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AHi3CIE 128 by design 2 X0 A T AATE BRI ERT OB EMEOMIE] L 5 T LR ST

FT1E TFR T, BAROZ R X —1S2T0 & BUR L R T 5TV 5D OFNP ORFZERI % % 4%
BL ASEECI AT IV —HE~OBEBRP MG TE 52— T EEFEOR X 2 ) 7 1 «BARYER (2S)
FOMEA R L7z, OFNP @ 2S EOFBICKT 5IE M4 E Rl flie 2 FEE BT 52 &, KORT )
VAT NERE OB D 28 OBLSERA LRI OB RANCH{L T B 2S by design B Aub Z &I
£V, OFNP OEREMMILOFREMEZ I B L, BEZ OFNP &2 rnd 5 Z L 2 HAUE LT, AIFRED
DB, BEREZIBRA~,

25 TEARYERMEETE ) Cid. B A EIC L D OFNP OFER ) 2 7 ZE Rk L. ¥ A OBk
SO BB TREHE B, BV O BRI 2 A SN2k B U A7 KRR A SN Lz, SR T 7 v
AT B OREYEEARPTE K OB A% (GIF/PRPP) Ml TFEIZ D& | Wik R OB LI LS E# Y 27, iR
A (MOX) B, 5% 20% AT KRG 7 7 o (HALEU) #RBFE o 72 SRR BEIRE D 5 1 % AT 7
HE7RATAAEAZE 2 BR%E L. R IR /198 EfT (NPP) & Lblk U7a s DI EIRHIME 2 E B CEl L7z, R & L
T IR Y A 7RI O 72 O ITREVE L k13 . MOX HTAELD 10 4035 15 AR HE D SERE C O —FE s & O
BTLZENRLEDTHLZ EEZHGNIT L, @RBEE L, EinY 1 7 VHIIEE, %% v X7 O %5
XD FERE LA THLHZ EER LTINS, TS DOREVEREA1T > 72 OFNP & [ F NPP % FL#e 45 & |
OFNP ORZHEEIRTIME IR, BafkER, BOZMWE X A 7, A0S TEWI L2\ LM Lz, &EIC,
W E a5 ORRERAFENT 21T\, Safeguards by design (2 & 2 B85 72 OFNP ORFEHE > A7 AFkEH &R LT,

FIE X )T o MMl TIE. EEFEOBYX 2 ) 7 4 EOFHT-REBICHT B E M4 Rt
flirTHE72 1L % BH¥E L. Security by design IZ L 5 EEH 72 OFNP OZWENGES A7 At 2 R Lic, #il-7e
BE L LT, BERIETEOAE 2T URNSR~OE ST 21T o 72, £72. BBA~OxFiEE & LT,
KENC BT DB ERFZE & B v 03 B N BRI ES & eI B A R e WEZE AT L, B RICE D
B OB B BRI T A SR D 2 ) 7 ¢ a2 E RIS LiZ, MR TRIC X D0 St &
LT, BB~ DB 22 81T & 0 ERERICRBHE S8 TR MEME TR & 30 - T2 IE A =R & L OFNP O
L AMERETE I 10 IR IREHE S S TR B R i Al - 7= R0 5 Rk BE & FAM L 7=, A5 SR & LT,
OFNP /N DEEMNHR SN DI ETRENOLHEHINS Vo v M EJEHET 5 72 DICRERML B2 KORAES
1Z4m THY ., FHENSZEE L7 LT OFNP EFHD 5m N - BAT~K T % v MEZRET L FENALR)
THDHZEEHLMII L, RICHERILE LT, [ b NPP & [EIARICAE 3R E 7213 MOX HTRE S BT &
NI ERFEBRE T — VL, FEHEHIOBUK 00/ PR filH = 2 50 LBERE 2D 2 L T HITBEME
EELIEOND Z L EHI LN LIz, 72, OFNP f OMEEMEE (mX 100 m &) 2k 0, JMNBEAIZIE
BB D 72 5T REBEIN LIRS, PEREA~DT 7 & ZABIEO 7= DI M EFEITICR T 55
e L R—=HEZEDORBEHNEN THD L EH LM Lz, £2, FEEFFAEOEH OB S S %F]H L. OFNP
DL 1 km (TS JLEPH 2 BRI e UTH7-ICHRE L. NERSESER S EBA IR ZEE R O Yl
EAHEWD % 2 LT X0 BIERER & IR L. BLERERZ W S DN D Z LA LA L, TR b Ok
A4T9 2 LT, B b NPP L LKk L CRUEMISRLATAE T D = L AW 5T Lis, EHBKICON T, OFNP
N CTOEEEE 72 KR & B TB s & W - 7RSS L E TH 5 2 L 216 LT,

