CAP1400 Design &Construction

LimTian

20133-06:-27




Z
SNETC Content

Nuclear Power Development Strategy in
China after Fukushima Accident

CAP1400R&D, Engineering design&
construction

Il AP1000Selfreliance Supporting
Projects

2013 6/ 28 iﬁﬁlﬁﬂ%ﬁ#ﬁ

SHAMGHAI NUCLEAR ENGINEERING RESEARCH & DESIGN INSS




E HRI% B
SNPTC

Nuclear Power Development Strategy after

Fukushima Accident
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O SNP"i'C Energy Supplying & consuming structure

US electricity \> Residential ( 35 %) >
generation .

Commercial ( 35 %) >

Fossil Fuel ( 69 %)

(Total: 3.831

Million GWh, /> Industrial (25 %) >
2008 )

> Renewable ( 9%) >
Nuclear ( 21 %)

- ———6ther ( 1%) = Other ( 5%) >
. China electricity
(Total: 3.643 /5.0

Million GWh,

2009 /quarter, 2013 ) >Residential ( 12.5/14) >
>> Commercial ( 10/ 12) >>

Other (2.5 %)

>Renewab|e( 15 %) >

Nuclear ( 2%) —
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Q BEEQ A NPPs all over the world
S

104 4]

FRANCE| 58 Z

JAPAN 50 || 3|

CHINA | 17 _ 28

RUSSIA | 33 | 10|

KOREA | 23 4

Under operation 13620MWe
Under construction 31660MWe

INDIA | 29 l7

CANADA 79 |

GERMANYZ | Units under construction:China28/ all the world 65

CZECHIC| 6 |
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SNPTC NPP Development Strategy of China

OnOct242012 Chi nese government
development pla2011:2020 6, det er mi ned

| Ssued ¢
nati onal

Safely and Effectively Develop Nuclear
Power

Adopting the strictest Safety Standards and
the most Advanced Technology

T
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SNPTC  Sirategic Opportunities Period of NPP

100 +
80
60 +

S

40 +

O T T T
2015 2020

® Under construction,GW
In operation,GW

More rooms in nuclear power development in China if all GllI
units are successfully operated.
V Energy demand
V Environment pressure
V Advanced technology Glll and GlII *
V Investment and enough manufacturing capabgity-:
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Large Advanced PWR Project R&D and
Engineering
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SNPTC

Background

A Project launched

2013 6/28
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CAP1400

Large advanced PWR

Project 2007

National Science
and Technology

Major Project
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SNPTC Background

A Why SNERDI?

SNERDI is one: of the: three- research: and design: institutes: - of
NPP im Chinau.

ClassA gualificationof engineeringdesign

ClassA qualificationof engineeringconsulting

ClassA qualificationof project supervising

ClassA qualificationof radioactive protection evaluation

ClassA qualificationof environment impact evaluation

Quialification of nuclear pressure retaining component design (issued by
NNSA)

Clasd, Clas2, andClass3 qualificationof pressurizedvesseldesign

8. ClassA qualificationof architectural decorationdesign

9. Intotal, 16 ClassA, 5 ClassB certificates and/or qualifications.

o0k wnNPE
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SNPTC Background

A Why SNERDI?

i The 15t NPPin mainlandof China, Qinshan
300MWe NPP with 2 loops PWR. Connected
to grid in Dec. 15, 1991

i Designof PakistanChashmaPPUnit 1.

i Technical support to CANDU-6 HWR
imported from Canada

i Designof Chashmalnits 2-4, Units 2 has
beenconnectedo grid attheendof 2010

i Development and design of Chinese
CNP1000with 100aMWe.

i Designof HongyanheCPRLOOONPP
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oo SNPTC Background

& Re-innovation Standardization :
Localization Design CAP150

+ feedbacks
+ Safety enhanced
o -

after Fukushima
Other CAPs

(APL000
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SNPTC Introduction

CAP1400three main inputs

1

ABased on the experience of the PWR technology R & D for mor
than 40years, construction and safe operation af6 NPPs for

more than 20years in China

of the world's first batch of AP1000units

-

A Based on lessons from Japanese Fukushima nuclear
accident

2013 6/ 28
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SNPTC Introduction

