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functionare CNE Cernavoda u1 si u2, dezafectare, analize de risc; la nivel national 28 ani , evaluari de securitate nucleara Cernavoda si
programe noi de centrale nucleare (SMR)

 international 12 ani (CE-staff member 6 ani analize risc & dezafectare CNE Kozlodui 1-4,PBMR Ltd 6 ani sef proiect PRA reactor generatie 1V)
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*  Membru ESREDA - European Safety, Reliability & Data Association.

» Consultant tehnic extern in proiecte IAEA si CE - securitate nucleara, tehnologii inovative, calculatoare quantice-roboti, analize de risc

» Colaborator extern (“full academic scope’-) Ia conducerea de teze de doctorat in domeniul nuclear Universitatea Politehnica Bucuresti. Autor
al cursului de master de analize de risc nuclear in cadrul programului Seneca, UBP-Facultatea Energetica, 1996-2000

» Coordonator teze de doctorat asupra modelarii sistemelor energetice nationale si a securitatii alimentarii cu energie la Universitatea Tehnica
Delft (2007-2010) si Universitatea Kaunas (2007-2010) cu colaborari ulterioare cu Brookhaven National Laboratory si Lithuanian Energy
Institute .

» Redactor sef (contract) domeniul risc industrial Safety Science - Elsevier (2009-2011)

» Autor si coautor de carti si lucrari in domeniul securitatii nucleare si analizelor de risc, modelarea in fizica si energetica nucleara
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PARTEA |

O prezentare istorica a problemel

Sau

Prolegomene la introspectia
“De ce avem nevoie de reactori modulari mici?”
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1. IERARHIZAREA RISCURILOR ACTIUNII SI NONACTIUNII IN SISTEME ENERGETICE

SUSTENABILE — 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

* Revolutia stiintifica actuala are o turnura dramatica in domeniul energiei, care se petrece in
contextual general al societatii de modificari mari, de zbateri politice, sociale si economice ce
depind in mare masura de aceasta.

* Dezbateri intense asupra riscurilor diverselor surse de energie sunt duse in contextul atingerii
tintelor de decarbonificare a mediului aflate in fata intregii planete. Desi respectarea deciziilor
renuntarii la utilizarea combustibilor fosili este o sarcina se pare greu de indeplinit la nivel
global, avand puternice conotatii politice si facand parte dintr-un adevarat razboi economic
mondial, totusi la nivel regional, cum este si cazul Romaniei, sunt hotarate tinte de eliberare de
CO2 care presupun renuntarea rapida la combustibilii fosili, incepand cu carbunele mai ales.

1.2 CONSIDERAREA IERARHIEI RISCURILOR POATE EVITA EVOLUTIA/INVOLUTIA CICLICA SI

CRESTEREA RISCURILOR CATS
* Cu toate acestea, in treacat fie spus, s-a vazut ca mereu exista o ierarhie a riscurilor; astfel
intre riscurile neluarii in consideratie a urmarilor unui razboi, aparent regional, si cele ale
nivelurilor de CO2 s-a decis o inghetare partial a unora dintre masurile tinte si astfel, o serie de

reintoarceri, chiar la productia pe carbine, par acceptabile tacit.
Dar vorba aceea CO2-ul stie? Daca da, cum tratam ierarhia riscurilor?
Ne gdndim acum din mers cu spatele la zid? De ce nu ne-am géndit de la inceput ?
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MOTIVATII PENTRU NECESITATEA STABILIRII UNEI IERARHII A RISCURILOR (1)

(detalii in Partea a 2-a)

S-a vazut astfel ca setarea de obiective luand ca tintd un anumit risc-schimbarile climatice
nu trebuie facuta superficial (in opinia autorului) si /sau ghidata de idei fixe cu
tenta politica si mai putin stiintificd, neglijand posibilitatea ca viata reala sa fie caracterizata de
o adevarata retea de riscuri interconectate, in care diminuarea unora duce la

probleme prin cresterea altora, nemaivorbind de situatia in care apar riscuri immediate
catastrofale — razboi de exemplu sau criza mondiala acuta financiar-alimentara. S-a dovedit ca a
planifica in energie cu idei paranoide guvernate de ideologii este o strategie catastrofala.

Tn acest context, tara noastrd, rimasa an urmd, accidental intern sau nu, la retehnologizarea
centralelor pe carbune, prin introducerea de sisteme de filtrare moderne si reinnoirea
tehnologiilor, s-a gasit in fata singurei optiuni pentru o tranzitie contra cronometru la

un nivel tinta european de eliberari de CO2: gaz, probabil repornire pe carbuni, ceva petrol,
nucleare (dar unele se vor opri dupa un program anuntat de acum zece ani), regenerabile cat pot
si ele (ca nu raspund la directive politica sa poata sa acopere ce procente spune politica..) si...
strategii si planuri pentru ce va fi peste opt-zece ani cand contam pe energie nucleara... Nu parea
pana acum ceva foarte profund si mai ales din timp gandit, neffind considerate evaluari de riscuri
si analize de reziliente de sisteme energetice.
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MOTIVATII PENTRU NECESITATEA STABILIRII UNEI IERARHII A RISCURILOR (2)

(detalii in Partea a 2-a)

Aceasta in contextul in care avem programe energetice haotice, cu implementari ad
hoc de surse regenerabile ca panaceu universal, cu o lipsa crasa a inovarii si adaptarii
la schimbari a sistemului energetic national si a cercetarii energetice (de fapt am cam
desfiintat facultatile, liceele de specialitate asa ca avem si explicatii de ce nu mai stim
si nici nu vrem sa stim cum se produce energia..), o balbaiala greu de inteles, pentru
care ti-ar trebui multa energie ca sa nu faci comentarii nestiintifice.

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 si protectie la standarde mondiale si fara perspective de rezolvare
cu alte surse.

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 schimba la 4-5 ani, cam ca politica, in contextul in care
un program energetic se dezvolta si se intretine 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

* 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 I-am denumit ca sistem de sisteme CATS.

o In acest context devine evidenta nevoia de a considera surse cu adevarat alternative
cum este energia nucleara, pentru care pana nu demult se optase la nivel national ca
nu este o prioritate inovarea.

o Nu s-a facut niciodata o evaluare care este riscul neinovarii, dar de cateva luni se
vede fara analize cat este de mare.

o Similar a fost cu utilizarea bogatiilor de surse fosile, pe care cu imbunatiri /inovari le-
am putea utiliza respectand strategiile de atingere de fel de fel de tinte impuse de
altii si acceptate cu usurinta greu de inteles de catre noi.
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* 2. METODE DE CAUTARE DE SOLUTII SI SCENARII ENERGETICE VIABILE PENTRU SISTEME ENERGETICE SUSTENABILE — CATS (cont)

2.2 Provocari pentru CATS

* Tintele climatice emise sub imperativ politic s-au dovedit recent ca total nerealiste in fata
unor provocari ale sistemelor CATS. Acum cand peste noi vin catastrofe, cum este un
razboi, a face o comparatie intre cele doua riscuri arata ce subtiri au fost evaluaarile de
strategii, fara scenarii de rezerva, fara analize de riscuri.

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 sa ai ca tintd sa cumperi o paldrie de soare cu bor larg iarna, cand ai ramas fara bocanci ? »

* Desiin paralel la noi s-au introdus, sub forma de import direct, solutii de producere in
instalatii de energie regenerabila, aceste inovatii si-au atins déja in acest moment limita de
dezvoltare ca nivel de productie. Si nici nu ar fi fost asa eficiente fara un sprijin financiar de
stat ,care interesant ca nu era interzis ca pentru nuclear,. de certificate verzi...

