Current status of nuclear power reactor in the world

Sowrce: While Paper on Nuclear Energy 2008

Prepared based on the date of the World Nuclear Association (WNA)
as of December 2008, [* As of the end of January 2009 for Japan)
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Nuclear share in total power generation(%)
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Current situation |l

* Projected costs of generating electricity show
that in many circumstances nuclear energy is
competitive against coal and gas generation.

* A number of countries are reconsidering the role
of nuclear energy, particularly in view of its
advantages in reducing CO2 emissions and in

security supply.

IEA, Energy Technology Perspectives 2008. Ch.8
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Cost assumptions for nuclear electricity generation (2010)
Investment cost 3 000-3 700 USD/KW

Operation and 90 — 111 USD/KW/yr

Maintenance cost

Net efficiency 36%

Efficiency of Electric Generation

ETP2010 C.3
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Future Trend of Nuclear Energy (IAE blue
scenario)
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Development of nuclear energy in Vietham

Viewpoints on nuclear power development

al Nuclear power development for peaceful
purposes is a consistent policy of Vietnam.

b/ Nuclear power development must be based
on certified modern technology and follow a
long-term program in order to form a nuclear
power industry in Vietnam.

¢/ Nuclear power development must assure
safety for people and the environment.

The primer minister: Decision No. 906/Qb-TTg, 17/6/2010
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d/ International cooperation shall be siepped
up to aftract Investment in and transfer miclear
power technologies,

e/ Social resources shall be reasonably
mobilized for nuclear power development in
order to guarantee success for the nuclear power

development program.

ff Nuclear power plants shall be built 1n
locations selected in each period, suiting practical
conditions of each location, conforming with
local socio-economic development orientations
and contributing to local and regional social-
economic development.

The primer minister: Decision No. 906/Qb-TTg, 17/6/2010
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Model of nuclear power plant in Ninh Thuan
(source: bee.net.vn)

Technology used in nuclear power plant in Ninh Thuan is Pressurized
Water Reactor (VVER). This is designed for third-generation nuclear

power, which is much safer than the second-generation one 1



* The power of the first nuclear power plant in Vietham is
from 2.000 MW to 4.000 MW by 2020

« Unit 1 is expected to be commissioned in 2021, which
supplies 1% the total electricity production, and 6% by 2030,
and 20 - 25% by 2050. (http.//www.evntelecom.com.vn)

Containment Structure
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List, capacities and time of operation of nuclear power turbine units

No. Plant Capacity (MW) | Year of operation
1 | Phuoc Dinh nuclear power, turbine unit 1 1,000 2020
2 Phuoc Dinh nuclear power, turbine unit 2 1,000 2021
3 | Vinh Hai nuclear power, turbine unit 1 1,000 2021
4 ] Vinh Hai nuclear power, turbine unit 2 1,000 2022
5 | Phuoc Dinh nuclear power, turbine unit 3 1,000 2033
6 | Phuoc Dinh nuclear power, turbine unit 4 1,000 2024
7 | Vinh Hai nuclear power, turbine unit 3 1,000 2024
8 | Vinh Hai nuclear power, turbine unit 4 1,000 2023
9 | Central Vietnam nuclear power 1 and 2 2 x 1,000 2026
10 | Central Vietnam nuclear power 3 1,300 - 1,500 2027
11 | Central Vietnam nuclear power 4 1,300 - 1,500 2028
12 | Central Vietnam nuclear power 5 1,300 - 1,500 2029
13 | Central Vietnam nuclear power 6 1,300 - 1,500 21130

Total capacity 15,000 - 16,000

The primer minister: Decision No. 906/Qb-TTg, 17/6/2010
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In order to implement the above program on
development of nuclear power plants, 8 locations
are planned for building nuciear power plants,
each capable of building between 4 and 6 nuclear

power turbine units:

a) Thén Vinh Trudmg, xa Phurde Dinh, huyén Thufin Nam, tinh Ninh Thudn.
b) Thén Thai An, x8 Vinh Hai, huyén Ninh Hai, tinh Ninh Thun,

¢) Thén Lo Liéu, x& Hodi M§, huyén Hoai Nhon, tinh Binh Djnh.

d) Viing La, thn Phi Hai, x3 Xuéin Phuong, huyén Séng Clu, tinh Phii Yén.
d) Thon Son Tinh, x& Ky Xudn, huyén Ky Anh, tinh Hi Tinh.

¢) Bili Cha L4, thén Binh Tién, x Céng Hai, huyén Thufin Bic, Ninh Thufn.
g) Thén Gia Hoa, xa Birc Thﬁng, huyén M{§ Bire, tinh Quang Ngii,

h}) Thén Vin Bén, xi Dic Chanh, huyén M§ Dirc, tinh Quang Ngii.

The primer minister: Decision No. 906/QD-TTg, 17/6/2010 124



Part 2. Basis concepts of nuclear power
plant technology

2. 1 Principle of the nuclear fission

Notron nhiét Nhigt n:“mg Notron nhanh
'h""'lr\,_ Notron nhiét
< >Pha.n hach it lam chim
Hip
thy
.

