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Figure 1. H2@Scale concept

Metal preduction

Chemical/industrial processes

Heat/distributed power

Source: US Departmant of Energy (DOE, n.d ).
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Figure 4. Examples of core TH facilities used in NEA joint nuclear safety research projects
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Figure 5a. Examples of core facilities used in NEA severe accident joint nuclear safety
research projects for corium melts investigations: Left, ROSAU; right, VITI

Experiments with COPS 2 2025,

prototypic corium melts
(depleted UO,)

ROSAU Melt Spreading Test (MST) facility
and photos of a MST test, ANL

VITI facility,
ROSAU-2 (2025-2028, . ATEERESI: X )
6 countries) Corium melts thermo-physical properties (TPP)
(surface tension, density, viscosity), effect of TPP
Melt/debris coolability in-vessel and ex-vessel, on severe accident modelling

melt spreading ex-vessel, effect of high metal content
and ATFs-based melt and debris

Sources: Left: Argonne National Laboratory, United States; right: CEA, France.

Figure 5b. Examples of core facilities used in NEA severe accident joint nuclear safety research
projects for source term investigations: Left, THAl+; right top: CHIP; right bottom: AMIX
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FORESEEN (2025-2028, 7 countries)

AMIX facility for FP release
tests from irradiated
Cr-doped fuels, INL

THEMIS-2 (2025-2028,
membership TBC)

THAI+ Facility operated by
Becker Technologies (reconstruction ina
new building with SMRs extensions) Tests in AMIX (INL), EPICUR (ASNR) and CHIP (ASNR)
i N facilities, release and transport of FPs from ATFs
lodine remobilisation phenomena (Cr-doped fuels and Cr-coated claddings)

Sources: Left, Becker Technology, Germany; top right: ASNR, France; bottom right: Idaho National Laboratory, United States.
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Figure 6. Age distribution of currently operating nuclear power plants worldwide

35 35
30 30
A

25 25
c
=
2 2
Z ke
T 20 20 T
g e
S 5
g &
£ 16 15 E
K] =]
[7] =
T
z

10 10

L]
5 | I 5
.
; ““thll I|||||| " | | 1,
10 20 30 40 50
Age, years
B Net electrical capacity, GW(e) Number of reactors

Source: IAEA Power Reactor Information System, https://pris.iaea.org/pris/worldstatistics/operationalbyage.aspx).

Klo SERAEBHLALRISAT A0 Ri: TAEA PRIS, 20254

e b, w] ERAERTE RE AR, BRI U RIE
TR TR, R, RFEEREERELN. FE A XA fo A e 8 % 7T
R EARBEODILEEL, ZE] RS HTEREEREHEMETEAT,
BHERTRERN. R m REETHERA R BN E R B, LHEiE
JIRz, FFR A DARRE KRR FAGRIEN EHE T B BfdigF.

R RE B ATAR B SR R PUAR M, 39 D TR i R 5 ¥ F A R R Y
e, FMEEZEENERAE R TZFHTEN. ERAX TR F
FRO R A R E LT HREEGE. REFRAM AR GNP, DURER
W E R, AR LR VENZAT R AT, T ALK IR T E
AV, BRREENERZLARTDEREE,

351 KB MRAEZTHARRIFTR

56



ARLFFZR KM EATHFE ZHA RN S TEENARK, ER
FEETHME R #HATHNRMRE, BRAE. RAHH S ELR
FZATHIR E R ST 2mRciT. M T, I THRMETE, KHETH L
AR BB Y B B R R AL . e AR AR AT SR R £ 5
XFF. T, X LA 7 0 AR I ST A TAEHATEAS RS, DIBR R LKA
R 2.

XEAZ ] AT R R S N ER, PR T sk . H
RER MR TR E R A AT 58 i B e RN e, BT it AL A AR
KHIRL A T ey b gE, DUR A KR AT 1 IR B9 3T B3 AL T R o s e e AR, 4
ERETOREEOR N0 EER, B xR A AR AT o 4
B, AMFRARR R (R R, X HZATHE.

S5 HE By AR AR (7 B AR A FE K RO 3 32 AT PR 7 T R AR, LT AT
BT A BRI R A R e AT Ao 20 A5 B9 S8 AR 1 B °T S P AT IR A5 A
M. NEFTFMKE N EET2ER, HETERGEA (REZTRRT
o ARAKE) EREEI. ARBREMRARF 7@ NTHOHRE, 7T
B BR L 2.

XEH L A S R EGEE, ARSI KHETER, B h
HR BT G AMEM K, XA B FREF367 HHEFHEITE,

Soh, X FE ERE AR BT R A, — R I AT Rk B B
TR K, B AR R P B AR A A RR I E AT, R
BERFORE $E: FE S IEAT KB AR A DL 3 RN 3 TE 5 R ER 3 = T B9 30 AT A
B RVEZATE R RS0k A FRAR T H B K 45 WURR A S0 U8 15 24T 4] 3R
FUBmRLZ 2R A Aw. XU TEFEBFHME LREHEZITE. BW
HAR, ZUFFAMEE RSN T kR, R R AUE R T aRE MM, JFAR
2| A 7] By RE IR AR GL T s A 6] 69 29 SR A S Pk i

57



X BOHT 55 Bk 7 SE R R T SCEM R AR BEIR R R T R R BRIP4 R I AE
J B BOR SRR VU B XA, AR K IR AT Ao ROE AT A TAT, B EIAL 2,
23 VAT P Ak R B AR ik AL

352 KB REBTHRALE

YR REAETRFRELOHE L — P27, Z27 WIS FAZ &R
AR 77 droh foik 2L ey e T AR PR, WA MR VR, EXMEH IR FEMHE
B, WRAEAHEATERERPEE, TH2RESELEEZFERN. L8
J A EA B B AR TR R AR R AR RS FZE N, EE
Mz, —EB BB R G R L2SM A F R A e, URIRE
+. ZARAE. NERA. w4 EMTRHMIFRAPERANETZ LM
M

FEMRAVEHARG. EMHIMEN TR TERERA, HEOGEET
BFW) Ze, MRENEXRER, HRNUBESTHRIEKZ0F LU L, it
PR T B ey R, SXBEAT XK A R B T e T T B AR
AT 5T B e B 2 R 4

B KT R 2R DR T4, MELR) 824, UKW
TR AT EK Bt E 0y RO 4% 35, X TUHF 50 00 A 50 K I R S %A A K 9] AL
HEb R EEZNERAZEE:

« REWERRE K E ZATRAAL B BRI P RO 3 0 AR, DL R
XK. ETHBRRERRT, BHAGEREESTFRHEMER A HLE
AEXREE,

o JrR A0t EAAD R RAARAL, A% F S0 AR o AR T S L IR B R AL
X S AR A T B RRE A 0 KRR R ) M AR R BHME B REAURE

— BT AT HYE A0 S AR Ok Tt et RO 3 R ) A8 B R AR B AR R A
oy B

58



— 3R A B 4 A T R M A B A B N ) IR AT &R (TASCC) ey 4K
&, FAREEAME (PWR) ENHEKIZATHE TN SEEANELET;

- RGN KRB (AT EACE K BA7 HE Fo R RLEA AR R 5
THEMEE) KIE AR,

- P ERE LS NAE, BEEHF RO FRIEILE, wmE-F 8RN
(ASR) FoZERAGH A K (DEF) ;

- R BT E AT R EEN BRI MR AWK .

o g R AALH AT, DIRD 2R T O HEE. XA
IR GHE XL 2WE . TP A ] B3R A DL R S AR B R N B
BERXURENFLAETHL RS, BRENHOLTTEL L2, F7
AR R IATIER AR, UHAREKYZITH R 2B A 4 8,

WA BT R A S A E RGBT, TR REETRA. X
TEBAT X TRAZ B 5 WUk A0 K TE B VT B AR AR R S Ak 3 5R R ARE I DA RO D
BB KRR EE, BREZR G H TR UFR LR RE, RIEEAT
AEK IS Fr . RE ATt ek P @ SR T B L (R Y AR R L R SRR R
T, FRX—HRRTFEREH TR ED R R TR 0835078 Ao
ZANDE, DAKE SE R E L. BRKEHREWETRTAT X KA,
N TEFEERERKRGEFREFENTE., KBEEFENEZLART P ELREE.

