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Complete nuclear industrial system in China supports nuclear innovation - - - - - - - - - -~~~

SNPTC is the organizer of introduction and absorption of advanced AP1000 nuclear -~ - - - - - - -
power technology, EPC general contractor of self-reliance supporting project and
industry leader of China's self-reliant nuclear power technology [

SNPTC carries forward China’s 40-year nuclear power R&D and designing practiceand - - - - - - - - - <]
experience ‘

Pakistan Chashma Nuclear Power Plant exported by China has displayed commercial - - - - - - - - - -=
value and a good record of safe operation T

SNPTC is the transferee of AP1000 technology and the executing body of the nuclear - - - - _ __ _ _ -
power self-reliance supporting project designated by Chinese government

SNPTC is EPC contractor of the world’s first AP1000s - — — — & — o o o e e e

CAP1400 inherits advancement and maturity of AP1000 - - - = - - - - - - o o e oo oL L= )

CAP1400 design principle & performance - - - - - - = - -« o L L L e |
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CAP1400% major improvement on AP1000 - - - - - & o L o e e =

CAP1400 development has gained support from Chinese government and pooled - - - - - - - - - - e
wisdom of global nuclear elites

CAP1400 will start construction in 2014 and begin operation in 2018 - - -~ -~ = - - = - -~
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Complete Nuclear Industrial System in China
Supports Nuclear Innovation.

Chinese government has taken nuclear power expansion as a significant tool to improve energy structure, alleviate emission of
carbon dioxide and meet national medium and long term demands for energy, From Dec. 15th, 1891, when the Independently
designed and constructed Qinshan MPP was put Into operation, to the end of 2012, there are 16 units connecting to the arid in
China’s mainland with the total installed capacity of 11688 Mwe (source: IAEA | PRIS), ranking the 8th in the world. They have
maintained a good record of safe operation for over 20 years. Currently there are 29 units (30970 Mwe) under construction which
tops the world In Installed capacity.

To support Innovation and development of nuclear power technology, China has established a complete nuclear Inclustrial
system, covering technical R&D, engineering design, test verification, equipment manufacturing, project canstruction, oparation

and malntenance and nuclear fuel supply,
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| he Industrial Lavout of SNPT

a—

State Nuclear Power Technology Company (SNPTC) |s one of the key state-owned enterprises in China's nuclear industry,

SNPTC undertakes the introduction and abserption of advanced AP1000 nuclear technology and serves as the general EPC

contractor of China AP1000 Self-rellance Supporting Projects by designing and constructing AP1000 nuelear power plants In
China's mainland per contract autharization,
SNPTC Is engaging In Independent R&D of CAP series NPP brand fealuring advanced passive technalagy, and will design,

construct and operate CAP 1400 Demaonstration Project,

SHPTC has established a complete Industry chain consisting of technical R&D, engineering design, equipment supply, project
construction and operating service of nuelear powar, conventional and new energy power plants, thus enabling the provision of

one=stop and menu-typed service,

—Industry leader of China' s self-reliant nuclear power technology and consiructer of Demonstration Project.
—Tachnology supplier of advanced CAP NPPs.

——EPC ganaral contractor of advanced CAP NPPs,
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SNPTC Carries Forward China's 40-year Nuclear Power
R&D and Designing Practice and Experience

Shanghai Nuclear Engineering Research & Design Institute (SERDI}, a subsidiary of SNPTC, has designed and provided operat-
ing suppart for Qinshan NPP Phase |, a pressurized water reactor of 300MWe, Ever since its commercial operation in 1991,
Qinshan MPP Phase | has maintained saund aperation and performance for aver 20 years,

Due to the safety and economy of Oinshan NPP Phase |, this 300MWe design has been popularized across Pakistan,
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Pakistan Chashma Nuclear Power Plant Exported
by China Has Displayed Commercial Value and
a Good Record of Safe Operation.

Shanghal Nuclear Engineering Research and Design Institute (SNERDI), a subsidiary of SNBTC, is the designer and tha
operation supparter of Pakistan Chashma Muclear Power Plant. CHANUPP Unit 1 with a generation capacity aof
J00MWe, was Initially connected to the gird on Jun. 13th, 2000, and turned over ta Pakistan for management and
operatlan fram Sep, 25th

The completion of CHANUFP Unit 1 reflected that Chinese PWR nuclear power technolagy has been integrated with
the international technology and management codes and standards. International Atomic Energy Ageney [IAEA)
considerad that CHANUPP praject, with a safe and rellable oparation, Is In llne with the international standards.

Since CHANUPP Unit 1 has been highly recognized by the Pakistan clients, China has been awarded the EPC Contract

forUnit 2, 3 and 4,
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SNPTC is the Transferee of AP1000 Technology and
the Executing Body of the Nuclear Power Self-
reliance Supporting Project Designated by Chinese Government.
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ontracl ':-..l-:_qr.iﬂg Ceremony for Nuclear Pawer Self—Reliance Program Suppurllng Project:
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The Annual Accomplishment of AP1000 Technology Transfer Contract
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Authorized by Chinese Government, SNPTC entered into a contract an AP1000 technology transfer with WEC Consor-

tiurm on Jul, 24th, 2007. The 3rd generation AP1000 nuclear power technology has been successfully introduced,
digested, and absorbed by the authorized Chinese enterprises during the 5-year execution of the contract,

SNPTC has been designated as the EPC general cantractor for the canstruction of the world's first 4 AP1000 units, also
known as China's self-reliance supporting projects, which are in smooth progress currently,

During the construction of these first 4 AP1000 units, SNPTC has organized a number of Chinese enterprises to
pramote the localization of AP1000 key equipmient.
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SNPTC is EPC Copg
World's FirghiR00!

F ey

The' warld's first AP1000, now under Installatlan of main system, 18 set fo |

connectto grid In August, 2014. SNPTC has led Chinese enterprises to campre- = B A .
T

hensivaly acquird the technology and knowhow far AP1000 dedlgn, equip- 'i i . I
i ;

ment manufacture and constructlon Work, :'. :ll g E;J

Bazed an AP1000, SNPTC campletae the standardized dedign of CAP1400 10 J ' . = ]
1

China which Includes nat only the best practice and lessans leamed from
AR1000Sanmen 1, 2 & Halyang 1, 2 projects, but PWR technologles and experls
ence accurnulated by Chinese pxperts In the last four decades, thus laying
technieal Toundation for the mass praduction of I'f:”uw-ui.l projects, The
standardizad design covers BO% of the NPP design activities, with the rast 208
Involving she-speciiic deslgn.

Thewhole international nuclear market will benefit from the globally competi-

tive equiprment supply chaln established by SNPTE for AR/CAP NPP.
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10




0

0
S




Natural Canvaction Air Discharge

PCS Gravity Discharge Tank
PCGS Gravity Drain Watar Tank e e

Spray Cooling
Extamal Natural Circulation

Waler Film Evaporation

L — w-w
Quiside Cooling Alr Intake :
——a T S

¥ Internal Nalural Circulation

Sieel Containmen! Vessel I 4 e
= CV Internal Caallng ahd
Natural Circulation

Air Baffle

CMT

Accumulator

CAP1400 inherits AP1000 Safety Concept and takes prevention and mitigation of severe events as its design
basis. CAP1400 adopts passive safety design concept and essentially improves the safety of nuclear power
plants. CAP1400 safety systems take full advantage of natural farces such as gravity, pressurized gas, natural
circulation, etc, This passive safety system is used (o remave the residual heat independent of active equlp-
ment. In case of accidents, the reactor core and containment vessal can be safely cooled without safety-

related supporting systems or operatars' intervention within 72 hours,

CAP1400 adopts the advanced ROBUST fuel assemblies developed by Westinghouse. Based on AP1000
design, capacity of the major equipment has been boosted and the design has been optimized, enaliling it
lo possess sixty years' design service life, mature application experience and mere canvenlent operation &
maintenance,

CAF1400 adopts and optimizes the modular construction technology which has been succassfully applie
in first-of-its-kind AP1000 units, significantly contribiuting to shartening construction duration, Improving
canstruction guality and reducing construction costs.




CAP1400 Design Principle & Performance
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CAP1400 Performance

Koy llams Targal
Thermal pawer 4040MWI
Elecirical powar ~1500MWo
Deslgn lifetime 60 years
Plant avallability =03%

Construction perod

=50 months (42 months follow)

Refualing cyela 18 months
Care Ihermal margin 215%

COF = 1X10%r
LRF < 10y

Oceupational radiation exposure

< 1.0 person « Sviyr

Tima period to keap safe wilhoul operator actian 72 hours
Operation mode Load follow by MSHIM
RCS pressure 15.5MPa(a)
RCS average lemparalure 3040
RCS HZP lemparature 291°C
—Etaam pressure (SG exif) & MPa(a)
L Fuel typa Improved 17%17XL PFA
No. of fuel assambly 193
—Dperali on Cyele length 18 months
MOX fusl loading availabla
Outage duration =17 days

Primary syslam

2-laap configuration, 1 hot leg and 2 cold leg pipes per loap

Salaly system

Passive syslem

Sevare accidan! mitigalion

IVR and hydragen recombinars/ignitars

Selsmic condition

0.3 g S5E, and 0.5g HCLPF

Fublic concems

No long-term emergency planning required

Regulation compliance

Compatible worldwide Including US, Europe &CHINA
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CAP1400 Main Indicators

Abarbing advanced AP1000 technology, CAP1400 takes reference from 40 year of design exparlence on pressurlzed
watar ragctor in China; adapts the bast practice and experience feedback from the ahgineering constriction of world
first AP1000 units as waell as the enhoncement measures for nuclear safery morgin bised on Fukushima Nuclear
Arcldant n Japan.

