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Overview of Nuclear Power Plants (GCR, HTGR, FBR,LWR)

Neutron Moderator, Coolant and Fuel for Reactor types 

Reactor Type Coolant 
Neutron 
Moderator 

Fuel Characteristics 

PWR 
(Pressurized Water 
Reactor)

Light Water 
(non-boiling)

Light Water 
(LWR)

Low Enriched Uranium 
· Oxide

Tout=   300℃
Characteristics of Water is 
well known

BWR
(Boiling Water Reactor)

Light Water 
(boiling)

Low Enriched Uranium 
· Oxide

Tout=   300℃
Characteristics of Water is 
well known

CANDU
(Canadian Deuterium 
Uranium Reactor)

Heavy Water 
(non-boiling)

Heavy Water
(HWR) 

Natural Uranium· Oxide High grade of Pu can  be 
produced

GCR
(Gas-cooled Reactor)
*Magnox Reactor 

Gas (CO2) Graphite
(Graphite 
Reactor)

Natural Uranium 
Metal

High grade of Pu can be 
produced.
Power density is low.

HTGR
(High Temperature Gas-
cooled Reactor)

Helium Graphite
(Graphite 
Reactor

Low Enriched Uranium 
· Oxide

Tout= 1000℃
It is  applicable for chemical  
industries such as H2

production

FBR
(Fast Breeder Reactor)

Liquid Metal Non Enriched 
Uranium/Plutonium · 
Mixed Oxide

Fuel  Breeding  is possible.  
U can be used for 2550  years



(Fuel Pebbles)

Concept of  Pebble bed type HTGR 



Outline of LWRs (PWR and BWR)



Development  of LWR (Light Water Reactor)



NPPs in Operation or under Construction or Planned in the World 
(As of 

Jan.1st, 2012) 



Karakteristik PWR BWR AGR 
PHWR 

(Candu) 
LWGR 

(RBMK) 
FBR 

Tinggi Teras, meter 4,2 3,7 8,3 5,9 7,0 1,0 

Diameter Teras, meter 3,4 4,7 9,3 6,0 11,8 3,7 

Bahan Bakar, Ton 104 134 110 90 192 32 

Bentuk Containment Bejana Bejana Bejana Tubes Bejana n/a 

Jenis bahan bakar 
UO2 

diperkaya 
UO2 

diperkaya 
UO2 

diperkaya 
UO2 
alam 

UO2 
diperkaya 

UO2/PuO2 

diperkaya 

Pendingin H2O H2O CO2 D2O H2O Sodium 

Sistem uap Indirect Direct Indirect Indirect Direct Indirect 

Moderator H2O H2O Grafit D2O Grafit - 

Jumlah di Dunia 266 92 14 46 15 1 

 PWR-Pressured Water Reactor, BWR-Boiling Water Reactor, AGR-Advanced Gas Cooled Reactor,

PHWR-Pressurized Heavy Water Reactor, LWGR-Light Water Gas Cooled Reactor, FBR-Fast Breeder Reactor.

Main Features of Core Thermalhydraulics



Share of BWR and PWR in the World 



Outline of Plant System Configuration of BWR and PWR



BWR Main Plant System Configuration



Bird’s Eye View of ABWR NPP 



PWR Main Plant System Configuration



Bird’s Eye View of APWR  (Facility Size Image)



Bird’s Eye View of APWR  (Facility Size Image)
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Power Generation and Thermal Efficiencies, Power Density 

BWR PWR

Power Generation Efficiency (Peff%)

Electrical Output (Pe) 1,100MWe 1,100MWe

Thermal Output (Pt) 3,293MWt 3,411MWt

Peff = Pe /Pt (%)
33.4%

(ABWR:34.6%)
32.2%

(APWR:34.4%)

Thermal Efficiency (η%)