IR E BTG L L3 — R TR 5 W Pk

o TFR 6 AR I LT 3 5 A BRERIBAT BT AR RN A7 AR AR RL A7 B T
AR, XEFEH R AL KR F BN R, Bl e R E A fe T
TR, XU R R AP E GRS TR e ki,

o BRI R, DR B RVE TN S SAT A . XA
Ot R ETERE R, 04 £ B B8 2 A LR AL SRR (5 B .

59



« WEEFERDEN T —RIZE] BT REE, FRRFERSLEmME.
HER LRI R AR F, A AF R REZ ARG RER B EFT
AT

o PR EBEAGIATE TR T AT B E BN R AR AR, RSN
XV R RRR I PR Y. BT AR & B R R LBk e b HL R RS
AT L IEAT B KA

KTiE 2, Besiamn. KM RENET, BULTIMRHE. 2452
B BF AT R E E N ER R . B X AU T R AL AR
AR FERFEARFHHMLEREER,

353 KPBAMIBEAWRLARETEEN

i 2 3 b B R SR AR 2 T R R E AT T RE AR AT OF AR R R I A
5] Bt [ b RSB DR 3 o P T P A BB UR G LR K TR R, MRk S AT E N
PR, FRRNAARNFEZZTEKRE, XFZEUE AN REME PN
HE. U RGNT LA MR TR A R AL, A ) K
H B ST

Jo 3ot 3% b 7 % kB K S A UL 4

o ¥RMORKECT T IME: B ZENEAILA B SMILEBK A% 5 T H 364t
#— S REREE, LRGN REZRENA PRI AR, BE
R T — M4 A B RIS, SRIKRBUIS & B, & 7 1 4 SEFr IR 5 19 42 R
FOEE. MR e AR 0 LB SR A R A ke, 3N I Fo Se HE RN ST
WTEAT. RAMMAGEAKREIEE . S THRRBREERAS iR A
M, BAENWERHEEXREE, NENEAWESR TEL - NLTHEEESR,
F LA

- B G BT AR (BB RR L RSB A B LA ) K
R E S AL

- B — AN R ERA R R By SR E A R

60



- ALK IR BT T BB s A e, DUSCRRAT R

- ARMF B SER LI, DR bz e TR+ 5 L 20 E.

« BAUREREHFRME KNS UER: AV LRI R, DEEHBR
WA BR R 7R REK AT HA 9 FT S O E L X B A I R B9 25 AL R o IR A
fF, R R RENRTE TAF. R AR BTG T, R
b Z BT, A EE BT ARERET2KE.

« IR B BATH T2 AR B i H R SR TR D
LR B R VR K LN S, R R R AR EREE., HENMNET:

- BT LR FMEG ML T RIFIE L. B L 2 it
RS AAL HE

— A5 AR TN R e e R VB o Bk RS2 AT DI TAT A o SR R ARl An {7 T

- BB ERFLABEMR SR EM AR R, Il 4 e
=H R G

XL AL E A ARZ BEARGEEBIRERR T, RERETE. £
AAREN AL, Fetbik KA EAL LB HA.

3.6 B4R E A

RY G AR HARA KO AR LA, WAL B H 40
Bit, EFRRARE R LR = E R MEBREARK NG EEMR. K
TR HEAX LR, FEREBAZHER AL 2EREHRE AN 2H LS
WA

WA, AFHER TR A B EREE R ES TR, XEEAREFE
R RN R T, BT TR, REEFLFEATREERMARHA, 2
HIT e 2rE A, WRAAANE T B kD E R, HBFEM X EGs
K,

3.6.1 DSA/PSAFu KU 247 7 i By BL A

61



W LAV AR ) E AR AR Z 21 (PSA) LAY T 1 #
A BT AR S5 KPR R E R e PG T L. R, EHEPSAH K
SCRFAT A S RO M AT B R 45 B 0 W T vk, PSATT R T A fu Bk Y 0L Ak 4
FLSEHIAR T L6 R 55 o B AR

—NREESWAK IR FERPSAL H T % 2iFf (DSA) AL E. %
B RCN I e R R TR kR, BT R S B e AR IR A3 A (5
ARG (s g REFNRIREER) « R T ERSE AR A, L
BREBF AR R G KRR, FFAR AL PAT KR L AT Mo f % FHERF
RIATHESH B 2R G

Mo, REEETEZNAf S ESRB T EHEH — L4k, BZREKEH#K
R 2 E N FRE#A — SRR T ZHABENPSAT k. TAA0 LR
.

KEEH T E AR HE:

« HENA/IZ R SRR RTHRRTT KPSAT i%: HAEPSATE
BRI AL BT EEREFRERELCER, RARRLRE.
Fbs) R AAE AL 2N AR RIBERIT T EROER T . HEEALHE
R (. /7)) ERPSATRE, KREPSALGHHZEEITHE. TR
SEUK R FHRAANTES. RAEEZNEFEL RO AEEN B
BN RIZ, st R AT RE AL TENB T URNERRE KNG, XM
AR BN R L AT R B S

« FAPSA FF BT A ME b RAC RS T KEFH HE N
N RETE VO SR IR B W A B 1 O T JFRPSAL B R BT An g 3 (i BEPSA
WELBEAFEAEEFRER, FAHERHSEEARES TERRZZTER
T P2 A B0 T M . 75 T R UL K PSA DL R A~ R M T #HAT R 4 5| A Sk e 46
Fo o, MERUFHNBEAR O A RE Y. FERE R A B
THRAM 2] BT B £ sh Aok, (R & A A A M T

62



- ABHE EREEFEHGAETERESN (HRA) - EafBHE. £F
FERERRBRZEAEIREN LR UMAT, ARSEHOMRLELRELH. B
REATES TR EHE 20th, BEEFRREHEXHARBENRRELTFN, 2
WA G IR, RE Wk, AT 5 8&FMHR AR KR, H MBI &
MZE S Rety g o 2 H . FEHATH R DOKE 45 € 447 78 20 (Y HRA S 3R,
FIYMENA AR E 0 BEF RN,

3.6.2 Pt [F[ R

5 YT A B ACA IR AR T KW iR AR b, SRR A THARAAEE
AR B MOR TR S RS RN, TR A ERE NS T #. RIEWEE
BEMERTHERSEEEL TR OEEA DT ERAHT HHR N TR, &
M, XMELERTHNLLEFRAEERN R, FEHTHEATE, URRTL
RPN AL 2

EENE, BRZGTEENREH R T BHRLAM, BH1F— % kB
e, SMIRRR R G E e Ansg i as & o E 3L R R AR, F 5 et
BB THAN AR WIMEHE, GEMT. FLIRENTHRETREHH
i E. WA ERNHEIER, FEUFNRBIERT, BRI KA A H
PRI T T 7 o A KU AR 4R

PR T AR E RS, RGO TIN T AR TR R, Bl —2ik
W R W RET) B, XUz A 2 HE S, MEFREFRT
JTHATHR BGRA, X EW R T IR AR, R REFR A
MBIzt T, e RHAT AT, AT RRERRE B R M E.

$oh, mF e s R E R RN ERA, ok T M HE RSP,
BEEZFBTHEALE. TOnRALETNEN TEE RN LB ZH. SFE
T 1T BRI b A AR SR 0 0 B AR A et e g g By XURSR A

63



A X FERLHFIF T L4 LA NBRMIE AR, BT T4
EHR . IR R AR 5 A3 i fo iz d F B A K AR, AR AR 2
Y2, JRHh R — SR AT iR TR R SR

3.6.3 EfEAF®

AMIEEEZMFERZBAET L. B RARGHT LA, X EEEH A
B B U R/ R AR, BB ERfkair. WENAFE
BEY AL AEK B UINGER, A By T DU HEE o R Ak

L H R LB S AEE W, EARNIALE ) #ITRE, E4
RAEN AR RN R AN — M IATE TR, — 25 A VT 6k R R AAZ gk
B R R T A, T A R VT Rk R b AR i SR R bk e g R ok o g
WwHBEA R RGN EIRAAR., EXEEAT, EAMOETR LTI T4
TEH RN, MAELZMBELT, Za TS~ B RN A A%, B
DR R ER . M0 DURARSE B W R R R R

B KRR G IR E B e, AT A thiEfT R, I
CERMULBRENITAE, RETREFMERTLRE. TP A R R
BRI R KB . Bk, FEUR AT B2 AT £ KU TF A T EE AR A 4 AR b
ERAGHERNFTREZREE.

