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1. IERARHIZAREA RISCURILOR ACTIUNII SI NONACTIUNII IN SISTEME ENERGETICE 
SUSTENABILE ς CATS 

CATS = Sisteme Apoietice Complexe Topologice- sisteme energetice ce cuprind surse si ciclul ei inclusiv 
consumatorii cu care se afla in conexiune de tip cibernetic) 

1.1  NEVOIA DE MODELARE REALISTA FLEXIBILA BAZATA PE IERARHIE A RISCURILOR 
Å wŜǾƻƭǳǚƛŀ ǓǘƛƛƴǚƛŦƛŎŇ ŀŎǘǳŀƭŇ are o ǘǳǊƴǳǊŇ ŘǊŀƳŀǘƛŎŇ în domeniul energiei, care se petrece în 

contextual general al ǎƻŎƛŜǘŇǚƛƛ de ƳƻŘƛŦƛŎŇǊƛ mari, de zbateri politice, sociale Ǔƛ economice ce 
depind în mare ƳŇǎǳǊŇ de aceasta. 

Å Dezbateri intense asupra riscurilor diverselor surse de energie sunt duse în contextul atingerii 
ǚƛƴǘŜƭƻǊ de decarbonificare a mediului aflate în Ŧŀǚŀ întregii planete. 5ŜǓƛ respectarea deciziilor 
ǊŜƴǳƴǚŇǊƛƛ la utilizarea combustibilor fosili este o ǎŀǊŎƛƴŇ se pare greu de îndeplinit la nivel 
global, având puternice Ŏƻƴƻǘŀǚƛƛ politice Ǔƛ ŦŇŎŃƴŘ parte dintr-un ŀŘŜǾŇǊŀǘ ǊŇȊōƻƛ economic 
mondial, ǘƻǘǳǓƛ la nivel regional, cum este Ǔƛ cazul României, sunt ƘƻǘŇǊŃǘŜ ǚƛƴǘŜ de eliberare de 
CO2 care presupun ǊŜƴǳƴǚŀǊŜŀ ǊŀǇƛŘŇ la combustibilii fosili, începând cu ŎŇǊōǳƴŜƭŜ mai ales.  

1.2 CONSIDERAREA IERARHIEI RISCURILOR POATE EVITA EVOLUTIA/INVOLUTIA CICLICA SI  
       CRESTEREA RISCURILOR CATS 

Å Cu toate acestea, în ǘǊŜŀŎŇǘ fie spus, s-a ǾŇȊǳǘ ŎŇ mereu ŜȄƛǎǘŇ o ierarhie a riscurilor; astfel 
între riscurile ƴŜƭǳŇǊƛƛ în ŎƻƴǎƛŘŜǊŀǚƛŜ a ǳǊƳŇǊƛƭƻǊ unui ǊŇȊōƻƛ, aparent regional, Ǔƛ cele ale 
nivelurilor de CO2 s-a decis o ƞƴƎƘŜǚŀǊŜ partial a unora dintre ƳŇǎǳǊƛƭŜ ǚƛƴǘŜ Ǔƛ astfel, o serie de 
reîntoarceri, chiar la ǇǊƻŘǳŎǚƛŀ pe carbine, par acceptabile tacit. 

Dar vorba aceea CO2-ul ǓǘƛŜ? 5ŀŎŇ da, cum ǘǊŀǘŇƳ ierarhia riscurilor?  
Ne gândim acum din mers cu spatele la zid? De ce nu ne-am gândit de la început ? 
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MOTIVATII PENTRU NECESITATEA STABILIRII UNEI IERARHII A RISCURILOR (1) 
(detalii in Partea a 2-a) 

Å S-a ǾŇȊǳǘ astfel ŎŇ setarea de obiective luând ca ǚƛƴǘŇ un anumit risc-ǎŎƘƛƳōŇǊƛƭŜ climatice 
nu trebuie ŦŇŎǳǘŇ superficial (în opinia autorului) Ǔƛ /sau ƎƘƛŘŀǘŇ de idei fixe cu 
ǘŜƴǘŇ ǇƻƭƛǘƛŎŇ Ǔƛ mai Ǉǳǚƛƴ ǓǘƛƛƴǚƛŦƛŎŇ, neglijând posibilitatea ca Ǿƛŀǚŀ ǊŜŀƭŇ ǎŇ fie ŎŀǊŀŎǘŜǊƛȊŀǘŇ de 

o ŀŘŜǾŇǊŀǘŇ ǊŜǚŜŀ de riscuri interconectate, în care diminuarea unora duce la 
probleme prin ŎǊŜǓǘŜǊŜŀ altora, nemaivorbind de ǎƛǘǳŀǚƛŀ în care apar riscuri immediate 

catastrofale ς ǊŇȊōƻƛ de exemplu sau ŎǊƛȊŇ ƳƻƴŘƛŀƭŇ ŀŎǳǘŇ financiar-ŀƭƛƳŜƴǘŀǊŇ. S-a dovedit ŎŇ a 
planifica în energie cu idei paranoide guvernate de ideologii este o strategie catastrofalŇ. 

  

Å În acest context, ǚŀǊŀ ƴƻŀǎǘǊŇ, ǊŇƳŀǎŇ ân ǳǊƳŇ, accidental intern sau nu, la retehnologizarea 
centralelor pe ŎŇǊōǳƴŜ, prin introducerea de sisteme de filtrare moderne si reînnoirea 
tehnologiilor, s-a ƎŇǎƛǘ în Ŧŀǚŀ singurei ƻǇǚƛǳƴƛ pentru o ǘǊŀƴȊƛǚƛŜ contra cronometru la 
un nivel ǚƛƴǘŇ european de ŜƭƛōŜǊŇǊƛ de CO2: gaz, probabil repornire pe ŎŇǊōǳƴƛ, ceva petrol, 
nucleare (dar unele se vor opri ŘǳǇŇ un program ŀƴǳƴǚŀǘ de acum zece ani), regenerabile cât pot 
si ele (ŎŇ nu ǊŇǎǇǳƴŘ la directive ǇƻƭƛǘƛŎŇ ǎŇ ǇƻŀǘŇ ǎŇ acopere ce procente spune politica..) ǓƛΧ 
strategii Ǔƛ planuri pentru ce va fi peste opt-zece ani când ŎƻƴǘŇƳ pe energie ƴǳŎƭŜŀǊŇΧ Nu parea 
pana acum ceva foarte profund Ǔƛ mai ales din timp gândit, neffind considerate evaluari de riscuri 
Ǔƛ analize de ǊŜȊƛƭƛŜƴǚŜ de sisteme energetice. 
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MOTIVATII PENTRU NECESITATEA STABILIRII UNEI IERARHII A RISCURILOR (2) 
(detalii in Partea a 2-a) 

 
Å Aceasta în contextul în care avem programe energetice haotice, cu ƛƳǇƭŜƳŜƴǘŇǊƛ ad 

hoc de surse regenerabile ca panaceu universal, cu o ƭƛǇǎŇ ŎǊŀǎŇ a ƛƴƻǾŇǊƛƛ Ǔƛ ŀŘŀǇǘŇǊƛƛ 
la ǎŎƘƛƳōŇǊƛ a sistemului energetic ƴŀǚƛƻƴŀƭ Ǔƛ a ŎŜǊŎŜǘŇǊƛƛ energetice (de fapt am cam 
ŘŜǎŦƛƛƴǚŀǘ ŦŀŎǳƭǘŇǚƛƭŜ, liceele de specialitate ŀǓŀ ŎŇ avem Ǔƛ ŜȄǇƭƛŎŀǚƛƛ de ce nu mai ǓǘƛƳ 
Ǔƛ nici nu vrem ǎŇ ǓǘƛƳ cum se produce energia..), o ōŃƭōŃƛŀƭŇ greu de ƞƴǚŜƭŜǎ, pentru 
care ǚƛ-ar trebui ƳǳƭǘŇ energie ca ǎŇ nu faci comentarii ƴŜǓǘƛƛƴǚƛŦƛŎŜ.  