Through Improving Installed capacity, optimizing everall parameters, balancing plant deslgn and mndvating the
deslgn of key equipments, CAP1400 has further enhanced the safety of nuclear plant and envionmental compatibllity
and It Is more economical and convenient In terms of operation and maintenance. |
CAP1400 power output |5 around 1500MWe, avallnblility factor ovar 93% and design life 60 years. Compared with
AP1000; it s safer and more econamical, with better site ut/llzation rate and less radiation waste.

CAP14001s the cholceé for enviranmental harmony and a typical exampla of advanced technology, providing a auaran-

tee far future develapmant ond vislan,
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High safety and aconemy by reliable and praven {achnologles

High Plant Avallability

1. Plant design lifetime Is 60 years
. Less than 17 days for narmal refueling outage
« On-line maintenance capability

|
3
4. Reliable and praven technologies and experiences from AP1000 and necessary tests
5. Plant avallability =939

6,

« 18 months refueling cycle with the possibility of 24 months

1Ar4r

Top-level salaty as a genaration Il plant

« Passive safety system design

- Compatible worldwide regulation and URD

+ 72 hours without aperator action to sustain intact core and Integrity containment

. Over 15% reactor core tharmal margin

- Resistance of large commercial airplane erash

. Core damaqe frequency less than 1:10% yr

» Large release frequency less than 1107 yr

» Oceupational radlation exposure less than 1.0 person Sv/yr

» Long-term containment integrity after severe accidents kept by IVR and hydrogen
contral capabllity

, 10. Minimizatlon of the radioactive waste, less impact for envirenment

| 11, Considering of Fukushima event lessans

W0 s W B e pa ==

Operation flaxibility
1. Flexible of 18 to 24 month operation cycle length with less fuel cost
2. MOX fuel loading capacity

3. Load follow by MSHIM made, and without adjusting the concentratian of |
boran salution

Flexibllity for site

1. Standard deslgn af CAP1400 with conservative site conditions

2. Consider 0.3g 55E and 0.5g HCPLE, availabla for high seismic area
3. Consider both rock and soil geslagic conditlons

4. Design available for 50Hz, but also can consider 60 Hz

16




CAP1400's Major Improvement on AP1000

4

Compared with AP1000, CAP1400 has the following
Improvements:

. Improved plan! design, reactor power up by 20%

Optimizad overall paramelers, plant afficiency increased by 1%
Enhanced overall plant layout, bettar aceassihllily and
maintainability

Raduced weld joinls of main equipmeants, improved equipment

reliability and reduced inspaction costs lor operation

. Improved medule design and modular construction schame; further

noreasecd aconomical efficiency

5 Improved CV parameters and ADS level 4 design; safety systems

with higher safaly margin

Improved RVI design and higher IVR succeass rale;

Low-leakage reactor design adopted, RV fast neutron fluence rate
reduced, neutron shield axempted and risks of lobse reactor
componants raduced;

Deslgn for main pipe, main stearm pipe and SG Improved, and

possible flow accelerated corrosion and SG splill rata reduced,

10. FPGA-basad reactor protection system adoptad to enhance

reliability of | & C system;

Lessons from Fukushima acciden! are learnad and resistance
against earthguakes, lloods and other axtreme natural disasters s
strengthened. The passive safely system has supply capacity after

72 hours to ensure secunty of the power plant,

12. Radioaclive wasle dealing system 15 Improved to further reduce

discharga theraaof,




Comparison of Major Parameters (AP1000/CAP1400)

Major Parametera

Hressure of the Reaclor Coplant Syatem, MPada)

Reactor Power Qutput, Mah

Avarange Tamparature af Caoling, ©

AP1000

3400
300.9

Mumbar of Care Fuel Assamblies

Artlva Cora Haight, m

16.5

157

Type ol Slaam Ganaralons

DMBR Margin

Avarage Linaar Powear Density, Wem

4.267
A125

S —
>15%

CAP1400

4040
304
15.5
193

4.267

SNP140

>15%

187

181

6

5G Qutlet Pressure, MPafa) 5.61
Flaw Rate of Primary Steam Pipa, kgls 044

Containmant Voluma, m?

1122

Flow Rate of Raaclior Cooling System.myh

68110

82412

08380

75000

e




CAP1400 Development Has Gained Support from Chinese Govern-

ment and Pooled Wisdom of Global Nuclear Elites.

Innovative R&D Plutform of Large Passivie PWR

Shanghal Nuclear
Enginenring Research &
Design Institute

Nuclear Powar Institute
of China

China Nuelear Power,
Englnesring Co, Lid

China Muclear Power
Design Co., b, TGN

State MNuclear Electricity
Pawer Planning Design
& Resnarch nstitute
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Construct lan
Bperation

State Nuclear Power
Engingering Company

China Muclear Indisiry
Fifth Canstruction Co., Lid

China Buclear Industey
22nd Canstruction Co,, Lid

China Muglear Industry
zd4th Construction Co., Ltd

State Nuclear Fawar
Plant Service Company

Shancong Muelear
Power Company

State Nuclear Fower
Damonsatration
Plapt €o., Lid
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CAP1400 development has drawn greal atlention from Chinese governmenlt and is a kay national

selance and technology project,

Over 100 parties including Chinese nuclear companies, aquipmant manufacturers, research institutes

and universities participate in CAP 1400 technical devalopment.
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CAP1400 has also gainad international cooperation and support. Scores of companies
from US, Garmany and Japan are involved, wilh WEC (LIS) far design consultation, L&M
(US) far davelopment of | & C system, EMD (LIS)/KSE (Garmany) for RCP development,
GRS (Germany) for project design verification and OECD lab for test data. Companies from

US, Canada and Japan participate in equipment malerial R & D and verification las




CAP1400 Will Start Construction in 2014 and Begin
Operation in 2018.

With support fram partnars home and abroad, SNPTC will complele CAP1400 technical
| 2 & Din 2013, The first unit Is expectad to get approval (including safety evaluation) from

Chinesa governmeanl [n 2013, start construction in 2014 and begin operation in 2018,
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INTRODUCTION

NNC Jianzhong Nuclear Fuel Co,, Ltd (CINEF),
ckbone member company under the jurisdiction
of China National Nuelear Corporation (CNNC), so far

is the largest base specializing in manufacturing of nuclear
- fuel assemblies for PWR NPPs in China.

With technologies transferred from overseas partners and in a
way of sustaining self-innovations, CINF is hoasted of a capability
to manufaciure a series of fuel elements for NPPs of 300MW, GDOMW,
HOOMW and 1000MW, as well as low temperature nuclear heat reactors,
testing reactors, small reactors and [ast reactor conversion zones
while supplying nuclear fuel elements for [ull reactor cores, Having
manufactured and deliverad over 7000 high quality fuel assemblices
for NPPs such as Qinshan Phases 1and 1, Daya Bay, Ling Ao,
Tianwan, Ningde, Hongyanhe, Yangjiang and Chashma {Pakistan)
since the first fuel line set up in 1987, CINF makes a important
contribution to the plant operation in safety, stability and economy.
Achieved a great stride of developments in the field of manufacturing
fuel elements, CINF Is reputed as  “Granary of Nuclear Power”

EVOLUTION

1987 The st line o manufneture noclear el clements was set up,

1940 300MW nuelear el slements wore supplied for Qinshan NPP,
ending the history that no fuel elements supplicd in Chinn

101 Technology transfer of moannfeturing AFAZG Diel assemblios was
Tulfilled.

1095 AFAZG relomd of fiel iasemblics was teliverel o Dayn Bay NPP,
achieving the loealization of fuel assemblies for Layge NPP,

1908 S00MW [uel assemblies were exparted o Chshnas NPEP O Paldsian §

2001 Produetion line wos nidapted and upgenldod, suceonding in msmf -
setirlng AFASG high burnop foel assemlslios

2008 TI'!.'“IIIIII'W triursler of Illl'lillll'ilf-‘llil'ihg YVER FAs ail the relond of
FAs were supplied for tamwan NPP,

2006 ALL MB AFASG fuel assemblies were suceessully et e,
20LF A0 U Capacity Inerease Project will b compliid
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} UF, evaporation ]

U0, powdar is praducod by TDR (integral dry
raiite) process. The process prineiple bs thar the raw
materinl UF, s directly converted into 1O, powder
by hydrolysis and reduction in the integral rotary kiln
alter UF, is evaporated, and then the UG, puwﬂ.i-r
with uniform charneteristics i3 obtained by stabilization
anl homogenization. The [DR process s featured with
shorter ronte, higher nutomation and less dischoarges
af three wastes  ( waste gas, waste waler nnid industrial |
resldue )

CUNF has hoth IDE lines of 100 £UA and 200 105y

which were indopendently developsed.




: F5%4P/1DR Kiln 1 514k 1% %/ Homogenization device

> Conversion ] ' Homogenization

$E &l %/ Control room 4 B M 6%/ Analytic and testing device
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Being pre—compueted, granulated, spheroidized,
ete, the U0, powder is pressed inte eylindrical groen
pellets in o rotary press, and then the green pollets ore
sintered Into ceramic U0, pellets at high remperature,
Finally the finlahed U0, pellets are completed aftor
they e pround and inspected,

CINF has three UG, pelletilization lines, wlich
are eguipped with the advanced rotary presses, the
continuous push=type high-temperature sintering
furnaces and the grinders.

