CEE Salbatica 2 RED. eea “e2 | derivatiae d.c din LEA 110 kv pana la st
==t de transf 110/23 kV a wlui 700 568.5 wvant|  cvz x
Enel Green Power Enel Distributie Dobrogea / racord
eswze CEE Corugea RED Cismeaua Noua prin LEA 110 kv din statia de transf
Clsmeaua Noua pana la st. de transf. 700 69.0 want| vz
EDP Renawables Enel Distributie Dobrogea / racord in
esw2z CEE sarichioi RED Vest- Zebil |derivatie din LEA 110 kV pana la st de
transf a utilizatorului 3z.a want| vz x
CAS Regenerabile (Austr| Transelectrica / iesire prin statie
Eswan Ciilﬁlslmm. RET Rahmanu noua 400/110 k¥ Rahmanu intrare -
cea cas iesire in LEA 400 kV Isaccea - 506 49.6 Vant| cvz x
Alpha wind - verbund Transelactrica / iasire prin statie
CEE casimcea, Moua 4007110 kv Rahmanu intrare -
eswzo
Tulcea Alpha RET Rahmanu iesire in LEA 400 kV Isaccea -
mMedgidia (Dobrud)a) e o vant| cva "
Eviva Nalbant - Martifer
Enel Distributie Dobrogea / prin LES
e CEE Babadag RED Babadag 110 KV direct in statia Babadag.
336 330 wvant| vz
eswas | CEE Mihal Viteazu |Wind Farm Mvy RED. i3 ? 13.8 13.8 vant|  cvz
eswaz CEE Gemanele |Braila Winds (GDF Suez) 483 47.6 Vant|  Cvz
swa Elcomex EGL 1196 1190 vant|  cvz
Eswaa CEE Topolog Total Electric 270 270 Want| cva
Total nuclear in
operare (cvz) 1413.0| 1298.0
Tatal hidrocarburl in
operare (€v2) 912.0| 8390
Total carbune in
operare {cv2) 0o 00

Total vant in
operare (CY2]

Nuclear U3
rNuclear ua
CTE Galati
CTE Braila
CCGT Tulcea
CEE

Nuclearelectrica
rNuclearelectrica
Enel
Enel
Alra

Cernavoda 400 kv
cernavoda 400 kv

Muclear

MNuclear

Carbune

Carbune

Gaze

Want

RONEAE

Vo
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T T % Components and their oc-
Short Descrip - SE S - Specific Sur- " currence 7/ failuoge Impact for
tion ofGeneral | Yivability Subgroup a SES smatec of npe SURVS
G » P ivab ii Combination of (as defined in Table 1)
(SES - Group a;z;rfs(;;ﬁ-d > Fa:xluse ©f thhe baxrier Se-
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Yery Low Im- T0 ope for ES2 incyxwle CY'1
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- T1 fined by Syvsten 2 of T
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E2 Fodure of Ui B=rier o=-
T2 fined by Systen 2 o E H AL
Small Impact EOT1 ope for ESI incycle CY 3
leading to MNanor EOE1 Occixrence of =n [E (Chai- i1
SURV 1 follow up cor- lenge) to OGR of TR2 tnpe H Y 4 -
rectuve actions EOT1 i cycle CY 2 INL |
needed (CO1) EOTO Faz:luse of the Daxrier de-
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- EXTO Occwrrence of an IE (Thal- '
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SURV 2 Important fol- E1T> Fa:mllure of the bxrier de- 113
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itical type for ES1, i.e. nuclear (e.g. failure of reaching consensus
i e continuation of nuclear power plant predictiong:lle 2). In this
shut down the nuclear plant, but this could have serious repercussions to the entire

system, as nuclear is one of the important sources of the energy mix. However, this

ction when they will realize that their everyday lives may be drastically changed due
scenario 1s of high-risk and high confidence, decision-maker may have no other
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*
il

C _ 5 - 3 4
; Pl =) : <5 & > S5
SR= Scenarios 58 £¢& g8
3 U) O 8 e 8 c =
SURV 2 A = Failureof the barrier defined by System 2 of SP type H M

Medium for ESlin Cycle 2

SURYV 3 | B= Afailure of the barriersystem?2 of Safeguardand
strategicdevelopment type for a ES2 under developmen
Cycle 1 due to blocking decisions od SP type in highly
tense initial conditions GC 3 of the whole system

High

|—
<
—

T
T I
T <

C = Failuref the barrier defined by System 2 of T type fo
EES3 in Cycle 1 with initial condition GC3 of worst type