Å Nu au existat cercetari si dezvoltari sistematice si coordonate pana acum; doar planuri 
pe termene scurte, fara o utilizare reala implementata de utilizare a resurselor fosile cu 
metode de filtrare Ǔƛ ǇǊƻǘŜŎǚƛŜ la standarde mondiale si fara perspective de rezolvare 
cu alte surse. 

Å Astfel fara un sprijin constant sustinut al statului , care se face si la multe economii de 
piata ce predica liberalismul in energetica,  nu se pot dezvolta decat versiuni de 
strategii energetice, care se ǎŎƘƛƳōŇ la 4-5 ani, cam ca politica , în contextul în care 
un program energetic se ŘŜȊǾƻƭǘŇ Ǔƛ se ƞƴǘǊŜǚƛƴŜ pe zeci de ani.  
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2. METODE DE CAUTARE DE SOLUTII SI SCENARII ENERGETICE VIABILE PENTRU SISTEME  
    ENERGETICE SUSTENABILE - CATS 
 
2.1 Energia ca sistem de sisteme CATS 
 
Å Crizele unele catastrofale, ca cea din prezent, din energie, indica necestitatea abordarii 

sistematice a planificarii unui sistem energetic, cu trasaturi specifice unui sistem 
functional si rezilient, pe care  l-am denumit ca sistem de sisteme CATS. 
 

o In acest context devine evidenta nevoia de a considera surse cu ŀŘŜǾŇǊŀǘ alternative 
cum este energia ƴǳŎƭŜŀǊŇ, pentru care pana nu demult se optase la nivel ƴŀǚƛƻƴŀƭ ŎŇ 
nu este o prioritate inovarea.  

o Nu s-a ŦŇŎǳǘ ƴƛŎƛƻŘŀǘŇ o evaluare care este riscul ƴŜƛƴƻǾŇǊƛƛ, dar de câteva luni se 
vede ŦŇǊŇ analize cât este de mare.  

o Similar a fost cu utilizarea ōƻƎŇǚƛƛƭƻǊ de surse fosile, pe care cu ƞƳōǳƴŇǚƛǊƛ /ƛƴƻǾŇǊƛ le-
am putea utiliza respectând strategiile de atingere de fel de fel de ǚƛƴǘŜ impuse de 
ŀƭǚƛƛ Ǔƛ acceptate cu ǳǓǳǊƛƴǚŇ greu de ƞƴǚŜƭŜǎ de ŎŇǘǊŜ noi.  
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Å2. METODE DE CAUTARE DE SOLUTII SI SCENARII ENERGETICE VIABILE PENTRU SISTEME  ENERGETICE SUSTENABILE ς CATS (cont) 

 
2.2 Provocari pentru CATS 

 
Å Tintele climatice emise sub imperativ politic s-au dovedit recent ca total nerealiste in fata 

unor provocari ale sistemelor CATS. Acum când peste noi vin catastrofe, cum este un 
ǊŇȊōƻƛ, a face o ŎƻƳǇŀǊŀǚƛŜ între cele ŘƻǳŇ riscuri ŀǊŀǘŇ ce ǎǳōǚƛǊƛ au fost ŜǾŀƭǳŀŇǊƛƭŜ de 
strategii, ŦŇǊŇ scenarii de ǊŜȊŜǊǾŇ, ŦŇǊŇ analize de riscuri. 

Å O abordare nesistematizata si care nu ia in consideratie diverse scenarii si ierarhii ale 
riscurilor se dovedeste la provocari majore ca fiind catastrofala. Abordari « la moda » ca 
programarea unui viitor pe gaze fara carbune, cu putin nuclear si cu regenerabile de baza 
ne poate fi catastrofala. 

 
 « Cum este posibil ǎŇ ai ca ǚƛƴǘŇ sa cumperi o ǇŇƭŇǊƛŜ de soare cu bor larg iarna, cand ai ǊŇƳŀǎ ŦŇǊŇ bocanci ? » 

 

Å5ŜǓƛ în paralel la noi s-au introdus, sub ŦƻǊƳŇ de import direct, ǎƻƭǳǚƛƛ de producere în 
ƛƴǎǘŀƭŀǚƛƛ de energie ǊŜƎŜƴŜǊŀōƛƭŇ, aceste ƛƴƻǾŀǚƛƛ Ǔƛ-au atins déjà în acest moment limita de 
dezvoltare ca nivel de ǇǊƻŘǳŎǚƛŜ. ¡ƛ nici nu ar fi fost ŀǓŀ eficiente ŦŇǊŇ un sprijin financiar de 
stat ,care interesant ca nu era interzis ca pentru nuclear,. de certificate verziΧ 

Å Exista de asemenea o lipsa a unei ŎŜǊŎŜǘŇǊƛ reale Ǔƛ cu personal calificat Ǔƛ al ŎƻƴǎǳƭǘŇǊƛƛ 
ǎǇŜŎƛŀƭƛǓǘƛƭƻǊ in domeniu  
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2.3 MODELAREA SI PLANIFICAREA SISTEMATICA PENTRU CATS 
 
2.3.1 Necesitatea ς sistemele devin complexe si modelarile la fel 
Å La nivel ƛƴǘŜǊƴŀǚƛƻƴŀƭ ƞƴǎŇ se ŘŜȊǾƻƭǘŇ ŎŜǊŎŜǘŇǊƛ fundamentale ǓǘƛƛƴǚƛŦƛŎŜ Ǔƛ se ŘŜȊǾƻƭǘŇ 

tehnologii energetice pentru acest secol Ǔƛ ce va urma. Astfel la nivel ǓǘƛƛƴǚƛŦƛŎ se ǎǘǳŘƛŀȊŇ 
surse pentru secolul urmator: reactori de fuziune, energii ƴŜŎƻƴǾŜƴǚƛƻƴŀƭŜ de mare 
ŜŦƛŎƛŜƴǚŇ (solare pe orbite planetare cu randamente cel putin pentuple ŦŀǚŇ de ce facem 
pe ǇŇƳŃƴǘ, energie de fisiune de ǳƭǘƛƳŇ ƎŜƴŜǊŀǚƛŜ  

 (cum sunt si SMR-urile cu apa sau nu, si bateriile nucleare) 
Å De mentionat. ca la o ŎŜƴǘǊŀƭŇ de fuziune ne va trebui ǎŇ avem cel putin trei 

centrale de fisiune ǎŇ o pornim ; cam greu de ŦŇŎǳǘ cu eoliene si fotovoltaice 
terestre. 

