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Nuclear power reactors worldwide
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Today’s Power Reactors

PWR .
PHWR
LWGR B
PWR Pressurized Light-Water Moderated and Cooled Reactor
GCR . PHWR Pressurized Heavy-Water Moderated and Cooled Reactor
LWGR Light-Water Cooled, Graphite Moderated Reactor
FBR | GCR Gas Cooled, Graphite Moderated Reactor
FBR  Fast Breeder Reactor
BWR Boiling Light-Water Cooled and Moderated Reactor
BWR [ —
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Reactors under construction

HTGR |}
PWR Pressurized Light-Water Moderated and Cooled Reactor

PHWR Pressurized Heavy-Water Moderated and Cooled Reactor
I LWGR Light-Water Cooled, Graphite Moderated Reactor

GCR Gas Cooled, Graphite Moderated Reactor
FBR  Fast Breeder Reactor
BWR Boiling Light-Water Cooled and Moderated Reactor

FBR

BWR |



Pressurised water reactor

298 units

worldwide
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Floating nuclear plants




Russian builds @3 units) (1)

Net
Name Type Location Pwr Model Construction
[MW] Start date
Bangladesh
ROOPPUR-1 PWR Pabna 1080 VVERV-523  30-Nov-17
ROOPPUR-2 PWR Pabna 1080 VVER V-523 14-Jul-18
Belarus
BELARUSIAN-1 PWR Ostrovets 1109 VVERV-491 8-Nov-13
BELARUSIAN-2 PWR Ostrovets 1109 VVERV-491  27-Apr-14
Russia

KURSK 2-1 PWR Kurchatov 1115 VVERV-510K  29-Apr-18

KURSK 2-2 PWR Kurchatov 1115 VVERV-510K  15-Apr-19
LENINGRAD 2-2 PWR Sosnovyy Bor 1085 VVERV-491  15-Apr-10

BALTIC-1 PWR Neman 1109 VVERV-491  22-Feb-12




Russian builds @3 units) (2)

Name Type

Iran
BUSHEHR-2 PWR

Slovakia
MOCHOVCE-4 PWR

Turkey
AKKUYU-1 PWR

Ukraine
KHMELNITSKI-3 PWR
KHMELNITSKI-4 PWR

Location

Halileh

Levice

Mersin

Neteshin
Neteshin

Net Pwr
[MW]

915

440

1114

1035
1035

Model

VVER V-528

VVER V-213

VVER V-509

VVER
VVER

Constructi
on
Start date

27-Sep-19

27-Jan-87

3-Apr-18

1-Mar-86
1-Feb-87
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Name

China
TIANWAN-5

TIANWAN-6

HONGYANHE-6

HONGYANHE-5

FUQING-5
FUQING-6
FANGCHENGGANG-3

China @3 units) (1)

Net Pwr Model

Type

PWR
PWR
PWR
PWR

PWR
PWR
PWR

Location

Lianyungang
Lianyungang
Dalian
Dalian
Fuging

Fuqging
Fangchenggang

[MW]

1000 CNP-1000
(CNNC)
1000 CNP-1000

1000 ACPR-1000
(CGN)
1000 ACPR-1000

1000 HPR1000
1000 HPR1000
1000 HPR1000

Construction
Start date

27-Dec-15
/-Sep-16
4-Jul-15
29-Mar-15
7-May-15

22-Dec-15
24-Dec-15



China @3 units) (2)

Name Type Location Net Pwr  Model Construction
[MW] Start date

China

FANGCHENGGANG-4 PWR Fangchenggang 1000 HPR1000 23-Dec-16

SHIDAO BAY-1 HTGR  Weihai 200 HTR-PM 9-Dec-12

Z/HANGZHOU-1 PWR Zhangzhou 1126 HPR1000 16-Oct-19

TAIPINGLING-1 PWR Huizhou 1116 HPR1000 26-Dec-19
Pakistan

KANUPP-2 PWR Karachi 1014 ACP-1000 20-Aug-15

KANUPP-3 PWR Karachi 1014 ACP-1000 31-May-16
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USA @units) & Argentina @ unit)

Name Type  Location Net Pwr Model Construction
[MW] Start date
USA
VOGTLE-3 PWR  Waynesboro 1117 AP-1000 12-Mar-13
VOGTLE-4 PWR  Waynesboro 1117 AP-1000 19-Nov-13
Argentina

CAREM25 PWR Lima 25 CAREM 8-Feb-14




S. Korea @units) & Japan  units)

Name

S. Korea
SHIN-HANUL-1

SHIN-HANUL-2

SHIN-KORI-5
SHIN-KORI-6
U.A.E.
BARAKAH-1
BARAKAH-2
BARAKAH-3
BARAKAH-4
Japan
SHIMANE-3
OHMA

Type

PWR
PWR
PWR
PWR

PWR
PWR
PWR
PWR

BWR
BWR

Location

Ulchin-gun
Ulchin-gun
Ulsan
Ulsan

Ruwais
Ruwais
Ruwais
Ruwais

MATSUE
OHMA

Net Pwr
[MW]

