of

- PIERIR[EISIY| 2021 EHUAHD
202105.12.

oz

SIT|E RN AHLE!

€5 ICEDCO ERC

newpower, newstandard

E
oO

SMR A7l i

= AfEs HEAR| A ME S2| §l0|

=ARSHALE CHE SHMBALMIS, 2E, AR )22

At 4= GISLICE



newpower, newstandard

MM

[D

Unoot EK [E A |R 3

o
% SMR HZx S3%

== 1Nl

N N




newpower, newstandard

ol RAR[2Y Ay




RISTIR| Ofod (IR 2 ZAIS 02

® 19557 X|7X IREI O Nautilus™ Ol'U' 'O'I'_EI_EUI-

50001212] RIR[EZFETIMI 0179 EIRHE! 80OO0©°{EH2]

17 Jan 55 RIS

USS Nautilus SSN [RERRM
world’s 1%t underway st
ON NUCIEAT POWET M——

4 Jun 58 25 Dec 91
K-3 SSN USSR dissolved;
1st USSR underway ; Russian Federation
on nuclear power formed

NN PP 10Jan63

HMS Dreadnought SSN
1%t UK underway on
nuclear power

11 Oct 69

German Otto Hahn

civilian nuclear cargo
shlp commissioned

23 Aug 71

Han SSN

1% Chinese underway
on nuclear power

I I 1 Dec 1971

Le Redoutable SSBN
1# French nuclear
sub commissioned

2 Dec 42
1%t man-made
self-sustaining
nuclear chain

; 1988 Feb 1991
ée;clt I:iTé INS Chakr? 1 Mutsu ci\(ilian nuclear
1%t Russian cargo ship, Japan’s
/ SSN leased 1%t underway on
| by India nuclear power

\/

\J

\) A\

/\

16 Dec 14
INS Arihant SSBN
1% |ndian
indigenous sub 2029 - 2030
sea trials start 1% Brazilian
indigenous
@ launch
expected

1940s | 1950s| 1960s | 19/0s | 1980s: 1990s | 200C

<https://lynceans.org/all-posts/marine-nuclear-power-1939-2018/>
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o O3 S, =2 YEM T &8N £E2] V8 oS A
Mutey | =Z7p | EEe GT zol |==Kky| SHP ﬂﬁﬁf
Savannah | 0|3 19621977 22000 181 20.25 22000 PWRx1
Otto-Hahn | S92 19681982 140 40 172 16 11,000 PWHRx1
Mutsu = 197 21996 8,242 130 16.5 10,000 PWHRx1
Lenin | 2{Ajo} | 1959-1929 16,000 124 12 | 44,000 ps g:;ﬁ ::
Arctika 2 A0} | 197520028 20,665 147.9 20.8 TO,700ps | OK-900Ax2
Sibiir 2 Ao | 19771932 21,120 1479 208 TO,700ps | OK-900Ax 2
Rossiya & Aok 1385- 22,000 150 7 54 WY OE-9008 2
Sevmorput| 2{Ajo} | 1988- 33,900 260.1 20 | 40,200ps | KLT-40 x1
Taimmyr 2 Aot 1389- 20,7 151.8 185 25 MW KLT-40M =1
su;EtEEiy 2 A0 1989- 23,000 148 206 54 MWV OK-900 8= 2
OYUZ
Vaigach | 2 A0 1390- 20,7 150 185 25 MW HLT-40M = 1
Yamal 2 Ao 1993- 22 000 148 206 54 WY COE-2008 5 2
50;;:;::0 2 Aok 2007- 23433 160 186 54 WY OE-9008 = 2
<L ARZAIAE AR} B,
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100-1400 MWe

80-120 MWe
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® 2050LIMIR| 20082 EiH| 50% &= X —— ——
2013L7EE] AI7X AdHE TR HE T e s e s e
® T [ A el |
ZARHAF F(IMO), 2030 2AI7FA 40% Zﬁ?&ﬁ‘fﬁ%ﬁ’%mm