Å De aici o ƭŜŎǚƛŜ foarte ƛƳǇƻǊǘŀƴǘŇ: 

Nu Ǉƻǚƛ planifica în energie ǎŇ treci de la ŎŀƴŘŜƭŇ la fuziune; trecerea se face nivel de 
energie cu nivel de energie, acesta este sensul ŘŜȊǾƻƭǘŇǊƛƛ ŎƛǾƛƭƛȊŀǚƛŜƛ noastre 

Desigur aca nu avem partipriuri  politice, care ne ƻōƭƛƎŇ ǎŇ ne ŀŘŇǇƻǎǘƛƳ în ǇŜǓǘŜǊƛ ca ǎŇ nu ǇƻƭǳŇƳ. 
Da, ǎŇ luam ƳŇǎǳǊƛ ǎŇ nu ne ǇƻƭǳŇƳ, dar cred ŎŇ ǘƻǚƛ ǎǇŜǊŇ ŎŇ nu ni se cere ǎŇ mergem în caverne.. Apropos 

atunci ar trebui ǎŇ ǊŜƴǳƴǚŇƳ si la animale - de exemplu bovinele, ovinele, porcinele Ǔƛ ǎŇ ŎǳƭǘƛǾŇƳ fasole Ǔƛ grâu 
ŦŇǊŇ ƛƴƎǊŇǓŇƳƛƴǘŜ de nici un felΧ!Ǌ Ŧƛ ǳƴ paleolitic frumosΧ 
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2.3 MODELAREA SI PLANIFICAREA SISTEMATICA PENTRU CATS (CONT) 

2.3.2 Modelarea staticii si dinamicii CATS ς scenarii energetice si inovarea 
 
Å Planurile de viitor la nivel ƛƴǘŜǊƴŀǚƛƻƴŀƭ iau în ŎƻƴǎƛŘŜǊŀǚƛŜ stabilitatea Ǔƛ ǊŜȊƛƭƛŜƴǚŀ 
ŀǎƛƎǳǊŇǊƛƛ de resurse, dintre care energia este ŦǳƴŘŀƳŜƴǘŀƭŇ. În lume se fac astfel de 
calcule Ǔƛ unele rezultate ale autorului au fost comunicate anterior pentru Romania Ǔƛ 
ǚŇǊƛƭŜ baltice. 

Å Sursele de energie ale urmatorilor 50-100 de ani în mod sigur se vor baza pe energetica 
ƴǳŎƭŜŀǊŇ de fisiune pentru a ǎǳǎǚƛƴŜ pasul/  saltul ǳǊƳŇǘƻǊ.  
Å În acest context apar noi ƎŜƴŜǊŀǚƛƛ de ǎƻƭǳǚƛƛ ǓǘƛƛƴǚƛŦƛŎŜ (acum suntem la ƎŜƴŜǊŀǚƛŀ 

IV) dar Ǔƛ noi tehnologii.  
Å Energetica ƴǳŎƭŜŀǊŇ este ǎǇǊƛƧƛƴƛǘŇ de o ǓǘƛƛƴǚŇ ŀǇƭƛŎŀǘŇ parte a fizicii, care va 

evolua mult ƻŘŀǘŇ cu ŀǇŀǊƛǚƛŀ de noi tehnologii/ descoperiri de exemplu  
 

ü calculatoarele cuantice (ce vor permite calcule rapide Ǔƛ mult mai rapide) 
ü nanotehnologiile 
ü IA 
ü centrale digitale gemene sau mai ales  
ü noi ƎŜƴŜǊŀǚƛƛ de ǇŇƳŃƴǘŜƴƛ (alpha, betha etc) 
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2.3 MODELAREA SI PLANIFICAREA SISTEMATICA PENTRU CATS (CONT) --2.3.2 Modelarea staticii si dinamicii CATS ς scenarii energetice si inovarea 

 
Å Optimizarea reactorilor nucleari se efectueaza si prin construirea de SMR, raspunzand 

la intrebarea ñDe ce avem nevoie de reactori modulari mici?ò  pentru ca  
      reactorii nucleari ai noilor generatii, inclusiv SMR, sunt  

 
ü mult mai ǊƻōǳǓǘƛ,  
ü mai ŎƻƳǇŀŎǚƛ,  
ü mai ŜŦƛŎƛŜƴǚƛ  
ü mai flexibili in utilizare Ǔƛ  
ü costa tot  mai Ǉǳǚƛƴ.  

 
 

Å Alte directii de optimizare cuprind noi metode de producere a energiei in reactor, dar 
tot bazat pe fisiune (reactori rapizi sau termici cu ŀǇŇ sau ŀƭǚƛ agenti de racire, cu zona 
ŀŎǘƛǾŇ ǎƻƭƛŘŇ sau ǘƻǇƛǘŇ).  
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3. MODELAREA SCENARIILOR SI NECESITATILOR INOVARII/NONINOVARII ς CU   
    APLICABILITATE LA CAZUL PARTICULAR SMR 
Å Dezvoltarea ŎƛǾƛƭƛȊŀǚƛŜƛ nu poate fi ŘƛǎƻŎƛŀǘŇ de ŎǊŜǓǘŜǊŜŀ nivelului de energie pe care îl 

putem ǎǘŇǇŃƴƛ Ǔƛ folosi ŦŇǊŇ a ne polua sau distruge. Acesta este acum sensul ŎŜǊŎŜǘŇǊƛƛ 
ǓǘƛƛƴǚƛŦƛŎŜ iîn ŜƴŜǊƎŜǘƛŎŇ 

Å În acest context pasul ǳǊƳŇǘƻǊ este asigurarea nivelului energetic minimal pentru ǎǳǎǚƛƴŜǊŜŀ 
energiilor secolelor ǳǊƳŇǘƻŀǊŜ, de exemplu fuziunea, sau energia ƎǊŀǾƛǘŀǚƛƻƴŀƭŇ, sau 
sprijinirea producerii de energie pe orbite terestre Ǔƛ nu numai Ǔƛ transmiterea pe tŇƳŃƴǘ.  

Å Unul dintre obiective va fi asigurarea de surse de materii prime Ǔƛ noi tehnologii de 
producere a energiei. 

Å Noile tehnologii vor avea riscurile lor Ǔƛ cea mai mare ƎǊŜǓŜŀƭŇ ar fi ǎŇ declari paranoid ŎŇ 
nu se ŘŜŦŜŎǘŜŀȊŇ.  

Å Se va sofistica nu doar proiectul reactorului în sine, dar Ǔƛ modalitatea de combatere a 
accidentelor posibile; cu calculatoare puternice, robotizare Ǔƛ IA reactoristica  de la 
cercetare la dezafectare va ŀǊŇǘŀ foarte diferit , în sensul de diminuare ǎǇŜŎǘŀŎǳƭƻŀǎŇ, cu 
ordine de ƳŇǊƛƳŜ, a riscurilor ƞƴŎŇ din acest secol.  