» Exista de asemenea o lipsa a unei cercetari reale si cu personal calificat si al consultarii
specialistilor in domeniu
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2.3 MODELAREA SI PLANIFICAREA SISTEMATICA PENTRU CATS
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2.3.1 Necesitatea — sistemele devin complexe si modelarile la fel

e La nivel international insa se dezvolta cercetari fundamentale stiintifice si se dezvolta
tehnologii energetice pentru acest secol si ce va urma. Astfel |a nivel stiintific se studiaza
surse pentru secolul urmator: reactori de fuziune, energii neconventionale de mare
eficienta (solare pe orbite planetare cu randamente cel putin pentuple fata de ce facem
pe pamant, energie de fisiune de ultima generatie

(cum sunt si SMR-urile cu apa sau nu, si bateriile nucleare)
 De mentionat. ca la o centrala de fuziune ne va trebui sa avem cel putin trei
centrale de fisiune sa o pornim ; cam greu de facut cu eoliene si fotovoltaice
terestre.
* De aici o lectie foarte importanta:
Nu poti planifica in energie sa treci de la candela la fuziune; trecerea se face nivel de
energie cu nivel de energie, acesta este sensul dezvoltarii civilizatiei noastre
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2.3 MODELAREA SI PLANIFICAREA SISTEMATICA PENTRU CATS (CONT)
2.3.2 Modelarea staticii si dinamicii CATS — scenarii energetice si inovarea

Planurile de viitor la nivel international iau in consideratie stabilitatea si rezilienta
asigurarii de resurse, dintre care energia este fundamentala. In lume se fac astfel de

calcule si unele rezultate ale autorului au fost comunicate anterior pentru Romania si

tarile baltice.
Sursele de energie ale urmatorilor 50-100 de ani in mod sigur se vor baza pe energetica
nucleara de fisiune pentru a sustine pasul/ saltul urmator.
* Tn acest context apar noi generatii de solutii stiintifice (acum suntem la generatia
IV) dar si noi tehnologii.
* Energetica nucleara este sprijinita de o stiinta aplicata parte a fizicii, care va
evolua mult odata cu aparitia de noi tehnologii/descoperiri de exemplu

calculatoarele cuantice (ce vor permite calcule rapide si mult mai rapide)
nanotehnologiile

IA

centrale digitale gemene sau mai ales

noi generatii de pdmdnteni (alpha, betha etc)

YVVVYVYY
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2.3 MODELAREA S| PLANIFICAREA SISTEMATICA PENTRU CATS (CONT) --2.3.2 Modelarea staticii si dinamicii CATS — scenarii energetice si inovarea

* Optimizarea reactorilor nucleari se efectueaza si prin construirea de SMR, raspunzand
la intrebarea “De _ce avem nevoie de reactori modulari mici?” pentru ca
reactorii nucleari ai noilor generatii, inclusiv SMR, sunt

mult mai robusti,

mai compacti,

mai eficienti

mai flexibili in utilizare si
costa tot mai putin.

YVVVYVYY

* Alte directii de optimizare cuprind noi metode de producere a energiei in reactor, dar
tot bazat pe fisiune (reactori rapizi sau termici cu apa sau alti agenti de racire, cu zona
activa solida sau topita).

Despre riscurile actuale ale inovariilnei ii I stiinta si tehnica — Unele lecyii actuale din energetica in general si din cea nucleara in particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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3. MODELAREA SCENARIILOR SI NECESITATILOR INOVARII/NONINOVARII — CU
APLICABILITATE LA CAZUL PARTICULAR SMR

» Dezvoltarea civilizatiei nu poate fi disociata de cresterea nivelului de energie pe care il
putem stapani si folosi fara a ne polua sau distruge. Acesta este acum sensul cercetarii
stiintifice iin energetica

* Tn acest context pasul urmator este asigurarea nivelului energetic minimal pentru sustinerea
energiilor secolelor urmatoare, de exemplu fuziunea, sau energia gravitationala, sau
sprijinirea producerii de energie pe orbite terestre si nu numai si transmiterea pe Pamant.

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

* Noile tehnologii vor avea riscurile lor si cea mai mare greseala ar fi sa declari paranoid ca
nu se defecteaza.

* Se va sofistica nu doar proiectul reactorului in sine, dar si modalitatea de combatere a
accidentelor posibile; cu calculatoare puternice, robotizare si IA reactoristica de la
cercetare la dezafectare va arata foarte diferit, in sensul de diminuare spectaculoasa, cu
ordine de marime, a riscurilor inca din acest secol.

* In aceasta directie se inscrie ce afldm si noi, importand de la altii cAtd vreme nu mai cercetam
noi insine pentru utilizare in acest deceniu, noi filiere, cum sunt reactorii modulari mici.
Acestia de exemplu au multe din atributele de cercetare, fabricatie si exploatare ale noii
generatii.

.

~
=
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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| tacul | Smardan | Tulcea |Constanta|Medgidia | celula |Tariverde | Medgidia [ Rahmanu
Conec Ene: e
coa Gestionar Statia de racord u Ciclu | a400kv (100 kv sau| 400 kv 400kv | vest400 | Mord 110 |Sud 110KV | 110KV din | 400KV Nord
anuarie 2013) tare primara Smardan kv kv Tulcea 110KV
ESNL Nuclear U1 MNuclearelectrica RET Cernavoda 400 kW MNuclear| cYy2 *
esnz Nuclear uz Nuclearslsctrica RET | Cernavoda 0o kv Nuciesr| _cvz x
ESHS Galati RET Barbosi 110 kW Hidrocarburi cy2 x
ESHE Galati RET Barbosi 110 kW Hidrocarburi cy2 *®
esnz Elactracentrale Galati RET Barbosi 110 kv Hidrocarburi|  Cv2 x
ESHE Electrocentrale Galati RET Barbosi 110 kW Hidrocarburi cy2 x
esrao e Braila RET | LacuSarat220 kv Hidrocarburi| vz x
EsT11 SE Braila RET Lacu Sarat 220 kv Hidrocarburi cya2 x
R SE Constanta RET Constanta Nord 110 X X
kv 50.0 42.5| Hidrocarburi| cvz x
EsHis SE Constanta RET Constanta Nord 110 ' X
50.0 42.5| nidrocarburi| 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 110/22 kv a utilizatorului 00| ssos vant| cve N
Enel Green Power Enel Distributie Dobrogea / Racord in
esway | CEEValea Nucarilor RED Thlcea vest derivatie simplu circuit LEA 110 kv
Tulecea Vest - Sarinasuf 34 0 33 4] Want cy2 3
CEE Fantanele - CEZ Transelectrica / statia 400/110 kv
ESW1S RET Tari o
Cogeleac arfverds Tariverde 600.0 585.0] Vant| cCvz *
Romconstruct - ButanGas Enel Distributie Dobrogea # racord
Harsova - Medgidia | intrare - resire in LEA 110 kv, prin
Fewas (CEESIISERS RED Nord statie de conexiune 110 kV si LEA 110
kW pana la st de transf a utilizatorului 25 0 24 8| Want cy2 3
Cernavoda Power Enel Distributie Dobrogea / racord in
wswzo | CEE Cernavoda 1 rep | Miresavoda - Medg | o tie din LEA 110 kW pana la st de
: transf 110/33kv a 1ui 530 58.3 vant| cvz x
Wind Power Park Transelactrica / racord prin statie
Eswz1 cEEc::::’:;‘“' RET Rahmanu noua 4007110 kW Rahmanu intrare in
LEA 400 kV 1sacces - Medgidia 45.0 42.7 vant| cvz x
Cernavoda Power Enel Distributie Dobrogea / racord
esw22 | CEE Carnavoda 2 RED Tortomanu radial prin LEA 110 kW s.c. in st. de
transf. Baia pana la st. de transf. &9.0 &7.7 vane| cvz x
Enel Green Power STl Enel Distributie Dobrogea / racord in
eswas | CEE Salbatica 1 RED caa €92 | darivatie d.c din LEA 110 kv pana la st
de transf 110/33 kv a ului 700 68 5] Want cy2 x
. [ CEEMimai viteazu, |Eolica Dobrogea (Iberdrol
e RED ? ? 80.0 79.0 vant| cvz
Enel Green Power I — Enel Distributie Dobrogea / racord in
eswas | CEE Salbatica 2 RED cea €2 | derivatie d.c din LEA 110 kv pana la st
de transf 110/23 kv a wluai 700 68 5] Want cya2 x
Enel Green Power Enel Distributie Dobrogea / racord
eswze CEE corugea RED | cismeaua Noua prin LEA 110 kv din statia de transf
Cismeaua Noua pana la st. de transf. 700 69 0] Want cy2
£DP Renewables Enel Distributie Dobroges / racord in
Eswzz CEE sarichioi RED Vest - Zebil |derivatie din LEA 110 kV pana la st de
transf a utilizatorului 32 4 Want cy2 *
CAS Regenerabile (Austr| Transelectrica / iesire prin statis
Eswan Ciilﬁlslmm. RET Rahmanu noua 400/110 kv Rahmanu Intrare -
cea cas iesire in LEA 400 kv Isacces - 506 436 vant| cvz x
Alphawind - Verbund Transelactrica / iesire prin statie
CEE Casimcea, noua 400/110 kv Rahmanu intrare -
eswzo
Tulcea Alpha RET Rahmanu iesire in LEA 400 kV Isaccea -
Medgidia (Dobrudja) 483 47.6] vant| cvz x
Eviva Nalbant - Martifer
Enel Distributie Dobrogea / prin LES
EEwac e RED ot 110 kV direct in statia Babadag
336 330 vant| cvz
eswai | CEE Mihal Viteazu |Wind Farm Mvy RED ? ? 13.8 13.8 vant| vz
Eswaz CEE Gemenele Braila Winds (GDF Suez) 48.3 47.6 Want cy2
ES W Elcomex EOL 119 6 1190 Mant cy2
Eswaa CEE Topolog Total Electric 270 270 Want| cva
Total nuclear in
operare (cvz) 1413.0] 1208.0
Total hidrocarburl in
operare (CY2) 91z0| 83s0
Total carbune in
operare (CY2] a0 0.0