FEMERAFRBER FRIFXERBH AN L LHE, FIERY
ERER, BRI E LAWIEA T B % E 5 IA 3 65K IR AR R T £

3.6.4 &R X iFfE

R SR St RN e UK B B T Ak TR BT O R R0 & AR BL T k. ¥ £ SMRM
Hph RN LFER, HTHFRITAMNE. RENETYEMEERE
BRI, HBEAR T AR L S TR Rtk KNG 2.

AATE s A R B, /NBUE SRAY, BB 3 0 5 0 R 3 B B 2t K IX &) 7€ B BL A
W3R DR KA. 45 R 3E Y R &R KN TR A T
AR, BIAHE. Rt & Rt s EEEN2mTERHE. B

64



AN BT AR BORAESR Frddt & 80 28 45 200 T8 2% b, 7T 86 %0 v L &K DX e 1
5 Bt R ROV R ] B RBE K R R R KNFEE R

A XFW KA E, BRI HRERN T E TR EERT. KA #Ai
HMAEFRMNEXREE, ELERFEMEFRLENKGIHFT, LHITTAH
T & Fo B ¥R R 2 A3 2 ST B 1R 0 B K,

B 7 R & K X Bk 2o AX PR T 37 b3 R BRI E A LT, A
T B R AT R AR S B AR R R AL TN AL A R S A B e PR B R
3, AR A A R R KR R ARG (RERY HeEE
WA ) MKERE.

3.65 AWLIEZ (HTO) f AR T M4 (HRA)

B L B SR A BRI R R A BB, A A R A AN U A B B A
REXREE. BRA DRI E A L2 RS0 RS X F R
ZREFRERNRE, EHFTRERARSRA AT EFTYHNHE S, FE
b, GARERIAM IR TR E U, TR, gy, Exep
B RFET R E KR RN,

o, HEERDLLRANEE-EBRENANTH, wFEHRLB
foh, ERERFELDERRKEERGN RS Z AP, XWAH5T 6k EnF 5,
AT A T 484 R OE IR AR SR v B S oy B, B T B st TSN, AMTE
ATy RENEGEWERE, BRI ENF AT, AERENM. ity
Futgw AR

A AR S B E R Pk, ELRRR A B AT 4

« BEANHIRSRERIER]: #RAREIES A58 % B A B Bd
ERIEERME S, XEFF MRt mEER BT AR KRN H, FH R
TR EARB AR B o A e B B AT R i R AR e B sh Ak e 3R 3k & 4.

« T RLGHRARE: ooy T Ehe 7@ % U0t TETES, o
AR U R E. ARMEDIRKGEETFNARER. FE

65



ZRE)ZHAETHEE, BEEERE. A2EZFURAR LR, WK
A M. FEHIAIRA.

o UG R E Bk BEE R S  ERSUR R, AR
BN £ . £ AL o B IR 3 2 DL IS 4 41 J8] 22 S AL B 2 0 o fe] 5 v v 3 o
iy, XEEHRELEREREFRBEER T LA R ITFALEE,

- BRADMEERESHNEE: MEEAIMWEEZRS, HoBEaN (FR%
5] RAAL PR ) 8 KU T B S PR B A A X e TOUE B e [ b L AU EE AL
REit, #REERRFRGHER, FELEHGESARATTH. 20
5 R 5 B E PR R 3 — &

c WREIAGARBDEEE: B ERFA R T 25N E ] a5 2L
ARBERD, B4 5T XTARES. TR WEA0R 2w 8 77 893 5
R, BRI A SR D A fn e e, JF T SRR DL RN DT E B AR
R

3.6.6 X KR

HRRLERIT R AFTHKKAEE, AFEEFOLLEE. flw, Ei
SE 3RS A A L R (ARl ) T AR R LA A A K SRR B 4 A A 1R
A, BENBRAEE. XA ATENMEATN, FERTETTHE K.
doh, R E TR R SR A R T AT K R B R R e E L AR,

KRR L) F RN eE 2 —, BAHAET IR+ & A A %
BE, BB EeNBEERTE. KRTRERKBEL2ZR. WAEHFRE
FFUEAR T IR AL G . Fk, S0 SRR RO M BUR B K R A
EN, FFERIMH. BEMETLAE. FAHQEENARNEZTERTE
B AT 4 ZAFIRENRLRE,

PABA R B AR BRI AR B K RIG R ENR T AL AL
J1, RSN A ERELZ 2R (BEZLERMERRE) HHEREALR

W T ZAME AR F B

66



o« KKIREFPEDAT: A7 18] B K SRR (5 AL B H0ME o B9 V7 S iR v .
FEEBURT ) AnER R K AT (o di. HAE. F24) . UEBRE
TR BB J1 F AR R R AR

o B R AE RS RIS b BT E ] B R R = R K RAT A, 1%
TETHKRANFEBERKKEZEARR, a5 BE MR RE A RAH
AERE.

« KRERFME: FEXRKNZ2RENTWE, EREETHR BE. B
AAnfE BRRT T BA R T A RRER SR EL. RS A (HEPA) [RE
RIK B K R An S5 A B I 4 3R 5

ARG E S  , GHA K e & fude AR A T . TR UL R A

« BAKK AR IPAE TH: I A 3 K KA BT O B 2 677 i, &
FRF A RO AT B J5 R AR Fo % R SRS

« ATEHMHEKER: ZIEHERESE KR RN SHITHEA, AR
| B o B R O BT RN AR B A KRR, T B R R B T R R
KR

© KRB K H T BRSO B 5OKK 2 Bl T Bk 5| " E U 5 B3
%, AERKHAEZ 2R R AN ERMEEER.

© KRJEHINE TR PR EHERQR KR REHATEEIT, K
EFFEL N E IR AR AR LR E L.

o VRAEAE AR 2 A0 RE Bh UK BT R s XSG OB IR P R TR AR K K K B
KK Z GeAueR U el B0 0 1 B 5 W] S AT AU 947

o EIPEK KRBT FEIFY R ERROK KA %5 TR, PNEA#PRISMEAFAIR
BREH LT, X R 5T E 7 A 2 I B DS R R AR B K SR A I = B it

o SNERK SRR RSO KR I (AnBFK ) B EE R, X S I T B
Bk (LOOP) A £ ZH AR . XEIEKKEREAM ., 3t J7 3ol
VO v Vi Ao AE < AR SR

67



o BB HER R hE R K R IR AT K R G R BT A A
Tk SR HE g B K A K R, DURE E T8 A A i T SR

3.6.7 SN EHEABEZ

AGEERMMETZNE N FG (BEZE) ), MR T B ARk,
X R IE TR R AR EUAF E RN LR, W2 m AL Rk
KE LUV, B R AR X H R A

o BEARFKEFE, VI EE AR AN I I IR R R M K

o WP E EAF, K K ONAR B R AT L) HE

c BORRAENE (TR, #A. ER. BER. Wi &) wEhfox
¥

o B ROE AR, FRBUR AR VT B A R TR b H3E K DR R A TR
o, 2 U 5 ) Y 9 R 3

XU ERGEMARNAANEARZT D WAL R . TaRE Kl Ex.
HAT 0 R R A% AR AP o6 0 5 AR R

—RFVEOR . T AnE AT T DU B AL Bk R GO T X AR R A R R

« BRI F AR AN TR A A TAE R R AR, WA K
WANZAUEEGNIFIRE TRFA SR, HE O TRIR TR A, W
BT 3 A Fo R B IRE W32 4T, Bk BEAR TR

- WHNAGREWERE: WELAZENNETEFAEMNNAE. HBE.
MEURAGEEAERETHFNSES., XTOFELENEEHEHR. THI%E
A0 G AT

« RAZRGHEBHMITME: FANMNE FIPE L2 R ANMEEME, BHLAER
SE NPT R 2k et 1. XEF R AFE TN E ZMa T AL
hER,

68



o BTN B R F s bR SRR Mg E AN — T e s A LA F R AR W
M. XEFEEFHRARFTIRAN B IR S AA I DL & Ak R U
BAR e B 3 2 A

o BATPEEANA G E: FHE LN HEH L AN B A G0 AR L B
I AT R KRB BEABEN D, v, EEEFEHEMELH TR NFE, T
DAY D 2 — v, A A W B B 7

BN EHNHAEEREE, ExlesEiil mey BE MRy REE
JTREE ARG, XA

- BN EE AN FRENET SR EFEXEG T ENE, FIRER
I N R AN 8 RN K R T

o IFEE A )L Mo R AR KR R A E, A AR T N B
EANAAR L.