Å În aceasta ŘƛǊŜŎǚƛŜ se înscrie ce ŀŦƭŇƳ Ǔƛ noi, importând de la ŀƭǚƛƛ ŎŃǘŇ vreme nu mai ŎŜǊŎŜǘŇƳ 
noi ƞƴǓƛƴŜ pentru utilizare în acest deceniu, noi filiere, cum sunt reactorii modulari mici. 
!ŎŜǓǘƛŀ de exemplu au multe din atributele de cercetare, ŦŀōǊƛŎŀǚƛŜ Ǔƛ exploatare ale noii 
ƎŜƴŜǊŀǚƛƛ. 
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3. Definirea scenariilor posibile de necesitate pentru nevoile de 

diverse forme de energie, cu considerarea diverselor provocari 

asupra surselor si retelelor 
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4. Intarirea  sectorului nuclear si cresterea contributiei  sale 

 

i. Consolidarea functionarii  pe termen lung a centralelor in 

functione care functioneaza in regim de baza de sarcina in 

SEN 

a. Retehnologizarea U1 

b. Punerea in functiune de noi centrale de mare putere 

(U3/4) 

ii. Considerarea energetiicii nucleare pentru a participa la 

reglarea in SEN prin  utilizarea de centrale de puteri  mai 

mici ce asigura acest lucru sub forma reactorilor  de fisiune 

, de tip  SMR, etapizat 

a. SMR cu apa 

b. SMR de generatie IV  
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PARTEA  a II-a 
Studiu de caz  

MODELAREA SCENARIILOR SI NECESITATILOR 

INOVARII/NON-INOVARII  

CU   

    APLICABILITATE LA CAZUL PARTICULAR SMR 
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MODELE SI METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE 
 
 

A ς RIDM / ARBORI DE DECIZIE ς METODA SES RISK 
B ς MCDA DE TIP ESREDA - CUBE   
C ς MODELARE ANALITIC PARAMETRICA ς SISTEME   
      ENERGETICE  NUCLEARE CA FUNCTIE DE O   
      VARIABILA  SI UNU/DOI PARAMETRII -SISTEME      
       ENERGETICE NUCLEARE CA O TEHNOLOGIE  
D ς SISTEME ENERGETICE  MODELATE CATS 
E  -  METODE INOVATIVE CALCULE DE RISC PENTRU SMR 
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MODELE SI METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE 

 
A ς RIDM / ARBORI DE DECIZIE ς METODA SES RISK ς detalii in ANEXA 1 

 
 
MODEL  -  sistem complex cu interdependente (CATS) modelat sub forma arborescenta si cu 
 diverse scenarii similar cu ridm pentru domeniul nuclear. se modeleaza insa si 
 factorii non tehnici 
 
METODA /  
REZULTATE ς scenarii dominante la anumite provocari care descriu punctele slabe si indica 
       masurile de luat 
 
CRITERIILE    - sunt de supravietuire a sistemului ς spatiul solutiilor ά {¦w± м-оέ 
 
REZULTAT  
REFERITOR SMR:  - Scenariile care arata non inovarea si neconsiderarea SMR pot avea  
  contributii mari 
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Modelul surselor si retelelor 

Conditii  initiale  

Provocari/perturbari  

Interfete interne 

A.1 



TCO   IMP
Impact 

rank

Uncertain

ty results
Groups

137 ES2_CY1_TR_SYS2 Failure of System 2 ES2 TR Cy1 H L

159 IGR_CY2_E_SYS2 Failure of System 2 IGR E Cy2 H L

188 IE_SC1_ES2_CY2_E2 IE E2 for SC1 ES2 Cycle2 H L

285 ES1_CY2_T_SYS2
Failure of System 2 ES1T Cy2 considering 

switches
H L

132 ES3_CY3_TR_SYS_SWSF
Split fraction not considering switches for 

failure of Systems  ES3 TR Cy3
H M

113 ES3_CY2_SP_SYS1 Failure of System 1 ES3 SP Cy2 H M

114 IE_SC1_IGR_CY1_E1 IE E1 for SC1 OGR Cycle1(R&D&T) H M

115 IE_SC1_OGR_CY2_T2 IE T2 for SC1 OGR Cycle2 M L

275 ES2_CY2_T_SYS1 Failure of System 1 ES2 T Cy2 M L

290 ES1_CY2_T_SYS1
Failure of System 1 ES1 T Cy2 considering 

switches
M L

1 GC2_SF Weight of choosing GC2 H H

50 ES2_CY2_E_SYS_SWSF
Split fraction not considering switches for 

failure of Systems  ES2 SP Cy2
H H

I=HL

II=HM

III=ML

IV=HH

 SAMPLE RESULTS  
A.2 
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SURV 2 

Medium 

A = Failure of the barrier defined by System 2 of SP type 

for  ES1 in Cycle 2  

H M HM 

SURV 3 

High 

B= A failure of the barrier system 2 of Safeguards and 

strategic development type for a ES2 under development 

Cycle 1 due to blocking decisions od SP type  in highly 

tense initial conditions GC 3 of the whole system 

H H HH 

SURV 3 

High 

C = Failure of the barrier defined by System 2 of T type for 

ES3 in Cycle 1 with initial condition GC3 of worst type 

M L ML 

A.3 
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MODELE SI METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE 

 
B ς MCDA DE TIP ESREDA - CUBE  - detalii in Anexa 2 

Generalizarea metodei propusa de autor in metoda E pentru un numar de criterii mai mare de 3 

 
 
MODEL  -  Descriere provocari ale sistemului energetic nuclear dupa doi parametrii: utilitate  si  
                   nivel de risc  se modeleaza  si  factorii non tehnici 
 
METODA /  
REZULTATE ς se obtine un spatiu al solutiilor sub forma unui CUB (metodologie ESREDA) 
 
CRITERIILE    - sunt de supravietuire a sistemului ς in spatiul definit de CUB pentru TREI            
                       criterii limitative 
 
REZULTAT  
REFERITOR SMR:  - Neconsiderarea SMR ca inovare duce la obtinerea de solutii in afara CUB 
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Figure 3a. Compliance Scale with best / recommended practice of an accident evaluation system 

Expected space achieving-not achieving innovation B.1 
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Multicriterial  analysis by using ESREDA  CUBE 

Each node is defined by intersection of three facets, which 
are common areas of  fulfilling any  two out of three 
criteria. 
 
The resultant geometrical form is of cube type, as presented 
in Figure  
 
The nodes and the facets  may be described in an  
Interdependence Matrix of the 3 criteria. 

 
 

This principle is valid for any 
 

number of criteria. The 
 

resultant geometrical form is of  
 

more complex polyhedral type 
 
 

CORRELATION WITH  
 
 

METHOD E ï CATS approach 

B.2 
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However, if there will be more than 3 criteria, then the acceptable space od optimal solutions 

will  be described by a more complex type of polyhedral, as the Type D of evaluation will 

illustrate  (and which is symbolically illustrated in the right side of the Figure). 

