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1.1

1. Overview (i)
iR

HPR1000 Overview

“H—5

An evolutionary advanced PWR nuclear power technology
developed according to HAF, IAEA SSR, EUR, URD and the post-
Fukushima safety requirements

Taking advantages of proven technology, considering experience
feedback from PWR NPPs in operation and under construction all
over the world, keeping in line with the state laws and regulations

Improved safety, reliability and economic efficiency of the
HPR1000

TR BUATU S KRR, HEHAF/IAEA SSR/EUR/URD, LA
RESEHRHNLZEEK;

W—SRANBEN, ROFR T EEE/ A KENRRRIR,
ER—SREBRT 72N, TRMENE5TE.




1. Overview (;»)
i 47 LR
1.2 Roadmap of PWR Domestically-development & Oversea-introduction f&HTE

ACP1000 (CNNC) and ACPR1000+ (CGN) are developed based on over 30 years NPP experience in R&D, Manufacture,
Construction and Operation experience. is evolved from ACP1000 and ACPR1000+.

Independent design Independent design  Independent construction Independent R&D Independent R&D of

EIO%C\HI:I%?J(-)IO o QEEOfi%:'\gS_?O 5 of CNP1000/CPR1000  of CP1000/ACPR1000 ACP1000/ACPR1000+ efp—2r 2
=z} EEEl— BFEEECNP1000/ MEEBEEMRFN  ACP1000 =fIZEREA 1 =N
(CNP300) (CNP600 ) CPR1000 HCPI000/ACPRI000  ACPRIO0s  HPRIOO o Aekione oo
> ACPR1000+ #%
AREYER E#H—
SHRATMN=

Rz,

Introduction of Cooperative Introduction of Introduction of Introduction of
M310 ( Daya Bay NPP ) construction of VVER EPR AP1000

LingAo Phase | . R
5 RIS ER A BIFEIRISR—HA 5|3 VVERZER AR AR 5 |#EPRIZER LA 5[#AP10004ZFEB IR A 5
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2. Design feature

BABE [If'-/ !;lrg’zllﬁ
2.1 Technical Characteristics 4,

IRANFALE ® 177N 25 RIAFIRI RIS Rt ;
® 177 12-feet advanced fuel assemblies o ReshSIrREiEE SN eIENE;
® Active + Passive safety measures o IESIAINER3I180 MWt, HABEUEIIERA/NTF1200MWe;
® Reactor Core thermal power 3180MWt , o HIRZLBHR: CDF<1x106/HefE. LRF<1x107/He4F;
® Nominal Power 21200 MWe o HEFHTHRE>15%;
® CDF<1x10%/reactor e year o HIfFE:

LRF<1x107/reactor  year o ZL(EHINE03g:;
® Safety margin 215% o AEHEINELZSS
® Single-unit layout
® SSE:0.3g
® Double shell containment




2.1 Technical Characteristics

2. Design feature
BABE

(2/2)
IAFHIE

Protection against Large Commercial Aircraft Crash

Design lifetime of 60 years

Refueling cycle of 18~24 months

Average plant availability 290%

Minimum 30min nonintervention

Design features for Design Extension Conditions

DCS and advanced MCR

Improved in-core instrumentation inserted from upper head
IRWST

LBB

Solid Rad-waste Volume < 50 m3/reactor - year

Collective dose of occupational exposure < 0.6 person - Sv/reactor - year

MABRRA WIES
60FigitHam

18~244 B#ertEER

B SR AEER > 90%

BRI\ RATFRRS A AME T 3053
SeERNRIHY RN XITaHE
EHFUIERSE

HESBMETRSIN, BUMRHEE
NEETEHLRS

TETARERRRIKE
BRI

HETIERES AR, FFCEEIRR
YA B/ N 50m3/HEe 5

BRIV RREIERIATIE/INT 0.6 A« Sv/HEe
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2. Design feature

BRABE
2.2 General Parameters (1/2)
T2

Core rated power M EREIN= 3180 MW
Nominal power #EfEIHZE 1200 MW
RCS Operation pressure —[E={TEN 15.5MPa (abs)
RCS Design pressure —[ERigiHES 17.23 MPa (abs)
RCS Average temperature —EERFIYRE 310°C

RCS Design temperature —HEKIZIHEE 343°C

Nominal primary flow-rate (Best Estimated)