Steam Temperature (TH) 286ºC 277ºC

Feed Water Temperature (TL) 216ºC 223ºC

Power Density (kW/ℓ)*

Core Effective Length (Leff) 3.7m 3.7m

Core Effective Diameter (Deff) 4.8m 3.4m

PD = (Pt /V) = Pt / π(D/2)2 x Leff (kW/ℓ) ~50kW/ℓ ~100kW/ℓ



Perusahaan 
dan Negara 
Produsen 

Nama 
Reaktor 

Daya 
(MWe) 

Kemajuan Sertifikasi 
Desain (April 2011) 

Fitur Utama 

Westinghouse 
(USA) 

AP600 
AP1000 

600 
1200 

AP600: disertifikasi oelh NRC 
1999. 
AP1000: disertifikasi oleh NRC 
2005, beroperasi komersial di 
Cina tahun 2011.  

• Operasi dan konstruksi lebih 
sederhana 

• Konstruksi 3 tahun 

• Operasi 60 tahun 

AREVA 
(Prancis) 

EPR 
US-EPR 

1750 
Sedang dibangun di Finlandia, 
Prancis & Cina. Dalam proses 
sertifikasi oleh NRC, USA. 

• Desain evolusi 

• Efisiensi tinggi pada bahan 
bakar 

• Operasi fleksibel 

Mitsubishi 
(Jepang) 

APWR 
US-APWR 
EU-APWR 

1530 
1700 
1700 

Dalam proses desain basis.  
• Fitur keselamatan hibrit 

• Operasi dan konstruksi lebih 
sederhana  

KHNP  
(Korea Selatan) 

APR-1400 1450 

Sertifikasi desain tahun 2003, 
operasi komersial tahun 2013 di 
Korea Selatan. Pemenang tender 
kontrak 4 PLTN di UAE. 

• Desain evolusi. 

• Peningkatan kehandalan 

• Operasi dan konstruksi lebih 
sederhana  

Gidropress  
(Russia) 

VVER-1200 1290 
Dalam proses konstruksi di 
Leningrad dan Novovoronezh 
Rusia. 

• Desain evolusi 

• Efisiensi tinggi pada bahan 
bakar 

• Operasi 50 tahun 

 

Main Features of PWR



Comparison of Main Components between BWR and PWR

1. Reactor Core ,Pressure vessel and internals

2. Fuel Assembly and Control Rod

3. Containment Vessel (CV)

4. Recirculation Pump of BWR

5. Steam Generator (S/G) of PWR

6. Pressurizer of  PWR 



1)-1 Reactor Core and internals

BWR PWR

Equivalent Diameter 4.8m 3.4m

Equivalent Core Height 3.7m 3.7m

No. of Fuel Assemblies (Fuel 
Rods in a Fuel assemblies)

764
( Fuel rods  8x8) = 
45,840 fuel rods

193
(Fuel rods: 17x17) = 

50,952 fuel rods

Average Fuel U Enrichment 
(Reloading)

~3.5% ~3.4%

Reactivity control
Control rod 

+burnable poison

Chemical shim +control 
rod +burnable poison

No. of Control Rods 185 53

Power Density 50W/cc 105W/cc

Burnup (Gwd/t) 39.5 -

Moderator/Fuel Volume Ratio 2.91 -



1)-2 Comparison of Core Map 

BWR PWR



1)-3 Comparison of RPV Specification 



2)-1 Comparison of Fuel/Control Rod Assembly 



2)-2 Comparison of Control Rod between BWR and PWR



2)-3Uranium enrichment Allotment in BWR Fuel Assembly



2)-4 Core, Fuel assembly, control rod shim control PWR



3) Comparison of CV between BWR and PWR

How to Control Rising of CV Inside Pressure in the Accident? 



4) Recirculation of coolant  flow in core of BWR

To Distribute the Coolant Boiling to the Fuel Assemblies Uniformly, ABWR has  

internal Pumps .    