Use of ESREDA CUBE to evaluate optimal solutions in safety/reliability 

optimization based on 3 criteria 

B.3 
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MODELE SI METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE 
 

C ς MODELARE ANALITIC PARAMETRICA ς SISTEME ENERGETICE  NUCLEARE CA  FUNCTIE DE 
O VARIABILA  SI UNU/DOI PARAMETRII SISTEME  ENERGETICE NUCLEARE CA O TEHNOLOGIE  

 
MODEL  -  Descriere provocari ale sistemului energetic nuclear dupa doi parametrii: utilitate  si  
                   nivel de risc  se modeleaza  si  factorii non tehnici 
 
METODA /  
REZULTATE ς se obtine un spatiu al solutiilor definit de curba riscului si cea a utilitatii  , care se  
                        evalueaza pentru fiecare parametru 
 
CRITERIILE    - sunt de supravietuire a sistemului ς in spatiul definit de infasuratoarea tuturor   
                          volumelor desemnate pentru un criteriu dat 
 
REZULTAT  
REFERITOR SMR:  - Neconsiderarea SMR ca inovare duce la obtinerea de solutii in afara  
                                   volumului infasurator 
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Type C -  Analytical evaluations of the space (volumes of acceptable optimal  

solutions), i.e. a parametric modelling ï function of one variable and one parameter 

This type of approaches is based on the evaluation of the dependencies of the optimal 

space (in a  two dimensional representation) for each criteria defined. This results in a 

set of  acceptable spaces (as illustrated in Figure  for each criterion. The resultant 

acceptable space  will  be considered as an envelope of all spaces for a given situation 

(Energy system with SMR vs Energy system without SMR). 

Figure 6. Evaluation of cross dependencies for extensive implementation in accident analysis of technical systems 

C.1 
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Type C approach event review for nuclear case  

C.2 
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Societatea Nationala Nuclearelectrica SA  

Simpozionul Energia nuclearŁ ѽi societatea  

18 mai 2022 

wŜŀŎǘƻŀǊŜ ƴŀǘǳǊŀƭŜ Ǔƛ ǊŜŀŎǘƻŀǊŜ ŎǊŜŀǘŜ ŘŜ om. !ǎŜƳŇƴŇǊƛΣ ŘƛŦŜǊŜƴǚŜΣ ƭŜŎǚƛƛ ǇŜƴǘǊǳ ǊŜŀŎǘƻǊƛƛ ŀǊǘƛŦƛŎƛŀƭƛ ŘŜ ǳƭǘƛƳŀ ƎŜƴŜǊŀǚƛŜ 
Inginer fizician, dr.ing. energetica nucleara, Dan Serbanescu 
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METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE 
 
D ς SISTEME ENERGETICE  MODELATE CATS ς General approach for CUBE (method B) 

 
MODEL  -  Descriere provocari ale sistemului energetic nuclear pentru mai mult de trei  
                  criterii inclusiv non tehnice 
 
METODA /  
REZULTATE ς  se obtine un spatiu al solutiilor definit de de un poliedru de diverse  
        configuratii. Pentru 3 criterii se obtine un hipercub. Pentru mai mult de 4  
                         criterii se obtin spatii definite de alte poliedre  
 
CRITERIILE    - sunt de supravietuire a sistemului ς in spatiul definit de interiorul  
                         poliedrului  
 
REZULTAT  
REFERITOR SMR:  - Neconsiderarea SMR ca inovare duce la obtinerea de solutii in afara  
                                   volumului intern al poliedrului pentru oricate de multe criterii  
                                   considerate 
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Figure10. Interdependence matrix for evaluating criteria (in table 1) leading to acceptable spaces as defined by polyhedral type  

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 
in Figure 

D.2 
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In general, a multiple set of evaluations for an increased number of criteria leads to a 
set of solutions, which are in matrix format as per the Figure 10. However, there is a 
connection shown in [3] between the matrix format a geometrical representation, 
illustrated also in Figure 11. 

Figure 11.  The polyhedral representation of the matrix of multi criteria decision for a complex system [3] 

D.3 
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METODE INOVATIVE PENTRU CALCULE DE RISC CENTRALE NUCLEARE DE TIP SMR 
 
E ς SISTEME ENERGETICE  MODELATE CATS ς General approach for CUBE (method B) 

 
MODEL  -  Descriere provocari ale unei centrale SMR si definirea unor metode pentru 
 nivelul 5 al protectiei in adancime- Planul de Urgenta 
 
METODA /  
REZULTATE ς  se obtine un model al descrierii unitare a provocarilor de securitate posibile 
       de probabilitate foarte redusa si a masurilor ce trebuie luate ca parte a uni 
       program special- Plan de Urgenta  
 
CRITERIILE    - se definesc etapale definirii provocarilor extreme si a masurilor ce trebuie 
        luate pentru protejarea integrala si completa a mediului si populatiei. 
 
REZULTAT  
REFERITOR SMR:  - Metoda dezvoltata este inovativa si se poate aplica  la SMR. Detalii in 
                  Anexa 5 
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CONCLUZII  
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Avem ŘƻǳŇ ƻǇǚƛǳƴƛ referitoare la implementarea SMR 

1. Putem ǎŇ ǊŜǎŜǘŇƳ programul nuclear Ǔƛ ǎŇ ŎƻƴǎƻƭƛŘŇƳ ce avem déjà, ǎŇ ŎŜǊŎŜǘŇƳ noi 
ƞƴǓƛƴŜ pornind de la ceva déjà studiat, ǎŇ ne ǇǊŜƎŇǘƛƳ fabrici Ǔƛ oameni Ǔƛ ǎŇ  ŜȄǇƭƻŀǘŇƳ 
centralele gândind la ǳǊƳŇǘƻŀǊŜƭŜ lor ƎŜƴŜǊŀǚƛƛ. 

2. Sau putem comenta, discuta, scrie programe, dezbateri, critici, dezvolta teorii 
conspirative Ǔƛ ǎŇ nu facem nimic. 

Pentru ŎŇ se ŘƛǎŎǳǘŇ despre riscuri : fiecare dintre aceste decizii are riscurile sale.  
Dar riscul ƻǇǚƛǳƴƛƛ II - de a nu face nimic ŘŜȊōŇǘŃƴŘ Ǔƛ criticând este letal.  

Nu cred ŎŇ asta vrem 
Este necesara o viziune pentru Romania acestui secol . 

O viziune pentru Romania acestui secol este sa devina un hub energetic ς stiintific si 
tehnologic bazat pe tehnologii revolutionare ale fizicii reactorului, IT si mecanicii cuantice . 

Un hub cel putin regional este o viziune pe masura resurselor materiale si umane , a traditiei  
si realizarilor noastre, a structurii fine a fiintei noastre culturale. 

Si DA, o noua tehnologie de reactori este un pas solid in aceasta directie 
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ANEXA 1 
SES RISK 



   SES - The Model   

The model 

considers first 

the challenges 

presented, and 

then the energy 

system itself as 

a system of 

barriers to these 

challenges. 