In ndelition, CINF has nseparate production ling
lor Gd-bearing fuel pellet whieh are used for the
Gydl=henring fiel rods

UO, PELLETIZATION

ANBRIE 18 &/ Pellet press
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ASER/ Pellets



o R B 5518 %%/ Sintering furnace o BEE i %/ Grinding line

a

e e

AEHRAN IS/ Visual inspection R FR I/ Weighing
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CONF has the complete lines 10 machine vadons
patrts and eomponent for fue] assemblies and nEsocinded
core companents, including top and bottom noztles,
spacer prids and small parts, The lines are equipped
with the digital, high precision mschining equipment

el testing devices

MACHINING PARTS & COMPONENTS

EEREE |
lﬂalding spacer grids)
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Plugging bottom end plug

Fuel rod consists of the zirconiam allay ¢lndding
Ll {rsetes] witly LIEh, preellisiz anied estheer puorts; prosenimzed
with hellum and sealed by welding at the ends, The
tuel rod Is conflivmed as a finlshed rod anly after no
defiet i found by the nonlestrueiive tesis of x -y,
 =scnnning and heliom leak,

CLINE has twa lines to manulmetoee Tuel rods, This
] vods e welded Iy high vacunm electron benm

welding and TG welding processes.

4 T/ Visual inspection
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Pellet loading J
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LINIEEIEY Top end plugger
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XA R/X ~ray examination £ M8 M Enrichment examination
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Fuel nssembly consists of the skeleton welded
Ly guide thimbles to grids and the fuel rods inseed
into it, CINF hog the capability to manulieture the
various types of (el assemblics and the nssociated
core components, inchuding A00MW( 16 = 16), AFAZG
(17 = 17), AFASGUIT = 17). ALL MO AFARG(IT < 17) and
VVER=-1000 fucl assmblies. The fuel assembilis
manufactured by CINF hove hean mainiaining the

gand records on in-reactor performances,

B 2RISR Skeleton welding

FA ASSEMBLING

B 224l Skeleton testing
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A TP A visual inspection

B W/ FA cleaning
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CONI'% AR are (ransported malnly by rallway
nndd supplementarily by romd. In 20012, CINEF initintod
a precedent that FAs were tranaported long distance
Tully by romid.

CINF has 26 professional iraln Inspectors, 3
troin drivers, 8 dispatchers, § managerial siafl and
L6 techniciang. Having 24 various-type railway cors,
230 transportation containers for fuel assemblies,
42 shipping contalners, 7 special purpose rallway
lines with supporting facilities, CONF can implenent
transportation of more than 2000 fael nssemblies

peryer.

FA TRANSPORTATION

£ 2 B E

Full road transport
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Shipping container with bundled FA containers

Examination before packaging
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E"ﬁﬂﬁ@f: 33 Quality Policy:

« GRS, B, & Esteeming quality as foundation, Pursning super axcellonee,
+ YAkt a, dTRFERE ., & Delivering customer with safe, rellable nueledr uel.

&Jﬁiﬁ_ﬂi_ﬂ-_ Quality Phylosophy:

# iRk e, & Cuunlity is thes Tife af an enterprise,

w R mERESE, # Quality is the salety of cusiomers,

o [ERBMIAE, # Cuunlity s the enhancement of efliclency,
w AR A # Cuality 18 the ereation of value

£ Wit Hiow:

Quality Values:
o A T T R 2 [T A TR S AR # To pateem customers’ satisfnetion as the highest qualily standored.
+ HEESEEm A # To eultivate the learning organizatlon and individunls,
o R F IR . # To promote the innovatlon manngement,
o A M Ah A # To dlevelop the win=win internal and external parinerships.

""" s W g o b A
e mojE B oMo R
Honorary titles ® & 5‘ WA £ B A D 2

sEFEBER NS | | e e s e

PEEEN) LEIRDTE cvTRRNBAR R R R METNeTR
HAAE DA Dy e BN LR Lo TR
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| QUALITY MANAGEMENT
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Fill, SXREEHWM, BWRRITHRN" HIZFTHE.
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Quality System

The quality manugement system with the nuelear safely code (HAFOO3) ag core and the standad 1800000 s gup—
plementarity has been created and the aperation mode with “the process control s mainline, te Do qualific-

ations as specialties and the supervision relense as principlo™  has boen developei.

100G, the first one of CNNC industries was awarded the certifleation by 1808000 standard quatlity management

RyRLEm,

¢ Siarting from the demonds of customers and taking into consldermtion of the final effort to realize the  “gero fallure

-

iH |Hi“|-"r||-|"|-|.1'|n!.'| ol :II”('EI'JII' el !'ll"l'll\"l'll."l:"l A “Iu“““'\: Pher commiltment for |I“i|-1i|.§'| el lll'l]?]l'”ll'll”lm the Teeidbinek

of experences, CINF aceamplishes the susiaining improvement

« Inheriting tradition and innovating to develop, continuously depositing, expanding and sublimating, CINF forms

her abundant-connotation quality culture and highlight the motive “One Quuality, Customer's Safety”™ | To guarantee
the effective implementation of quality nanagement sysiem and continuously rise the staff’ s quality consciousness
i aperntion levels, CINF Fresquenitly hiold the apecialty lectures and the aperation Leaining, and lll'h"l'll:lh the various

activitles of quality month (year), miass QO groups, eic.

o, BRI 7 Sy e

o = LR

— MR g

¢ UERRT, AR ARE, FLEWANE, JLIEN RS
o IR TSN, PAMIEER, BESRATAEINR

CRITERIA OF QUALITY ACTIONS

& Everything handled as per procedure,

+ Bverything implemented at a time,

* Everything rle=based, everything be in eharge, everything supetvised and everything

documented,

& Questioning work attitude, procise work atyle and mutual-exchange practics,




SAFETY AND ENVIRONMENT PROTECTION

CINFEMEZR S, HR. MENEMR £, G RFE~LSNER, &N
Fin BB RA, BAMAREF IR GRS, 28 R RIEZ R
FMMTEARAMNERE, CINFZIGRIZTTAE RFHEF R, SR, 2
M=, B MA LR E, EPENEREEFERT "REEERT
E" MR ERNT, RITAERETENE : , 3
Wi, RIEZEHRS, WE. 7TRIBIET, = ¥

CINFZIZ M imfT M M. st 5 —
A HE AR 4 B AT A 1%, e MM SR SR RS
T [ JE) a2 4 B o B 5 5 A 10K T 5 R ek AR L,
BHEERWEN.

CJINF implements the manufacture of nuclear
fuel elements in the conditions of safety, environment
protection and cleanliness. While getting good
production achievement, CINF dedicates herself (o
the prevention and control of contaminations, and
makes efforis (o reduce the occupational, healthy

and safe risks to guarantee the safety of nuclear
facilities, environment and personnel. With the
inherent safety of nuclear facilities, the three-shelter management for nuelear facilities
and nuelear materials and the moderm monitoring devices, CINF sirictly implements the
aperations and the operational controls under the rigorous nuclear safety supervision
svatem and at the atmosphere of nuclear safely culture “Nuclear Safety Supreme” | to
guarantee nuclear facilities operating safely, stably and reliably.

The normalized emission of active gaseous and liguid effluences from CINF's nuelear
facilities is only 1% of the national standard. The long-term monitoring data show the
radioactivity level in the environments aronnd the CINF facilities keeps unchanged in
comparison with the background level,

* 20034 18 13 1SO14001 FREEE 1 4 R IAIE

#* 2003, CINF, the first one in CNNC, passed [SO14001 environment management
system certification

% 200B4EI i GB/T28001 BRI {3 i & 4= F 18 {k R IAIE

# 2008, CINF passed the certification of occupation, health and safety management
system GB/T28001
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CJNF Technology Center is a state—
level enterprise center and also one of the
first batch of enterprise technology centers
qualified by the National Defense Sci-Tech
Industry. CINF has had more than 150
scientific research achievements in the

manufacture of nuclear fuels, of which
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SCIENTIFIC RESEARCH AND INNOVATION
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the project of Qinshan 300MW NPP development and construction was

awarded as National Top-grade Prize of Sci-Tech Advancement; and the

three projects (Localization of 1000MW Large-size Fuel Assemblies and

Innovation of Manufacturing Technology; Technology Research on Lo-

calization of Gadolinium Bearing Fuel Rods; and Manufacturing Techno-

logy Innovation of Localization of AFA3G Fuel Assemblies) are awarded

as the First Prize for Technology Progress of National Defense Sci-Tech

Industries.
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The low carbon environmental protection and green energy is advocated 1o
use in the world, it is a just opportunity to develop nuclear power, Positively
developing nuclear power is an important strategy of energy in China, our nue-
lear power is facing a new development.

CJINF commit herself to upgrade the technology of manufacturing nuclear
fuel elements, the equipment and the productive capacity, amplify the technical
routes, improve the product quality and establish the product creditability, meeting
the demands for the in-home nuclear power development and the export of nuclear
power. CINF makes effort to build itself into a modernized garden nuclear fuel
factory integrated in scientific management, advanced equipment, diversified
products, flexible manuflacturing, advanced technology, as well as high quality,
reliablesafety, green and high efficiency. CINF will stride forward to the strategy
target—to be a global top class base to manufacture nuclear fuel elements.
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Design and Simulation
of Nuclear Energy System

FDS Software
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Overview

Institule of Muclear Energy Safaly Technolegy, Chinese Academy al Sciences (abbraviated as INEST) was founded on basis of advanced
nuclear anergy ressarch leam (FDS Team) in Septamber 2011, INEST Is the proféssional institule focusing on basic research of nuclear
anargy salety, It 1s also  the Indepandent nuclear salely assessmenl and evaluation cenlar with the aim to promote the suslainable
davalopmant of nuclear saence and technalogy in China,

Supporied by the Stralegic Priorily Resaarch Program of the Chinese Academy of Sciences “Accelerator Driven Sysiems-Lead-Bismuth
Cooled Reaclor” and ITER related inlernational and domaestic projects “Fusion Nuclaar Technology and Matarial®, the main research areas of
INEST / FDS Team cover nuclaer reactor physies, nuclear reactor maleral, nuclear reactor lechinology, syslem enginaering & salely,
numearical simulation & visualization, medical physics & technology, alc.