« ~ 2030t 40% | US SE, FENS(N A=-0UT) LIRSS
AL GHAIRPRISI A =
« ~2050t1.50% |

7|.||=|E|- E‘:I *}.g,% Ql|:|| (pswE745@kmi.re.kr/051-797-4919)
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2019 AUGUST

v ZMIOHE : =

. CIERA CHA|O|L{R|ed T M| &N 32% HHE \‘I

Solvents Waste
0.2 % Agriculture 2.6 %
8.6 %

|
32 - _: Industrial
Fugitive processes
H emissions 8.0% Energy
™ . 1.7 % industries
L

28.8 %

SER R .
‘ T 02%
24 OE w N 24 Househqlds
o - e
20 @ = 20 Manufacturing
1 s EI Q JI E g q QI trgrfgpec:rt and i%ngtzyction
- 0.2 % e
16 1 1 1 [w) 1 1 16 3"‘-".." . Domestic
o ; . aviation
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 il oo 0.4 %
o o — ol o] = a E" OI L-I a m Q(TEU) .'-‘ tr;nzs,zzrt .: National ) tranls;(l;rt.ition International
< OH Oolr_ |_'I Xl. =] _6_%1_ -I S’_l P 2015> 0’... "’ K na(\)/liaa'/:olon Rz{l;vslzs a;/f;t:)zn
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Antarctica
Ag Siiver
Al Bauxite Ca Lime mud, sand, shells Hg Mercury Ni Nickel Sg Siliceous sand, Unconsolidated deposits Ocean rdges
Au Gold Cr Chromite K Potash Pt Platinum i Tg'a'E' @ Developmental mee o ;‘)"“
Ba Barite Cu Copper M Monazite PS Polymetallic - @ Operational
sulfides Ti limenite, rutile Petroleum
¢ Coal D Diamonds Mg Magnesium B Fr—— Consolidated deposits potental
Fe Iron, magnetite REE Rare earth
g: C?Dan'nc'\ , mag M i e —— Deveiopmental e Phosphorite
MR st D O Gems nodules Sultur WIOPEEON. A san
crust s Zr Zircon
<OHSRARHA|LE At S, otz dota|-ol= 2IXtH ot e Sf&-RAE S52# =, 2015>
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%58 vs. 9l%G8 RRIE S|

S HL

aHIE 208 MU TLE Ul%'8 MU TS
O R4 AL — o|=xz=2/or=2
= ey L A i i IMO Resolution A.491(XI) (1981

o] e D= o] EyE D=
&5 %1 -2 5 : RCPB «2 5 : Primary PB (PPB)
= .3 EyE . MLrMe .3 B . MLroRE

-4 3= : EAB «4 ey . PIMEE[Z| (safety enclosure)

o] : YN
EI7 /A AJE] . «2 : BOIALM (ICRPTIE, BI&7N)
o 1 +3:)I02/RY (10% BRIN) | <o At = At

.5 1 SIO4/RY (100% SHR[atay) 4 : ATIAIM (QIDIR|DIAIES QY O|L, Q1Y /AMEAAL)

.1, 2 HEy Mgy QK|

-RCPB M4 S| : Y
O b= « IR|Z YR ?:n OHHTIR| O K| 3, 4 UH FaNT & YR
= Aol m EOA —lk-:nlr_uom o1 2ro - MRIE TENMT

JesiE) S B e e =  SIRIZTYR| L QITYR| S|

-SC-1: PPB 77|, X [2LHY /YR HSF, SG/MSL T

. 1. O K| A4dH
[ e .SC-2: MEITZSE, ECCS, CRDS, RPS MIT= S
T 803 18C = T[E o e -SC-3: NSSS 21 HIT X RMH|F

; ° == T -SC-4: QIMRER| [XE, E{E! 5 |Ef NSSS
MHSE  ASME 12 3 5= / NNS 5 Design Class (DC) 1, 2, 3, 4 5= ~d
opm=z  ASME Service Limits ABCD &% MHSS = OIFSY
TS i BLPB T X SIF & 6 FIQERTF, FE, ME, MX, BEX 5 FX O1F 119