Finally, results 

(risk levels and 

recommended 

actions) are 

presented to the 

decision maker  
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Modelul surselor si retelelor 

Conditii  initiale  

Provocari/perturbari  

Interfete interne 
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REZULTATE 



 SAMPLE RESULTS 



SURV_T2 MCS Q =6.574E-01

1 4.00E-03 0.61 ES1_CY3_E_SYS1 GC2_SF IE_SC1_ES1_CY3_TR1

3 4.00E-03 0.61 ES1_CY3_E_SYS1 GC2_SF IE_SC1_OGR_CY1_TR1

4 4.00E-03 0.61 ES1_CY3_E_SYS1 GC2_SF IE_SC1_ES3_CY2_TR1

14 3.60E-03 0.55 ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF GC2_SF IE_SC1_ES2_CY3_TR1

15 3.60E-03 0.55 ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF GC2_SF IE_SC1_ES3_CY1_TR1

16 3.60E-03 0.55 ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF GC2_SF IE_SC1_IGR_CY1_TR1

40 3.60E-03 0.55 GC2_SF IE_SC1_IGR_CY1_TR1 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF

91 3.60E-03 0.55 GC2_SF IE_SC1_ES2_CY2_TR1 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF

92 3.00E-03 0.46 ES1_CY3_E_SYS1 GC1_SF IE_SC1_ES2_CY2_TR1

105 3.00E-03 0.46 ES1_CY3_E_SYS1 GC1_SF IE_SC1_OGR_CY1_TR1

106 2.70E-03 0.41 ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF GC1_SF IE_SC1_IGR_CY2_TR1

133 2.70E-03 0.41 ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF GC1_SF IE_SC1_ES3_CY2_TR1

188 2.70E-03 0.41 GC1_SF IE_SC1_ES3_CY2_TR1 OGR_CY3_SP_SYS1 OGR_CY3_SP_SYS_SWSF

189 2.70E-03 0.41 GC1_SF IE_SC1_ES1_CY3_TR1 IGR_CY3_SP_SYS1 IGR_CY3_SP_SYS_SWSF

190 2.00E-03 0.3 ES1_CY3_E_SYS1 GC3_SF IE_SC1_ES3_CY2_TR1

202 2.00E-03 0.3 ES1_CY3_E_SYS1 GC3_SF IE_SC1_ES1_CY1_TR1

215 1.80E-03 0.27 ES2_CY3_TR_SYS1 ES2_CY3_TR_SYS_SWSF GC3_SF IE_SC1_ES2_CY3_TR1

227 1.80E-03 0.27 ES2_CY1_TR_SYS1 ES2_CY1_TR_SYS_SWSF GC3_SF IE_SC1_ES2_CY1_SP1

235 1.80E-03 0.27 GC3_SF IE_SC1_IGR_CY1_TR1 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF

236 1.80E-03 0.27 GC3_SF IE_SC1_OGR_CY3_TR1 IGR_CY3_SP_SYS1 IGR_CY3_SP_SYS_SWSF

298 1.00E-03 0.15 ES1_CY3_E_SYS1 GC0_SF IE_SC1_ES1_CY1_TR1

299 1.00E-03 0.15 ES1_CY3_E_SYS1 GC0_SF IE_SC1_IGR_CY1_TR1

316 9.00E-04 0.14 ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF GC0_SF IE_SC1_ES1_CY3_TR1

317 9.00E-04 0.14 ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF GC0_SF IE_SC1_ES2_CY2_TR1

319 9.00E-04 0.14 ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF GC0_SF IE_SC1_ES3_CY1_TR1

320 9.00E-04 0.14 ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF GC0_SF IE_SC1_OGR_CY3_TR1

393 4.00E-04 0.06 ES3_CY3_SP_SYS1 ES3_CY3_SP_SYS_SWSF GC2_SF IE_SC1_ES2_CY1_TR1

394 4.00E-04 0.06 ES3_CY3_SP_SYS1 ES3_CY3_SP_SYS_SWSF GC2_SF IE_SC1_ES3_CY3_TR1

407 4.00E-04 0.06 ES1_CY3_E_SYS1 GC2_SF IE_SC1_ES1_CY2_TR2

408 4.00E-04 0.06 ES1_CY3_E_SYS2 GC2_SF IE_SC1_OGR_CY2_TR1

432 3.60E-04 0.05 ES1_CY3_E_SYS1 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF GC2_SF IE_SC1_ES2_CY2_E1

433 3.60E-04 0.05 ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF GC2_SF IE_SC1_ES1_CY2_TR2

449 3.60E-04 0.05 ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF GC2_SF IE_SC1_OGR_CY1_TR2

450 3.60E-04 0.05 GC2_SF IE_SC1_ES1_CY3_TR2 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF

537 3.24E-04 0.05 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF ES2_CY3_E_SYS1 ES2_CY3_E_SYS_SWSF GC2_SF IE_SC1_ES2_CY2_E1

538 3.24E-04 0.05 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF GC2_SF IE_SC1_ES2_CY2_E1

539 3.24E-04 0.05 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF GC2_SF IE_SC1_ES2_CY2_E1 OGR_CY3_SP_SYS1 OGR_CY3_SP_SYS_SWSF

540 3.24E-04 0.05 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF GC2_SF IE_SC1_ES2_CY2_E1 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF

580 3.00E-04 0.05 ES1_CY3_E_SYS1 GC1_SF IE_SC1_ES2_CY2_TR2

583 3.00E-04 0.05 ES1_CY3_E_SYS2 GC1_SF IE_SC1_IGR_CY2_TR1

584 2.70E-04 0.04 ES1_CY3_E_SYS1 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF GC1_SF IE_SC1_ES2_CY2_E1

585 2.70E-04 0.04 GC1_SF IE_SC1_ES1_CY3_TR2 OGR_CY3_SP_SYS1 OGR_CY3_SP_SYS_SWSF

586 2.70E-04 0.04 GC1_SF IE_SC1_ES1_CY3_TR2 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF

743 1.80E-04 0.03 ES1_CY3_E_SYS1 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF GC3_SF IE_SC1_ES2_CY2_E1

753 1.80E-04 0.03 ES1_CY3_E_SYS1 GC3_SF IE_SC1_OGR_CY2_E1 OGR_CY2_E_SYS1 OGR_CY2_E_SYS_SWSF

754 1.80E-04 0.03 ES1_CY3_E_SYS1 GC3_SF IE_SC1_IGR_CY2_SP1 IGR_CY2_SP_SYS1 IGR_CY2_SP_SYS_SWSF

755 1.80E-04 0.03 GC3_SF IE_SC1_OGR_CY2_TR2 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF

881 1.62E-04 0.02 ES2_CY3_SP_SYS1 ES2_CY3_SP_SYS_SWSF ES3_CY2_E_SYS1 ES3_CY2_E_SYS_SWSF GC3_SF IE_SC1_ES3_CY2_E1

889 1.62E-04 0.02 ES3_CY2_SP_SYS1 ES3_CY2_SP_SYS_SWSF GC3_SF IE_SC1_ES3_CY2_SP1 OGR_CY3_SP_SYS1 OGR_CY3_SP_SYS_SWSF

1330 3.24E-05 0 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF ES2_CY3_SP_SYS2 ES2_CY3_SP_SYS_SWSF GC2_SF IE_SC1_ES2_CY2_E1