With distinctive characieristics of cullure system and management slructure, INEST { FDS Team has more (han 300 mambers, and B0%

scientist statfs won Ph.D degrees. It undertakes more than 50 domaslic or international important projects, such as national *863° and "973°
projects, major research projects of the Nallonal Sclence Foundation, Inlernational Tharmanuslear Experimental Reactor (ITER) project,
International Alomic Energy Agency (IAEA) cooperalian projects, atc, It has published mora than 1000 papaers. & of them were collected by
“Essential Science Indicators (ESI)" and "highly ciled papars”,

ASIPP ASIFP
Fusion-Fission Reactor Technology
Hybrid Division Division

INEST * FDS Team -

1986 2003

Fusion Design Study Fission/Fusion Design Study

—l

"863"Program ' ITER Program ADS F;rngrarn P

| e W
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Nuclear Reactor Physics

Advanced conceplual design and research; Neulranics analyses and exporiments; Caupled neutronics-thermohydraulles; Plasma
physics; Nuclear fuel burnup and recycling optimization; Software and nuclear database; elc.

Nuclear Reactor Matarial
Low-activation struclural materisl developmenl; Irradiation exparimants and simulation; Material database development; Test Blankal
Module (TBM) fabricatian and exparimant; ete.
Nuclear Reactor Technology
Liquid PbLI / PbBI alloy loop; WatarHellum loop: TEM & trilium technalogy: Thermaohydraulics for reaciors; Reacior Special Equipment
and Technalogy, ale,

~ Syatem Engineering and Safety

Frobabllisiic salely assassment; Risk informed decision/risk monitor; Raliabliity analysis of complex systam; Translent safely and severe
accident managemenl; Economical analysis an nuclear angineering; Development of ralaled sofiwara and database; alc.

* Numerical Simulation and Visualization
Automatic madeling: Sclantific visualizalion: Virtual realily; Integrated simulation; Cloud computing & cooperalive work: Softwara
angineering far large complex syslem, elo,

© Madical Physics and Technology

Digital human modaling; Radiallon dose calculation; Inverse planning cplimization; Image-guided posilioning; Radiation biological effect;
Radiation shielding and enviranmaental protection; eto,

' Pringlplas

~ Systematic Developmant

Involvad with the whole process including system design, analysls and computation and virlual simulation,

Maodaern Innovations

Reflacting Iha recent progress in the gaod framawark and design.

= Medern Concepts of Software Design, Professional Management of Development Process
Software engineering theary ensured high reliability and performance.

= Friendly Human-Machihe

User-friandly, sclenlific visualization,

Good Applicability

Approprinte to fusian, fission of hybrid syslems.
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MEAM: Ovar 200 institutional users in =40 TQRM: The first seif-daveloped risk ARTS: Accurale | Advanced Radictherapy System
nallons analysis system appliad In the salety supports Intensity Modulated Radiotherapy (IMRT],
analysis In Ghinese nuclear industry. Image-Guided Radiotherapy (IGRT) and Dose-
Guided Radioiherapy (DGRT),
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First Prize of 2011 First Prize of 2010 Sclence and Technology Award First Prize of 2009
National Energy Science al China Nuclear Energy Assaclatlon Province-level Science
and Technology Prograss and Technalogy Award
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MO AM has been used by more than 200 institutions in 40 nations



Physics and Engineering Calculation

VisualBUS
SuparMC

NTC

MTC

TAS

Riska

RiskAngal TQRM
SYSCODE

ARTS

CAD-based Multl-Funclional 4D Newtronics Similatlon Syatom. - ! 1

Supor Mante Carle Calculation Program for Nucloar and Radintion Procass

Neutronies-Thermohydraulics Coupled Simulation Programess 3
Magnetic-Tharmahydraulica Gouplod Simulation Program =4
Tritium Analysis Program for Fusion System ]
Rellability and Probabilistic Safety Assessmant Pragram &
Risk Manitor for Nuclear Power Plant - - N 7

Systom Analysis Program for Parametar Qptimizatlon and Economie Assossmont of Fusion Roaclor—ee-3

Accurate / Advanced Radictherapy Systam-- - vl

Computer Modeling and Simulation

MCAM
SHAM
RCAM
RVIS

sviP
FVAS
VirunldDs

CAD / Image-Baned Madeling Program for Nuglaar and Radiatian Systom e 1]
SN Medeling Program for Nuclear and Radiation Systemn . 1
ME-SN Couplod Modaling Program for Nuclear ang Radiation Syatam. 12
Virtunl Reality-Bosed Simulation Platform for Nucionr and Radiation Bty 13
Scientifie Visualizallon Program 14
Fusion Viriual Assambly System remn . : 15

Virtual 4-Dimanalonal System for Integrated Design and Simulstion of Advaneed Reaglors—————muead §

Database Management System

FusionDB
HENDL
RiskBase
CROSS

Database Managemant Systom for Fusien . 17
Hybrid Evaluated Nuelesr Data Library 18
Database Management Syatam for Reliability Analysis . 19

Callaborative Ressarch and Seienco Resource Management Platform 20
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VisualBUS: CAD-Based Multi-Functional 4D Neutronics Simulation System

VisualBUE (s o CAD:-based milt-functional 4D Naoutronics simulation
ayatam, which @ devalopad by FDS Tonm basad on advancod computer
tachnalogy. Il main functions iIneluding CAD and (mage bpsed automatic
modaling, 40 coupled calculalion, dynamical & visualizad analyais and
milli-abjeclive aptimizalion, VisualBUS is supportad by a nucloar daln
libraries HENDL, Users can parform iadialion ranapen calculntion based
on Monte Carlo, discrate ordinales, characterstic and couplad mathods,
Bum-up edleulalien, matarinl aclivation, shutdown dose rate cajculation
and fusl management. And viriual sssemaly, ihermo-hydeaulics and safaly
analysis are also supparted as exlended functions.

VisualBUS hns won first prize of Nalienal Energy Bcignce and Tochnalogy
Prograss Award, first prize of Science and Technology Award af Ching
MNuclear Enargy Asaocialion, and Nl prize of Province-laval Eciance and
Tachnology Award
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Syslam Archilecliie

CAD ! imaged-Based Modaling (MCAM)
+MG /SN / MC:58 Couplad } MOC . Goomatriod
+=CT [ MRI / Bactionad Images
4D Coupled Multi-Process Caleulation (SuperMC, atc.)

+Radialien Transpor / Isolope Bumup ¢ Maledal Aclivation /
Irradiation Damage / Radiation Dose / Fual Managemani

+Supper Time:Dopandant Physical Problams in 30 Space
Dynamical & Visuallzed Analysis (RVIS)

+Zlatic / dynamic ghyslcal daln holds

+Human wirnual raaming & doaimalry assassmant
Multi-Objectiva Optimization (MOO)

+Artificially Intelligent algorithms

+Spaca oplimization of irmegular complex solulions
Muclaar Data Library (HENDL)

+Mulll=lunclion subs-librorips and many Kinds ol group anargy
siruciire

+Various kinds of physics affecis
+Croun seciion daln for nautron with anergy up to 150May

e ————
| ———
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Virtual Assembly for Complex System

Moutronics-Tharmohydraulica Coupling Translant Safoty
Analysis

Radiation Dese Calculation

“ Features |

mm———

Multi-function Seamless Integration
Intelligentized Dasign, Convenlent to Usage
Opan Architecture, Easy to Expansion

Inturnational Thermonuclear Experimental Reactor (ITER)
Exparimental Advanced Superconducting Tokamak (EAST)
Series of ather Advanced Roactors (FDS, ADS)

Pissthintion Wit Ionaing frsT EAST fitwiiirai
ITER At ivid Exivsri Cxvim Sl Ao
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e, P R i ik Prostinl Funiin Faacia 'w Bptatal Faian
Radcior FO&E4 Rapiganr FLI8-| iy Podicion FO3-8  Mapcior FDS-81
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SuperMC: Super Monte Carlo Calculation Program for Nuclear and Radiation Process

Particle transpor simulalion is the foundalion of mootor physics dasign
nnd radiatian shislding analysis. Monte Carle (M) mathod has notabla
advantages in doaling with complex. geemalries and mulli-gdimenaional

physics problem, It is becoming more and more systematic, mult-
unctional and inlalligent for MC codes in the world over ths pas! yaams,

Thie Supar Menle Catle Calculation Program for Muclear and Radiation
Frocess SuperhC, mainly based on Mente Corla mathods and
advancad compuling technigues, has bean develaped by FDB Team.
SuparMC which inlegrates aulomatic modeling, multi-physics calculation
and visualized analysis as a whels sysiem, based an MC, determiniatic
mathods (8.g, BN, MOC) antd couplod malhods, can perform radialion
irmnsport, jsolope burm-up, material actvation, radiption dose and
binlegy damage simulalions,

2018 - = RuperMEX Variuos Fartickes
301d frrrrsssnmremnsanninsnnnaan 5._.’."\“_'] Nyl

2013 prsssissssssnsaasmanas ‘Ju.pn‘\li jmﬂ-

1L N —— wamas Bujpu eS0T Natirning Flojon

01 peemreees K MO Nl o

2000 Jerasasa  NEPErMOD Presiescanch

Roulo Map af SuperMC

| Functions

“ Multi-Physical Calculation

+Radnlion ranspart, igolopic burmup malaral sclivation, radiation
damaga, rmdiation dose, biclagy damage computation

+ Simulntion in 30 space and 10 tima

+Fixnd source compuling and critical analysis

+MGC 1 SM / MOC and eoupled molhods

© Automatic Modeling and Processing of Complex 3D

Geomatry

+CAD / Image-based aulomatic modaling

+ Suppor arblirary 3D cambination of solids
Visualizntlon of Process and Results

+ Visuslized anolyais of resulls couplad with geomalrles
+Real-time panicles irmeking visualization
Varlous Particles’ Physical Processes Simulation

+Complele physical process simulation of nautron, phatan, praton,
elaciron, alo,

< Mulii-Functional Nuclear Data Library

+5upport multi-lunctional libmry (ranspor library, burmup lbrary,
nctivation library, matorial damage library #lo.)