<ot SHARURTHAAR JHY 2ok ot 2RI ts| A [T EE A2, 2013>
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101-300 VBER-300
(Marine Based)
ACPR-50S
41-100 RITM-200M
KLT40S
11-40
ABV-6E
<10 SHELF

<Advances in Small Modular Reactor Technology Developments, IAEA, 2020>
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KLT-40S @110t okBM) (1/2)

Passive system of containment emergency
pressure decrease (condensate system)

Passive emergency core cooling system
(hydraulic accumulators)

Passive
emergency
shutdown
cooling system

Purification and cooling |

system

Active emergency
shutdown cooling
system (through
process condensers)

Containment passive AR
emergency pressure
decrease system (bubbling)

System of reactor caisson
filling with water

Active emergency core
cooling system

cooling system

Active emergency core

Active system of
liquid absorber

Recirculation system pumps ]

<Advances in Small Modular Reactor Technology Developments, IAEA, 2020>
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Parameter

Technology developer,
country of origin
Reactor type

Coolant/moderator

Thermal/electrical capacity,
MW(t)YMW(e)
Primary circulation

NSSS Operating Pressure
(primary/secondary), MPa
Core Inlet/Outlet Coolant
Temperature (°C)

Fuel type/assembly array

Number of fuel assemblies in
the core
Fuel enrichment (%)

Core Discharge Bumup
(GWd/ton)
Refuelling Cycle (months)

Reactivity control mechanism

Approach to safety systems
Design life (years)

Plant footprint (m?)

RPV height/diameter (m)
RPV weight (metric ton)
Seismic Design (SSE)
Distinguishing features

Design status

Value

JSC “Afrikantov OKBM”,
Rosatom, Russian Federation
PWR

Light water / light water
150 /35

Forced circulation
12.7

280/316

UO; pellet in silumin matrix
121

18.6
454

30-36

Control rod driving
mechanism

Active (partially passive)

40

4320 (Floating NPP)
48/2.0

N/A

9 point on the MSK scale

Floating power unit for
cogeneration of heat and
electricity; no onsite
refuelling; spent fuel take
back

Connected to the grid in Pevek
1 December 2019. Entered
full commercial operation in
May 2020.



KLT-40S @110t okBM) 2/2)

https://www.yahoo.com/news/

World's first floating
nuclear reactor

The Russian power plant
begins a 4-to-6 week

sea voyage Aug 23 wrctic:
North Pole +
Workbeganonthe ~““~ e
platform in Approx. 5,000km ...
SaintPetersburg
in2006
Murmansk .7
-
SIBERIA
®Saint
Petersburg According to the nuclear agency Rosatom,
MOSCOW a floating plant was chosen as a simpler

= alternative to building on ground that is
frozen all year round

newpower, newstandard

® Foating NPP *“Akademik Lomonosov™

v" Fuel loading in Murmansk,
+ Testing for nearly a year
* 100% power, 2019.03

v' Towed to Pevek, 2019.09

v' Commissioned, 2020.05
» Replace Bilibino NPP (4x12

v' Construction began in St. Petersburg, 2006

2018

MWe + 76.7 MW heat)

+ Refueling on site in Pevek (3~4 yr period)

» Major overhaul in Murmansk (~12 yr period)

