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ol 2 X}= Value Chain

> Ammonia
Conventional and - Hydrogen
Advanced Nuclear - Electrolysis

Power Plants - Steam Methane
Reforming

Alternative Fuel - Synfuels

Production

< Alternative
\\Fuel Storage

Electricity
to Shore

Electricity 7 " )
to Offshore = Alternative
Vs Fuel Supply

Inaustry ;
to Ships

Floating Nuclear

Dower Planc Cold-Ironing for

Ships in Port

Onshore Power

Offshore Alternative
Supply to Ships

Fuel Production

Nuclear Powered
Merchant Vessels

EX: ABS Report(24.7)
CARBONNEUTRAL FUEL PATHWAYS and TRANSFORMATIONAL TECHNOLOGIES
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. 13 O}2E|7HArktika) (2020), 25 A|H|Z(Sibir) (2022)
35 22H(Ural) (2022), 45 OFFE|OK(Yakutia) (2024 O &)

55 E£FE7HChukotka) (2026 04| %)
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https://www.google.com/maps/place/Pates+Akademik+Lomonosov/@69.7260768,170.1813502,10.96z/data=!4m6!3m5!1s0x5a1a3d7e2e781511:0x86ca113481bf5335!8m2!3d69.7096084!4d170.3061074!16s%2Fg%2F11qgyxb2m_?entry=ttu&g_ep=EgoyMDI0MTAwNS4yIKXMDSoASAFQAw%3D%3D

3= 7|t

=  Z=EZ(PWR) 7|t

IV RY

ZM6HE EHXHE HIS

R

v NS Savannah(3), Otto Hahn(3%), Mutsu(H) & 2{A|Of 2{EIM

Savannah Otto Hahn Sevmorput Yamal
Nationality USA Germany Russia Russia
Purpose Bulkcarrier Orecarrier Containership Ice Breaker
Service Time | 1962~1972(11y) | 1968~1979(12y) | 1988~Present(33y) | 1992~Present(29y)
Installed Power 74 MWth 38 MWth 136 MWth 63 MWth
Babcock & Wilcox Babcock & Wilcox OKBM OKBM
148 x 30 x 17.2

LxBxD, m

180x23.8x18

172x23.4x15

260 x 32 x 18.3

s

v 7]

o ==
-1 O~ -, O

ol ZAKIA 2 M| 2H|

2
=
v g IEH, Mgt 2X|
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- E%:INL (20239), Configurations of Commerdal
Advanced Nudear-Maritime Applications
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Fixed offshore
w/ onshore grid

Fixed offshore,
independent

Self-propelled

Fixed land/ vessel

Reactor Type Self-propelled

coast . vessel, local s o
only coupling international
2% 5e e -
— — emperature ready exis .
Light Water limits Will need heat for Naval/ ﬁ::%;’,“:::rgm
Reactor (LWR) efficiencies for augmentation Government S
: S applications

synthetic fuel applications

production
Sodium Fast Sodium-water Sodium-water
Reactor (SFR) interactions interactions

—7E|7_-I 0” 'IQI' E’l Least mature High
Lead Fast el temperature, High temp, Lead Least pursued Least pursued
Reactor (LFR) : o9y Lead (Pb) (Pb) shielding technology technology
in the West SR
shielding
High efficiency
High-Temperature but high High efficiency but
Gas Reactor pressure and high pressure and
(HTGR) low power low power density
density

Fluoride High-
Temperature
Reactor (FHR)

Molten Salt
Reactor (MSR)

Limited output
as single

unit, potential
to scale

Limited output
as single unit,
potential to scale

Heat Pipe
Reactor (HPR)
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2|5t |IXt=22] ZH (CorePower, WNTI)

v BEsE Sttt U437 35
v EPZ (il HMIZE He| W tX)