CAP1400aeneral nicture
A At

ar power
tec Ingle
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SNPTC General plant data

General plant data

Reactor thermal output 4058MWth
Power plant output 1500MWe
Power plant efficiency, net 34.4%
Mode of operation Baseloacandloadfollow
Plant design life 60years

Plant availability target> 93%

Seismic design, SSED.3g
Primary coolant material Light water
Secondary coolant material Light water
Moderator material Light water

Thermodynamic cycle Rankine

Type of cycle Indirect

BRI EWRIRIPE
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SNPTC General plant data

Safetygoals

Core damage frequency<
g . y 1E-6/ReactorYear

Large early release frequency<
g y . y 1E-7/ReactorYear

Occupational radiation exposure<
P P 1.0PersorSV/RY

Operation action time
P 72Hours

LR TRHRE TR [ n@'n ll_
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El RI%H
SNPTC General plant data

Nuclear steamsupply system

Steam flow rate at nominal conditions 22468kg/s (BEF)
Steam pressure 6.16MPa(a)
Steam temperature 274.8°C (BEF)

Feedwater temperature 226.7°C

Reactor coolant system

Reactor operating pressure 15.5MPa(a)
Core coolant inlet temperature 2843°C
Core coolant outlet temperature 3237°C

Mean temperature rise across core39.4°C rc.-” 5
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El RI%H
SNPTC General plant data

Reactorcore

Active core height 4267mm
Equivalent core diameter 3370mm
Average linear heat rate 18.1kW/m
Peak linear heat rate 47.06kW/m
Average core power density109.7Mw/m3
Fuel material SinteredJO,
Fuel element type Fuelrod
Cladding material ZIRLOE
Outer diameter of fuel rods 9.5mm
Rod array of a fuel assemblySquarel7x17
Number of fuel assemblies193
Enrichment of reload fuel at equilibrium core 4.95Weights
Fuel cycle length 18 Months
Average discharge burnup of fuel53102MWd/tU (assemblyaveraged)
Control rod absorber material Ag-In-Cd(Black),Ag-In-Cd/304SS(Gray) ,L
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SNPTC General plant data

Reactor pressurevessel

Inner diameter of cylindrical shell 4430mm
Wall thickness of cylindrical shell 22.5mm
Design pressurel7.3MPa(a)
Design temperature 350°C
Base material SA508 Grad&,Clasd
Total height, inside 12635nm

Steamgenerator

Type U type,Vertical
Number 2
Total tube outside surface areal46665m?

Number of heat exchange tubed.2606

Tqu'OUtSIde dlameterlzﬂ4§mmﬁ
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SNPTC General plant data

Reactor coolant pump

Pump type Cannedpump or hermetically sealed, wet
winding motor pump(backup)
Number of pumps 4
Pump speed 1500 pm
Head at rated conditions 111Im

Flow at rated conditions 21642n3/h
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SNPTC General plant data

Pressurizer

Total volume 70.79m?3
Steam volume: full power 37.08n3

Heat power of heater rods 195GW

Primary containment

Overall form(spherical/cylindrical) Cylindrical
Dimensions diameter 43m
Dimensions height 73.6m
Design pressure 0.443Mpa
Design temperature 150°C

Design leakage rate0.1volume%/day L
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El RI%H
SNPTC General plant data

Residualheatremoval systems

Active/passive systemPassive

Safetyinjection system

Active/passive systemPassive

Turbine

Number of turbine sections per 1HP/3LP
unit(e.g.HP/MP/LP)
Turbine speed 1500 pm
HP turbine inlet pressure 5.78Mpa TDF without pluggedtubée
HP turbine inlet temperature 2732°C TDF without pluggedtubé
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SNPTC General plant data

Generator

Type DirectDriven
Rated power 17222MVA
Active power 1550MW
Voltage 27kV
Frequency 50Hz

Condenser

Type Multi-pressure (cooling towers) or Single

pressure (direct cooling)

Feedwaterpumps

Type Motor driven
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SNPTC Malin technical features