Challenge consists of a failure of barrier 2 of socio- political type for ES1, i.e. nuclear (e.g. failure of reaching consensus
between government, industry and public regarding the continuation of nuclear power plant prediction (cycle 2). In this
scenario, the decision-maker could shut down the nuclear plant, but this could have serious repercussions to the entire
survivability of the whole energy system, as nuclear 1s one of the important sources of the energy mix. However, this
could lead to even worse public reaction when they will realize that their everyday lives may be drastically changed due
to lack of electricity. Thus, as this scenario 1s of high-risk and high confidence, the decision-maker may have no other
choice but to speedily re-open dialogue with the public to seek consensus on the best course of action

MEI e adiualédine n e r diregeneral&dincean u c | e partidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretaDLMFS
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Comparisons of diversdechnologies

Practical questions of interest in defining the accident analysis framework, methods for a given technical
system by using also the experience from another system and / or environment (national or international)

¢ ) et limits o
he Status of the societal/organizational aspects Decision making based on researches/analyses
ties betwee Resetch & conmerl stmctres a thef erces * Ieniyng options
¢ Structure. resources and place in technological targets for society o Evaluate risks n each case
opolitical environme Defned goals and roadmaps ortechnologis fo mprove socitd o Develop a sceuario basedapproach
conditions o Define optimal decision

/ersetechnologies
especificsof su

tatiorl_)f resu
> availablen
e serie®f activit

Existing qualified staff. raining ofnew staffand transfer of competences

Experiments, results operation feedback

Research/Analysis methods

ous technical areasl T m—
arks em)t s Identifying causal factors (organizational, inter-organizational) o Evahate interface
. actionsto cope with adverse inferfaces
nk tank rastructt Defensive atitude of people involved " ;Z::mg e eﬁmp.ems ofileaces
Conditions of auditions and interviews
Interference with legal inquiry
] ] agm n Dealmg with media pressure
View on the Similitudes and Interconnections ot v st s ey

is considered for the following aspects:

Fig
acci

In orderto
differencesfor
scale
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~interfac

 CHALLENGES & LEARNING PROCESSES |

|

::} VARIOUS LIFECY CLEPHASES & SOCIO POLITICAL ENVIRONMENTS
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Expected QM-NE Interaction Scale

High

STRONG
INTERACTION

AVERAGE
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The characteristics considereflinterestin definingtopicsandstrategiegor Thesecharacteristicslefinea matrix of evaluationof various
accident analysigor acomplex system are (Tahl® are agollows: options/situationsyhich mightbe encounteredlhe options
in matrix format describe space states, for which a
i1 Interaction betweethetwo technologies QNaNdNE (1) correspondinggeometricakrepresentatioasnodesandfacets
i Researclvalidation,expectedechnologyfailures andheir of polyhedralform, asshownin previouspapers|3; 4] .
managemeniR) \ _ . ! ’ e
1 Supplychain operatiomndcooperation(S) In this papertheapproachs_usedln orderto identify specﬂ_‘lc
' features and evaluate the interface of two technologies
T Impactof thesystem lifecycle(C) QuantumMechanics(QM) and Nuclear Engineering(NE)In
I Impactof societatsocio political environmer(P) Table 2 there is a more detailed representationof the
1 Interferencewith other technologies then NE) common aspects and differences between the two

technologies, which have an impact (in the situation
evaluatedn the paper)onthe comparisoncriteriafrom Table

Table 1.The characteristics consider&dnterestin defining topicandstrategiesfér accident analysis for a complex system

Code Short description Characteristics of criteria

I Interaction OM-NE Interaction betweethe twotechnologies QMaindNE (1) S

Researclvalidation,expectedechnologyfailures andtheir

R Research failures BEREbemeriR) £

g Supply chain performance Supplychain operatiomndcooperation (Sl

C Lifecycle joint impact Impactof thesystem lifecycldor the joint evolutionQM-NE(C)
P Societal environment Impactof societal-socio political environmer(P)

T B ther Interferencewith other technologies then NH)

technologies

Despreriscurile actualealei n o vnteriini dirvéhtriidiinenh i Urelel e adiuialédine n e r giregenieral&din cean u ¢ | fe gartidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretatDLMFS
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3 Table 2.Featurethatare common anteat ifferentfor two industries
- e .A.Aﬁ
COMMON FEATURES NO FEATURES THAT DIFFER
Critical infrastructures D1 inﬁggrrlizgf(gffg\?vc;i?\lnzc'\t/algaci)lznmp))oI|t|cal and social

Organizational structure required. D2 Phase of technology mature operation versus research
(R=High; N=Medium)

) ) . Different timings for the technology lifecycles
Interface with societal organization D3 (R=Short; N=Long)

. . Resources allocated 1 material, training,
Societal environment D4 organizational structure (R=Low, N=Medium)