_ ~25000 m3/h/loop
REHESHFIRARIEHERE

Active length of fuel #ESEHERSE 12 ft
Number of fuel assemblies #rklB L 177
Average linear power density FI9&Ih=RBRE(SE) 181.2 W/cm

Number of control rod assemblies #Z4iisA sy 69




2. Design feature

F2H

BRABE
2.2 General Parameters (2/2)
Heat transfer area of SG SGHFAEFH ~6500 m?2
Secondary side design Temperature SGX MG IHERE 316 °C

Design pressure of primary containment
REFAFIRIESD

0.52MPa (abs)

Design temperature of primary containment

145°C
TEFNTRITEE
Containment Free Volume Z2£%BEHBTA >73000 m3
Turbine Rotating speed SECH14E1E 1500 r/min
Voltage of auxiliary power |~ FHEBEB[EELR 10 kV

10



2. Design feature
BRARBE

2.3 Design feature
AR ES

® Core Design Hhigit

177 fuel assemblies with 12 feet active length

Low leakage fuel loading pattern , refueling cycle of 18~24 months

Fuel assembly average discharge burn-up =45 GWd/tU

Load follow ability and Low-power operation ability

Capability of fuel cycle with MOX fuel

MHETH

L
m;ﬂ
Lt
TE
11

177481 2R IgFHEH

(Rt REET, EREERA18~241
EHFRITIEIRIREL> 45 Gwd/tu
B&RFIREEFIERIIRIZ 78S
BZ{FERAMOXBRIAEE




2. Design feature
BABE

2.3 Design feature
AR ES

® Core Design Hhigit

69 RCCAs

In-core neutron measurement system with SPND detector

In-core instrumentation top mounted, no penetration in

the RPV bottom head

m 6ORIEFIERMRLT
B SKAISPNDIARIHE SN ER S
B OERNERRAMNETUEA RIS T

A

A

ERHEf S AR |

14 AER S 3 v
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| BEEEs )
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[ ri

I ocs I
[RE240
L—1

B ITFHLA

EHERREAESF
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2. Design feature
BABE

2.3 Design feature
AR ES

® Reactor Coolant System  REIMESIIFIERS

The RCS of HPR1000 is design with 3
loops, each of which includes a SG and
a RCP. The pressurizer with electric
heater is connected to one of the

loops.

e —SHIRCSKA=IRKIRIT, MR
BE—PSCGHI— M RAMESAFIR. KA
RS AVIR ERRIE R H P — AR L,

Three-loop configuration
Pressurizer equipped with safety
valves, Fast Depressurization valves
Vertical U inverted tube SG

Shaft seal reactor coolant pump
Forged reactor coolant pipe

=IRER

RERA R 2R E S E TR
SRR

VA BIVBEE S AR ERR
RISRYLEFIER

13



2. Design feature
BARAHR a7

2.3 Design feature
AR WES
® Reactor Structure RNIEEEN
Reactor pressure vessel EHOEE B RPVIGLHESE0E, EH
Bea T BapFRARIE,
ToHNE4E
B —{MUERINER SN
RPVIREESIAN, RPVIESPT

B RPV design life of 60 years, the forged main
components without longitudinal welds

B Top mounted integrated in-core measurement

assemblies without penetrations at bottom of RPV SR/t
69 control rod assemblies B A REEEIEC9R
High point vent of RPV L

m SHHS.

14



2. Design feature

BRABLE

2.3 Design feature
AR ES

® Reactor Coolant System  REIMESIIFIERS

Steam Generator ZESk4E

Vertical inverted U-tube natural circulation SG
Large liquid inventory and steam volume of SG secondary side
Two stage Moisture Separator

Design life of 60 years

RBIVEBABRRSRESS
KRS ZSEFI7KZSE)
RN BE=EE
Zit5ETH605E,
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2. Design feature
BABE

2.3 Design feature
RithE
® Reactor Coolant System  REIMESIIFIERS
Pressurizer f&Es2
A vertical cylindrical shell, closed at two ends by hemispherical heads

Low carbon alloy steel

Large steam and water volume

Direct immersion electric heater of PRZ

B SRR AR TR

B RAREGENHEIE

B BB ARAYSKETE

B iSRRI R ERRAIEH
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2. Design feature
RARER 07 RN