The new floating facility will

replace a local nuclear plant
and a closed coal plant

CHUKOTKA

The reactor

® Length: 144 m

m Weight: 21,000 tons

m Has two reactors with a
capacity of 35 megawatts
each

= Crew of 69

m Operational by the end
of 2019

® To serve the region's
oil platforms

OAFP
14

https://www.businessinsider.com/
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ACPR50S == ceNpo)

eaclor pressure vessel

“
Satety plag

]
Pressunzer

Primary pumyg
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Parameter

Technology developer, country of origin

Reactor type
Coolant/moderator

Thermal/electrical capacity,
MW(t)yMW(e)
Primary circulation

NSSS Operating Pressure
(primary/secondary), MPa
Core Inlet/Outlet Coolant
Temperature (°C)

Fuel type/assembly array

Number of fuel assemblies in the core
Fuel enrichment (%)

Core Discharge Bumup (GWd/ton)
Refuelling Cycle (months)

Reactivity control mechanism

Approach to safety systems
Design life (years)

RPV height/diameter (m)
Distinguishing features

Design status

Value

China General Nuclear Power
Group (CGNPC), China
Loop type PWR

Light water / light water
200/ 50

Forced circulation
155

299.3/321.8

UO:z pellet / 17x17 square
37

<5

<52

30

Control rod driving
mechanism (CRDM), solid
burnable poison and boron
solution

Passive

40
72/22

Floating power boat, once-
through steam generator,
passive safety system
Completion of conceptual/
program design, preparation
of project design
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=F—%f] PWR
= === 0
QJKI. LLZ=E_L_Z XKIXR4d 0411
v = L= Hd =

LAY &2 | TN e

17x17 §% UO,
<5% U-235
STMEIT 20| 2m

A7y 25| 4~5L

SFL/ VY SER(BP)
s Moy | Moy

v LH75%8 CEDM

Me U-tube% / 1% (Option)

Rl ETR R P
giZal QIR LN / M7, AT[O|
DRI 2p ==Ly

ezl | T|F

zres M I|F (21) / T B (M1er)
SR 60 yr
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* OFPU: (RITM) Optimized Floating Power Unit

OFPU life cycle %

First
0FPU Fuelling* RW
- construction Management
Service &

Refueling*
YEARS
v °\

0 PORT OF ORIGIN

& o %
§Fi8 COUNTRY %
£§38 OF ORIGIN

T
,O'f)
@;q

a0 ™
QO

HOST TRANSIT
& ,o COUNTRY COUNTRY

%@ ays UonNe
2
P

OF CALL
CONSUMER OPERATION
IN HOST SITE
COUNTRY —

by A
¢ ' fang Aot oy
* An option. Other customized Otation to ope™®
options aviable upon each

Project conditions.

<Advances in Small Modular Reactor Technology Developments, IAEA, 2020>
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v 9) 2{A|°t ROSATOM HMA 2!

Project Construction and
Development commissioning

Commercial
operation

Pre-Project

T Ty T T T T
Tl 1 21
onr @] @ 22 [@] s @ & 3 @] gi| PP %
=0 <1 2E5 g g1 % 1 X
o “— . c . < o
QIR Feasibility %: 'g.g ° : Site 3 : COnstructlon§ : ol Operation — :
— L studies S ='§ I license I license £ " 9 1 license Y
z! g i Z1 il
I = | | 1 | 1 1 | I
Establishing the
regulatory Appl'n for Appl'n for Construction Appl'n for Operating
framework Site License License License
PHASE 1 PHASE 2 PHASE 3 MILESTONES
IAEA ¢ K
&)
—r—
1-5 years AEA
M1 Knowledgeable M2 Ready to ““"‘ M3 Ready to commission '~.,.
commitment invite bids 0." and operate 0..‘
S : n o h :: -
1 2= 1 N
S O ®| =) ~55 1 B @l
o 51 seE2 1 S —
Q174 Feasibiity 3! S=3 W 5F :
—l— studiesty 2! 2 §'§ } et '\‘ Appl’'n for Operating Operation ::
1 gol 1 %, License license o
1 1 1 S 1 [ X
’ <ROSATOM, 2019>
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