Simple model presenting principle of the nuclear fission 125



2.2 Basis structure of nuclear power reactor
and materials

Thanh diéu khién

Vanh phan xa MWhién l16u hat nhin

Thing 18 hiit 1am chim

it tai nhiét
.---"'--gj-1

Basis structure of nuclear power reactor 126



Main elements, materials and functions

Phiin tir Vit lidu Chire ning
Nhién li¢u U=, U™, Pu™, Chit phén hach
P!
Chit 1am chim H-0, DO, C, Be (51am niang hrgng clia notron
nhanh thanh notron nhiét
Chét tai nhiét H,0, D;0, CO,, He, Ta1 nhit lam mat 1o
MNa
Thanh diéu khién Cd, B, Hf Piéu khién mirc ting gidm notron
Vanh phan xa Nhir cde chét lam Gidm méit mét notron
chim
Thing 1o Fe &5/5 Chiu 4p luc va chia toan b ving
hoat
Tuotmg bao v§ Bé tong, H,0, Fe, Pb Bao v ch::ing buc xa

Cac vit cdu trie
khac

Al, Fe, Zn, 8/8

HA tro cde cdu tric trong lo




Nuclear reactor classification

50 | LOAI Tén goi Nhién ligu Chit lam Chit tii
TT LO chiim nhigt
l PWR Lo nuwde 4p luc Urani lam gifiu EH0 EH0
nhe 2-5%
2 BWR L& nurde st Urani 1dm gidu 20 20
nhe 2-3%
3 | WWER | Lo nwoce ap luc Urani 1dm gidu -0 -0
(LX ci) nhe 2-3%
4 | PHWR - Lo nurde ndng Urani ty nhién 0,0 D-0 H,0
CANDLU kénh ap luc 0,7%
5 GCR Lo khi prafit Urani tir nhién Grafit Khi He
0, 7%
f LWGR Lo nude grafit Urani tu nhién Grafit H.O
kénh dp Iyc gldu nhe
7 AGR Lo khi grafit can Urani tyr nhién Grafit Ehi He
tién 0,7%
5 FBR | Lo nhanh tdisinh | Urani lam gidu Khing Na

hodc Plutoni
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« Generation | reactors were developed in
1950-60s, and outside the UK none are
still running today.

« Generation Il reactors are typified by the
present US and French fleets and most in
operation elsewhere.

* Generation lll (and 3+) are the Advanced
reactors. The first are in operation in
Japan and others are under construction
or ready to be ordered.
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The third generation nuclear reactors are advanced-design,
including:

« ABWR designed by GE, in Japan

« System 80+ designed by CE (Combustion Engineering)

 Advanced PWR (APWR) designed by Westinghouse, MHI

« WWER-1000: AES-91, AES-92 designed by Russia

« APG600 designed by Westinghouse.

« EPR (Evolutionary Pressurized / European Pressurized
Reactor) — designed by Framatome and KONVOI (Siemens)
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Generation |1+ includes:

— Advanced CANDU Reactor (ACR)

— AP1000 — based on design of AP600 from
Westinghouse;

— Economic Simplified Boiling Water Reactor
(ESBWR) — based on design of ABWR;

— APR-1400 — developed from KNGR (Korean
Next Generation Reactor) using design of
System 80+ from US.
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Safety properties of nuclear reactor

generations
Thi o Xdc suftphd |  Xdc suft
hé Bic trung thiét ké huy ving thodt xa ra Vi du logn 16
) hoat, nim' | MT, ndm’'
Céc HT an todn chi déng + =107 = 10~ Phin 1ém cdc
I Toa nha bao vé loai 16 dang hoat
dong
Céc HT an todn chi déng cai | <107 -10° | <10°-107 | Sizewell, N4,
1I tién - Bz}t hgy corium & Quin Convoy,
Iy sur co + Tod nha bao v§ SystemnB(H-,
AES-91,
CicHT antodnchi dfngva | <10°-10" | Hiunher @ EPR, ABWR,
I thy dong: Elz_flit biy corium & l-zhﬁtng thi AP-1000,
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ry | nhurkhong co kha ndng nong tién doan ISIS, PRIS,
chiy viing hoat ("NLHN khéng SAFR, PEMR

¢d tham hog"




The lll and IlI+ generations have following
properties

To standardize the design of each generation in order to
shorten the licensing process, reduce investigating
expenses, and construction time

a simpler and more rugged design, making them easier to
operate and less vulnerable to operational upsets

higher availability and longer operating life - typically 60
years

further reduced possibility of core melt accidents, resistance

to serious damage that would allow radiological release
from an aircraft impact

higher burn-up to reduce fuel use and the amount of waste,
burnable absorbers ("poisons”) to extend fuel life.
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The IV generation

* The IV generations are designs of GIF
(Generation |V International Forum), followed

the initiative of DOE and 10 other country
memmbers.

* Generation |V designs are still on the
drawing board and will not be operational
before 2030 at the earliest.

* |[n 2002, GIF showed the Roadmap for 6
designs
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Part 3. Developing history of nuclear power plants
Development of different generations of nuclear power
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Developing history of nuclear power plants
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Experimental Breeder Reactor-1(EBR-1) at Idaho National Laboratory
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The world’s first nuclear power plant built in
Obninsk
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http.://englishrussia.com/2009/07/07/the-worlds-first-nuclear-power-plant/ 138



0 VVER or WWER-1000 (Water-Water Energetic Reactor, 1000 MWe)

19137
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Nuclear Power Plant
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Boiling Water Reactor (BWR)
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Pressurized Water Reactor (PWR)
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VVER nuclear power reactor
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Advanced Gas Cooled Reactor

Electricity to grid
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Fast Breeder Reactor (Liquid Type)
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