2.3 Design feature
AR WES
® Reactor Coolant System  REIMESIIFIERS

Reactor coolant pump REIHESEIFIR

B Single stage and vertical shaft
B Reliable and efficient shaft seals structure

B The stand still seal system to maintain the integrity of primary system at least

72 hours under SBO (station blackout) condition

AR, U4,
RS RATERT
RRBIFEERHRE RS W TR F72/\ R FR<E,
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2. Design feature

BRABE ﬂlﬂ EII%E
2.3 Design feature
AR ES

® Safety system RE2EHR

TFA

ARERERREIRN

—>

Tailored safety systems to meet
customers’ demands

Red: active Green: passive

Option 1 iIf— ARIER PRI Option2  i&IR—
2 Active Trains + Passive features 3 Active Trains + Passive features

AR E RS +IFRE IR E RS "=HRENR E R+ IR E RS

18



2. Design feature
BABE

2.3 Design feature
A S
® Safety system RE2EHR

B DBC Counter-measures

RITEETREN RS
Defense in depth(Level 3)
NFEBHBE3IER

B DEC-A counter-measures
DEC-A RIXiEhE

Defense in depth(Level 4a)
YiRBHiHEE4aEIR

B Server accident mitigation
measures

FEESRIERRENE

Defense in depth(Level 4b)
YFEBHEHFEAbEIR

«Safety Injection SystemZF ZR 7

*Auxiliary Feed-water SystemZBi257K R %t

Containment Heat Management System & 27 E B IRR ST
*Atmospheric steam dump systemj( SHEZE 5

*Emergency diesel generatorsi S SEHA

*Passive cooling from SG secondary side _RMIAEBESIRIHEH RS
*SBO Diesel Generator SBOEE&

*Emergency Boron Injection SystemN 2 FNFR S
*Diverse Actuation system DASZZE
*Diverse Cooling Source ZHH4 1SR

*Diverse Containment Cooling System S L THESH RS
*Fast Depressurization System for RCS—IEIE%’H&EED}_%&S
*Containment Hydrogen Control System&ZEFoHSLZ 50

*Reactor Cavity Injection and Cooling SystemifEf=F/K /SN ERSE
«Containment Filtration and Exhaust SystemZEFoiT S HEER St

*Severe Accident I&C and large capacity batteries PR SR EAAIEREAE R EEE
*On-site emergency water makeup and mobile diesel generators]” XN 2#MKSHEEIER
19



2. Design feature

BRABLE

2.3 Design feature
RITTE
® Safety system RE2EHR

B Design Basis Condition Counter-measures

RITEETRNY RS

Improved configuration:

Independent MHSI
IRWST

large ACC
Improved Sump
strainer

Large capacity
Atmospheric Steam
Dump

Design enhancement to

prevent SG overfill

*  Automatic adjustment of
feed water flow

*  Redundant automatic
isolation of feed water
lines

* Additional SG blow-down
for accident

20



2. Design feature
BABE

2.3 Design feature
Rit7A%
® Safety system RE2EHR

B DEC-A Counter-measures
DEC-A RXJ+ETE

Typical multiple failure

Safety features

BRIZERIE S =i
ATWS Emergency boron injection system
RAE R DS HERIFRHERRS NSHRENZRESR

Station blackout (SBO)

SBO diesel generators/Standstill seal of main pump

SIZWTE SBOSE /A BEH/EREN AT
Loss of U.H.S Auxiliary feedwater supply + atmospheric steam dump
E?EEE'&%#“B# /passive cooling from SG secondary side

HEENLR7K B Fe + KSR X MIRHAHRH RS

Common mode failure of protection system

PRIFRFEHIRRR

Diverse actuation system

SRR S

21



2. Design feature

BABE
2.3 Design feature gtz
® Safety system

B Server accident mitigation measures EEHUERRIEHE

TEREH

Containment Failure

DEC-B phenomena
DEC-B &k

Hydrogen detonation

SRR

High pressure molten corium ejection, DCH

BEMCERYIES. Z2TEEMR

Long term overpressure

ZeERKHBE —

Basement melt-through

[EtRIEEF

I&C, Habitability and specific procedures
UERS, MRuRErIEEE, SRE

On-site emergency measures

MENMRFER —

Countermeasures

TRBLFNEREHENE

Containment Hydrogen Control System

JERERNHS RS

Fast Depressurization System for RCS

—EIFEHRIEE E

Passive or Diverse Containment Heat Removal Sys.
Containment Filtration and Exhaust System