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
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Noutati nucleare Reactoare nucleare modulare mici - Utilizarea lor in Roméania, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, S
ecretar interimar Divizia de Logicd, Metodologie si Filosofia Stiintei (DLMFS) din cadrul CRIFST
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Intarirea sectorului nuclear si cresterea contributiel sale

I. Consolidarea functionarii pe termen lung a centralelor In
functione care functioneaza in regim de baza de sarcina in
SEN
a. Retehnologizarea Ul
b. Punerea In functiune de noi centrale de mare putere

(U3/4)

Il. 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

Noutati nucleare Reactoare nucleare modulare mici - Utilizarea lor in Romania, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, S
ecretar interimar Divizia de Logicad, Metodologie si Filosofia Stiintei (DLMFS) din cadrul CRIFST
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PARTEA a ll-a

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 CONTEXT ENERGETIC-SMR CA INOVARE

A — RIDM / ARBORI DE DECIZIE — METODA SES RISK

B — MCDA DE TIP ESREDA - CUBE

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

D — SISTEME ENERGETICE MODELATE CATS

E - METODE INOVATIVE CALCULE DE RISC PENTRU SMR
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MODELE S| METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE

A — RIDM / ARBORI DE DECIZIE — METODA SES RISK — 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 - scenarii dominante la anumite provocari care descriu punctele slabe si indica
masurile de luat

CRITERIILE - sunt de supravietuire a sistemului — spatiul solutiilor “ SURV 1-3”

REZULTAT
REFERITOR SMR: - Scenariile care arata non inovarea si neconsiderarea SMR pot avea
contributii mari

Despre riscurile actuale ale inovariilneinovarii in stiinga si tehnicd — Unele lectii actuale din energetica in general si din cea nucleara n particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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o
=

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
failure of Systems ES2 SP Cy2

50 fES2 CY2_E_SYS_SWSF

Despre riscurile actuale ale inovariilneinovarii in stiintd si tehnica — Unele lecyii actuale din energetica in general si din cea nucleara in particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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Impact Group g

A.3 > o .
= 2 a ‘o
r . £ g £
L Scenarios 5 23
: & g i
3 ¢ 3
SURV 2 A = Failure of the barrier defined by System 2 of SP type H M HM

for ES1in Cycle 2

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
n

Medium

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

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

S
.
risct i nele lectii actuale din energetica in general si din cea nucleara in particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
-
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MODELE S| METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE

B — 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

IMODEL - Descriere provocari ale sistemului energetic nuclear dupa doi parametrii: utilitate si
nivel de risc se modeleaza si factorii non tehnici

METODA /
REZULTATE - se obtine un spatiu al solutiilor sub forma unui CUB (metodologie ESREDA)

CRITERIILE - sunt de supravietuire a sistemului — in spatiul definit de CUB pentru TREI
criterii limitative

REZULTAT
REFERITOR SMR: - Neconsiderarea SMR ca inovare duce la obtinerea de solutii in afara CUB

Despre riscurile actuale ale inovariilneinovarii in stiinga si tehnicd — Unele lectii actuale din energetica in general si din cea nucleara n particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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Multicriterial analysis by using ESREDA CUBE

e

Each node is defined by intersection of three facets, which
are common areas of fulfilling any two out of three
criteria. 5f/ KG(
The resultant geometrical form is of cube type, as presented /
in Figure Facet:yy . p. ) e
The nodes and the facets may be described in an 4 / ;
Interdependence Matrix of the 3 criteria. j )
- 2 L . - 1e e &
This principle is valid for any & &) @) > D
number of criteria. The &y
resultant geometrical form is of Facet 1 /
more complex polyhedral type /

CORRELATION WITH i ——

METHOD E — CATS approach sty
‘ w7 ‘
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B.3 -I‘owever If there will be more than 3 criteria, then the acceptable space od optimal solutions
Il be described by a more complex type of polyhedral, as the Type D of evaluatlo@%/ il
illustrate (and which is symbolically il tr ted in the right side of the Figure).

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

Three facets / categories/ criteria

I

staksholders effected

=
"

;
[ 1
w

Apply results of
topological
analysis ..*
Description of
acceptable states
as poliedra

UBE to evaluate optimal solutlo '
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MODELE SI METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE

C - MODELARE ANALITIC PARAMETRICA — 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 - 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 — 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

Despre riscurile actuale ale inovariilneinovarii in stiinga si tehnicd — Unele lectii actuale din energetica in general si din cea nucleara n particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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METODE DE EVALUARE SCENARII SMR IN CONTEXT ENERGETIC-SMR CA INOVARE
D — SISTEME ENERGETICE MODELATE CATS — General approach for CUBE (method B)

MODEL - Descriere provocari ale sistemului energetic nuclear pentru mai mult de trei
criterii inclusiv non tehnice

METODA /

REZULTATE - 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 — 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

Despre riscurile actuale ale inovariilneinovarii in stiinga si tehnicd — Unele lectii actuale din energetica in general si din cea nucleara n particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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|

. R |
Features that are common and features different for two industrie
J ‘i

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

01 111 1)-
101 -l i-l-—l
_4:1 1 0 lll—l‘
-1 1 01 -l
-1 1 :u 1
Code | short [T
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E Evaluation I
Y . ¢ F §F Fr 5 |
L Learning "
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C Cycle ” alj ”
P Political
T Technologies "=
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[ )
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[ ]
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|
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aluating criteria (in table 1) Iea!!lng tqa}eptab@s defined by polyhedral type
-
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eral, a multiple set of evaluations for ar
Il’ions, which are in matrix format as
rmat a geometrical representatio

Connect Faces

151028

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

WD DO =] O L e R B e

—
=

[5.2] subgroup E emr:ﬁy

neral i din ce:



Academia
Comitetul Romén de Istoria si F"Iso a Stiintei si Tehnicii (CRIFST)

Divizia de Logicd, Metodologie s fia Stiintei (DLMFS)
Grupul de Cercetari Interdisciplinare, 1 ie 2021, sesiune ZOOM
-

ubquantic SQ=SYS7
D 4 luantic Q =S¥YSs8

Molecular M =SYS9 adda

For one given case

Molecularlife ML=5YS1
Planetary P =SYS2 skl =%8 am+Ef=ﬂw*1

3 () [k:n
Galaxy G = E =Ko By
Cosmic C = gy LR
Cosmic life

— (kD CRD
=FEom; i

v = R

-



»
Academia
Comitetul Romén de Istoria si Fil intei si Tehnicii (CRIFST)
Divizia de Logicd, Metodologie s fia Stiintei (DLMFS)
Grupul de Cercetari Interdisciplinare, 2021, sesiune ZOOM

INPUT OUTPUT
Function SY S (s) = E ini (s) Function
of SYZYGY FunctionofstrucEJreofSYS as defined bysfzygy Energy of SYZYGY
forSYS“p” for SYS “p”

anffl
impact

L p (S) = Fp (flimpact (S)) —

Feedback

Lateral
control SYs p+m (s) e e e e e e ea e e e e e

Ot | Fapimpaceasun(s) |
control

1

SYS jnip (s) | ® | Ch , (s) = SYS anp ()

E

v Eini_tevo < \J th z v E ini

iew

$ Eini_zere

Lateral |
control

ETS £nt zoro

Up / down
control

Lateral
control




Academia Romana
Comitetul Roman de Istoria si Filsofia Stiintei si Tehnicii (CRIFST)
Divizia de Logica, Metodologie, Filozofia Stiintei (DLMFS)
Simpozionul Despre riscuri in stiinta si tehnica 30 iunie 2022

B

METODE INOVATIVE PENTRU CALCULE DE RISC CENTRALE NUCLEARE DE TIP SMR
E — SISTEME ENERGETICE MODELATE CATS — 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 - 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