The 3 Criteria for Advanced Marine Reactors

Long fuel cycles Modular / Large series

Small EPZ

Proliferation security Affordable

Insurable

———
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11 exclusion criteria
Too large power TRL LWR Using classic pebble Limited
output bed technology proliferation
resistance
15-200 MWth Technology is Using Water No HTGR pebble Avoid reactor
>S5 MWe not mature as a coolant bed technology designs where
enough due to kinetics fissile material can

be extracted
Active Safety Violent interaction  Too high pressure 5 Year Continuous No designs with

of coolant with in the reactor Operation export control

water primary system issues
Reliance of active Sodium cooled Limit in case of Less than 5 years Technology from
safety systems reactors are explosion continuous embargoed
discarded operations to match countries is not
docking acceptable

Fuel enrichment and highly toxic bi-products: Reactor concepts must require fuel enrichment
below 20% of Uranium-235 and no significant Polonium 210 generation as in lead-bismuth reactors

CONFIDENTIAL Unauthorized use or disdosure of this material results in civil or aiminal liabilities.
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26 Selection criteria and sub-criteria

Evaluation Criteria and Sub-criteria

T

Reactor Core
Characteristics

Fuel Safety

Reactor System
Characteristics
Mo e

Fuel Cycle
Characteristics

Refueling Time

Coolant Toxicity I

Enrichment

A{ Dimensions

I

Decommissioning R v Tarime

Limiting
Operational
Challenges

Need for Specific
Equipment

Discharge Buenup InAgstment Costs Licensing fnitiated

Operatianal
Experience

Salety Perception

Historial
Wishappenings

Waste Streams Operatinly Costs

Source Term

Coolant
Tempecature

mponent
Qualification

Life Cycle Los

and rules — molten fuel cannot be counted and will
therefore not satisfy current port entry requirements

2024.10. KNS FA| a4 3|
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Small Modular Reactors for
Marine-based Nuclear Power Plant

A BHQF I3 HIEL|A

Technologies, Designs and Applications

= IAEA A—! 6“ OOF -9‘:11 [ | Exl O-I ( 23 1 1 OJ) ;ZZDZSZ;::;:;MWS Information System (ARIS)

v International Symposium on the Deployment of Floating Nuclear Power

Plants — Benefits and Challenges

v HQA Y M| Z4M(Deployment)Oil CHEH 02 12i ALE0l| CHEH HE

¥ r t r [ r nt 101 - 350 . VBER-300
Deployment of By ﬁ

Pousy Dlants o B By oy S

o)
s
=
@
oo
c
> ) , p ) 2y, } S o
Benefits and Challenges e
9 + KLT40S
g + ACPR-50S
a +  Prodigy MPS
(NPM)

14-15 November 2023 ( > p 11-50
Vienna, Austria 4

+  SHELF-M
+  ABV-6E

()1aea

Marine-based SMR Designs
POWER RANGE OF MARINE-BASED SMR DESIGNS
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v~ Compact Design

Optimized floating power unit  _ _ _
. _ - - - — ~ - G\:z::;wima
N
/é no handling of nuclear fuel on the OFPU
/ board and on the operating site \
- ‘ @ no living compartment ;

no refueling machine and fuel storage on /

7/
~ board P

-
S ~ — — — — @ Teduced dimensions
I |

reactor core is refueled as a whole only
at a specialized enterprise in Russia

— EX: AEARRA| 451 TR
Russia Rosatom
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v 2AI0F £ R4! e A Mri(Fleet) 79

Energy Fleet based on Floating Power Units O

Cyclic replacement
of energy sources
ensures continuity of
power supply for the
customer

last FPU is put into operation
of the first power unit,

is transported to Service
for repair and refueling

CONFIDENTIAL Unauthorized use or disdosure of this material results in civil or aiminal liabilities.