+Support avalualion library direclly (ENDF ! B, JENDL. JEF. BROND

il |
+Suppen mull-formal wark library (ACE, MATXS, AMPX, ANISNB,
CARD, olo. |

= Accoleration Method
+Rich variance reduction echnigues
+MPI| and OpenMP hybrid parallal computing lechnology

+Effciont parallel slgadlhm on particles, space and dota lold
dacompasition

+Comprehansive service architeciure based on cloud computing
tachnology nnd efficlent sk schedule maihad

© Multi-Function and Systomatism
+ Contain main funetions of neutronics eompuling

+Mainly based on Manie Carlo mathad, coupling with MOC, SN and
alhir maihods

= High Performance and Intelligent

+Adoplion of sfficient parallal algorithm, advanced compular
iwchnology and rich variance reduction lechniguaes

+CAD ! Image-based aulomatic modeling and supporting diractly
impart of CAD / image mogels

+ Diroctly dynamic visuallzed analysis of msulis
- Broad Application and Easy Operation

+versalie and broatd applicalion area such as renclor design and
ardlysis. medical physics, nuclear doteclion, radiation shialding
atc,

+Usar oriented inlarfaca, sasy {0 uso
= Madularization and Excellent Expansibility

Applications

= Meutronics Caloulation and Analysis of ITER
« Analysis of China LEAd-based Reaclor (CLEAR)

ITER CLEAR
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NTC: Neutronics-Thermohydraulics Coupled Simulation Program

Introduction

Ramctor (ronslenis am complax high complax, nonlinear, inlaragiad
physical process, Sufficient conaldaralion of coupling of noulrenics and
thermal-hydraulics paramaters such &8 roactor power, reactlvily,
temparature and densily (8 requirsd for acourate lransient simulation.

MTC (Maulronica-Tharmohydradlics Coupled Simulation Program} (s @
multi-dimaensional, mulli-valeeity-flald, mulliphase, mullicompenant,
Eularian, Nulg-cdynamics code coupled wih n space: and energy-
dependent Asutren Kinolics model for ransient safely analysis of reactor,
which |5 devaloped by FDS Team.

WTC provides an integraied, consistenl, flexibla means, coupling lhe
advanend neutronics and thermo-hydraulics melhods, It Gan be applied in
tha flald fram the mulll-phase flow o nadmnics probloms lo many kirds
of renciors.
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HTC Ovarall Code Slruciurs

“ Functions |
- 3-Dimensional Neutronics Transport Calculation

#Mulli-group discrate ordinates (SN} quasl-swmilc method newtran
transpart equation

+Flux-shapm function nedtron llux distribution
+Ampliluda funclion kinelics paramatars

3-Dimentional Thermohydraulics and Structura Caleulation
+Indopanduent luld and atrudiura madal

+Mulll-valochyfield, muliphage, mullicomponen, Eoleran,  Huld-
dynamics madal

Accident Analysis
+D8A (dosign basic accident) analysls
+Sovore accidont analysis

+Thermal rencior / {ast reactor / subcritieal rencior translent safely
analysis

+ High Reliability Based on Advanced Algorithms

= High Accuracy Based on the Coupling of  Mulli-
Dimensional Transport Function and Multi-Phase Flow

-~ High Applicability Based on tha Deosign of Neutren
Saurce and Material Thermal Physical Properties

+ Autematic Modaling and Visualization

"Applications

- Accident Analysis of Fusion Driven Sub-critical Reactor

IF .

PEEETINNE. .

Fuslon-Brivan Suberitical Bysiem  Fyel lemporaturg, friction and cooalanl

velaaily  behavior under unprelaoiad
|oaa of fow accident

+ Safely analysis of Accelarator-Driven Subcritical
System (ADS)

i
- [ ' !
| - {
. i
‘ N | 1
J.

Accelpratar-Drives Bubanitical Systam (ADS] Tarnparmlure Distrbiilon

['I] Y, K& Snidy on Trangienl Safely Characlenatice for tha Fualon
Orivan  Sub-critical Reactor. Gradunta Unlvarsity of Chinase
Achdamy of Sclences docloml disseralkon, 2008,
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MTC: Magnetics Thermohydraulics Coupled Simulation Program

Introduction

Mpgretahydradynamic (MHD) I8 an imporianl lBsus In many maaarch
finlds, suoh as in the fusion bBlankest duul?n ple.. Tha cods named
Magnelie Thermo-hydraulies Coupling Code (MTC) haa boan davelopad
ty FDS team for yoars, which s based on (he eontrol valume malhad,

«MTC-F: Basod on commaercial software Fluenl and the B-
farmulation, | can oblaln axael solulions undar 1he condillon:
Ha<500.

#MTC-H: Wilh [ha wall 1eslad parallel code anvironmant and abllity
lo approach complex goomatry, MTC-H can simulate fusion liquid
malal blankat MHD flow aceuralaly and afciany,

WTC haa bean applied in the analysis of the MHD llow in Chinose |lquid
LiPh tast blanket module in ITER  and Chinosa liquid maml LiPG
peparimantal loop, DRAGON-Y Ipop. I hns promising prospact in
nucliar industry, airerafi lechnelogy, mealiurgy, chamical indusiry ote,

SRR T T —

“ Multi-Physical Coupling Field Simulatian Under Complax
Conditiens

+Flow fisld, slectromagnetic field and lemperaturs lield ane coupled
@ piva pecurato simulatian

+MHD flows of different phases under different convection
conditions and diffaranl magrelie folds disiibution can be
wimulaiod

+Ability lo Inslude mulliple solid walls of difforant conductivillios
< Reliable Simulation Capabliities

+Mpsh struciure pormits hybrid meshes of hex, prism and
irahodral elomants

+Wall lestod paraliol coda srwvironment
+Mulllpla strategios ta account for mesh skewnoss

= Based an Mature CFD Algorithm, High Reliability

+Uin Illl'nph or pﬂ.‘liitllbl'l frmthodd 1o salva Ihe Now Neld and Ngh
ralinpliity is mvnilnbla

+Basad on the unstruclurad mash, llexible considering comploxly
of gaomalry

+The consistent and conservative scheéms are amployéad (o
calculate the induced currant and ihe Lorantz force axoclly

+Exnct solulion for high Ha-10000
+Complalad the code validation an the 1EA cooperalion framewark

= Large Capacity of Compulation
+Using pamllel computing and accalemling the computing procoess
+Big-sized modol with larga amaunt of grids ean be computad

= Multi-Physical Coupling Fleld

#Flow llald, elsctromagnetic finld and lemparature field are coupled
I3 glve pecuralin simiulation

+Tha MHD flow under the condition of fusion liguid melnl blanket
can e gimuialed

Applications

~ DFLL-TBM with a Flow Channel Insert

2 € ot
e

:;- T

Tha ctous-sactian view of LL1
poloidal ohannel with FG!

Yaiocity profile s with one séol ol
i rrcell i ef ik &ida sl

+ The Results of MHD Flow In ITER-TBM

1
+ g

Volooily profiles in channain Cutrani digtrbulion in s
In ITER TBM channolsni TERTOM

[1] 7. Zhou, Z Yang, H, Than, 8l al. Code Davelopmant and Validation for
Analyzing Liguid Matal MHD Flow in Ractangular Dugis. Fuglon
Englnaaring mnd Design, 2010, B5: 17381741,

{21 T. Zhou, Z. Mang, M. Chan, el al. Praliminary Numetical Analysis of
MHD Flow of DFLL-TBM on the Single Coolanl Siage. Fusion
Enginasring and Dasign, 2012, B7: 1074-1078,




Basing on a series of Li-Pb blanket fusion reactor designed by FDS
Team, a tritium analysis program has been carried out to achieve +T inventory in reactor

the goal of _self—sufﬁciency analysis, trit[um_ fuel management ‘and = T Fuel Management

safety analysis, using software engineering method and Object- : W ]
Criented technology. In addition, TAS 1.0 could alsc support the design +Required T initial startup inventory
of blanket and fuel circulation system. A series of tests and +Doubling time for T breeding
applications had shown the maturity and effectiveness of the system.

+Breeding, burnup, decay

—— =" Tritium Analysis Related Modules Integrated
I'AS: Tritium Analysis Program

+T release into environment
for Fusion System = Open and Humanized Operation System for Fusion Tritium analysis

s
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A series of tests have proved TAS1.0 to be an effective and
accurate tritium analysis tool

Analysis on fuel cycle Analysis on breeding system
P Object Retase 3 Object EUHCLL Blanket
I ftem Ref | TASLO et Kt Tastl
- G2 0065 m" 0.067gm"

Mo 10.5kg 10.2kg

Mo g 39,28
= Tritium Fuel Cycle MoxM; | 203ke | kg Mo 28 8
i

Tritium fuel cycle Mass balance =

+|ITER DFLL-TBM
*Normal Condition: T release into environment
as HTO(HT)is ~0.011 (1.62)mg-T/year, much
lower than TBM annual release target 1(10)mg-
Tlyear
*Accident Conditions : ~40.4mg

T
- e

# Self -sufficiency analysis
~ Safety analysis
# Fuel management

+FDS-Ill analysis
*Results of Fuel Cycle Analysis
The minimum T inventory reserve in storage
is ~9.9kg
The double time for T breeding is ~886 days
«Tritium distributing after 1 year

* Eg Nonradioactive loss in subsystem s

¥ )} Institute of Nuclear Energy Safety Technology
‘/ - -
Chinese Academy of Sciences - FDS Team

TAS: Tritium Analysis Program for Fusion System
T gk n ‘rl'u“
Because of its radicactivity and violent activity, fritium is very easy to = T Self-Sufficiency Analysis
permeate out of the container during the fuel circulation, and this +Minimum TBR for self-sufficienc
will result in the loss of nuclear fuel and the potential radioactive Gl SUTIGIENCy _———
hazard to workers and the public. In addition, tritium control of fusion +Minimum T supply for self-sufficiency e :
reactors is one important means to achieve the goal of self-sufficiency = T System Safetv.Analvsis 3  ———
and environmental safety. Y ¥ y =3 | i

|

= LaTritim decay constant |
* [ Trvum fractional bumup in the plasma |
= N: Tritium burn rate in the plasma

T, :Tratium inventory in subsystem ¢

£ Tntium flow into subsystem 1
Tritium loss in subsystem i
+ Mean residence time of tritium 1n subsystem

[1] M. Ni, Y. Song, Q. Huang, et al. Development of Tritium Analysis ,
System TAS 1.0. Chinese Journal of Nuclear Science and ‘ |
Engineering, 2009, 29(4):355-361.