2-loop configuration,1 hot and 2 cold pipesper loop
Passivesystem,no needof operatoractionin 72 hrs
IVR(InternaVesseRetention)and hydrogenigniters
0.3 g SSE(SafehutdownEarthquake)and 0.5g HCLPF
Compatibleworldwide includingUS Europe&CHINA

Main Technical Features of CAROOincludes:
Passive Safety Concept with Highest Nuclear Safety Criteria

Proven technology with Simplified System & Equipment
Modularization Construction with Reduced Construction Duration

Upgraded Nuclear Safety Features Based on Lessons Learned from
Fukushima Accident

Reliable Operation Expectancy, excellent economic pefformmance

> I>» >» >
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SNPTC Innovations

A Nuclear plant design is scaled up and reactor power is boosgdyy

\ "/ RReactor is designed with innovation. Reactor core emdlegdoxes of higkhperformance
fuel assemblies, with lower linear power density and MOX fuel (mix of uranium and
plutonium) loading capacity

\/ AReactor coolant pump withOHz is employed to avoid frequency converter from
long-time running, which improves operation reliability of RCP and reduces
energy consumption

\ / ASteam Generator is salesigned. By applying dryer with proprietary IPR, steam
¢ quality is improved

ASelf-designed structural shield building with steel plate concrete (SC) is capabl
resisting malicious crash of large commercial aircraft

2013 6/ 28 B3I EWRIRR
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SNPTC Innovations

" AThe reactor protection system based on FPGA (Field Programmable Gate Arra
technology provides higher level of safety

( AlIndependently developed COSINE software system is used to conduct design
validation and safety evaluation

/ AHalf-speed large turbine generator that is developed and manufactured
independently in China is employed

\// A Designed with innovation and optimization for steel containment vessel, safety
allowance increased, system layout improved and accessibility optimized

natural disasters. Especially, passive safety systems are capablesaffegéncy by

AFurther enhancing nuclear stationds folrt
supplying water to them aft@® hours of accident initiation to make sure the NPP is saf

2013 6/ 28 B3I EWRIRR
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SNPTC Innovations

A According to latest standard, radioactive waste treatment system i
designed innovatively to minimize the amount of waste exhausted

environment during normal operation

\/ A Improve accident management procedures, enhancedgmdent
monitoring to improve the capacity for power plant emergency
response

A Absorb the feedback from APO0Oself-reliance supporting projectSénmen,Haiyang

Alncluding :the latest design change, licensing application feedback, construction permit requirements,
modularization

2013 6/ 28 BRI EWRIZP:
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SNPTC

Y-

A\ EutiiierteriiaCiling nechah saxnpe's fentidicatinnlnGibscsani quesel 4
flood and other extreme natural disasters. Especially, passive saf
systems are capable of sslifficiency by supplying water to them

L essons learned from Fukushima nuclear accider

ot

after72 hours of accident initiation to make sure the NPP is safe

: ~

A Safe shutdown earthquake for CI¥®0is 0.3y peak ground
acceleration which covers most plant sites. Furthermore, the seis
evaluation demonstrates that the HCLPF of all sadetyle SSCs are

mi

Q.59

3

N

ABased on the requirement of current codes, the dry site requirement

for CAP1400can be satisfied which prevents all safgtgde SSC
from flooding

2013 6/ 28
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%I?I;T% Lessons learned from Fukushima nuclear accider

(" N
A Without being dependent on alternating current, the passive safety
system is able to keep the CM®0safe within72 hours after accident
initiation
.
/

A From72hours to7days, the noisafety grade measures are available t
offer reactor core cooling, days after accident initiation, the reactor
core can still be cooled with some extragife assistance

A Moreover, the cooling capability for spent fuel pool is also enhance

2013 6/ 28 BRI EWRIZP:
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SNPTC Validation test

A Modified

FIv
RC&Internals
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Validation Test

Hot perf¢rjjance fte

IVR metal layer heat transfer test bench J: ﬁ*;"l\ﬁ?f%#%%ﬂ}ﬂ: stea S
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SNPTC

Research & Design

Chi

nads domestic p

Chinese Government has paid

high attention to the

development of CAP400by

listing it asNational Science crgmeeing e &
and Technology Major
Projects.