Consecutive commissioning of identical /

FPUs

- = =
7 \\
\

maintenance and refueling \

refueling

A new one of the identical FPUs is transported to the
operation site instead if the FPU that has fransported
for maintenance and refueling

10/19

OKEM
ADPHKAHTOR
POCATOM

It the end of the fuel
/ campaign, the first FPU
is transported for
maintenance and

- EXAEARRA MM
Russia Rosatom
2024.10. KNS £7|5ts
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NN

B 2

@ the reactor is shut down;

e the heat remowval systems are in a standby
mode;

Q the reactor parameters are monitored by the
APCS** and operators.

» The safety of the FPU at all stages of the lifecycle,
including transportation, is confirmed by the SAR*

» The main purpose of safety concept is to protect
personnel, public and environment from the radiation
impact during normal operation as well as during
design- and beyond design-basis accidents

(time

6 — Return f

A™ MOi(Fleet) 71

OFPU life cycle

.~

OKEM
ADEUKAHTOR

O

TRANSIT
* OFPU — optimized floating power unit STATES 9
9 TRANSPORTATION TO
TRANSPORTATION TO TRANSIT e THE OPERATION SITE
THE OPERATION SITE -
#
— — “
- - — -~ - . P #
~ -
(/ - ~ L ”
. &
j ~ Ed
Conslrucnnn \ hd
S ' -/
( 00— o= \ SUPPLIER | HOST _— ~—— O
L
j - . |  STATE I STATE __>
COMNSTRUCTION AND D arafion
\ /—\\ loading MAINTENANGE : OPESF:J;‘E'ON peratior CONSUMERS
2@ —" |
\ \ e/ I
Maintenance and rafualing I
~ ” 1
S =-" I
I
1, 2 — Construction and first ading in Russia
sportation to the operation site - -
y production at the operation site 7 @ =~
od between refueling up to 10 rs) ( TRAMSPORTATION FOR )
Russia for maintenance and refueling MAINTENANCE AND
_ OA| Qx| AILTX O
pair) and refueling in Russia N REFUELING SH:AEAR A

7 — Maintenan

CONFIDENTIAL Unauthorized use or disdosure of this material results in civil or aiminal liabilities.
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=  Akademik Lomonosov ¢z Ll |

v ol BT SR WA MY (HSeFT|  3.5H)

Floating nuclear power plant set for first refuelling

13 October 2023
< Share

Nuclear fuel has been delivered to Russia's floating nuclear power plant Akademik Lomonosov with the
landmark refuelling set to begin before the end of the year.

First refuelling at floating nuclear power plant

24 November 2023
< Share

Fresh nuclear fuel has been loaded into the starboard side reactor on the Akademik Lomonosov in the
first operation of its kind, with the process due to be completed by the end of the year, Rosatom says.
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v RITM-200 series, RITM-400 7Hgf XI3Y

RITM-200 Reactor Series

Modermged FP
Optimization based on RITM-200S
operation experience
- —-—
/ Optirized FPU

Longer fuel cydo

: (up to 10 years) o -j '
ﬁ RITM-200M S -

Land bmed SNPP

RITM-200

Consideration of land-based

NPP codes and standards RITM-200N

CONFIDENTIAL Unauthorized use or disdosure of this material results in civil or aiminal liabilities. 13/ 19

& ROSATOM

© Local application
within Russia

FPU for overseas
deployment

. FOAK in Russia,
NOAK abroad

2 reactor units
RITM-200M

Service life

60 years

Capacity factor
over 0,9

Refueling interval

up to 10 years

Electric power

LESS 20 %

fuel enrichment

2 reactor units
RITM-400M

Service life

Capacity factor

Refueling interval

Electric power

up to 200 MW

Completion of detailed design — 2024

2024.10. KNS FAIZ T H2| HAY



= XM A : SOLAS 8% (Chap. 8 Nuclear Ships) (1974)

2 SF (Rule & Regulation)

- Safetyof Lifeat Sea

. YRS S20Z ARt M|

= BEXEM e 3L

v SOLAS 8 HZ:
2 (Control),

v 196040 HE

Z+2(PWR) 7|8t2] 7|£0] et 22 M&

2 2|5t A (Design),

HAKSurvey) S2 M 27 Al

AlSI2 2Xo| YXIZM X A|Q|

—

CONFIDENTIAL Unauthorized use or disdosure of this material results in civil or aiminal liabilities.