AT AR S N AR E R R R AL T, BREREAEOTEE. K
MR P18 3 A0 F AR Z M R AR A e B 8 P T R, A AR VT DA TR R R AR
P A D R BRI, AT, BERSEIAX N, FEFLEFR.
& N MR AR R ALK T E AT RN

KUK, BRAEARERAT FRRTNEZARA 2, KMRETHEZ
AL H MENARR BN, A, BT 8] EEMENEES, TFEER
GEW (358 MAERE, R A xtHir E BOR B 55 e An i M 2E4T 45 6P T
b AZm ] REEREHE. KSR A DU RGBT R, ¥ DR R R
BERL %A 5 IR R AR

3.6.8 ATHfE

ATE# (Al) ZRHRBGHTEATEX G ZRERNESANELR S, &
R MA LR Ak, AR F3 . HRETEERTHERFME. S AK
BEMNFFEERE, ALRG Y A KR I L 38 IR EL o T 2 k.

69



ADE 2R SRR RN BRGEZ —, EARREEL AW BZAT kAR T
BEE KRBT, RO, AIRRHE T Ees, UM BERIT. i
FuIzAT B W B £ B KB BE AT R BT R AE B9 AR . 38 A X 46 AR,
AT R Bh AL MRl . B P fom & SR e, PR EAT MU,

BT EFEREREEMFERNTEAAL BEFHLELINRR. Wit
(SSCs) i, —IF R B EAR B AR 7%, D4R E RN R AR
W REFGE . R, AITEXRLZAGBENA G AT X THIIE. #iAf e
EEEd:2:0EE 308

& ALH 2B NAZE S, RN A B ST (TSO) SR & AT
A B TAGE R B L 7. XA HE:

o AR AL Rt IEAR: TR AT i RIS AE KR AR T
. WEVAFTSOL JE % W & fude if M KA BY 1R B 6L 77, DB R0
RZAT FEEK.

« WAEALE R M LA R 2 H NP EAESR, DURA fr & ALEAZ
R PR ERN A BiRfnE M.

o WM HHEAURE: FEIFRA KN AAAWSE T2 X, RAAIEZ
L7 AR B ZBE. X ermoE Rz TR A R E I, PR AL
KR A Z AT AT E.

A T FFAVEZ T Z 2B B, 5L R T 5OR A0 ) Bk

« BRI FEEARE S ALR S M AT AN DL R S b, ApRl 2
] 2k 3] e R B Ja R e WU R o

« THEHAHRMEME RN ADRSE Y Gz T E . 3T AT (XATD) X
TREEVEFEBERENN Iz ERTAIM N ETERER.

© ERBBEAERIAE: EERFRT, AURBE RBEHTI S, #RIE
BERELTZEAFRERERTERE ARG TR EE.

70



o AUIE: HATH B RS2 R R REZE PR EELBANANZEHER, DL
HFAHEE . ARRRASE RIS,

o A AN RS ALBYRE R VT AE B3 R 09 R G B B B 0 RO XU
By % XA T B M A, 5o R Se Pk iR T S R R A O S AR F

AFRAIL 2. A HEAHBIAM RS, BVCRITULT H##:

o FFEWMMBAR K B Al K7 N E Y REATNFE, UFME %2, &
& Futk b By R

« BHFH KR WENAM. TSOMLREZETAIL RN, FRBSE
AR EXEE,

« RS GmEN TR E: BRI S5 R EALGENE RS S, #
RARNAER B ARIAZ L 25 ZHROBEHFF K.

3.6.9 HFUBAEGWEZ L

REBAE, BFUEAEZE POFEATUREER K. AL EERE
FATHRAKE, UWEKHEZTHRFEHEFF . ZEARAAE DXL
R R ARG BEFUBARAGRERAEIR G, FER, BWEETLH
W2 RHARRMBERITAN—FEhEh THFHEA, BELA2HFHEIEET. BT
FAERAR, UREALERL TN RLT) BB 8EL AR HE NI,

MEE B TR UE M A LR, HOCE N & BT 5N 2 B
WM AT, IO LR R B KA AT 7 . B DAE B R L —ANCSNILT
T4, AR FAEAR. WL %A oL & @ AR TE e LA DK s 3% it oy
REF, DA RN SR

MEBFEAUSMY R IELE, FLEATAREENT NER TH
R B R R e AT T iR A R M E AR . T ULE R SLCSNITAEAL, LUAR
RIS Fo et R A F . WA R &R INER A B, XHFR
EDS 8

71



MEE R F B RE L Z A AR, WEERCHER EFK, W FER
T HEN R TR, ATIFEARER AR TR S XEETX
A SR I BF AR B AR IR T . — AN E TR CSNLI{E 4L 7] 72 M 3 F
ROtz A. WEZAMELBEFATBXEEEER, HIFETIEEN T
C R, XL T E TR RO T

BFUEARZFEBFUAERGE. CNERNE TR E&. Bk
KB RELEH S, EZRATERRAEFHMNR G LS. L THEAE B70%
ATTEDH, AR T TR G — 17 = P X A R G

Pl 2 BB M F L 2R GT, UWIEREERA T, HRP
KEFHoh R fZ MERE. FET, ZAEHPEHENR LU T RB MR %
AWBREME I, KEETIARENE L2522, BRI RE
A AEATHEA DB, ERXMTEEFTET N R AT AR o
FEALI L.

EARK, TEEEHARTEHRML &, #5507 ESMRFofE +. XLk
FAREREMN. RARGAZEERME T TAABERSE, Ehd Bk,
FEARFARUARLEBREIARELH S LA, TEMNA, HFAHAZEREFE
THRMESNERAN.

BFRamBERERNE) RSKBHAREF B LALR G ELKELS
ER. MEBRFHZARBERE LT RN, AMRXEEIETWER, hE
AERENEH NS, IMREEAFLENE, ¥WRLTE. 2 EHREARNE
B, Wb, MEHFHHRME, SHRFURFEXAMBEENEE 2480
NG A Y

A RLAE X B P, ST KB EE G AT EOR, DER R REA R
5% FRAMMERLE, RUETENFHBEEASEFENT T, FHER
5% 2 T eIt E, RS R B ILRAZ B 6 2 F L.

3.6.10 ZTE BT

72



PSAB A th & e fn B 35 £ 2 (bR B EAN LR ZAKTHE T EXTH.
A SRR AT R AR, BT ST RE R T ARK
K, YETEPSABA T AR R+ FHETERIAT T Wik, Gk AE X B M fE
AT Elf R A,

SR, 3T RRL M S 0 RRE HE B A6 R A R T BT Pk . X SR AT
B RG. AT, BT AMETERMNE. b, AR (%
FAAIE R G ) 5 i BB R S e 7 S e i B B A P — P A,

A i A IBAT & W BRAE B3 % 7 K IFHA R X S0 3 BUORPSAM AR M, KR
BEIE R E F DA T LA R SEAT

o« AR SRR T R AT AL R S vk OB BT AR R B LA BIE Rk, &
BoE LA AR A R e R AR, RS TN e Rk
A B B kA 35 R — B

o MIBIEATE W HAR G E IFAE: UL I E A . TSOF b FA| 2548 X 77 A
W5 SNEAY{E L E, wICDE (EirH B KB #IER M) « FIRE (EFRKKZF
W2 ) FiCODAP (¥iiE4T 40 . B fnEhitkl) . LR AL 4Tk
EMEFHRIBATES T HNE, HH B THD PSAZEM S L4 2 b, [F et 58
BN,

o WRIAMLIE S G WA 7 ik BUE R AR S B f R, X bR e
J A A BB HE R VA E AR T B M TR M T AL

= R AL 0 3 B 04, DU R AL o S0 3 1 22 36 )1 5

- JFATAALE ¥ 3] (ML) Rt K EZATHAE I AR5 T EMA S

- FUR RMEAER R AR T I, BHEE S m AR IR
B

- FIAERT ARG WY, BN ST Z R R SR
s

73



- AR EES R ST I AR SRE U FERT AR ER
BAE;