ERENH SN R TRAESHRR/RETIIBHINRS

Reactor Cavity Injection and Cooling System

MEREEKSHRE

Dedicated I1&C control system for Severe Accident and reliable power

supply batteries; REZHMRBENEBETERHUEZRR,;

Habitability Design of Main Control Room and emergency facilities; 7&

BEEEIEESNRIRIE I EE L

Development of SAMG (Severe Accident Management Guideline)

FRTEEFHERAN

emergency water makeup, mobile power supply and connection
interfaces reserved

Brmghak, HEniR, HRBIEREED



2. Design feature
BARBE 07 R

2.3 Design feature
Rit7A%

® Diversity of Power Supply Z¥HLEBIERS

Two Independent Emergency Diesel SBO Diesel .
Off-site power generators +2 h batteries Generators/ DEC Mobile power supply
supplies batteries
PRESIRIZ] FMEEIIR N SS R SBOSEHAN/ BaEER

EI)ILEEII)?

23



2. Design feature
BRARBE

2.3 Design feature

RITHAR
I&C design (Mi=ZE%

B Optimized DCS system and the advanced operator
information system

B DAS(Diversity Actuation System),to cope with DCS
software CCF

B Severe Accident Control System

B Improved ventilation system, to improve the

habitability of main control room

DCSEARIBNREBRS:

DCSHRIA RS RIRAIDAS 54
PERIEHRS

RF =T REMY

S
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2. Design feature
BABE

2.3 Design feature

RITHAZER
Layout of Nuclear Island #ZS24%E&

Single unit layout

Double Shell Containment
IRWST to avoid failure of Safety injection wate
suction switch-over

Space separation between different safety
buildings

Physical separation between different series
All natural events and human induced events
related to site considered

Necessary protection measures for internal
hazards provided

BmE

WELE5T

IRWST, ERRSHAR T ER KRR BS
Zh=e BRIESR

RERFZ B

&7 RBS WHEXRISNEBEREHLL
RO A RS

B BAEBRERT T OITFRE T HEN
it

Enhanced protection against external events

DIERAYSMERR ERHHFEHE
SSE:0.3 g

Protection against Large ¢ E‘@@iﬁﬂ%O.Bg\m
Commercial Aircraft Crash  * ﬁ%ﬁﬁﬁ?(%$ﬂ}§$lxl‘l‘
External Flooding < HMEBKE




2. Design feature
HABE 7] HPR

2.3 Design feature

LIPS
® Verification Tests  j®{I&ISIIF
B Reactor coolant system FZR%

€ Main mechanical systems (such as RPV) are

progressively improved based on validation of

long term engineering practice from existing

Flow-induced Vibration Simulation
PWR NPPs Test of Reactor Internals

€ The design improvements are verified by tests
(e.g., Flow-induced Vibration Simulation Test of

Reactor Internals )

& HR—SFRG WESSEE) EFNEEX - N B\ Ey
i’ﬁZEﬂ}_ Kﬁﬂﬁiﬁﬁiﬁﬁ@ﬁﬁﬂﬁﬂﬁi&iﬁﬁ; - . Seismic Test of Control Rod

. Mixing Tests of reactor Driven Line (CRDL)
N, A As
& BRI, vessel down-comer ”




2. Design feature

BABE [If'7 !;lrg’zllﬁ
2.3 Design feature
Rit75%

® Verification Tests  j®{I&ISIIF

B Safety system ZREES
€ The configuration and operation of normal operating

systems and “active” engineered safety features have

been verified by long term engineering practice from
existing PWR NPPs
€ The design concept and technologies adopted for

“passive” safety features have been verified by specific

.p
%
§ >

2%

experiments/tests

Test of Cavity Injection Passive residual heat
€ IFRIETRFME IR RELTIBEK and Cooling System removal test for
secondary side
<H BRIGIEUFE; -
¢ T RRIITHIESHRAEBEE TN a6 ER e