[2] M Ni, Y Song, Q Huang, Y Wu. Tritium Safety Assessment on High
<A o el - Tritium retentiva Temperature Liquid Blanket for Fusion-Based Hydrogen Production
- Tritiom permeation Reactor FDS-III. Fusion Sci. Tech, 2011, 60: 1125-1128.




Better Nuclear Energy Technology, Better Life!

RiskA: Reliability and Probabilistic Safety Assessment System

i’ll Introduction

PEA saftware is an indispansabla oal in tha PSA applications, sinca (he
mipdols used (o reflact the complex nystem, eic.. (he nuclear reacior, is
complicated, Slimulated by Ihe rapld progress of ihe nuclear industry,
how to develop an applicoble and efficient Probabillstic Safaiy
Azsesgmant syslam has emerged as a hol toplg,

FOS Taom hos devaloped B Inlagrated prababilislic sately aasasament
syslam, namod RiskA. RiskA con be used for aull tree annlysis, evant
tran analysis, uncerininty annlysis, human raliabliity analysis, common
coudd fallura analyais, sanailivity and impartnnce analysis.

i
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Main Furetionn and Structure of PEA Softwite

© Management of Reliabllity Data
+Datn acquisition and oplimizaiion
+hutematio coding rule ransfermation
© Fault Tree Analysis
+Qualiintive analyais
+Quaniilntive analyals
+Madal Iransformatian
+Acoruate analysis based on ZBOD / MCS algorinma
= Evant Tree Analysis
+Usar-friandly graphic modaling
+Qualitaliva and quaniitalive analysas of saqusnces
+Qunlitalive and quantitalive analysas of consoquances
= Importance and Sensitivity Analysis
+Varioua Imporiance analyses supported (FV, RAW, RRW ale.)
«Compononia and paramaler level sensitivity analysis supporad
“ Uncertainty Analysia
+Culek annlysis of confidanca intarval
+Common distributions supperiad (narmal, lognarmal, uniform ete.)
+Diffarant sampling mathods in almilation
= User-Friendly Environment
+Graphic medeling and aulomalls arrar-prone
+Scienlific visunization
+ Cuslom|zolion by usars anglly
+Lharta and iables created aulomatically

Externded Functions o= ]

= Fallure Mode and Effects analysis
" Ruliahility Predictien

= Reliabllity Block Diagram

= Expert System for Automatie Moadaling s

“* Reliable Modal, Efficient Algorithms
+Enhanced MCS / ZBOD, improved spoead and acturacy
+Sultable for real-lime fisk avaluation

+Wall-designed dals struelure, moking full use of computalion
MAOUTEE

- MNetwork Architecture for Resource Sharing
+Mulli-user environmant
+Coaperation modeling

= Graphic Modeling and Visualization of Analysis Result
+Mulual madeling via colornd graphs
+Aulomalic model farmal convarsion from other PSA softwan
+Custamized outpul supporiad
+User-friendly, sasy 1o learm

= Extansive, Intellectual Property Rights Resarved
+Upgrada and axtend aas/ly

+A plallorm based on which other advanced applicatlons could
being parormed (rek maniar ale.)

Applications

= Accelorator Driven Nuclear Wasta Transmuter ADS-CLEAR

= International Thermenucioar Experimaental Reactor ITER-
TBM's Safoty Analysis

Exparimental Advanced Superconducting Tokamak EAST's
Reliability Analysis

Third Qinshan Nuclear Power Plant Risk Monior (TQRM)
= Design of FOS Serios Fuslon Reaclors
Reliabllity Analysis of Laser Radar Systom, ate.

%

N
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[1] ¥ Wu, P Liu, L. Hu, 8t al. Dovalopment of on Integrated Probatistic
Safoty Assessmont Program, Chiness Journal of Nuclenr Sclence and
Enginearing, 2007, 27(3): 270=276,
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RiskAngel / TQRM: Risk Monitor for Nuclear Power Plant

Nuclaar aaloly s tha llfableod of the devalopment of nuclear anergy
Probabilistic Salely Analysia (PSA) plays o significant rala in {he
nuclear power planl. Risk moniter 8 & real-ime analysis tool 1o
dotarmina the poini-in-time risk based on sclual plant canfiguration,
which is an important application of PSA, A risk manitor can moniter
the instantaneous risk In ordar to keep the plant's rigk level undar
esntfal. It can also halp to demonstraie flsk awarenoss ie ihe
fnucleal regulatory authority,

RiskAnpal Is a risk monilor  that was devaloped by FD& Team
indopendanlly, which was convanient te customize far the Ruclear powar
plant according to the actual requiremant, In collsboration with Third
Qinshan Nudlear Power Company (TANFC), FDS Team mnde RiskAngel
as a rlak monlior pratolypa in ihe devalopmaent of the Third Clinshan
nucloar powar plant Risk manitor{ TQRM) succassfully. The operation of
TGRM domonsirntad thal it was heipiul o Third Qinshan nuelsar power
plant (TQANPP).

B (T

Instantanesus Risk Caleulation

+\arious inatantanecus fisk calculalions (e pro-solved oul sois
mathod, resdlving the PEA modal and hybrid mathod 1o combing the
lormar two logethar)

*Advaneat snd efficlent calculalien methobs

+Advice and suggestions given on technical specification
Components’ Impartance Analysis

+iarious imporiance scalo (ineluding FV, RAW, RTS aie,)
+Lised for th malatenance schadules and selociion of §5C
*Intarface preserved lor athar imporlance saleulations
Mode Transformation

+Long:term and ahor-tarm mainlenances echedules

+Test for componant's oul of service and back to servico
Log Management

+Riik oparaling log

+0luery acoording la arbilrary ime point
Intalligant Output

*Profassional standard reparts and charls aulomatically ereatad
+Wisunlization af analys/a msull

“ Network Architecture for Resource Sharing
“ Optimization of Maintenanco Schedules
Evaluation on Both Safoly and Economics

Fast and Eficient Instantaneous Risk Calculation
+Advanced instantaneous sk caloulation {eg MeFarm)
+improved Faull Traa Anslvai (sg ZB00 / MCE}

Excellant and Reliable Malntenance Schedules' Evaluation
+Campanent's oul of sarvica and baok to serviee annlysis
+Long-term and shorl-lerm maintenance sohaedilss

User-Friandly Interface
+Variaus interfoce siyis
+Designed lor all pawar plani permonnel

Exlensive, Intellectual Property Rights Raservad
+LUpgrade and extand convanipnlly
+Customized accord to tha specific requiremanis oaslly

TONPP haa two T20MW CANDU (CANadian Deulerum Uranium}
reactors designod by AECL (Aomic Energy of Canada Limilad) which
ard (he only Iwo Pressurized Heavy Waler Ranctors In the 15 aperating
renciors In Chino nowadaye. In order ta Improve the pedormance ol
ihese reaclors continuausly, TOMPC rolagatsd (he devalopmant of hor
risk monlior e FDS Taam n 2008,

As Chinesa lirst sofware in nuclear salely analysis wilh full intellectual
properly, TQRM has basn developed, which was cambined the pelual
requiramant of TANPP on the basis of RiskAngel

TQRM hns been oparaiing in Third Cinshan nuclear powar plant #ince
2010, Tha exparience of TORM operating in TGNPP showed that the
calculalion engine was aceurale and efficient and tha architociure was
slable, and il could be extended and mainialned convanlantly. It has
providod @ lot of good acvice for ihe operation of the plant and ployod
an impartant role in the risk-informed application,

9 LT R R TR

111 Y. LI, Devalopmant and Agplication of a Risk Manier for Nudaar Powor
Plant. Chinega Acadomy of Scinnces, 2010

[2] H. Wang, Y. Wu, ¥. LL &t al, Schware Davelopmant for Bisk Mani
Hutlear Power Pinnts, Nutiear Power Enginaaring, 2000, a0 ﬁ?é%r._lgu
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SYSCODE: System Analysis Program for Parameter Optimization and
Economic Assessment of Fusion Reactor

® Introduction

Fusion powor 18 slill in early stages of developmenl, although the
fonsibility of fugion enerpgy has boen widely varilied, 13 aconomic
officlency atiracts more and more ailention In [ha research community,
Tha msrarch on he malhodology on fhe fusion enargy economics and
ha u:lwlupmm of analyses sofiwaro tools has baoen placed on lhe
nganda.
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 Functions
© Systam Parameter Design
+Phyaical parameler compulalion for reacior caro

+Equllibrium configuration aptimization

+Dynamie simulntion of equilibrium svalutllon during discharging
prOCens

- -

denign Tor sysiam paramaiers " 0 r
L]
} I
] . '
dischargs simulation chmn

= Econamic Evaluation
+Ecanomic data sourca provided
* Graphical modeling, text model supported
+Rovigable scenomic madel
+Efficioni sconomic eompuiaiion system
= Sensitivity and Uncertalnly Analysis

+Economicl analysls for various facls { direct cost, indirecl cosl,
financial cost, elo. )

+Tha acquisition of influentlal pammaetar seguence fof sconamic
afficlency

+Monin Carlo sampling lechnolegy (stralilied sampling, lalin
hyporcube sampling mathed, sle.)