o5 4 3 TELZE/2 OFNP D7 @ 28 by design #A7 M) TiX, 252 L 3 EOMR AT, 2S by design &
o ANTIRTF L2, - B2 U7 o0 - BRJEEE (3S) v V=R a2 R LR -2 R
A E N, B OFNP i 2 #oR Lz, 72, B2 Lo EEMEZ KA FICHE S itER S0 LR
BHOEHDEG S 2ER L, BEMERENTRETHD 2 s Ln, £, B LMl FIEIZ S 08
LEHRICK LERHBETH D Z & B O NTERO I HLEREEE L, EiRY A 7 VIE R K O3 XK b,
BWR % 244892 76 L - Fg b NPP (2%t LML RRETH D Z L 2 L=, &bic, FiFh7Z7 b
DI L THAL LN S GO T % ER 5 %S (Beyond DBT) (ZxF LT, HAZIE L7z OFNP DR 8z
AT EFE RIS OWTELE L, thEsR 20 U 7o 55T & OV E RS s & sk O & 8L, FE EBifIcE
T ER R OFEREIZE SR L ARt Lo, RBIZ, SB%OBEEZS K LT,

HS5E TR T, SFBICL > TELNERMEEZRIE L, ARXofiimes Lz,

INEET DAL, FEEFEED 2S EOR= BBkt 2 S IF R O IR E M 2 E ERHE AT R 7 T
HE%BA% L, 2Sbydesign & Y Ad17z OFNP O ELREVERL Kk VG B L O ATREME 2B H 262 L, 2E L DT 15
FORAC M E 72 5 28 Zaidlk L7 B4 7 OFNP #E & 24 Lz,
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This paper developed a method for quantitatively evaluating the responsiveness to new threats to
nuclear security and safeguards (2S) specific to offshore environments. It also demonstrated the
potential for enhancing the robustness of Offshore Floating Nuclear Power Plants (OFNPs) by
incorporating 2S by design and presented a robust OFNP concept.

Firstly, the study quantified the proliferation risks of OFNPs in non-nuclear-weapon states,
highlighting risk reduction effects through nuclear fuel management specific to offshore conditions.
It developed indicators to assess nuclear proliferation resistance, considering high-burnup fuels like
Mixed Oxide (MOX) and High-Assay Low Enriched Uranium (HALEU). The results showed that
managing MOX fresh and spent fuels with bulk transport and inspection every 10-15 years, along
with extended operation cycles and dry cask use, was effective.

Secondly, the study evaluated responses to new nuclear security threats unique to offshore and
marine environments. It conducted a structural integrity analysis against torpedo attacks and
quantitative evaluations of security against boarding threat. Effective security measures included
placing underwater nets and identifying vital areas like spent fuel pool room, auxiliary cooling water
intake and alternative control room. The vertical structure of OFNPs and extensive surveillance zones
enhanced robustness, and immediate response systems were essential.

Thirdly, the study synthesized results above, presenting a robust OFNP concept that integrated
2S by design to maximize safety, security, and safeguards (3S) synergy. The paper mentioned that the
robust vertical structure, placing safety-critical equipment underwater and utilizing the ease of
offshore surveillance, could enhance robustness. The developed evaluation method was applicable to
various reactor types and installation methods. High burnup, extended operational cycles, and vital
area identification enhanced robustness for both offshore and land-based nuclear power plants.
Additionally, the study discussed mitigation strategies for beyond design basis threat events and

offshore defense considerations.
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