1331 3.24E-05 0 ES2_CY2_E_SYS1 ES2_CY2_E_SYS_SWSF ES2_CY3_E_SYS2 ES2_CY3_E_SYS_SWSF GC2_SF IE_SC1_ES2_CY2_E1

1332 3.00E-05 0 ES1_CY3_E_SYS1 GC1_SF IE_SC1_ES3_CY2_T2

1456 2.70E-05 0 GC1_SF IE_SC1_ES2_CY1_T2 IGR_CY3_SP_SYS1 IGR_CY3_SP_SYS_SWSF

1458 2.70E-05 0 GC1_SF IE_SC1_OGR_CY1_T2 OGR_CY3_E_SYS1 OGR_CY3_E_SYS_SWSF

2041 1.62E-05 0 GC3_SF IE_SC1_OGR_CY1_E1 OGR_CY1_E_SYS2 OGR_CY1_E_SYS_SWSF OGR_CY3_SP_SYS1 OGR_CY3_SP_SYS_SWSF

 SAMPLE RESULTS 



TCO   IMP
Impact 

rank

Uncertain

ty results
Groups

137 ES2_CY1_TR_SYS2 Failure of System 2 ES2 TR Cy1 H L

159 IGR_CY2_E_SYS2 Failure of System 2 IGR E Cy2 H L

188 IE_SC1_ES2_CY2_E2 IE E2 for SC1 ES2 Cycle2 H L

285 ES1_CY2_T_SYS2
Failure of System 2 ES1T Cy2 considering 

switches
H L

132 ES3_CY3_TR_SYS_SWSF
Split fraction not considering switches for 

failure of Systems  ES3 TR Cy3
H M

113 ES3_CY2_SP_SYS1 Failure of System 1 ES3 SP Cy2 H M

114 IE_SC1_IGR_CY1_E1 IE E1 for SC1 OGR Cycle1(R&D&T) H M

115 IE_SC1_OGR_CY2_T2 IE T2 for SC1 OGR Cycle2 M L

275 ES2_CY2_T_SYS1 Failure of System 1 ES2 T Cy2 M L

290 ES1_CY2_T_SYS1
Failure of System 1 ES1 T Cy2 considering 

switches
M L

1 GC2_SF Weight of choosing GC2 H H

50 ES2_CY2_E_SYS_SWSF
Split fraction not considering switches for 

failure of Systems  ES2 SP Cy2
H H

I=HL

II=HM

III=ML

IV=HH

 SAMPLE RESULTS  



 SAMPLE RESULTS  

No 
Sample of presenting results from a chosen challenge (Initiating Event) from the list, which is ranked as a high risk, 

accompanied by suggested actions to be considered by the decision makers 

1 

Challenge consists in a technical failure of barrier 2 of ES1 (e.g. failure of safety systems discovered during operation on 

nuclear power plant, i.e. CY2) leading to the preventive shut down of the plant. This then results in the disruption of 

electricity supply to the grid, even if  there is no impact on environment, workers and public.  

The decision-maker could consider as a priority just to improve the safety systems. However, this may not be the best course 

action from the perspective of assuring survivability of category 3 of the entire energy system, as this scenario has a high-

risk impact but low confidence (see Table 5, row A). Thus, based on his/her boundary conditions, the decision-maker 

may decide to choose another scenario. 

2 

Challenge consists of a terrorist attack of average magnitude on a high voltage switchyard within the EU electrical grid.  

This leads to an unstable electrical grid and a possible blackout across Europe, with a high impact on the base load sources 

(nuclear [ES1] or fossil [ES2]). This in turn could lead to failures of technical, political and economic barriers for these 

energy sources. In this scenario, the decision-maker could consider as a priority to improve the security (including 

preventive measures) of the key infrastructures of the grid. This could be a better course of action because this scenario has 

a high-risk impact with a medium confidence in the results (see Table 5, row B). 

3 

Challenge consists of a technical failure of barrier 1 of the electricity grid (e.g. technical failure of a switchyard due to 

severe weather conditions). The system will  switch to the next level of protection (barrier 2) but may still have minor impact 

on users and other energy sources connected to the grid.  In this scenario, the decision-maker could prioritise to fix  barrier 1 

of the electrical grid. However, this may not be the best course action, as this scenario has a medium-risk impact and low 

confidence (see Table 5, row C). Thus, based on his/her boundary conditions, the decision-maker may decide to choose 

another scenario. 

4 

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 production (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 (see Table 5, row D). 
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SURV 2 

Medium 

A = Failure of the barrier defined by System 2 of SP type 

for  ES1 in Cycle 2  

H M HM 

SURV 3 

High 

B= A failure of the barrier system 2 of Safeguards and 

strategic development type for a ES2 under development 

Cycle 1 due to blocking decisions od SP type  in highly 

tense initial conditions GC 3 of the whole system 

H H HH 

SURV 3 

High 

C = Failure of the barrier defined by System 2 of T type for 

ES3 in Cycle 1 with initial condition GC3 of worst type 

M L ML 
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ANEXA 2 
ESREDA CUBE 
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The goal of the evaluation is to: 
 

Å Highlight the role of global approaches (crossing conventionally set limits in 
usual  practices) on issues related to the evaluation of accidents and the 
learning process 

Å Consider impact of cross ties between various 
Å lifecycle phases 
Å socio political environments 
Å diverse technologies 

Å Highlight the specifics of such cross dependencies for extensive 
implementation of  results available in accident analysis of technical 
systems, as available in 
Å The series of activities and publications 
Å Various technical areas at national and international level 

Å Consider remarks as potential input for future activities of the safety and 
reliability think  tanks , on topics like critical infrastructures and systems 
resilience 

Figure 1The goals of the review of various complex systems 

Comparisons of diverse technologies 

Figure 2. Quadrant of the types of methods for the 

accident evaluations ï as considered in the paper 

In order to reach the goal of evaluating similitudes and 

differences for various types of complex  systems a 

scale was used to represent the compliance with the 

best / recommended practice for a  technology 

interface (Figure 3). 



Academia Romana 

Comitetul Român de Istoria si Filsofia ķtiinŞei ĸi Tehnicii (CRIFST)  

Divizia de Logica, Metodologie, Filozofia Stiintei (DLMFS)  

Simpozionul Despre riscuri în ĸtiinŞŁ ĸi tehnicŁ 30 iunie 2022 

Despre riscurile actuale ale inovŁrii/neinovŁrii în ѽtiinѿŁ ѽi tehnicŁ ï Unele lecѿii actuale din energeticŁ în general ѽi din cea nuclearŁ în particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS 

Figure 3a. Compliance Scale with best / recommended practice of an accident evaluation system 
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The characteristics considered of interest in defining topics and strategies for 

accident analysis  for a complex system are (Table 1) are as follows: 

 

¶ Interaction between the two technologies QM and NE (I) 

¶ Research validation, expected technology failures and their  

 management (R) 

¶ Supply chain operation and cooperation (S) 

¶ Impact of the system lifecycle (C) 

¶ Impact of societal -socio political environment (P) 

¶ Interference with other technologies then NE (T) 

Code Short description Characteristics of criteria  

I  Interaction QM-NE 
Interaction between the two technologies QM and NE (I) S 

R Research failures 
Research validation, expected technology failures and  their 

management (R) E 

S Supply chain performance Supply chain operation and cooperation (S) L 

C Lifecycle joint impact 
Impact of the system lifecycle for the joint evolution  QM-NE(C) 

P Societal environment Impact of societal -socio political environment (P) 

 

T 
Interface with  other  

technologies 

 

Interference with other technologies then NE (T) 

Table 1.The characteristics considered of interest in defining topics and strategies for accident analysis for a  complex system 

These characteristics define a matrix of evaluation of various 

options/situations, which might be  encountered. The options 

in matrix format describe space states, for which a 

corresponding  geometrical representation as nodes and facets 

of polyhedral form, as shown in previous papers  [3; 4] . 
 