“ Design Optimization

+Differant oplimization malhods [ neursl network algorithm, gounalic
algorilhm, simulnted annanling algarithm, alo. )

+Dynamic display of aplimization resulls
b —— [T — -
— = -‘." - —
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Ogtimizution Salling GanalicAgoriihm

+ Raliable Calculation Mothods for Sall-Consistant Physical
Parameters of Reactors

= Economic Analysis System
{ Integrated Inner and Culer Conl Caleulation Mathads §
Accurate and Effective Parameter Optimization for Fusion
Reactor

{ Advancad Melhods )

= Versatile Economic Computation Modals
{ Can be Applied to Fusion, Fission ar Hybrid Systams }

Physical paramaler oplimizalion and sconomic analysis have [een
carried oul for @ seres of fusion sysloms including FDS-1 (Fusion-driven
Suberiical Systam),

Vinunligalian of FDS-|

[1] &. Zhang, . Huang, L Hu, ol al. Economic Azsessmen| af Fusion
and Fusian-driven Suberilical Systems based on Inlernalization of
Extarnal Costs and Banefils, Fusion Enginearing and Design, 2007,
B2 2870-2884,

[2] &. Zhang, D, Huang, ¥. Wi, Praliminary Ecanomic Anairlln ol the
Fusion Powar Reactor FDS-11 Power Plant with Dual-Cooled Lithium

Lead Blanket, Chinase journal of nuglear science and Enginearing,
2005, 25(2). 188-192
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ARTS: Accurate / Advanced Radiotherapy System

Introduction

Radiolrarapy 8 ona of tha most imporiant lechnologies for cance
tremtmant. Tha key lssuos reloled 1o the improvemant of tha trealmant
accuracy Nava bean studled and the Accurnte / Advanced Radiothorapy
Systam (ARTS) had baan doveloped by FDE Taam. Intensity Modulated
Radiptharapy (IMRT), Image-Guided Radiolharapy (IGRT) and Dose-
Guidad Radiotharapy {DGRT) have been supported by ARTS. Strict
phantom and clinical tesl proved thal ARTS wai alleclive

e \RTS-IMRI1 .
T FEENTE N
- I
‘F?I Ty

3 w |

Treatmant Planning System (ARTS-IMRT)
+Imagn management. Image importoul putinetwork (rmnsmission

+Organ contouring. various of manual and automatlc segmentalian
tnols

+Imaga lusion; imndmark:based fusion, aulomalic fusion
+Forvnrd planning / Invarse planning

+Plan ovaluglion: plan comparigan, doga-yoluma-hislegram (DVH) ,
Isodosar line, point dosa otc

- Real-time Pasitioning and Tracking System (ARTS-IGRT)
+MV [ KV ¥-ray Imnging based positioning syatem
* Continuous and step motion styles of the couch

= Real Uma Impge scouisition, display | impart / axparl and
flaxible procassing

+Inlrared positioning and Irmcking systam
= Real lime monitoring of lwmor target

= Provide galing end  wamieg  slgoal lof Ihe  sccelarmior
Continuous and slap maotion siylas of the couch

» Dose Raconstruction and Verification By!tﬂl‘ﬂ l:ﬁ.RTS-
DGRT)
+Plan Impord: manage (ha glan and dosa information

+Dosn Roconsiruclion: mconsifuct 30D dose distibulion  during
this trealment

+Doga Evaluation: Fluange evalualion, 2D dosa avaluation, 30 doss
avaluation

e

Feature

= l
-i;.'.‘u =l

Hybrid Dose Calculation

+Fast analylie and accurnte Monte Carlo coupling dose caloulalion
mathiods

+Sallling Ihe conllict of accurncy and speed in dose caloulalion
and providing praclical dose anginea for leaimanl planning
disign

- Intaliigent Multi-objset Optimization in Inverse Planning
= Accurate 3D Dose Roconstruction Madal

| et :
s =y
e

!
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Exparimanis waera carriad oul based on anihiopomorphie phantom and
clinlcal canper coses, Ihe reaults verilied the validity of ARTS. Using
ARTS-IMRT to make tha design of an iInverse plan for prostate cancar, [t
could get tho satisfying plan wilhin one minule; the acturacy of 30730
Image rogislralion and Infrared posilloning ond tracking system of
ARTS-IGRT can faach ta the sub-millimatar laval; ARTS-DGRT can
reconsiruct 30 dosa distribulion delivered to palienl | the devialion wilh
1he maniured dose is less than 5%,

[1] ¥. Wu, 5 Gang. B, Cna, elal, Developmaent of Accurate / Advonced
Radipiherapy Treaiment Flanning and Guallly Assurance Syslam
(EETB). Chiness Physios C (HEP & WF), 32{Suppl. 1), 2008: 177-
18.2.

2] ¥. Wy, G. LI 5. Too, el al, Ressnreh and Davelapment of an
Accurala  advanced' Radiation Therapy Syalem (ARTS), Chineas
Journal ol Medical Phyaics, 2008, 22(6); R3-800,
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MCAM: CAD / Image-Based Modeling Program for Nuclear and Radiation System

Introduction

MCAM ina CAD / Image-baged automalic madalng program for nudlanr
and radiation syatam (MCNP, TRIPOLI, FLUKA, Ganantd, Supar MC, alc.)
dovaiopad by FDS leam. Repsarchers could achlove fas) “design-
cnlculation-analysis re-dosign’ progrosses with MCAM based on CAD
motels. MCAM |s also capable to convert CT / MRI / sectioned color
images into accurale buman compulationdl phantoms, which would bo
applied In medical phynics and rdiation prolection,

The devalopmenl of MCAM hae bean started since 19989, and # has
baan used by hundrads of inslitutes in mare than 40 countrios @l aver
ihi werld,

Simulation Modal

~ Converter

+Convarting CGAD modols inlo |he simulalion modals. MONP,
TRIFOLI, FLUKA, Guants, Supor MC, olo. warn supported

+Converting CT / MRI /| sectioned Images human compulnlional
phantoms far MCMNP and EGS alc

= Inverter

+Convarting naulonics modals inte CAD moadela for visuahzalion
and Turthar updmta

“ Proprocessor

*+Importing and fixing possibly oxisting orrors In the anginearing
CAD modala for simulation

= Geometry Modeling

+Cronta and modify primitive solids wilh  crealian, booluon
oparalion, array, move, rolale, slice oparations olc

= Madel Analysis
+Intorattive analysis of gaomatry visunlly

+Ediing physics alidbutes visually including malarial, tally ond
sourca dafinilion

A0~

- Applications

MCAM has bean successfully appllad 1o nucloar analysis of fusion, fission
nnd fusion / fission hybrid nuclear syatom, madieal phyelcs, and ole

= ITER {International Thermonuclear Experimental Reactor)

ITER modeling of nauironios modal

{AlE-4) and i|8 diveriop WTER btk bibdirg in MCAM

CLEAR (China LEAd-based Reactor)

Enginearing Modsl Sirmulition Mosdil

* Rad-HUMAN (Accurate whelo-bedy Computational
Phantom of Chinese Adult Female )

An accurate whola-bedy computallonal phantom of Chinesa adult female

called Rad:-HUMAN was created by using MCAM from color photagiaphic

Imnagas

| 4
References

(1] ¥, Wu, et o, CAD-based Interface Programa for Fusion Neutron
Transport Simulalion. Fusion Engineering and Design, 2008, Bd:
10871982

[2] Y. Li, L. Lu, A Ding, ot al, Banchmarking of MCAM 4.0 with tha ITER
3D model. Fusion Enginesring and Design, 2007, B2 2861-2866.
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SNAM: SN Modeling Program for Nuclear and Radiation System

“ Introduction

SN Modeling Frogram for Nuclesr and Radintion Syaiem (SNAM), s an
aulomatic modaoling systam lor SN codes, which realizes the aulomalic Bi-
dirsclionnl conversion batween GALD models and SN (Discrete Ordinalos)
code Inpul fles, Analyals could shift the lime-conauming, ofor-prana
goomolry modaeling processes into CAD systems by using SNAM, It
avolds Ihe simpliicalion of geomoiric models, which exislts in Iho
canventional laxl-based manually modeling processas. So ha medaling
officlency and resolution are obviously enhonced.

[ A Ans | | vhuams |
] e
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Schomairs of SNAM funtrona

+ Gaomatry Modaling
4 Crontion of baskc modils, such as cubes.
+Modal modilication, such as array, Boolasn operatian.
+lmpert [ axport al varlous lormal,
+ Chack and M of geamalns amors.
© Physics Modeling
+Supporling many Kinds of aburces,
+Graation { Edil of source geomatrias
+ With Nexible interfaces
+Selling matenal ol pafs
+Manageman! al physics-ralaind paramalors
= Conversion (CAD — SN)

+Digcrelize arbilrary complex CAD goomotries Into SN gaamalry
modals aulomatically

+Ablo to genaralo full-formad SN input files.

~ Reversion [CAD - SN)

+Paran varlous daim in SN input files, and reconsiruct rolaiod
fgecmalras

DiReraliEawon of ginhi i ae

Features

© With Proprietary Intellectual Property Rights
Compatible with Various Kinds of CAD systems
Characterized by Automatically and Visually Modeling
Supporting Modeling for MC-5N Coupled Simulation

Essy ta Extend, Due ta the Companaent-Based
Architectura

Applications.