Despre riscurile actuale ale inovariilneinovarii in stiinga si tehnicd — Unele lectii actuale din energetica in general si din cea nucleara n particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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Avem doua optiuni referitoare la implementarea SMR
1. Putem sad resetam programul nuclear si sa consolidam ce avem déja, sa cercetam noi
insine pornind de la ceva déja studiat, sa ne pregdtim fabrici si oameni si sa exploatam
centralele gdndind la urmatoarele lor generatii.
2. Sau putem comenta, discuta, scrie programe, dezbateri, critici, dezvolta teorii
conspirative si sa nu facem nimic.
Pentru ca se discuta despre riscuri : fiecare dintre aceste decizii are riscurile sale.
Dar riscul optiunii Il - de a nu face nimic dezbatdnd si criticdnd este letal.
Nu cred ca asta vrem
Este necesara o viziune pentru Romania acestui secol .
O viziune pentru Romania acestui secol este sa devina un hub energetic — 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




Academia Romana
Comitetul Roman de Istoria si Filsofia Stiintei si Tehnicii (CRIFST)
Divizia de Logica, Metodolog zofia Stiintei (DLMFS)
Simpozionul Despre riscurii{l jinta si tehnica 30 iunie 2022




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,
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prototypes

Cycle 2 (CY2) — Operation &
Maintenance

Cycle 3 (CY3) -Waste
management and
decommissioning

Categories of SES for
the ranking process
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involved by each of
possible scenario,
which will result if a
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applied to the energy
systems. Uncertainties
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a4 SES - The Model
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Fault Tree of System 2 ES1 T Cp2 lserDl = 005
FT_ES1_Cv2_TR_5%YS1 Fault Tree of System 1 EST TR Cyp2

FT_E51_Cv2 TR_5YS2 Fault Tree of System 2 ES1 TR Cy2
FT_ES1_Cv3_E_S%51 Fault Tree of System 1 ES1 E CY'3

LI CCd coon oo Coopn Lol T L P T W i =W L

FT_ES1_Cv2 E_5v52
FT_ES1_Cv2_SP_Sv51
FT_ES1_Cw2_SP_5v52
FT_ES1_Cvw2_T_5w51
FT_ES1_Cv2_T_5v52

L1

~|

FT_ES1_Cv2_E_S¥51 Failure of System 1 ES1E Cy2 O = 1.00E-01
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IE1 for TTRM

SF for TTRM

IE1_TTRM_ET

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
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Comitetul Roman de Istoria si Filsofia Stiintei si Tehnicii (CRIFST)
Divizia de Logica, Metodologie,
Simpozionul Despre riscuri in stii

Academia Romana

-

zofia Stiintei (DLMFYS)
si tehnica 30 iunie 2022

REZU LTAT'N :

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




v

SAMPLE RESULTS

..:20-

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

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.

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).

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.

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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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

nele lectii actuale din energetica in general si din cea nucleara in particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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The characteristics considered of interest in defining topics and strategies for These characteristics define a matrix of evaluation of various
accident analysis for a complex system are (Table 1) are as follows: options/situations, which might be - encountered. The options
in matrix format describe space states, for which a
e Interaction between the two technologies QM and NE (1) corresponding geometrical representation as nodes and facets

e Research validation, expected technology failures and their of polyhedral form, as shown in previous papers [3; 4] .

management (R)

e Supply chain operation and cooperation (S)
e Impact of the system lifecycle (C)

e Impact of societal -socio political environment (P)
e Interference with other technologies then NE (T)

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

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

Code Short description Characteristics of criteria
| Interaction QM-NE Interaction between the two technologies QM and NE (I) S
R Rescattbbiilires 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 (i sace W'th. e Interference with other technologies then NE (T)
technologies

Despre riscurile actuale ale inovariilnei ii 1N stiinta si tehnicd — Unele lectii actuale din energetica in general si din cea nuclearda n particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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3 Table 2.Features that are common and features different for two industries
- e .A.A &
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 — 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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The sources of evaluations in table 2 are as follows:

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

0 Evaluation of the impact of using risk driving evaluation criteria

0 Presentation of an example of event review and OPEX

0 Evaluation of a case study on cross industries impact gfrom_ RtoN)

0 Fl’reS(Ientatlon of emergency organizational structures at national and industry (N)
eve _ . : :

0 Presentation of some specific safety evaluation technigues (N)

1 For the QM — (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.

Despre riscurile actuale ale inovariilneinovarii in stiinta si tehnicd — Unele lectii actuale din energetica in general si din cea nucleara in particular-, Dan Serbanescu, Inginer Fizician, Dr.ing energetica nucleara, secretar DLMFS
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H‘owever If there will be more than 3 criteria, then the acceptable space od optimal solutions
Il be described by a more complex type of polyhedral, as the Type C of evaluatlor‘%/ il
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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 goptimal space of selutions for the risk management in a_ complex system.
The_ methed, called the. method of the topological spaces, was used in previous tasks
3;4] and it'1s described in detail with_.examples of use in previous works [3;4]. = . . .
he 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)

Ms =M1 (e—l—>c—p) U M2 (e—>t—p) (1)
Where x—y = xis a function of y

MY =[M"* (e—>p) U M2 (I>p)] U [MW3 (e—>c—>p) MW (e—>c—p)] (2)
Mot =Ms MW (3)

Acceptable space of solutions = M*t=Volume Polyhedral (4)
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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. }
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ANEXA 5
Caleculul de risc si
dezvoltarea Planurilor de
Urgenta pentru centrale
SMR — metode inovative
aplicate intr-un caz
particular
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Elements of the process to develop an Emergency Plan for SMR
Workshop on SMR IAEA — CNCAN — SNN GLERUNR
August 25-26

PHASES of the PROCESS of SMR-EP

A. Define the input to the EP categories definition based on plant design-List

© O

e m

- I®

of Input Initiating events to the EP process as defined in documents like
TECDOC 955 — Generic Methodology

Evaluate in a systematic manner the Emergency Action Levels (EAL) — As
developed by SNN-CNCAN

Built the Decision Trees for EP categories — as developed by CNCAN
Evaluate impact on EP management systems — model the interactions in a
systematic manner

Define the cases for evaluation of radiation impact at various distances
Calibrate methodology with a known case with results in an alternative
approach

Case study SMR

Dispersion calculations

Conclusions on definition of impact and zones based on radiation release
Impact

GLERUNR
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IAEA Coordinated Research Project on the Effective Use of Dose Projection Tools in the
Preparedness and Response to Nuclear and Radiological Emergencies (CRP J15002) GLERUNR
Second RCM meeting virtual June 28-July 2, 2021

Obijective, Status and next steps

Initial objective to perform a comparison of various
results obtained from a set of test cases rather than for
one test case with more methods.

Updated objective: Use one Integrated method of the
whole decision making process for several test sources
entries into the emergency planning. Used already
developed tools for various steps of the decision-making
Process.

Updated team

Romanian progress report GLERUNR



IAEA Coordinated Research Project on the Effective Use of Dose Projection Tools in the
Preparedness and Response to Nuclear and Radiological Emergencies (CRP J15002) GLERUNR
Second RCM meeting virtual June 28-July 2, 2021

’Steps for the on-going next phase

B1l. Main focus:

Integrate existing tools, chose details on source cases and perform the whole
decision one through evaluation for the cases.

Define the sensitivity of the possible advises as a support tool proposed by
GLERUNR group (Nuclear and Radiological Emergency Risk Assessment
Working Group) to the emergency structure components at national level.