MEdh= 12709 & H|

: The Code of Safety for Nuclear Merchant Ships (Res. A. 491) (1981)

The Reguistions contaned in
mocfed by the Chapber *

Tinke
Effective Date.

A nuclear ship shal not, in any cirus

Convertion

Tia
EMectve Date

he design. consinuction and standarrs of i inspection and assemibly of the reactor installation shall be subject i
hewmlmd atctacion of the Admieieretion sad Shatae ackmunt o the Amastions which whl be nposed o

sarveys bry the presence of radtion

SOUAS 1974 Conversion | Chapier VIl (e 1-1

251080
CHAPTER VIll
NUCLEAR SHIPS
Regulation 1

Application

Bl rucinar ships sacept ships of war

SOLAS 1974 Comenion | Chagter VIl (Feg
25080

Regulation 2
Application of other Chapters

the ether Chapters of the present Comvention apely 1o Furiesr thigs. extept 35

......

SOLAS 1974 Convention | Chapter VIll (Feg.1-12) [ Rieg 3

251080
Regulation 3
Exemptions

SOLAS 1074 Comvension | Chapter Vill (Fleg. 113}

251080
Regulation 4
Approval of Reactor Installation

1-12) 1 e 2

muzances. be exempted from complisnce with any Reguistions of this

)1 Rng 1

)i a4

IMCO

14/19
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N X2 =&F (Rule & Regulation)

Aspect MH-1A (Sturgis) NS Savannah NS Otto Hahn Mutsu
Type Floating Nuclear Power Plant Nuclear-Powered Merchant Ship [Nuclear-Powered Cargo Vessel gl#i(;)lear—Powered General Cargo
Deployment Location Panama Canal Zone Various ports and routes Various ports and routes Various ports and routes

. . . U.S. Atomic Energy Commission|German Federal Ministry for|Japan Atomic Energy Research
Primary Authority U.S. Army Corps of Engineers (AEC) and U.S. Coast Guard Research and Technology Institute

. U.S. Atomic Enrgy Commission|German Federal Ministry for|Japan Atomic Energy Research
Reactor Approval U.S. Army Corps of Engineers (AEC) Research and Technology Institute

Floating Unit Approval U.S. Army Corps of Engineers U.S. Atomic Energy Commission|German Federal Ministry for|Japan Atomic Energy Research

(AEC) and U.S. Coast Guard Research and Technology Institute
Classification Society Not directly involved (AA”E;‘;;'CE’” Bureau of Shipping| . anischer Lioyd (GL) Nippon Kaiji Kyokai (ClassNK)
Operational Period 1968-1976 1962-1972 1968-1979 1974-1992

Demonstrate feasibility  of
nuclear-powered commercial

shipping

Test feasibility of nuclear power|Test feasibility of nuclear power
in civil maritime service in maritime service

Provide power during regional

Purpose hydroelectric power shortage

CONFIDENTIAL Unauthorized use or disdosure of this material results in civil or aiminal liabilities. 15/ 19 2024.10. KNS A& H 3| T4
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=  Rule & Regulation

v WNTI :

A=

R FTIM A PWR 7|=, S/T Direct &% 7|8t — Advanced Marine Reactor 7|&

S (Rule & Regulation)

HE Y Working Group &3

HHO
Hi

THA| CHSXF7F A1E

O 29| Gap Analysis 2A H&E

C FAO|T TEB FAY XS B & E4 AE BA
— S0 & ALt ZHE Hdold, Hdolv| flol Al2e W
INI® == E NEW
Postulated
Initiating Event
MARITIME SAFETY COMMITEE MSC 108/INF.21 (PIE)
108th session 12 March 2024
Agenda item 5 ENGLISH ONLY