4) -2 Steam – Water separator of BWR

Mix of steam and water are produced in core. Steam is separated from the mix to 

increase the quality of steam. Centrifugal force is applied for the separation 



5) Steam Generator (S/G) of PWR



6) Pressurizer of PWR



Comparison of Each Feature between BWR and PWR

1) Feature related to Feedback Reactivity (Self Regulating 
Characteristics) 

2) Feature related to Structural Design

3) Feature related to Power and reactivity Control



1) Comparison of Feedback Reactivity in BWR and PWR



Reference: Image of “Reactivity”



Comparison of Doppler Coefficient in BWR and PWR



Void Effect in BWR



2)-2 Steam Condition between BWR and PWR 



2)-4  Refueling Work  



Comparison of Airtightness between BWR and PWR during Severe Accident 



2)-5 Cooling Function under Total Loss of Power in PWR 



Reference: Fundamental Equation of Natural Circulation Driving Force 



2)-5: Cooling Function under All Loss of Power in BWR 



2)-6 Influence of Decomposed Hydrogen  



▪ Reactor Cooling System (Hydraulics)

▪ Overview

▪ Forced Convection

▪ Natural Convection

▪ Burnout



 

Aliran 

Masuk

Aliran 

Ke Luar

Aliran Utama (97%)

Aliran bypass (3%)

Outlet Nozzle Clearance

1

Instrumented Center G.T.

Core Shroud-CSB Annulus

Center Guide Tubes

Outer Guide Tubes

Alignment key-ways

1

2

3

4

5

6

2

34 5

4 5

5

6

Teras Reaktor
Kecepatan aliran

73.30 x 106 Kg/jam

(97%)

Total Kecepatan aliran

75.57 x 106 Kg/jam

Drive Batang Kendali

Bejana Tekan 

Bagian Atas

Bejana Tekan 

Bagian Bawah

Core Barel

Dinding 

Bejana 

Tekan

Struktur 

Pengarah 

Batang Kendali

Flow Rate Pattern in PWR Core



Reactor Cooling System



• Nusselt Number

• Means enhancement ratio compared with heat 

conduction

• Reynold Number 

• determine flow characteristics: laminar or turbulence

• Controling factor of the forced convection





  



Forced Convection

• Flow driven externally, by pump, blower, etc.

• The flow controls heat transfer coefficient

• Dittus-Boelter Correlation



Natural Convection

• Mode of heat transfer where fluid flows only due to the 

presence of boutancy forces

• Flow naturally induced by temperature gradient (density 

change) and gravity (bouyancy)

• The flow is developed by heat transfer

 

Heater

Cooler

NCS



Burnout

Flow Pattern



Burnout: Transition boiling



Burnout: PWR Boiling limit



▪ Introduction

▪ Main Features of PWR Core Thermal-hydraulics
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▪ Core Thermalhydraulics Desain

▪ Temperature Distribution in Fuel

▪ Technical Thermal-hydraulics Data

▪ Material Thermal-hydraulics Property
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Temperature Distribution in Fuel

Core Thermalhydraulics Desain



Heat Conduction in Fuel Elements



1. Comparison of Fuel Assembly between BWR and PWR





Heat Conduction in a Fuel Rod



Heat Conduction in a Cylindrical Fuel rod



Tambahan info 



Heat Conduction in a Fuel Plate



Heat Conduction in a Spherically Shaped Fuel



-Conclusion-

◼Around 80% of NPP in the world is LWR.

◼Among them, over 70% of LWR is PWR.

◼BWR generates power by using directly the steam generated in a core, 
while PWR uses the steam generator, which provides steam that is not 
radioactive.   

◼Radiation control area in PWR is limited only to the primary cooling system 
located in CV.

◼CRDM is installed at top of RPV for PWR.

◼Reactor core of PWR can be cooled by natural circulation  in case of loss 
of all electricity power for cooling.

◼Safety of the Advanced LWR (ABWR and APWR) has improved by 
adopting the various kinds of advanced technologies.



Thank you