B2. Inteqrated method of already used tools in previous projects

Consolidation of the list of existing tools
T1 Model of Emergency Action Levels (EAL) derived in a systematic manner in

accordance with symptom-based approach (as per DOE-NRC-NEI procedures) —
based on the use of Riskspectrum modeling

Romanian progress report GLERUNR



IAEA Coordinated Research Project on the Effective Use of Dose Projection Tools in the
Preparedness and Response to Nuclear and Radiological Emergencies (CRP J15002) GLERUNR
Second RCM meeting virtual June 28-July 2, 2021

- #Bteps for the on-going next phase

B2. Integrated method of already used tools in previous projects

T2 Correlation of the safety analyses and safety documentation in general with
the definition of EAL and development of a unitary approach / strategy document
to define the emergency situations for a real plant, based on combined
deterministic and probabilistic approaches

T3 Use of computer code RODOS and development in house postprocessing
computing tools to evaluate impact of a certain source

T4 Development of an integrated risk evaluation tool of the whole decision-
making process in an emergency situation — Risk evaluation tool using decision
trees developed by GLERUNR and tested for one real case

B3. The test cases are defined
B4. The steps of the decision-making process
C. The sensitivity calculations are performed

Romanian progress report GLERUNR



IAEA Coordinated Research Project on the Effective Use of Dose Projection Tools in the
Preparedness and Response to Nuclear and Radiological Emergencies (CRP J15002) GLERUNR
Second RCM meeting virtual June 28-July 2, 2021

B2. Integrated method of already used tools in previous projects

T1 Model of Emergency Action Levels (EAL) derived in a systematic manner in
accordance with symptom-based approach (as per DOE-NRC-NEI procedures) —
based on the use of Riskspectrum modeling

T2 Correlation of the safety analyses and safety documentation in general with
the definition of EAL and development of a unitary approach / strategy document
to define the emergency situations for a real plant, based on combined
deterministic and probabilistic approaches

T3 Use of computer code RODOS and development in house postprocessing
computing tools to evaluate impact of a certain source

T4 Development of an integrated risk evaluation tool of the whole decision-
making process in an emergency Situation — Risk evaluation tool using decision
trees developed by GLERUNR and tested for one real case

Romanian progress report GLERUNR



IAEA Coordinated Research Project on the Effective Use of Dose Projection Tools in the
Preparedness and Response to Nuclear and Radiological Emergencies (CRP J15002) GLERUNR
Second RCM meeting virtual June 28-July 2, 2021

Potential scenarios and their asociated probabilities are considered. The entries into the Emergency
Plan (EP) are defined by the Emergency Action levels (EAL). (1)

The EAL’s for which situations and actions are defined start from three types of inputs:

Safety analyses based on which the operating licence is issued, defined as follows:

» Safety Analyses used for the NPP licensing (FSR chapter 15 and upport)

e Specialized suupport analyses for FSR, PSA levels 1 and 2 for internal and external events
e OPEX for normal operation

* Advanced severe accidents research results for specific plant

 New requirements for classification of events (DEC A, DEC B)

Requirements of developing inputs to the EP situations

 Requirements to define NPP and its installations as being in one of the categories of EP
(CEP) for which
* Graded hierarchical approach to detailed plant-on site and off site EP are to be defined .

Previous national and international experience for various types of incidents/accidents, including
results from national and international benchmark exercises.

Romanian progress report GLERUNR
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R T1

. Potential scenarios and their asociated nrobabilities are considered. The entries into the EP
& are defined by the Emergency Action levels (EAL).

_#&” The EAL’s for which Emergency Plan (EP) situations and actions are defined start from three types of
-~ lnputs:

n which th rating licence is issued, defined as follows:

I.  Safety Analyses used for the NPP licensing (FSR chapter 15 and upport)

1. Specialized suupport analyses for FSR, PSA levels 1 and 2 for internal and external events
lli. OPEX for normal operation

iv.  Advanced severe accidents research results for specific plant
v.  New requirements for classification of events (DEC A, DEC B)

B. R irements of dev Talol] he EP si ion

¢ Requirements to define NPP and its installations as being in one of the categories of EP (CEP) for
which

e Graded hierarchical approach to detailed plant-on site and off site EP are to be defined .

C. Previous national and international experience for various types of incidents/accidents,
including results from national and international benchmark exercises.

The process of including together, in an unitary approach, categories A and B was used for a particular case

and 2 methodology was developed. The approach has the following features:

e The sources of events inputs (types A, B and C) are initially screened and grouped by considering the
use of the symptom based approach (as per DOE-NEA approach) to the highest extent possible.
o The groups of events are considering to trigger the typical for EP approaches barriers:
o Reactor core degradation level

o Containment degradation and status of its leaktightness

o Timing available for human recovery and other Engineering Safety Features to cope with
potential agravation of the plant release status

o Potential actions for emergency situations resulted are included as a barrier to manage the effects
of the failures of the other barriers as defined in the Defence in Depth concept.



e Recovery actions, graded approch in the defini emergency situations and hierarchical reaction
of the whole structure at plant, regional and nati Is are also modelled as barriers in the Decision

Trees (developed as per TECDOC 955). ..
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IAEA Coordinated Research Project on the Effective Use of Dose Projection Tools in the
Preparedness and Response to Nuclear and Radiological Emergencies (CRP J15002) e
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The EAL model in Riskspectrum format and in compliance with DOE-NEI Sample case
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e The rsults of EAL possible combinations a
support from Riskspectrum and /or simila
screening andranking tools specific to decisio
impact for a h=given emergency situation
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The_tbol used by GLERUNR group (Nuclear and Radiological
Emergency Risk Assessment Working Group) is able to support

decision makers on the less uncertain decisions during an i TR -
emergency, based on the information existent and on the / [, 5 S
interfaces of various structural elements of the emergency y y R
management. C R Y e v
The method itself needs to be and it is subject to sensitivity e ks
analyses.in a format of benchmark like type for the diverse oy . AT
. . . . ege . v . R Tover beund ¥ t“z ‘/l s \‘ﬁ
participants in the project. The sensitivity analyses have some ‘ /) V¥
important features, as it is .. 4
* comparing the results and the existing differences in different
cases
* performing systematic risk review of the whole chain in the e
> . -] o -
process of the use of the dose projection tools for the Py | SRR SRR PR RS BT SRR
decision making g [ (oo marion
« analysis of the sensitivity of the said computer codes, related T = o
X R 0 fea Tt sloptimistic & Jualues bptimistic & value sioptimistic & -salue:‘.tphmlstu:&:
to the uncertainty of the input parameters. i | oot | nteamini st rtomled
1 1 1 Sersitiity case variating DA S¢t all huesto Setallvaluesto Setallvalesto
* development of a guideline concerning the methodology to [Tz RO wstor pesiores reton
be applied TR e | feadi]  eiadt
For all the elements the sensitivity is performed using parametric cetityone mir I P, S lansto
e g : ; | eeercey R | oo st
approach to sensitivity. The risk as defined and decided as a oompanson van c1se Pl | (U o acit
'd' I f EP d A F' 16 b, I d f h A the PARAMETER1 the PARAMETER2 PARAMETER"J" PARAMETER “N'
guiding tool for EP, represented in Figure 16 is evaluated for eac
parameter and their combinations variations as in table 3. The My dste idast stlbact Seace
b K i . . P ¥ sefigures, sefigures, ase figres, sefigres,
final results indicate the range of uncertainty in the proposed M cmmwncise el | dosrone WHEST it Wiyl pr
N . A the PARSMETER  the PARAMETER? the PARAMETER"J" PARAMETER "N
strategy by GLERUNR to the EP decision makers.
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Components and their impact on the decision rules
( N=no impact; H=high; M=medium; MH= Medium to high; L=Low;
VL=very low; A,B,C= Categories as per sequences)

Precautionary principle

Deliberative Principle

Risk Informed Decision Making

Aggregate conclusion

Comunication

Structures interface

PREC

DELIB

RIDM

AGGREG

Monitoring L L N L

Monitoring Coordonation L VL N L

Results N M M M
Analysis (independent) available N MH MH MH
Dominant sequences A B © ABC
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%‘éﬁbgfion cases are defined as

Scenario: LOCA and core damages of various degrees of magnitude defined as per EAL
correlated with the PSA level 2 and SAMG in a situation comparable with a real case
plant.

The study was accomplished using the following input data:

Unit: CERNAVODA-1,

Source term: PSA level 2

Start of release: dd.mm.202y, hh:mm [UTC], End of release: dd.mm.202y hh+1:mm [UTC]

Calculation Nuclides Kr- 85m Kr- 85 Kr--88 Rb- 88 Sr- 89 Sr- 90 Y - 90 Zr- 95 Ru-103 Ru-106
Rh-106 Te-131m Te-1321-1311-1321-133 | -135 Xe-133 Xe-135 Cs-134 Cs-136 Cs-137 Ba-
137m Ba-140 La-140 Pu-238 Pu-241 Cm-242 Cm-244

Weather: NWP data from WREF-3k integrated in COSMO-7 km model 00:00 [UTC] provided
by NMA, Romania

Weather: NWP data from ICON model 00:00 [UTC] provided by (DWD), Germany

The RODOS running were performed during 2020 -June, July, August, September, October,
November and December and 2021- January and February

Romanian progress report GLERUNR
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B SV 4
RODOS installed on CNCAN server:
On CNCAN server the JRODOS 2019 version is operational and is configured to
use the same database from the old version. The system is available for other
:> stakeholders based on user and password via VPN tunel. Beside CNCAN staff
other organization like Cernavoda NPP, General Inspectorate for Emergency
Situation, National Meteorological Administration, National Environmental
Protection Agency.

numerical whether prediction data provided by Deutscher
Wetterdienst (DWD), Germany

a . o . . P . S3P  ad ;“\~~,\_ % Pt |
numerical whether prediction da_ta_prowded by National »‘Sﬁmm“{:“
Centers for Environmental Prediction (NCEP) - NOAA T

meteorological parameters from Cernavoda NPP
tower

(2}

I:> EP
GIS for Rodos
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Mearest
trauma-center
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large

A4755°21.80°N
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SCHOOL MNO.3 DOICESTI:

KINDERGARTEMN MNO.2 DOICESTI:

VULCAMA PANDELE SECONDARY SCHOOL:

STADIUM DOICESTI,

Approximagtely 9

Sensifive receptors, such as parks, churches, schools or similar locations within 1 km of gite:

CHURCH OF THE MATIVITY OF THE MOTHER OF GOD DOICESTI;

CHURCH OF THE HOLY ARCHANGELS MICHAEL AND GABRIEL DOICESTIL

Daoicesti ~ 1600 houses:

Sofanga ~ 600 houses;

\.o.
ort

&

Estimated / approximate nomber of houses and hames within 1 km of the site boundary:
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= Vulcana - Pandele ~ 1600 houses.