- N KW EATE I RIAON, R BB, A R HE R

— AN T ELIE NP TR Y VT SE M AR A R AR AT SRS A T S HLAT X TR —RAZR
DERER. Nl AP EXREE, xS TENFN, TIUEEEPSA
BRI L, TR ARG VE AR, T R A3t 22 JF 3 TR A 22 40
KIS,

BFRGMBERERENE REX B AR EFFRBE L LR G EREEA
R, MEHFHNRAALHFE m A R0E L, ANMRXERAKWEHR, A%
AEHENEH IS, IMXEAAFENE, ¥FORLZTE. 2 EREALLNE
B, woh, MEHFHNHAEME, SHFMRAMGEEHENE L S M
TR R 2 3

)R Fe X ST BB, SO BT R BT R R BN, DRI R EA R
5HFAAENERRE, XUTANFRMBZEASEEATZ, FHUEL
57 e 2 2P0, AT A R B I AAZ B B 2R LB

3.6.11 L3t

B BN (AMTs) AE R FPHAEHRMIERFHITT Lo E, XEH
AR HERITELR. REEES. STRAREENIG, TR THAMER
AVART ik LI 7T ae . Bldn, MAHIE (AM) el LA 2 2 LA R
WA, XETRGE G Gl 7 2 AR L E LI, MBI KT IR
BRI 2 8], AV — R, B T 5iit- k-2 B B0 X oy B e
A0 R A

PR T w3 RO e B, SRRt BOR B AR AR T E AR R DA TR AR 6 )
FrigAR. s A UK T DL P B A R RIS B R AR, A B
REDREFETHES, LEEESSNEIE S, flin, ERH#HBARE T T,
B AT T R RO — AR M TR, @ 7 B 2 AR PO A A B A R AE R SE L

74



A, AR IA SRR BEHATE L, B oS8 A R s e
BEEE S, CHOEAERHAMBEARATHERER,

JURR ST TS0 20 OB ey e RS BOR, S ae e . W T RR A0
MHlE, BERENFEGBRLEBREAPEAZ —. BT RERNTZ, @
6 2E 1 3 BOR A 7 AR AR I AR R AR R B B,
AR A E R, XRaEMhET R e, Hih, XU TRFES I
AEP N EITRESERF., XAEROEETUTFaNEEM:

o TP RAE AT AMTsHE & B M 09 3 % 2 7 i s

o BT RIEMK R, B9 IR A S E A K BAT R T B R A
T

o FRRBZ K MM B BE B IR, AR AR EEAZ M B AT P A A 4R PR R IR R
HT.

BhA, AMTs e 45 70 RN 3 304 9 5 BN A AE ROBOR, R S8 #0924 M
SEEHE RO W ARG B B AT, XL R X TR T — RO B R B A A
A RN EXRER,

5 ShlE B, ARAZ SRR R AR A o 3 A Y LR A 7 S R BT AR B R
RE X SR e LM R AL %, EEEEREL LS IEHF AT AR
ZAGR, LFEMBENAEME. LFTRENERX IR N ZLPH. =
BMITOT el R I ARG RO o R Gl EAE A

ETEMEEEAR (AMT) WRER S, WENELAEITESL, F/-IFHE
ST AL 7 AR R . X EE A T RS A A fr AT
HEZR, DLW A R 3 BORAT A 7= b i A e (B 3.2 )

R4, FHBEBARATERAT —REBBEANEZRT 7, EERAR.
R RO MR E e, TR LA, T EE ML,

3.6.12 HERAfo L B RIEAESR

75



CSNIX A £ 7 H L K4 (SEGPD) R4 A T BN % o < RS
ABREZ G, EARBENRERGTERIE (QA) FiER e T ELka, H
Mo B, BRAE — BLR AR Ak Bk 6 T DA £R 07T R o] 3 1B 8 RBHAT R A
ERIE.

W& B IR 7 R el X BORAE TR B A R T E AT, Bk AR
—HM, TEMERHREELBERMEE. XBEE N TFARBE LFT R
AN TENRE, TENRELRZAEAETE, HERBERFEL]
HF IR AR A A S AR R R H R ot B RIESL B, ME SRR B R
AT W8 PSR X B IR 2 B K A I, AR E 2 A b — B 3K
WEETEEREE,

F — /NPT K E 0 s SR A LAY P B ke T R B Al B DURE.
KR EATZh, X M5 B M o A3 A5 T LR AR KRR, Bk e
JEAT T AR Al 2 R CHBAT R . BRF AR, W H S5 TR
REFNLF R Aol H B E AR

A, ARAETE SR R AAER AR, BT 2 R R Rt
FHHARRAGTE 2D 9 K A R LR S . XA RER T B IR &1 iE
g, W H L

o 18R BRI T K B R

o L Ko A S P AL W ERE AT

o ISR EBETIRNRI, BRERT —REZEL2E R,

i 3 A TR AL AT Y AR E B S B, NEAJK 7B 7 8% 0% = 3 3R &0 R 15 3
KHRAE, Uik, Qg erfma e,

3.6.13 HLEIFM 5 RE

E—RER, EINSREARTHEE, BAHUEFEEGELE Lk
EROEH R AWK, RS WHUE M AR AR B 5 A R K
HAE X i E R B 1 58 BT

76



RENZE MR HE SR EAR, HFNEA A B Z 075,
B EBE AT ENERES TR REEEXREE. FHERNEHNL
WinkERZARIENERER, EREET, HEREZITE (SMA) FoiiEPSA
R A EZ R ETE NN EET A (IAEA, 2020) .

ETxEFE, HYHFEARLULFHRE ZAHIT. E PSR RE.
X b 2 R 5 % 2| K HESSCsHy MR AT 8y WA KRR, FeRLR T
S0 o] Bb AT R A L X A T RO

A R EBEAF MR LRyt R, o — i THE &R E
FR., Hik, SHFE:

o SERGRF T DA TR S E RN IR T B AR T Ak

o R, WIE B IR 5 A0 G5 A R AR

« MHEEZRMEIE RO EETE, FIREENNME RS FHENE R
T.

—ANFER K BB MR Bl R B IR K Fmik K (SIFF) , XSS
NSSCsk L EAFE R KK, WUTHKEHRETEARN. PERERNER, LA
IWEEB PN L AT,

whah, EFEATEME A E T EEN (HRA) WEARH, XEETLE
# 2 WHRA T 3%, 187 3%

o TEHE R TN E R B SR A

« REFRA RSN E, 8% N T F K F T R AR

c REXFHEBES . REFM T ABRERWAT A HATH R4,

BARE, BATEITN. BEKMAREGENAREFR, X THEZE
At EhEXER, W —RNERSEF TR B TEL I FEE TP
fib Fof 3t 2 2k W 4% B Z X 48 51 S SR B 38 9 BOR 364k

3.6.14 FPEUBIANZLARXETEEN

77



%3.6.8. 3.6.9403.6. 1177 F ity AT f. b3t o F AL BOR S35 X
AL RREAREERT. R, BLeTHEIBIOR, LHERNT
FEAE R AU, R 7 ST 58 K B 3 A S R 8 DU ST T B AT 7 0

HUNEAR & —MNEXA, HHBUHEAR (WAL NBFT. HFFLE. &
G tr) FodiiE (msmp#thliE. WEZe#E) #TERE X Ze¥e, 1T
FURFEFIREXEHERBEN T LT,

HUMBHERTEHTT RS E. Stz etmflik, KR EEAT
WHMBIEAIFN B F IR Z X EE, K THRREHBRRENE, SHETH HE
HEZ R O\ 5 KB T A B e L

78



EmE wi

WENAMEELTHRSY. T ROEERFHRL RN L 2E/T. HEL,
S E ER AT T A RIRG, EE EPOF SO REA AR K.
FARNLTFLREERINAE TR REY & UH R IR 2R &EER, &
REFRAN Tl Z 2R TR, RERBTEARFEIATHEAREXE
T, MR, BEFRFTHAERT N ERNE. A FT 4, F o3& s
BT AR E R,