Learning from similar Cross industries / planetary connection (R=Medium,
technological implementation D5 N=High)

hefs o s D6 (ng?_r())lvevml\e]glt_'a}g?]? of lessons from similar technologies

c7 . Commercial/safety/security D7 Feedback systems CATS type (R=Low, N=High)
implications considered
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Thesourcef evaluationsn table2 areasfollows:

"I Forthe Nuclearareai thepaperscontaining information to_support tlexpert
evaluations from ansummarized imprevious work([1];[3];[4]):

o Evaluationof theimpactof usingrisk driving evaluation criteria

0 Presentatiorof anexampleof eventreview andOPEX

0 Evaluationof acasestudyon crossindustriesimpact (fromR to N)

0 I?resclantatlorof emergencyrganizationalstructuresat national andndustry (N)
eve _ b : ‘

0 Presentatiorof somespecific safetgvaluationtechniquegN)

1 FortheQM 1 (seeAnnexA) .

In order to describethe interdependenciebetweenvarious features/ criteria specificsin
casesN andR, usedto developthe interdependenceatrix the evaluationconsidereahe
existingresults mentionedn paperdisted beforeon thetopic.

Despreriscurile actualealei n o vnkeriini civéitriidinevi i Urelel e adiuialédine n e r giregeneral&dincean u ¢ | e partidular-, Dan Serbanesculnginer Fizician, Dr.ing energeticanucleara,secretaDLMFS
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Type A of approach- Multicriterial analysisby using specializedtools as the
ESREDA CUBE

Type A isin accordancevith theseriesof activitiesand
publications undeESREDADynamic Learning from
AccidentBridging the gafbetween accident
Investigationsandlearning

Facet-5¢
Facet-2¢

Eachnodeis definedoby intersectiorof three facets,
whicharecommon areasf

Facet-1¢
fulfilling any two out ofthree criteria.
Theresultangeometricaform is of cube type, as C,
presentedh Figure.
Facet-6¢
Thenodes andhefac_ets may be d_ES(_:I’ibEdn an Figure 4. Thefacetsof themulticriteria evaluations
Interdependencdilatrix of the 3criteria. The ESREDACUBES, fromthis perspectivea

particular casef geometrical representatioh the
spaceof acceptableolutions for theptimization
basedon 3criteria (Figures).

As mentionedn theintroductionthe evaluation
needs to consider more thawr8eria (inthe QM-
NE comparisorcaseé criteriawereconsidered).
For thiscase a newapproach is needed andéor
generalizatiorof the CUBE approachhased on
mathematical modeling.

This princiﬁle IS validfor any number ofcriteria.
However theresultant geometrical

form isof morecomplex polyhedral type, atswill be
shownunderthe typeD of approaches.
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H‘oweverif there willbe more than B8riteria, then theacceptablspace od optimal solutidn
il bedescribedy a more compIeXypeof polyhedralasthe TypeC of evaluati wiII
lllustrate (and which issymbolicallyill tr tedin theright side of theFigure).

Exemple the CUBE - \ | More than three facets / categories / criteria
J L

Three facets / categories/ criteria
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ANEXA 3
MODELARBNALITIC PARAMETRICA
SISTEMENERGETIOMJCLEARE CA
FUNCTIE DE ARIABILAI UNU/DOI
PARAMETRIBISTEME ENERGETIC
NUCLEARE CA O TEHNOLOGIE
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==R_BAS ==R_RH

Risk_basic(x) =x — 4+ x> +3 +xx—2
Risk _changed(y) =y —4*y+3*xy—2
y = x + Ah(x, const)
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Type C Useof topological spaces$or the evaluation casesvith more than three

criteria

A new approachs proposedor the casewhenthereare morethanthreecriteriafor the
evaluationof an optimal spaceof solutionsfor the risk managemenn a complexsystem
The method,called the method of the topological spaceswas usedin previoustasks
3;4] andit Is. describedn detailwith example®f usein previousworks[3,4]. . . .
he'setof solutionsof acceptabl@ptimal choicesin a complexsystemwith multicriterial
set of challengesis defined for various areasof the Interdependencenatrix as per
formulas(1) to (3). Theacceptablspaceof solutionsis definedasperformula(4)

LS=U Sl(e- |- ¢ p)C UL S%(e- t- p) (1)
Wherex- y= x s a function of y

OW=0%"(e- p)CU(- p)C D¥(e- ¢ p)CL"*(e- ¢ p)] (2)
[‘) tot :[‘) s(; U w (3)

dOOON b @OBMWE & 6 0 DEE= ¢ & 6L ©'QQQL da  (4)
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olutions of the topological approach f !he evaluation of the spaces of op
a multi criteria decision in a complex system are represented by e M