All hospitals, clinics, prisons or other facilities with special emergency evacuations needs within & km o
site:

= PUCIOASA CITY HOSPITAL,

Hazardous land-uses, such as chemical plants or other industrial facilities that use bulk hazards chemicals,
ar similar hazardous facilities, within 5 km of site:

+ SCFERRO PIGMENTS ROMAMIA SRL DOICESTI.
Known or visible oil or gas extraction activiiies within 10 km of sie:
+ TEIS.

Facilities or sites with known, suspected or potential soil and groundwalzsr contamination within 8 km of the
site:

+  ASH STORAGE.
Mearest emergency responders, including ambulance and fire:
«  DOICESTI POLICE STATION,
= BASARAB | EMERGENCY SITUATIONS INSPECTORATE;
»  DAMBOVITA COUNTY AMBULANCE SERVICE.
Mearsst large trauma-center hozpital that can handle industrial injuries and contaminated individuals:
. TAHGDHI'I$TE COUNTY EMERGENCY HOSPITAL .

Mo information on the capacity of this hospital to treat contaminated patients.

(N
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Workshop on SMR IAEA — CNCAN — SNN

August 25-26

data are orientative for calculation purposes

GLERUNR

'IEJ EVENTS FOR ENTRY EVALUATION TO INPUT TO EP CATEGORIES CALCULATIONS

IE for EPENTRY INITIAL LIST
As per NUSCALE 50 information

Potential Dam Failures

CODE 1E
IES1 [External Flooding
IES2 [Water leak outside containment
1ES3 [Water leak into ground
1ES4 Loss of one module control
IES5 [Release into atmosphere
1IES6 Operator errors
IES7 |Seismic event
IES8 |Crane related events

1ES9

Hydrogen explosion at one module

Cooling Water Canals and Reservoirs

MUPSA IE

RWB heating, ventilation, and air conditioning

(HVAC) system

Low Water events

Ground Water

Diesel generator building HVVAC system
Turbine building HVAC system

Annex building HVVAC system

Accidental Releases of Radioactive
Liquic Effluents in Ground and Surface
Waters

Operator actions in emergency

Vibratory Ground Motion

Stability of Subsurface Materials and
Foundations

No. System MUPSA affected
1 RWB heating, ventilation, and air 12
conditioning (HVAC) system
Diesel generator building HVAC system 12
3 Turbine building HVAC system 6
4 Annexbuilding HVAC system 12
12 (6 each for two
5] Containment flooding and drain system independent
subsystems)
6 Normal control room HVAC system 12
7 RXB HVAC system 12
8 Control room habitability system 12
9 Boron addition system 12
12 (6 each for two
o Reactor component cooling water independent
system subsystems)
12 (6 each for two
11 Circulating water system independent
subsystems)
12 Site cooling water system 12
13 Demineralized water system 12
14 Auxiliary boiler system 12
15 Potable water systems 12
16 Ultimate Heat Sink 12
13.8 KV and switchyard system, medium
voltage AC electrical distribution system
17 (EMVS), low voltage AC electrical 12
distribution system (ELVS)
18 Highly reliable DC power system (EDSS) 12
common (EDSS-C)
19 Normal DC power system (EDNS) 12
20 Safety display and indication system 12
(SDIS)
21 Plant Protection System (PPS) 12
22 Plant Control System (PCS) 12
23 Utility water system 12

1IEMS5 JContainment flooding and drain system

IEM6 JNormal control room HVAC system

IEM7 JRXB HVAC system

IEMS8 JControl room habitability system

IEMS |Boron addition system

IEM 10 JReactor component cooling water system

IEM 11 |Circulating water system

IEM 12 |Site cooling water system

IEM 13 |Demineralized water system

IEM 14 JAuxiliary boiler system

IEM 15 JPotable water systems

IEM 16 JULimate Heat Sink
13.8 KV and switchyard system, medium

IEM17 voltage AC electrical distribution system
(EMVS), low voltage AC electrical distribution
system (ELVS)

IEM 18 Highly reliable DC power system (EDSS)
common (EDSS-C)

IEM 19 |Normal DC power system (EDNS)

IEM 20 JSafety display and indication system (SDIS)

IEM 21 |JPlant Protection System (PPS)

IEM 22 JPlant Control System (PCS)

IEM 23 JHydrogen explosion impact on more modules

IEM 24 JSeismic event with impact all site

IEM 25 JUtility water system

GLERUNR
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_-_’ SUPSA IVENTS w RWB heating, ventilation, and air conditioning _ -
»
g | v

(HVAC) system

Diesel generator building HVAC system

Turbine building HVAC system

[e]
=1
=2
)
=!
]
=2
=
<)
o
a
a
)
=
a
=
=
=~

systel
Normal control room HVAC system
RXB HVAC system

Control room habitability system
Boron addition system

[Reactor component cooling water system

Circul: water system

al Releases of

3
A

o)
[+°}
3
o
5
@
2
ki
@
3
‘-QEI

IEM13  |Auxiliary boiler system
IEM14 |Potable water systems

IEM14  [Ultimate Heat Sink

13.8 KV and switchyard system, medium voltage
AC electrical distribution system (EMVS), low

. oltage AC electrical distribution system (ELVS)
ity of Su a = A
and Foundation: IEM16 Highly reliable DC power system (EDSS)
] — ommon (EDSS-C)
Crane catastrofic failu - IEM17  [Normal DC power system (E
1

Crans failure due to aircraft crash IEM18 afety display and indication system (SDIS) _

IEM19 [Plant Protection System (PPS)
420 _plant Control System (PCS) " TS
Utilty water system 1T A

N -

Bilik:| ¢ eidg

N |
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Elements of the process to develop an Emergency Plan for SMR
Workshop on SMR IAEA — CNCAN — SNN GLERUNR
August 25-26

IE EVENTS AND ENTRY EVALUATION

(-4
> =
-1 9 n
ENRY |O| & w =
CODE IE ENTRY |coveren| © E =
BY S| w )
- <
o
SUPSA IE
IES1 [Water leak outside containment ENTRY S2 N
IES2 |Water leak into ground ENTRY S3 N
IES3 ]Loss of one module control ENTRY S4 M22
IES4 |Release into atmosphere ENTRY S5 N
IES5 |Operator errors ENTRY S6 N
IES6 |Seismic event ENTRY S7 M24
IES7 |Crane related events ENTRY S8 N
IES8 |Hydrogen explosion at one module ENTRY S9 M23

GLERUNR
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Workshop on SMR IAEA — CNCAN — SNN
August 25-26

GLERUNR

RWB heating, ventilation, and air conditioning

IEM1 ENT!