Overl00organizations
Including Chinese nuclear
power companies, equipment
fabrication enterprises,
research institutes and
universities have participated, . ...
in CAP1400technology
development.

Nuclear Power Institute
of China

China Nuclear Power
Engineering Co., Ltd

State Nuclear Electricity
Power Planning Design
& Research Institute

+ 8% T

China First Heavy Industries

China National Erzhong Group Co.

Shanghai Heavy Machinery
Plant Co,, Ltd

Dongfang Electric Corporation
Shanghai Electric Group Co., Ltd
Harbin Electric Company Limited

Baosteel Group Corporation

Shenyang Blower Works Group
Corporation

Baotou Nudear Fuel Element
Corporation, CNNC

Baotai Group

Shanghai Power Equipment
Research Institute

Central Iron & Steel Research Institute

Pacific Welding Material Company

DHI & DCW Group Co., Ltd
Taiyuan Heavy Machinery
Group Co,, Ltd

Sufa Technology Industry Co.
Ltd. of CNNC

Shanxi Applied Physical
Chemistry Institute

Pangang Group Company Ltd

Taiyuan Iron& Steel (Group) Co., Ltd

Baoyin Special Steel Pipe Company

SIPAI

State Nuclear Power Automation
System Engineering Company

State

ower Equipm
Man cam ng Couled
State Nuclear Baoti Zirconium
Industry Company

52ig iR
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State Nuclear Power
Engineering Company

China Nuclear Industry
Fifth Construction Co., Ltd

China Nuclear Industry
22nd Construction Co., Ltd

China Nuclear Industry
24th Construction Co., Ltd

State Nuclear Power
Plant Service Company

Shandong Nuclear
Power Company

State Nuclear Power
Demonstration
Plant Co., Ltd

S

Safety Supervision Center,
Ministry of Environmental
Protection

Tsinghua University
Shanghai Jiao Tong University

Xi'an Jiao Tong University

North China Electric
Power University

Institute of Metal Research,
Chinese Academy of Sciences

China Nuclear Power Technology
Research Institute

China Institute of Atomic Energy

Northwest Institute For
Nonferrous Metal Research

China Nuclear Power Operation
Technology Corporation, Ltd

State Nuclear Power Technology
Research& Development Center

State Nuclear Power Software
Development Center

Institute for Standardization
of Nuclear Industry

China Academy of Machinery
Science & Technology




E R Research & Design
SNPTC

A International Cooperation

A CAP1400gains support and cooperation from dozens of foreign corporate
Including those from the US, Germany and Japan,;

Westinghous@JS) provides design consultation;

L&M (US) participates in instrumental control system
development;

OSU (US) participates in test verification;

EMD(US) and KSB (Germany) participate in the development of
Reactor Coolant Pump;

GRS(Germany) participates in engineering design verification;
Laboratories oODECD provide large amounts of test data;

Corporategrom US, Canada and Japan participate in equipment
material research and test verification;

o To T Do Do Do D>

LB TEMTIRIT

NGHAI NUCLEAR FNGINEERING RESEARCH & DESIGHN INSTITUTE




E R Demonstration Project

A Rongchengn Shandongsthesitefor demonstratiomplant

Ve

A SNPTC will complete the R&D of CARI00in
2013

A The first unit will be approved and certified in
2 2013including safety reviews by NNSA

[ I T TN
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E KX Demonstration Project
SNPTC

A Demonstration project with two CARBOOunits is going to be constructed in
Shidao Bay Rongcheng Shandong province in China

A The construction duration for the first unit is expected to be no moré&éan
e : nection and

_ated with
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El XX Demonstration Project

Milestones of CAR400demonstration plant:

-
@)

Connected to Grid

Conceptual Design Completed

EwZ i _
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Demonstration Project
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SNPTC

AP1000 self-reliance supporting project




ExRZEB AP1000Selfreliance Supporting Project
SNPTC

¥ Locations
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