BREH TR ok, BETEEEANEL, mZERELEEFIAAE
NV B Fu Bl B Sp 2 RN T TR R R E ok, B RREEMNmIRGo. R
X O IR E R B ANEE, HTHRR YRR AR WFELAIZITE
KEZE, LAX—ERFFEIN. LR B G Z | E e,
P IR AR E B E . Ao R EE A

A ERERMTEITHR L e, XEREREHR, L2
—EREFRAREARLE. EXMEFERLT, TN L FFsr EAA 2 5 8
EfrthAEXxEE. BALSEREERT R EELZR, EATXFHFARSE T AKX
Hy ZR B AT R R R . BT R AR R

« BREHT R TUE

o HF AR

o TEBEE S F I TAE S

o LA RF I A

A RE xS R F kR PR, SR A Y R SR RAER, H
FRBERGEZER TG, ETEMERB KA LK. P8 LBAHOER
AR B ERAFREE, FHEUT A KEGRI AN L2

el

79



o XFQIRLFER I T2, AHZHAFOR L2 EERETGHGEA X
Wit

o ABAAZE) KB EAT R IR AL A AR G T 9 HORAK A

« FERKM LT AFIA S, VAR % B R R IR RAZ AL Z 2R AT

WA, BT THE SNEAM HA TAE R K E Rk B & B 257, 70
R 2 2R 5T BRI Foak g, R B b SRR 45 o B 2
T R R R Y, XERAKREEZBLAFZ2H R WEERE A A
HEE,

NEAZ AR 2 X M AE 77 |90 M AR %, RSB BUR . WENAY. W Rt
S S BT A A 2540 K 7 A 2 BRI E B9 9 RO TR P AP X 25, B A R
WAL MMEWHE R, S EE AN S EFREEE, UXHARM Y
B A 545,

80



25 B

Aksan, N., F. D’Auria and H. Glaeser (2018), “Thermal-hydraulic phenomena for water cooled nuclear reactors”,
Nuclear Engineering and Design, Vol. 330, pp. 166-186, https://doi.org/10.1016/j.nucengdes.2018.01.035.

Bajorek, S.M. (2019), “The US Nuclear Regulatory Commission Approach to Modelling and Simulation of
Advanced non-LWRs,” Proceedings of NURETH 18, Portland, Oregon, 18-22 August, pp. 738-755.

Bandini, G. and S. Ederli, S. Perez-Martin, M. Haselbauer, W. Pfrang, L.E. Herranz, C. Berna, V. Matuzas, A.
Flores, N. Girault, L. Laborde (2018), “ASTEC-Na code: Thermal-hydraulic model
validation and benchmarking with other codes”, Annals of Nuclear Energy, Volume 119, pp. 427-439,
https://doi.org/10.1016/j. anucene.2017.12.016.

Bestion, D. (2024), “The structure of system thermal-hydraulic code for nuclear reactor
applications”, Editor(s): F. D’Auria, Y. A. Hassan, in Woodhead Publishing Series in Energy, Handbook on
Thermal Hydraulics in Water-Cooled Nuclear Reactors (Second Edition), Woodhead Publishing, pp. 71-249,
https://doi.org/10.1016/ B978-0-323-85610-2.00019-3.

Brumm, S. and F. Gabrielli, V. Sanchez-Espinoza, A. Stakhanova, M. Nudi, P. Groudev, P. Ou, L.E. Herranz
(2023), “Uncertainty quantification for severe-accident reactor modelling: Set-up and first results of the
Horizon-2020 project MUSA”, Annals of Nuclear Energy, Volume 191, 109919, ISSN 0306-4549, https://doi.
org/10.1016/j.anucene.2023.109919.

Cibula, M., M. Pellegrini, M. Mizokami and S. Mizokami (2024), “Evaluation of Fukushima Daiichi Unit 1
Ex-Vessel Phenomenon Leveraging on Primary Containment Vessel Robotic Inspections”,
Nuclear Technology, 211(3), 513-530, https://doi.org/10.1080/00295450.2024.2339578.

DOE (2022), Advanced Materials and Manufacturing Technologies 2022 Roadmap, www.energy.gov/ne/articles/
advanced-materials-and-manufacturing-technologies-2022-roadmap.

DOE (n.d.), H2@Scale, website of the US Department of Energy, www.energy.gov/eere/fuelcells/h2scale
(accessed 3 September 2025).

Herranz, L.E. and M. Garcia, L. Lebel, F. Mascari, C. Spengler (2017),
“In-containment source term predictability ofASTEC-Na: Major insights from data-predictions
benchmarking”, Nuclear Engineering and Design, Vol. 320, pp. 269-281, ISSN 0029-5493,
https://doi.org/10.1016/j.nucengdes.2017.06.010.

Idaho National Laboratory (n.d.), “Light Water Reactor Sustainability (LWRS) Program — Materials Research”,
https://lwrs.inl.gov/materials-research.

IAEA (2025), “Analysis and Modelling of Severe Accidents for Liquid Metal Fast Reactors”, IAEA-TECDOC-2079,
International Atomic Energy Agency, Vienna, www.iaea.org/publications/15832.

IAEA (2024), “Advances in Severe Accident Simulation and Modelling for Pressurized Heavy Water Reactors”,
IAEA-TECDOC-2077, International Atomic Energy Agency, Vienna, www.iaea.org/publications/15722.

IAEA (2023), “Advancing the State of the Practice in Uncertainty and Sensitivity Methodologies for Severe
Accident Analysis in Water Cooled Reactors of PWR and SMR Types”, IAEA-TECDOC-2031, International
Atomic Energy Agency, Vienna, www.iaea.org/publications/15721.

IAEA (2022), “Aging Management and Long-Term Operation of Nuclear Power Plants: Data Management,
Scope Setting, Plant Programmes and Documentation”, IAEA Safety Report Series No. 106, International
Atomic Energy Agency, Vienna, www.iaea.org/publications/14693.

IAEA (2021), “International Status and Prospects for Nuclear Power 2021”7, GOV/INF/2021/32-GC(65)/INF,
International Atomic Energy Agency, Vienna, www.iaea.org/sites/default/files/gc/gc65-inf6.pdf.

IAEA (2020), “Probabilistic Safety Assessment for Seismic Events”, IAEA-TECDOC-1937, International Atomic
Energy Agency, Vienna, www.iaea.org/publications/14744.

81


https://doi.org/10.1016/j.nucengdes.2018.01.035
https://doi.org/10.1016/j.anucene.2017.12.016
https://doi.org/10.1016/j.anucene.2017.12.016
https://doi.org/10.1016/B978-0-323-85610-2.00019-3
https://doi.org/10.1016/B978-0-323-85610-2.00019-3
https://doi.org/10.1016/j.anucene.2023.109919
https://doi.org/10.1016/j.anucene.2023.109919
https://doi.org/10.1080/00295450.2024.2339578
http://www.energy.gov/ne/articles/advanced-materials-and-manufacturing-technologies-2022-roadmap
http://www.energy.gov/ne/articles/advanced-materials-and-manufacturing-technologies-2022-roadmap
http://www.energy.gov/eere/fuelcells/h2scale%20
https://doi.org/10.1016/j.nucengdes.2017.06.010
https://lwrs.inl.gov/materials-research
http://www.iaea.org/publications/15832
http://www.iaea.org/publications/15722
http://www.iaea.org/publications/15721
http://www.iaea.org/publications/14693
http://www.iaea.org/sites/default/files/gc/gc65-inf6.pdf
http://www.iaea.org/publications/14744

62

IAEA (2019), “Accident Management Programmes for Nuclear Power Plants”, IAEA Safety Standards Series
No. SSG-54, Specific Safety Guides, International Atomic Energy Agency, Vienna,
www.iaea.org/ publications/12378.

IAEA (2018), “IAEA SMR Regulators’ Forum Pilot Project Report: Report from Working Group on Emergency
Planning Zone”, International Atomic Energy Agency, Vienna, www.iaea.org/sites/default/files/18/01/smr-
rf-report-150118.pdf.