In this paper the approach is used in order to identify specific 

features and evaluate the interface  of two technologies 

Quantum Mechanics (QM) and Nuclear Engineering(NE). In 

Table 2 there is  a more detailed representation of the 

common aspects and differences between the two  

technologies, which have an impact (in the situation 

evaluated in the paper) on the comparison  criteria from Table 

1. 
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NO 
 

COMMON FEATURES 
 

NO 
 

FEATURES THAT DIFFER 

 

C1 

 

Critical infrastructures 

 

D1 
Degree of dependence from political and social  

influences (R=Low; N=Medium) 

 

C2 

 

Organizational structure required. 

 

D2 

 
Phase of technology mature operation versus research  

(R=High; N=Medium) 

 

C3 

 

Interface with societal organization 

 

D3 
Different timings for the technology lifecycles  

(R=Short; N=Long) 

 

C4 

 

Societal environment 

 

D4 
Resources allocated ï material, training, 

organizational structure (R=Low, N=Medium) 

C5 
Learning from similar  

technological implementation D5 
Cross industries / planetary connection (R=Medium,  

N=High) 

C6 Risks of systems D6 
Implementation of lessons from similar technologies  

(R=Low, N=High) 

 

C7 

 
Commercial/safety/security  

implications considered 

 

D7 

 

Feedback systems CATS type (R=Low, N=High) 

Table 2.Features that are common and features different for two industries 
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The sources of evaluations in table 2 are as follows: 

 
 For the Nuclear area ï the papers containing information to support the expert  
evaluations from and summarized in previous work ([1];[3];[4]): 

 
o Evaluation of the impact of using risk driving evaluation criteria 
o Presentation of an example of event review and OPEX 
o Evaluation of a case study on cross industries impact (from R to N) 
o Presentation of emergency organizational structures at national and industry (N)  

level 
o Presentation of some specific safety evaluation techniques (N) 

 For the QM ï (see Annex A) . 

In order to describe the interdependencies between various features / criteria specifics in 
cases N  and R, used to develop the interdependence matrix the evaluation considered the 
existing results  mentioned in papers listed before on the topic. 
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Type A is in accordance with the series of activities and 

publications under ESREDA -Dynamic  Learning from 

Accidents Bridging the gap between accident 

investigations and learning  

 
Each node is defined by intersection of three facets, 
which are common areas of  
 
fulfilling any  two out of three criteria. 
 
The resultant geometrical form is of cube type, as 
presented in Figure . 
 
The nodes and the facets  may be described in an  
Interdependence Matrix of the 3 criteria. 
 
This principle is valid for any number of criteria. 
However, the resultant geometrical 
 
form is of  more complex polyhedral type, as it will be 
shown under the type D of approaches. 

Type A of approach- Multicriterial  analysis by using specialized tools as the 

ESREDA  CUBE 

Figure 4.The facets of the multicriteria evaluations 

The ESREDA CUBE is, from this perspective, a 

particular case of geometrical representation of  the 

space of acceptable solutions for the optimization 

based on 3 criteria (Figure 5). 

As mentioned in the introduction the evaluation 

needs to consider more than 3 criteria (in the  QM-

NE comparison case 6 criteria were considered). 

For this case a new approach is needed and/or a 

generalization of the CUBE approach, based on  

mathematical modeling. 
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However, if there will be more than 3 criteria, then the acceptable space od optimal solutions 

will  be described by a more complex type of polyhedral, as the Type C of evaluation will 

illustrate  (and which is symbolically illustrated in the right side of the Figure). 

.Use of ESREDA CUBE to evaluate optimal solutions in safety/reliability 

optimization based on 3 criteria 
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ANEXA 3 
MODELARE ANALITIC PARAMETRICA ς 
SISTEME  ENERGETICE  NUCLEARE CA 

FUNCTIE DE O  VARIABILA  SI UNU/DOI 
PARAMETRII ςSISTEME ENERGETICE 

NUCLEARE CA O TEHNOLOGIE  
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Type B of approaches ï Analytical evaluations of the space (volumes of acceptable 

optimal  solutions), i.e. a parametric modelling ï function of one variable and one 

parameter 

This type of approaches is based on the evaluation of the dependencies of the optimal 

space (in a  two dimensional representation) for each criteria defined in Table 1. This 

results in a set of  acceptable spaces (as illustrated in Figure 6) for each criterion. The 

resultant acceptable space  will  be considered as an envelope of all spaces for a given 

situation (QM or NE for instance). 

Figure 6. Evaluation of cross dependencies for extensive implementation in accident analysis of technical systems 
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Figure 7. Type C approach event review for nuclear case [3]  
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Evaluation of cross dependencies for extensive 

implementation in accident analysis of 

technical systems is similar for various 

technologies  

In Figure 6 a nuclear NPP case is represented, 

while  in Figures 8 and 9 a railway technology 

is shown) ([3] 

Figure 8. Type C approach event review for railway case [2] (1) 

Figure 9. Risk profiles for NE not affected by QM and affected by QM 
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Locul fizicii si energeticii nucleare in Romania intr -un secol si jumatate (2) 
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ANEXA 4 
CATS 
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Type C Use of topological spaces for the evaluation cases with more than three 

criteria  
 
A new approach is proposed for the case when there are more than three criteria for the  
evaluation of an optimal space of solutions for the risk management in a complex system. 
The  method, called the method of the topological spaces, was used in previous tasks 
[3;4] and it is  described in detail with examples of use in previous works [3;4]. 
The set of solutions of acceptable optimal choices in a complex system with multicriterial 
set of  challenges is defined for various areas of the Interdependence matrix as per 
formulas (1) to (3).  The acceptable space of solutions is defined as per formula (4) 

 
 
ὓs =ὓs1 (e­l­c­p) Ç ὓs2 (e­t­p)     (1) 
Where x­y =  x is a function of y 
 ὓw =ὓw1 (e­p) Ç ὓw2 (l­p)] Ç ὓw3 (e­c­p)Çὓw3 (e­c­p)]  (2) 
 ὓtot =ὓs Ç ὓw        (3) 
ὃὧὧὩὴὸὥὦὰὩ ίὴὥὧὩ έὪ ίέὰόὸὭέὲίὓtot =ὠέὰόάὩ ὖέὰώὬὩὨὶὥὰ   (4) 
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Figure10. Interdependence matrix for evaluating criteria (in table 1) leading to acceptable spaces as defined by polyhedral type  

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 
in Figure 10. 