(HVAC) system RY M1 N L A COVERED BY A
IEM2 |Diesel generator building HVAC system ENTRY M2 N L A COVERED BY A
U=\l Turbine building HVAC system ENTRY M3 N
IEM4 JAnnex building HVAC system ENTRY M4 N
IEM5 |Containment flooding and drain system ENTRY M5 N
IEM6 [Normal control room HVAC system ENTRY M6 N L A COVERED BY A
IEM7 |RXB HVAC system ENTRY M7 N L A COVERED BY A
IEM8 |Control room habitability system ENTRY M8 N
IEM9 ]Boron addition system ENTRY M9 N M A COVERED BY A
IEM 10 JReactor component cooling water system ENTRY M10 N M A COVERED BY A
IEM 11 |Circulating water system ENTRY M11 N H
IEM 12 |Site cooling water system ENTRY M12 N H
IEM 13 |Demineralized water system ENTRY M13 N H
IEM 14 | Auxiliary boiler system ENTRY M14 N H
IEM 15 |Potable water systems ENTRY M15 N COVERED BY A
IEM 16 JUlimate Heat Sink ENTRY M16 N H C

13.8 KV and switchyard system, medium

voltage AC electrical distribution system
IEM17 . o ENTRY M17 N

(EMVS), low voltage AC electrical distribution

system (ELVS)

Highly reliable DC power system (EDSS)
IEM 18 ENTRY M1 N

common (EDSS-C) 8
IEM 19 [Normal DC power system (EDNS) ENTRY M19 N COVERED BY A
IEM 20 |Safety display and indication system (SDIS) ENTRY M20 N COVERED BY A
IEM21 |Plant Protection System (PPS) ENTRY M21 N
IEM22 |Plant Control System (PCS) ENTRY M22 N
IEM 23 |Hydrogen explosion impact on more modules ENTRY M23 N
IEM 24 | Seismic event with impact all site ENTRY M24 N
IEM 25 |External Flooding ENTRY M25 N
IEM 26 | Utility water system ENTRY M26 N COVERED BY A

GLERUNR



SOURCE ONE
MODULE

SOURCE A

six modules

SOURCE B

three modules

SOURCE C

two modules in first
three days followed by
other four in 30 days
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- - REFERENCE INI LARGE
Some fission and Some fission and .
activation product activation products SOURCE ONE | SOURCE A =six | SOURCE B three ?Sgﬁﬁfeg;"‘éofm&ggz”
radionuclides in core radionuclides released MODULE modules modules othdl fouryin 30 days y
inventory from the containment

Inventory Source
I (Bq) Radionucli Sourge lei Radionuc| Source [Radionuc| Source |Radionuc| Source [Radionuc Source | TEINES
B © de (Ba) lide |Term(Bg)| lide |Term (Bg)| lide |Term (Bg)| lide | oM (B9)| ADDED

S First 3 dyas| after 30

days

H3 8.84E+14 H 3 1.21E+14 H3 |605E+12] H3 |363E+13| H 3 |182E+13| H 3 |1.21E+13 | 2.42E+13
ci4 2.08E+12 c14 2.85E+11 Cl14 |[143E+10| C14 |855E+10| C14 |4.28E+10| C14 |2.85E+10|5.70E+10
Nazs | 2 A0E+14 Na 24 3.13E+13 Na24 |1.57E+12| Na24 |9.39E+12| Na24 |4.70E+12| Na24 |3.13E+12 | 6.26E+12
crst | 3.31E+16 Cr51 3.63E+14 Cr51 |[1.82E+13| Cr51 |1.09E+14| Cr51 |5.45E+13| Cr51 |3.63E+13 | 7.26E+13
Mnsd | 6.44E+14 Mn 54 7.07E+12 Mn54 | 3.54E+11| Mn54 |2.12E+12| Mn54 | 1.06E+12| Mn54 | 7.07E+11 | 1.41E+12
S 2.45E+14 Fe 59 2.69E+12 Fe59 |135E+11| Fe59 |8.07E+11| Fe59 |4.04E+11| Fe59 |2.69E+11 |5.38E+11
Co80 | 9 99E+11 Co 60 1.10E+10 Co60 |5.50E+08| Co60 |3.30E+09| Co60 |1.65E+09| Co60 | 1.10E+09 | 2.20E+09
91 6.88E+11 Se 79 9.45E+10 Se79 |473E+09| Se79 |2.84E+10| Se79 |1.42E+10| Se79 |9.45E+09 | 1.89E+10
Kgs 1 1.71E+16 Kr 85 2.27E+15 Kr85 |[1.14E+14| Kr85 |6.81E+14| Kr85 |3.41E+14| Kr85 |2.27E+14 | 4.54E+14
Kresm | 1 84E+16 Kr85m | 2.45E+15 Kr85m [ 1.23E+14 | Kr 85m | 7.35E+14 | Kr 85m | 3.68E+14 | Kr 85m | 2.45E+14 | 4.90E+14
kg7 | 3.03E+12 Kr 87 4.03E+11 Kr87 |[2.02E+10| Kr87 |1.21E+11| Kr87 |6.05E+10| Kr87 |4.03E+10 | 8.06E+10
Ks8| 5.81E+15 Kr 88 7.74E+14 Kr88 |[3.87E+13| Kr88 |2.32E+14| Kr88 |1.16E+14| Kr88 | 7.74E+13 | 1.55E+14
Rb88 | 6.48E+15 Rb 88 8.44E+14 Rb88 | 4.22E+13| Rb 88 | 2.53E+14| Rb88 | 1.27E+14| Rb 88 | 8.44E+13 | 1.69E+14
S8 | 2. 76E+18 Sr 89 4.16E+16 Sr89 |2.08E+15| Sr89 |1.25E+16| Sr89 |6.24E+15| Sr89 |4.16E+15 | 8.32E+15
Sre0 1.31E+17 Sr 90 1.98E+15 Sr90 |9.90E+13| Sr90 |5.94E+14| Sr90 |2.97E+14| Sr90 | 1.98E+14 | 3.96E+14
S9L | 5.88E+17 Sr91l 8.88E+15 Sr91 |4.44E+14| Sr91 |2.66E+15| Sr91 |1.33E+15| Sr91 | 8.88E+14 | 1.78E+15
S92 | 3.54E+18 Y 91 6.32E+15 Sr92 |3.16E+14| Sr92 |190E+15| Sr92 |9.48E+14| Sr92 |6.32E+14 | 1.26E+15
Y %0 1.39E+17 Sr 92 1.18E+14 Y90 |590E+12| Y90 |3.54E+13| Y90 |1.77E+13| Y90 |1.18E+13 | 2.36E+13
Z% | 4.85E+18 Zr 95 8.65E+15 Zr95 | 4.33E+14| Zr95 |2.60E+15| Zr95 |1.30E+15| Zr95 |8.65E+14 | 1.73E+15
e 4.85E+18 Zr 97 3.10E+15 Zr97 | 1.55E+14| Zr97 |9.30E+14| Zr97 |4.65E+14| Zr97 | 3.10E+14 | 6.20E+14
NeSs 1 1 74E+18 Nb 95 8.65E+15 Nb 95 | 4.33E+14| Nb 95 |2.60E+15| Nb 95 | 1.30E+15| Nb 95 | 8.65E+14 | 1.73E+15
NeoT 1 1.75E+18 Nb 97 3.12E+15 Nb 97 | 1.56E+14| Nb 97 | 9.36E+14| Nb 97 | 4.68E+14| Nb 97 | 3.12E+14 | 6.24E+14
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Mo 99 | 3.74E+18 Mo 99 | 4.10E+16 Mo 99 | 2.05E+15| Mo 99 |[1.23E+16| Mo 99 | 6.15E+15| Mo 99 | 4.10E+15 | 8.20E+15
Tc99 | 2.23E+13 Tc 99 2.45E+11 Tc99 |1.23E+10| Tc99 |[7.35E+10| Tc99 |3.68E+10| Tc99 |2.45E+10 | 4.90E+10
Ru 103 | 3.81E+18 Ru 103 | 4.19E+16 Ru 103 | 2.10E+15 | Ru 103 | 1.26E+16 | Ru 103 | 6.29E+15 | Ru 103 | 4.19E+15 | 8.38E+15
Ru 106 | 9.07E+17 Ru 106 | 9.96E+15 Ru 106 | 4.98E+14 | Ru 106 | 2.99E+15| Ru 106 | 1.49E+15| Ru 106 | 9.96E+14 | 1.99E+15
Te 131 | 4.92E+16 Te 131 | 6.76E+15 Te 181 [ 3.38E+14 | Te 131 | 2.03E+15| Te 131 | 1.01E+15| Te 131 | 6.76E+14 | 1.35E+15
Te 132 | 2.44E+18 Te 131m | 2.99E+16 Te 132 [1.50E+15 | Te 132 | 8.97E+15| Te 132 | 4.49E+15| Te 132 | 2.99E+15 | 5.98E+15
Te 131m| 2.18E+17 Te 132 | 4.14E+17 @ Te 131m| 2.07E+16 | Te 131m| 1.24E+17 | Te 131m| 6.21E+16 | Te 131m| 4.14E+16 | 8.28E+16
1131 | 2.44E+18 1131 3.30E+17 1131 | 1.65E+16| 1131 |9.90E+16| 1131 |[4.95E+16| 1131 |3.30E+16 | 6.60E+16
1132 | 3.12E+18 1132 4.20E+17 1132 [2.10E+16| 1132 |1.26E+17| 1132 |6.30E+16| 1132 |4.20E+16 | 8.40E+16
1133 | 2.49E+18 1133 3.36E+17 1133 |[1.68E+16| 1133 |1.01E+17| 1133 |5.04E+16| 1133 |3.36E+16 |6.72E+16
1134 | 5.22E+18 1134 1.81E+10 1134 |[9.05E+08| 1134 |5.43E+09| 1134 |2.72E+09| 1134 |1.81E+09 | 3.62E+09
1135 | 1.34E+11 1135 5.49E+16 1135 |2.75E+15| 1135 |1.65E+16| 1135 |8.24E+15| 1135 |5.49E+15 | 1.10E+16
Xe 133 | 1.66E+17 Xe 133 | 6.95E+17 Xe 133 | 3.48E+16 | Xe 133 | 2.09E+17 | Xe 133 | 1.04E+17 | Xe 133 | 6.95E+16 | 1.39E+17
Xe 133m| 1.52E+17 Xe 133m | 2.02E+16 gXe 133m| 1.01E+15 |Xe 133m| 6.06E+15 |Xe 133m| 3.03E+15 |Xe 133m| 2.02E+15 | 4.04E+15
Xe 135 | 1.31E+18 Xe 135 | 1.74E+17 R Xe 135 | 8.70E+15 | Xe 135 | 5.22E+16 | Xe 135 | 2.61E+16 | Xe 135 | 1.74E+16 | 3.48E+16
Xe 135m| 6.51E+16 Xe 135m | 8.67E+15 RXe 135m| 4.34E+14 |Xe 135m| 2.60E+15 |Xe 135m| 1.30E+15 |Xe 135m| 8.67E+14 | 1.73E+15
Cs 134 | 1.66E+17 Cs134 | 2.17E+16 Cs 134 | 1.09E+15| Cs 134 | 6.51E+15| Cs 134 | 3.26E+15 | Cs 134 | 2.17E+15 | 4.34E+15
Cs 136 | 8.14E+16 Cs 136 | 1.06E+16 Cs 136 | 5.30E+14 | Cs 136 | 3.18E+15| Cs 136 | 1.59E+15| Cs 136 | 1.06E+15 | 2.12E+15
Cs 137 | 1.71E+17 Cs 137 | 2.23E+16 Cs 137 | 1.12E+15| Cs 137 | 6.69E+15| Cs 137 | 3.35E+15| Cs 137 | 2.23E+15 | 4.46E+15
IBa 137m| 1.62E+17 Ba137m | 2.44E+15 RBa137/m| 1.22E+14 |Ba 137m| 7.32E+14 |Ba 137m| 3.66E+14 |Ba 137m| 2.44E+14 | 4.88E+14
Ba 139 | 3.15E+13 Ba139 | 4.76E+11 Ba 139 | 2.38E+10 | Ba 139 | 1.43E+11| Ba 139 | 7.14E+10 | Ba 139 | 4.76E+10 | 9.52E+10
Ba 140 | 4.44E+18 Ba 140 | 6.70E+16 Ba 140 | 3.35E+15 | Ba 140 | 2.01E+16 | Ba 140 | 1.01E+16 | Ba 140 | 6.70E+15 | 1.34E+16
La 140 | 4.70E+18 La 140 | 8.39E+15 La140 [ 4.20E+14 | La 140 | 2.52E+15| La 140 | 1.26E+15| La 140 | 8.39E+14 | 1.68E+15
Ce 141 | 4.44E+18 Ce 141 | 7.92E+15 Ce 141 | 3.96E+14 | Ce 141 | 2.38E+15| Ce 141 | 1.19E+15| Ce 141 | 7.92E+14 | 1.58E+15
Ce 144 | 2.91E+18 Ce 144 | 5.20E+15 Ce 144 | 2.60E+14 | Ce 144 | 1.56E+15| Ce 144 | 7.80E+14 | Ce 144 | 5.20E+14 | 1.04E+15
Pr 144 | 2.91E+18 Pr144 | 5.20E+15 Pr 144 | 2.60E+14 | Pr 144 |1.56E+15| Pr 144 | 7.80E+14 | Pr 144 |5.20E+14 | 1.04E+15
Eu 155 | 7.51E+15 Eu 155 | 1.34E+13 Eu 155 | 6.70E+11 | Eu 155 | 4.02E+12 | Eu 155 | 2.01E+12 | Eu 155 | 1.34E+12 | 2.68E+12
Eu 156 | 2.04E+17 Eu 156 | 3.64E+14 Eu 156 | 1.82E+13 | Eu 156 | 1.09E+14 | Eu 156 |5.46E+13 | Eu 156 | 3.64E+13 | 7.28E+13
Eu 157 | 1.50E+16 Eu 157 | 2.67E+13 Eu 157 | 1.34E+12 | Eu 157 | 8.01E+12 | Eu 157 | 4.01E+12 | Eu 157 | 2.67E+12 | 5.34E+12
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D
Pu 238 272E+12
Pu 239 1.64E+