HICIGIE, 27



2. Design feature
BRARBE

07 L

2.4 Feedback from Fukushima accident

BEEHIR

1. External Hazards /MBRE

«  Seismic design
*  Flooding design
«  Early warning mechanism

. HUEEEN
. BEEEN
. RETRENH)

3. DEC counter-measures
DECTI/RRRI4EhE

«  The robust containment design
+  DEC counter-measures
«  Development of SAMG

- BEERREFIRIT

- HETESKEESN

2. Safety function and .

accidents mitigation
REIeeNFHERR

SHHUEARRERNRLT

.+ EIRSHCSIRIE
© RISRMKERES

© LA SN

«  Diverse or passive design

«  Diverse power supply and defense-in-
depth

HPR1000 «  Emergency water makeup strategy

«  Spent fuel pool cooling and
monitoring function

Design

4. Emergency facilities
and emergency
Response R RighES RS R

« Radiation monitoring and
emergency response
«  Emergency facility availability

o EEFISNFIN S
DEC TRRIAHENE = ﬁé@'ﬂ?n

.« NRURBERT A
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Progress
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3. Project progress 1,4 ﬂ,l HPR
IRE#HE t£ ¢ BT
Fuqing 5&6 Units #Ei55&65#14H

Construction completion Installation of Reactor
pressure vessel

ENBRRER

of 5RX internal structure Introduction of the first SG

SRXPUERESHIRETSeRE BEHESRERSIA

]|

Commercial operation

e ——

[}
= 3 2 st
2017.05.03 2017.11.10 2020.01.15
t 1 S :9::::::,}8
2020.01.15
% Roof sealing First fuel loading
Hoisting . of 5RX BHIXEH
completion ' primary
| of the dome . Containment
S5RXAEZR
SRS LEHT .

0




3. Project progress  »4
RER 47 SR

FCG 3&4 Units BhlEkE3&4SHNA

Staged progress of internal
structure construction

POBRESHI 1. 6miRIB 2R

Introduction of the first Accumulator

HARHESIA

Start of equipment First fuel loading
debugging of Unit 3 of Unit 3
3SHFAEER 3SNEREH
8 A R 2020.02.29 2020.10.31
2017.10.05 '
t ® t >::::$:::::::::::::_‘)6
&

2017.10.16 2017.12.31

Staged progress of
, Containment
' Hoisting

MEREEhERER

31

Start of equipment
installation

“RRERR




3. Project progress 34
RER 47 SR

Other domestic projects EfttEAIRE

- Zhangzhou Phase |  EMN—HETE

.~ Ningde Phase I TETHITRE
-~ Taipingling Phase | K¥Fle—HATRZE
-~ Changjiang Phase Il ET"HATHE

The works of pre- projects proceed smoothly.

B /1 B AYRTHE TARIER I XU IR e

32



3. Project progress 44

RE#E [Il’ HPR

& 12 &l Bir

® Commercial contract
of C5 has signed.
o [AAEIZSSHIESITSH.

® The UKHPR1000 GDA
has entered Step2
phase.

Agreement with Argentine
Nuclear Power Company to
start construction of

e HFl, ®Eh—SERIKRIT
HEDLKHFNSTEP2IMER,

HPR1000 .
® The Pakistan K2 project started NI ® IRIELIE, FURSERFL
~ installation BEIR—EBELTER "t

o EENIBCHBEENTFRSRERENR £ 5 EIERENA.

33






4. Summary

” a7

(s = |

® HPR1000 meets the latest Chinese nuclear e HPR1000EEESFMIEIEEZEE
safety codes, taking into account the relevant il ERTRE TIAEARF SRR
IAEA Safety standards.

® Comprehensive consideration of feedback of

Fukushima accident and other good practice as o KR (HEWRLZEHAEET) E
appropriate according to Vienna Declaration X, FETBIEHIEHEHBER
on Nuclear Safety. T HEBRYFsLE,

® HPR1000 is a safe, clean, economic and ® HPRI000E%R%. B, K FHa=

reliable energy solution. e BTS2,
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FiE: 010-5723 4705

fEE: 010-5723 4774
www.hpr.com.cn

Hualong Pressurized Water Reactor Technology Corporation, Ltd.

A:No.8,West 3rd Ring Road, Haidian District,Beijing,100036
T:010-6836 1692
F:010-6836 1677
www.hpr.com.cn