Pre-session public release: X

DEVELOPMENT OF A SAFETY REGULATORY FRAMEWORK TO SUPPORT THE
REDUCTION OF GHG EMISSIONS FROM SHIPS USING NEW TECHNOLOGIES AND
ALTERNATIVE FUELS
Gap analysis of the Code of Safety for Nuclear Merchant Ships

Submitted by World Nuclear Transport Institute (WNTI)

SUMMARY

The Code of Safety for Nuclear Merchant Ships
(resolution A.491(XIl), adopted on November 1981) is specific to
early reactor designs and needs updating to accommodate
technology  developments. This document contains a
comprehensive gap analysis which provides a framework for the
deveiopmenl of a revised Nuclear Code adopting the

gy neutral appi used by IAEA in their

Executive summary:

sa'ely standards.
Strategic  direction, 3
if applicable:
Output: 38
Action to be taken: Paragraph 9
Related document: ~ MSC 107/20

A postulated event identified in
design as capable of leading to
anticipated operational occurrences
or accident conditions.

The primary causes of postulated
initiating events may be credible
equipment failures and operator
errors (both within and external to the
facility), human induced events or
natural events.

Needs to be added in line with IAEA terminology since this will be
addressed in the design and Safety Assessment.

Reactor vessel

That envelope of the nuclear
steam supply system, up to and
including the second isolation
valve. that contains or may
contain primary coolant at
reactor power operating
temperature and pressures.

The vessel that contains the reactor
fuel and the primary coolant. The
type of the vessel depends on the
type of the reactor, fuel and coolant.
This includes reactors that are water
cooled, gas cooled and liquid metal
cooled and are at high pressure or
atmospheric pressure.

Needs to be replaced since it is not technology neutral.

CONFIDENTIAL Unauthorized use or disdosure of this material results in civil or criminal liabilities.
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ol X2 ZSF (Rule & Regulation)

= Rule & Regulation AE % Working Group &3

v ABS : REQUIREMENTS FOR NUCLEAR POWER SYSTEMS FOR MARINE AND OFFSHORE APPLICATIONS &<t
(‘24_ 1 Oﬁ) Simplified Example Arrangement of Nuclear Power Service Vessel

Power Out
Emergency Power Energy Generation and
Generator and Distribution Spaces Nuclear Power Plant (NPP)

Fuel Subject to Nuclear Regulator External P
Onboard xternal Power
A Srrenodatiane Review and License Approval | Delivery
il et e e dation In
Jentiation
Ve @ !
1o Turs

Requirements for

Nuclear Power Systems for Marine and
Offshore Applicafions

2 Reactor

The NPP is not to be used for propulsion, positioning, or maneuvering of the vessel.

Nuclear reactors are to be licensed by a recognized authority as approved by the Flag Administration. The
design, testing, construction, inspection, and maintenance of the NPP, including the core, containment,
cooling circuits and supplies, controls systems, safety equipment and quality assurance program are to be
approved and certified by a recognized organization as approved by the Flag Administration provided they
are designed such that they will function properly under the environmental conditions specified by the
Owner.

- &X:ABSRues
CONFIDENTIAL Unauthorized use or disdosure of this material results in civil or aiminal liabilities. 18/ 19 2024.10. KNS FAHetaUHs| 34



o SHHE MH/HOX| Z7H0f| BAH5E7| Compact Design

. SARIHE 12 HeiZ TH U ARSHAIR XA WY

- IMO XM 7™ Gap analysis 1S (YA E= AR XIZ)

* RMRS Nuclear Vessel &2 7™ 20l (Akademik Lomonosov)

«  ABS Mz 59 ofiY¥ &Kt ME2| Rule & Regulation CHS
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