Pu 241
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Am 240 ‘

Am 241 n
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Determination of Emergency Planning Zones



CNCAN jRODOS server: input data

) 1 -
o
'NWP data | bo
I NMA (Nationa cal Administration of Romania) ?

'
WRF 3km
. wind field [m/s], 10.02.2021 00:00 (UTC) gL

at 3 km r‘s Provider:: anm, Analisis time: 10.02.2021 00;00 (UTC),LeveI:OV /

48hrs for
plated fro
TC

Mukonaie

‘xc;;UI

-~y

KOOy

., : 0

" 'Warld Mercator Scale 1:5,964,700

130 “'300




CNCAN jRODOS server: input data

e NWP data
— public FTP provided by Deutseher Wetterdienst (DWD), Germany

ICON-EU model at 7km | ey “,;& S

resolution: - -

* 2 runs/day (48hrs forecast) 00 # P 3 -
UTC and 12 UTC r k.

e automatically downloaded from P = e |
public DWD FTP server, then T T : . -
preprocessed with CDO tool ' S R G
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CNCAN jRODOS server: input data
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GIS for RODOS server
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Raport nor
Raport informativ nor - "1 (29/01/21 12:53)"

1. Informatii generale

Run type: Exercise

Unit: CERNAVODA-I,

Start of release: 29.01.2021 11:14 [UTC], End of release: 29.01.2021 12:14 [UTC]

Calculation Nuclides Kr- 85m Kr- 85 Kr- 88 Rb- 88 Sr- 89 Sr- 90 Y - 90 Zr- 95 Ru-103 Ru-106 Rh-106 Te-131m Te-1321-1311-1321-133 1-135 Xe-
133 Xe-135 Cs-134 Cs-136 Cs-137 Ba-137m Ba-140 La-140 Pu-238 Pu-241 Cm-242 Cm-244

Weather: ICON 29.01.2021 00:00 [UTC]

Feteusry 4, 2021




lethodology:
ermination of Emergency Planning Zones

-

Commun Order

L4 ‘v

i, -

Dosimetric quantity Dose level

E-total effective dose 100 mSv in the first 7 days

E-total effective dose 100 mSv in the 30 days

E-total effective dose 100 mSv in a year

E-total effective dose 10 mSv in a year

L



Scenarion for prediction

Site: Cernavoda NPP

Dispersion Model RODOS- RIMPUFF

Secenario Station Blackout
Source term PSA level 2
Weather prediction ANM (36 hours)
Duration of release 10 hours

Height of release 10 m

q
Duration of prediction 24 hours
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--> Total potential dose; effective [mSy], 11.07.2020 14:00 (UTC)
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--> Total potential dose: effective [mSv], 21.12.2020 08:00 (UTC) 'p ‘
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--> Total potential dose; effective [mSv], 09.10.2020 14:00 (UTC) &
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--> Total potential dose: effective [mSv], 08.10.2020 09:00 (UTC)

Project: CRP 08.10.2020 (Cernavoda), Task: Emergency - run:Malcolm
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Optimization process

Dgy: scenario, input data
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IAEA Coordinated Research Project on the Effective Use of Dose Projection Tools in the
Preparedness and Response to Nuclear and Radiological Emergencies (CRP J15002)
Second RCM meeting virtual June 28-July 2, 2021

Using the same
methodology

EPZ for SMIR will be
determined

Romanian progress report GLERUNR

GLERUNR



Map Legend
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--> Total potential dose; effective [mSy], 25.08.2022 18:11 (UTC)
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