IAEA (1999), “Basic Safety Principles for Nuclear Power Plants 75-INSAG-3 Rev. 17, International Nuclear
Safety Advisory Group, INSAG Series No. 12, International Atomic Energy Agency, Vienna, www.iaea.
org/publications/5811.

Jacquemain, D. (Ed.) (2015), Nuclear Power Reactor Core Melt Accidents: Current State of Knowledge, Institut de
Radioprotection et de Streté Nucléaire, EDP Science, www.edp-open.org/images/stories/books/fulldl/
Nuclear Power Reactor Core Melt Accidents.pdf.

Kloosterman, J.L. (2024), “Severe accident modelling and safety assessment for fluid-fuel energy reactors”,
Editor(s): T.J. Dolan, 1. Pazsit, A. Rykhlevskii, R. Yoshioka, In Woodhead Publishing Series in Energy, Molten
Salt Reactors and Thorium Energy (Second Edition), Woodhead Publishing, pp. 847-856, https://doi.org/10.1016/
B978-0-323-99355-5.00021-5.

Lee, Y. and S.H. Song, J.Y. Bae, K. Song, M. Ro Seo, S.J. Kim, J. Ik Lee (2024), “Surrogate model for predicting
severe accident progression in nuclear power plant using deep learning methods and Rolling-Window
forecast”, Annals of Nuclear Energy, Volume 208, 110816, https://doi.org/10.1016/j.anucene.2024.110816.

Maccari, P. and G. Agnello, F. Mascari, S. Ederli (2023), “Analysis of BDBA sequences in a generic IRIS reactor
using ASTEC code”, Annals of Nuclear Energy, Volume 182, 109611, ISSN 0306-4549, https://doi.org/10.1016/].
anucene.2022.109611.

Mascari, F. and F. De Rosa, B. G. Woods, K. Welter, G. Vella, F. D’Auria (2016), “International Agreement Report
— Analysis of the OSU-MASLWR 001 and 002 Tests by Using the TRACE Code”, NUREG/IA-0466, US Nuclear
Regulatory Commission, www.nrc.gov/reading-rm/doc-collections/nuregs/agreement/ia0466/index.html.

NEA (forthcoming), “Report of the CSNI Senior Expert Group on Preservation of Key Experimental Data Sets
(SEGPD)”, OECD Publishing, Paris.

NEA (2025a), “Nuclear Safety Research Joint Projects”, www.oecd-nea.org/jecms/pl 72332.

NEA (2025b), “Committee on the Safety of Nuclear Installations”, www.oecd-nea.org/CSNI.

NEA (2025c¢), “Halden Human Technology Organisation (HTO) Project”, www.oecd-nea.org/HTO.
NEA (2025d), “Second Framework for Irradiation Experiments (FIDES-II)”, www.oecd-nea.org/fides-ii.

NEA (2024a), “Summary and Main Outcomes of the NEA Nuclear Safety Research Joint Projects Week:
Success Stories and Opportunities for Future Developments”, OECD Publishing, Paris, www.oecd-nea.
org/jems/pl_90890.

NEA (2024Db), State-of-the-Art Report on Nuclear Fuel Behaviour in Loss-of- Coolant Accident (LOCA) Conditions, OECD
Publishing, Paris. www.oecd-nea.org/jcms/pl _96189.

NEA (2024c), “Status Report on Fuel Safety Implications of Extended Enrichment and High Reactivity/High
Suppression Core Designs”, OECD Publishing, Paris, www.oecd-nea.org/jcms/pl 94839.

NEA (2024d), “Status Report on Reliability of Thermal-Hydraulic Passive Systems”, OECD Publishing, Paris,
www.oecd-nea.org/jems/pl _97015.

NEA (2024¢), “Status on Simulation Capability of 3D System-Scale Thermal-Hydraulic (T/H) Analysis Codes”,
OECD Publishing, Paris, www.oecd-nea.org/jcms/pl 93298,

NEA (2024f), “CSNI Technical Opinion Paper N°20, Use of Computer Fluid Dynamics for Nuclear Safety”,
OECD Publishing, Paris, www.oecd-nea.org/jcms/pl 91175.

NEA (2023a), “Countries Launch Joint Declaration to Triple Nuclear Energy Capacity by 2050 at COP28”, www.
oecd-nea.org/jems/pl _88702.

NEA (2023b), “Use of NEA Database Projects Operating Experience Data for Probabilistic Safety Assessment”,
OECD Publishing, Paris, www.oecd-nea.org/jcms/pl 88697.

NEA (2023c¢), “SAPIUM: Development of a Systematic Approach for Input Uncertainty quantification of the
physical Models in thermal-hydraulic codes, Good Practices Guidance Report”, OECD Publishing, Paris,
www.oecd-nea.org/jems/pl 82225.

STRATEGIC ROADMAP FOR NUCLEAR82

REACTORS SAFETY RESEARCH, NEA NO. 7738, © OECD 2025


http://www.iaea.org/publications/12378
http://www.iaea.org/publications/12378
http://www.iaea.org/sites/default/files/18/01/smr-rf-report-150118.pdf
http://www.iaea.org/sites/default/files/18/01/smr-rf-report-150118.pdf
http://www.iaea.org/publications/5811
http://www.iaea.org/publications/5811
http://www.edp-open.org/images/stories/books/fulldl/Nuclear_Power_Reactor_Core_Melt_Accidents.pdf
http://www.edp-open.org/images/stories/books/fulldl/Nuclear_Power_Reactor_Core_Melt_Accidents.pdf
https://doi.org/10.1016/B978-0-323-99355-5.00021-5
https://doi.org/10.1016/B978-0-323-99355-5.00021-5
https://doi.org/10.1016/j.anucene.2024.110816
https://doi.org/10.1016/j.anucene.2022.109611
https://doi.org/10.1016/j.anucene.2022.109611
http://www.nrc.gov/reading-rm/doc-collections/nuregs/agreement/ia0466/index.html
http://www.oecd-nea.org/jcms/pl_72332
http://www.oecd-nea.org/CSNI
http://www.oecd-nea.org/HTO
http://www.oecd-nea.org/fides-ii
http://www.oecd-nea.org/jcms/pl_90890
http://www.oecd-nea.org/jcms/pl_90890
http://www.oecd-nea.org/jcms/pl_96189
http://www.oecd-nea.org/jcms/pl_94839
http://www.oecd-nea.org/jcms/pl_97015
http://www.oecd-nea.org/jcms/pl_93298
http://www.oecd-nea.org/jcms/pl_91175
http://www.oecd-nea.org/jcms/pl_88702
http://www.oecd-nea.org/jcms/pl_88702
http://www.oecd-nea.org/jcms/pl_88697
http://www.oecd-nea.org/jcms/pl_82225

REFERENCES

NEA (2022a), State-of-the-art Report on Nuclear Fuel Behaviour Under Reactivity-initiated Accident Conditions, OECD
Publishing, Paris, www.oecd-nea.org/jcms/pl _74371.

NEA (2022b), CSNI Technical Opinion Paper No. 19: Applicability of Nuclear Fuel Safety Criteria to Accident-Tolerant Fuel
Designs, OECD Publishing, Paris, www.oecd-nea.org/jecms/pl 71304.

NEA (2022c), “Requirements for CFD-Grade Experiments for Nuclear Reactor Thermal Hydraulics”, OECD
Publishing, Paris, www.oecd-nea.org/jcms/pl _65844.

NEA (2022d), Consensus Position on the Impact of Cyber Security Features on Digital Instrumentation and Control
Systems Important to Safety at Nuclear Power Plants [CP-08], OECD Publishing, Paris, www.oecd-nea.org/jcms/
pl_75241.

NEA (2021a), Nuclear Safety Research Support Facilities for Existing and Advanced Reactors: 2021 Update, OECD
Publishing, Paris, www.oecd-nea.org/jcms/pl 60542.

NEA (2021b), Climate Change: Assessment of the Vulnerability of Nuclear Power Plants and Approaches for their
Adaptation, OECD Publishing, Paris, www.oecd-nea.org/jems/pl 61802.

NEA (2021c¢), CSNI Technical Opinion Paper — No. 18, Seismic Probabilistic Safety Assessment for Nuclear Facilities,
OECD Publishing, Paris, www.oecd-nea.org/jcms/pl_60760.