1340
1340
1340
1340

1345
1345
1345
1345

1325
1325

Model

APR-1400
APR-1400
APR-1400
APR-1400

APR-1400
APR-1400
APR-1400
APR-1400

ABWR
ABWR

Construction
Start date

10-Jul-12
19-Jun-13
1-Apr-17
20-Sep-18

19-Jul-12
16-Apr-13
24-Sep-14
30-Jul-15

12-Oct-07
7-May-10



Name

India
KAKRAPAR-3

KAKRAPAR-4
PFBR
RAJASTHAN-/
RAJASTHAN-8
KUDANKULAM-3

KUDANKULAM-4

Type

PHWR

PHWR
FBR
PHWR
PHWR
PWR

PWR

India (7 units)

Location

SURAT

SURAT
MADRAS
KOTA

KOTA
Tirunellveli-
Kattabomman

Tirunellveli-
Kattabomman

Net Pwr
[MW]

630

630
470
630
630
917

917

Model

HPT

HPT
Prototype
HPT
HPT
VVER V-412

VVER V-412

Construction
Start date

22-Nov-10

22-Nov-10
23-0Oct-04
18-Jul-11
30-Sep-11
29-Jun-17

23-Oct-17



France: Framatome EPR




France (@ units)

Name Type Location Net Pwr Model Construction
[IMW] Start date

Finland

OLKILUOTO-3 PWR Olkiluoto 1600 EPR 12-Aug-05
France

FLAMANVILLE-3 PWR Flamanville 1600 EPR 3-Dec-07/
UK

HINKLEY POINT C-1 PWR Bridgwater 1630 EPR 11-Dec-18

HINKLEY POINT C-2 PWR Bridgwater 1630 EPR 12-Dec-19
Brazil (KWU Germany)

ANGRA-3 PWR Angra Dos- 1245 PRE 1-Jun-10

Reis KONVOI



Small modular reactors

Pressurizer

Steam
Generator
T Reactor Coolant
3 i» Pump
Reactor Vessel
Mitsubishi APWR™ NuScale™

1700 MWe 60 MWe

| CONTROL ROD

DRIVE MECHANISM
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~ MAIN STEAM

RISER
(PRIMARY FLOW)

T STEAM GENERATOR

(SECONDARY FLOW)

i CONTAINMENT VESSEL
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(PRIMARY FLOW)



Passive safety

AIR COOLING

WATER COOLING

(IMIN) ¥3IMOd AVYO3d

Indefinite
< 0.4 MWt

30 days
0.4 MWt

3 days
0.8 MWt

1 hour 1 day
2.2 MWt 1.1 MWt

1 sec
10 MWt

TIME =
POWER =



Advanced Designs: HTRs, MSRs, SFRs




Hiah Temperature Reactor (HTR)

T e
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Coolant: helium
Moderator: graphite
Neutron shielding: Concrete

Materials
Fuel:

Fuel Type:
Vessel / piping:

Operating Characteristics

| .

HTR-PM (China): 100 MW, per mddule -

Temperature: 250-750° C
Pressure: 70 atm

SC. Steam turbine: 40 % efficiency
Fuel burn up: 90 GWd / tHM
Reactor lifetime: 40 years



Secondary Coolant Salt (non-radioactive)

US Advanced Reactor Demonstration Program

Xe-100 HTGR
75 MWe
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Terrestrial Energy 190 MWe



Additive Manufacturing




Molten salt reactors

Heat exchanger

Neutron

reflectors Main fuel salt
inventory

Vessel

iL

Terrapower (B. Gates) Thorcon
Molten Chloride Fast Reactor FNPP Molten Salt Reactor




Sodium fast reactors
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BN-800 Beloyarsk Unit 4

Primary circuit (sodium)
6.44 ATM

140 ATM  490°C 612 ATM | 230°C

- e e 3 primary loops, 6 intermediate HX.

e Core: inlet 354°C, outlet 547°C

Turbogenerator o Reactor coolant inventory: 910 t of sodium

* Primary loop radioactivity 18*10*! Bq

Secondary circuit (sodium)

3 secondary loops

* SG:inlet 309°C, outlet 505°C

Reactor

Tertiary coolant (steam-water)

Feedwater
pump

e 3tertiary loops powering one turbine
e Superheated steam pressure 14 MPa

« Superheated steam temperature 490°C

Source: Rosatom / world-nuclear.org



Kilowatt power reactor

Stirling Engines
Reactor Core

Heat Pipes
Shield Block

Heat Rejection via Radiation

Grabhics:— NASA



microReactors

Graphics: Los Alamos National Lab



Sign in Th .
Guaredlan

News Opinion | Sport Culture Lifestyle e
Australia Coronavirus World AU politics Environment Football More
Energy

New nuclear technologies to be examined in
planning Australia's energy mix

Small modular reactors ‘have potential’, investment roadmap
discussion paper says

A Australia's energy minster Angus Taylor. The government is looking at incorporating ‘emerging nuclear technologies' into the

country's energy mix. Photograph: Mike Bowers/The Guardian
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7. 3

Questions?




Extra Slides
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Nuclear Power Generation

390 GW

World capacity total

10.1%

World’s electricity

80%

Global av. capacity factor
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