NEA (2020), “Advanced Structural Materials for Generation IV Systems”, Annex 6: Nuclear Innovation 2050,
OECD Publishing, Paris, www.oecd-nea.org/jcms/pl _30397.

NEA (2018), State-of-the-Art Report on Light Water Reactor Accident-Tolerant Fuels, OECD Publishing, Paris, www.
oecd-nea.org/jems/pl _15020.

NEA (2014), “Use of OECD Data Project Products in Probabilistic Safety Assessment”, OECD Publishing, Paris,
www.oecd-nea.org/jems/pl _19411.

NEA (2013), “Status Report on Structural Materials for Advanced Nuclear Systems”, OECD Publishing, Paris,
www.oecd-nea.org/jems/pl _14438.

Poubeau, S. et al. (2024), “Horizon Euratom ASSAS Project: Can Machine-Learning Make Fast and Accurate
Severe Accident Simulators a Reality?”, Proceedings of ERMSAR2024, KTH, Stockholm, Sweden, 13-16 May
2024.

Pshenichnikov, A.P (2025), “A new perspective into molten corium concrete interaction for interpreting
Fukushima Dai-Ichi terrace-shaped debris”, Scientific Reports No. 15, 23513,
https://doi.org/10.1038/ s41598-025-09107-7.

Robertson, R.C. (1965), “MSRE Design Description and Operations Report, Part I, Description of Reactor
Design”, ORNL-TM-728.

Sandia National Laboratories (2020), “SNL, US NRC, CNL, CNSC, & AECL Meeting Severe Accident Research
and SMRs”, www.osti.gov/servlets/purl/1769572.

Sumner, T. and T.Y.C. Wei (2012), “Benchmark Specifications and Data Requirements for EBR-II Shutdown
Heat Removal Tests SHRT-17 and SHRT-45R”, ANL-ARC-226 (Rev 1) (2012).

Seghal, B.R. (Ed.) (2012), Nuclear Safety in Light Water Reactors, Severe Accident Phenomenology, Academic Press,
Elsevier Inc., https://doi.org/10.1016/C2010-0-67817-5.

US Nuclear Regulatory Commission (2021), “Phenomena Identification Ranking Tables for Accident Tolerant
Fuel Designs Applicable to Severe Accident Conditions”, NUREG/CR-7283, ERI/NRC 21-204, ML21210A331,
www.nrc.gov/docs/ML2121/ML21210A331.pdf.

Wagner, K.C. and B.A. Beeny, D.L. Luxat, F. Gelbard, D.L. Louie, L.I. Albright, L.L. Humphries (2023), “MELCOR
integrated severe accident code application to safety assessment of high-temperature
gas-cooled reactors”, Nuclear Engineering and Design, Volume 402, 112083, ISSN 0029-5493,
https://doi.org/10.1016/j. nucengdes.2022.112083.

Zhang, J. and Y. Hassan (2022), “Envisaged future for nuclear thermal-hydraulics”, Nuclear Engineering and
Design, Volume 400, 112060, ISSN 0029-5493, https://doi.org/10.1016/j.nucengdes.2022.112060.

Zhang, J. and P. Xu, M. Sevecek, K.S. Sim, A. Khaperskaia (2024), “Contribution of IAEA co-ordinated research
projects to light water reactors advanced technology fuel testing and simulation”, Nuclear Engineering and
Design, Volume 418, 112910, https://doi.org/10.1016/j.nucengdes.2024.112910.

STRATEGIC ROADMAP FOR NUCLEAR REACTORS SAFETY RESEARCH, NEA NO. 7738, © OECD 2§2’§

63


http://www.oecd-nea.org/jcms/pl_74371
http://www.oecd-nea.org/jcms/pl_71304
http://www.oecd-nea.org/jcms/pl_65844
http://www.oecd-nea.org/jcms/pl_75241
http://www.oecd-nea.org/jcms/pl_75241
http://www.oecd-nea.org/jcms/pl_60542
http://www.oecd-nea.org/jcms/pl_61802
http://www.oecd-nea.org/jcms/pl_60760
http://www.oecd-nea.org/jcms/pl_30397
http://www.oecd-nea.org/jcms/pl_15020
http://www.oecd-nea.org/jcms/pl_15020
http://www.oecd-nea.org/jcms/pl_19411
http://www.oecd-nea.org/jcms/pl_14438
https://doi.org/10.1038/s41598-025-09107-7
https://doi.org/10.1038/s41598-025-09107-7
http://www.osti.gov/servlets/purl/1769572
https://doi.org/10.1016/C2010-0-67817-5
http://www.nrc.gov/docs/ML2121/ML21210A331.pdf
https://doi.org/10.1016/j.nucengdes.2022.112083
https://doi.org/10.1016/j.nucengdes.2022.112083
https://doi.org/10.1016/j.nucengdes.2022.112060
https://doi.org/10.1016/j.nucengdes.2024.112910

BREE L RAIER

SEEH R M B K P ZENEAE W www.oecd-nea.org/pub 2 |7

FRNEARY ZEA(E & F 3 TR X1 4h, B PR T o bR KR
PR 1 AR S B 2 T

NEA%E Al 3T A P 50 K o T 3R, Tk R. 7
HEn SR B IRAE K. " DT 4% 9% T A https://oe.cd/nea-sub.

84

©nmAZmE oo



¥ B HE R 2 T 5T e B B 4k B

BME 7, FEZ B RPN A AR, RREAF
RE R BRI Bk, TR RO R D e T AR A
PRAECNA L 2EHHN. RETEHETLHERE.

A AR A 1R ] B AZ KR 3 %2 BT T B B R B A T, i R B A

EIBT . SAEMA . b FRAFAAG B 3T H X &Pk, REHE

& R R R RH, AR FR G AR AN ZHEE Y
Ko FEPE T iR B BT 61 DU4E 57 % ok je 7 S n i A T R

ZESERR TS E AR AR IR T E
. KB EAT R St A A T4 66 5 WUR M SR &
ERFT. AP KRN GH LT S5 E5RET VLT
TEEW, UARZZL50FE S LR, LM r g ek
VR E A S, ZRAE G EXFMRE 2. RIE LT HFE
B % jE R K

85

nmAO Zm e m TR



	执行摘要
	主要安全研究建议
	缩写词和首字母缩写词列表
	第一章导言
	第二章 现有反应堆和先进反应堆所需的研究能力
	2.1 日益增多的核安全问题和所需的研究能力
	2.2 满足核安全研究需求离不开利益相关方的参与
	2.3 可持续安全研究的资金问题

	第三章 关键核安全技术领域的研究方向
	3.1 燃料与包壳材料
	3.1.1 燃料与包壳材料研究能力需求
	3.1.2 燃料与包壳材料安全研究的技术考量
	3.1.3 燃料与包壳材料安全研究主要建议

	3.2 先进材料
	3.2.1 先进材料研究能力需求
	3.2.2 先进材料安全研究的技术考量
	3.2.3 先进材料的安全研究主要建议

	3.3 水冷堆和非水冷堆现代安全系统的热工水力研究
	3.3.1 热工水力研究能力需求
	3.3.2 热工水力安全研究的技术考量
	3.3.3 热工水力安全研究主要建议

	3.4 严重事故
	3.4.1 严重事故预防与管理研究能力需求
	3.4.2 严重事故预防与缓解安全研究的技术考量
	3.4.3 预防和减轻严重事故的安全研究主要建议

	3.5 长期运行和灵活运行
	3.5.1 长期运行和灵活运行的研究能力需求
	3.5.2 长期运行和灵活运行的技术考量
	3.5.3 长期运行和灵活运行的安全研究主要建议

	3.6 跨领域主题
	3.6.1 DSA/PSA和风险分析方法的应用
	3.6.2 选址问题
	3.6.3 非传统用途
	3.6.4 应急计划区评估
	3.6.5 人机工程学（HTO）和人员可靠性分析（HRA）
	3.6.6 火灾风险
	3.6.7 外部事件与气候变化
	3.6.8 人工智能
	3.6.9 数字化技术与网络安全
	3.6.10 运行经验数据
	3.6.11 先进制造
	3.6.12 数据保存和质量保证框架
	3.6.13 抗震评价与隔震
	3.6.14 新颠覆性技术的安全研究主要建议


	第四章 结论
	参考文献