= Automatlc Modaeling of ITER Benchmark Model

+Distributed By ITER (Inlemalionsl Thammonuclon:r Expanimantal
Ranctor) organizalion

+Characterized by large volume, large number of solids, ond
complax shapes

+Caloulation modals could be automatically genemted wilhin half
an haur on ordinary personal computors

+Raaull from puto-genarled SM modal has a good agreament
wilh the MC enloulation.

Wark Nlow chisl of SHARK

"
Raferences

[11Y. Wu, FDS Team. CAD-based Intorace Programs for Fusion Nouiron
Transpord Simulalion. Fusion Enginearing and Deaign, 2009, A4
1987-1962.

(2] P Lang, J. Zou, 5. Huang, el al. Developmanl and Appilsation of SN
Aute-Modeling Tool SNAM 2.1, Fuslon Enginesring and Dasign,
2010, B5: 11131118
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RCAM: MC-SN Coupled Maodeling Program for Nuclear and Radiation System

" Introduction

Coupled Monte Carlo - dincreln ordinates MC-SN ihree-dimansion
parficle transport simulation computationsl schame I8 usad o solva (he
daop ponelrafion problam. The Monte Corle melhod s used 1o simulnte
thar paricle gonoration and transport In the targal roglon wilh balh
complex geomelry ond reaction physics, and ihe discrole ordinnlos
muthod is usad lo treal lha deap penotration problem in the bulk shisld.

RCAM combined Ihe funchons in MCAM and SNAM logether, which is
able 1o generale the coupled madals for MC and SN codes computatian,
and could saaminssly cooparala wilh the aimulation coded In the
uackground 1o carry out ihe Bclual Eﬂuﬁﬁﬂ calculations,

m

« Modeling for MC-SN Coupled Simulation

+hodel analysis provides goometry information (surface equation,
lypa,gemociry mlumu}, and supporis a variely ol woys of
randaring the madel (wire frama, hidden iine, trangulnted)

+Modeling for MC-EN coupled calculplion sulomaticaly selac
comman surlace, decomposing madal for MC mglon | SN raglon
and coupled region. Canverling Ihese madels (o inpul les of code
ol coupling MG / SN mathad

o saaprinl
ywilisn
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.. e Tt
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= Bi-Directional Transfarm of MC and SN Model

+ With the bridge of GAD data, bi-dimctional transform Belwpien
MG model and SN modal is parformed

MG modal 8, maili)

= Component-based Design, Easily Update and Customizad
* Support Neutral File Format, such as SAT, IGES, STEP
Intallectual Annlysis, Provides Geometry Infarmation

< Extend of Attribute of Madel, Combings the Geometry
Information and Physlcal Informatian

Applications

Tha ITER banchmark model s |ssusd by ITER IT (Intemabonal Team )
o compare and Iesl 1he various Bulo-modeling programs being
devalopad in tha ITER PTs (Poricipant Team). |t comprisos many
complicate modals |, In order to accuralaly calculale the neurolics
curraney in prolection megon, it musl be I.Ibll'lg l:l:luﬂlh'lg MC /BN mathod
1o salve ithis problem. According 1o reguirement of calculaling, wi
decomposing the whala model inlo 3 pads: MC naglan ,Ctl.l[.!-ﬂl‘lg ruuiun
and SM region. With the help of RCAM, and finally produced MCNP inpul
file, tort input Hle and coupling MC /SN Inpul Ble

Waorklow ol modaling (or MC-8H eouplad aimulalion ‘

[1] Y. Wu, Q. Zeng, ¥. LI, st al, CAD:-basad Interface Programs for Fusion
Neution Transpart Simulation, Fusien Eﬂu“’lbﬁ'ﬂﬂﬂ [ D&ﬂﬂl‘l, 2008,
Bd; 19E7-1882

[2] 4. Zhang, L. Hu, Q. Zeng, ot al, Cavelopmant ond Application of MC-

&N Coupled Auto-Modaling Tool RCAM1.0, Fusion Enginearing and
Deaign, 2011, BS: 2783-2786,
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RVIS: Virtual Reality-Based Simulation platform for Nuclear and Radiation Safety

I_'h_tl"-‘pﬂ'i.‘lﬁi'.i_'b'ﬁ?_;

Bue 1o the tske Invalved, work scenara in nuclear and radiatian
anvircnmenl s always designid taaed on exports’ and past exparience,
wilhoul considafing faulta in plant doalgn, human wrong oparation by
unakiliful handing, risks associated with unprodiolable slluation, So the
auggested work scenprios  ans plways fol tho oplimal scanarnios
aceording 1o as low as reasanably achipvabla (ALARA) principla,

Baged on dighal reactor and Rad-HUMAN, which |5 a whola-body vaxel
phaniom of Chineso ndull femala dovelopad by FDS Team, a Virtual
Renlity-Based Simulation Plalfarm 1o Nuclear and Radiatlon Sately
named RIS has hean developed for dose asspssment and ALARA
syaluation of work scenarias In nuclear and radiation anviranmani

L o

t—l—-ll—l—'—

Visualized Analysis of Dynamical 3D Radiation Flald
Couplod with Geometry Model

+Multl-glyln visunlized analysls af multl- dimaniional dals

+Dimetly suppor (he caloulation msult of MGHP { TORT { VisunlBUS
CAD-basad Modeling and Virual Assembly Simulation of
Complax Compaonents

+ Compatible wiih common CAD syslems

+CAD-based automatie modeling for neutronics and radialian IranBpart
basad on MCAM

+Ragl-Uma simulition and accurate collision delaction
Virtual Roaming Simulation and Organic Dose Evaluation
in Radiation Environmant
+Virtual simulation of wark process in radinlion arvircnment
+Besl-lime sensitive organ dose assessmant based on Rag-HUKAN
+ Accuralo ovaluation of nocumulated dose anel individual doss
Waork Scenarios Design and Optimization

+Interactiva design of shiekding, mainlanance and docommigaion work
seanano in radiation anviFanmeant

+ Aulomatic opimization af scenaria based on rrulll-pbjactiva
eptimization algonthm

Features

5%

Wall Support Multi-Users Based on CliantiSarvars Modal
Roal-Time Accurate Assessmant of Organic Dose Rate

Auto-Optimization of Worker Scenarios Basod on Multi-
Objective Optimization Algorithms

Large-Scale Virtual Scenes Based on PC

international Thermanuclear Experimental Reactar {(ITER)

+Malntenance Beanarios simulation and Organic deso
optimizalion for divarior maintanance of ITER

Applicalien on ITER

+ China LEAd-basod Reactor (CLEAR-)

& Tha Sirategic Priorily Ressarch Program ol Ghineas Acndery of
Solences “Accelaratar Driven Sub-crilical Sysiam (ADS)

Radialion dosa assnasmant for lafgal replacemont

i Experimantal Advanced Superconducting Takamak (EAST)

Applicatian on EAST

References

(1] Z. Tang. B, Long, 8. Hunng, el &L Roal-Time Dose Assassmant and
visualization of Radlatien Fleld lor EAST Tokamak. Fuslon
Enginoanng and Design, 2010, 8E(7:0) 15911504

21 ¥, Lup, P Long, ¥ Xun, ot al Devalopmant of Intogratad Vi Izmth
J Platform SVIP Tor Meulrenics Analysis, Chingsa Ej]mmm'l ;?',;L::Ih?:lr;
=ignca and Enginearing, 2007, 27(4): 374 - 376,
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SVIP: Scientific Visualization Program

“ Introduction

With the dovalopmant of compulor sconee and scianliic calsulatian
muothod, scientiiic caloulation esulls bocoms mare and mare complex
and large=soalo, and urgantly nead (he suppor of visualization software,
Howavar, comnvanliongal visualization soltware often focus an ha gonaral
visunlization functlon and fallad o take inle nccount thie characloristics
ol various Nields, ao can nol directly provide affecliva suppon

SVIF i a scientilic visualizalion program sell-devaloped by FOS Team
lat viarious larga-scale complexd data. || nol only suppors a vadialy ol
convenlional visunlizatian operalions, but also provides a varioly of
ndvanced visunlization funclions, SVIP suppora the post-procasaing of
various caleulntion pragmm and providas integralad visunl analysis,

SVIF successfully auppor VisuslBUS, SuperMC, MCNP, TORT,
FISPACT and olher imporiant scienlific colculation programs

Functions

= Data Impart, Managemant and Processing
+|mpan and axport of muli-format dalo
+Munagaman! of mulli-cain sal and mulil-visual scans

+dupporting |he reguisrzalion of data and (he pralreaimant of
ciitting

= Visualizatlon of Data Fleld
+Misuslizalion of 10/2D/30/4D
+Rapid 30 visunlization based on 30 lexlure mopping lechnology
+Flaxibly mulli-contour viguall zalion
- Import, Management and Display of Geomatry
+ Juppan vairlous geamaliy fofmals, such as! STEP 3IDS, WRL.
+Group-based dain managamant and interaciive propany adition

+ Supporl varlous graphics mprasaniation, such as surlncs color,
Iranslucent display

= Mapping Volumetric Data ento Geometry Surfaces

+Mupping valumetric data onto arbilrary geometry surlaces based
on 30 texlure mapping technology

Mixed Visualization with Data and Geomatry

+introducing geomatnz modals inlo visualization scene (o realize
fexible visunl dola analysis based on geomalrio pasilioning

1000

“ Features

With the Proprietary Intellectual Properiy Rights

Real-Time Valume Rendering Based on 3D Toxture
Mapping Technology

Mixed Visunlization with Data and Geomatrios

Mapping Volumetric Data onto Arbitrary Geometry
Surfaces Based on 3D Texture; Introducing Geometrie
Modals into Visualization Scens to Achieve Flexiblo
Visual Data Analysis.

Integrated Environment for Scientific Visualization

Applications

Banad an SVIP, various slyles ol visual analyses hove been conducted
lar the neutronics caloulations data of ITER banchmark model and
CLEAR-IB reactar modal,

- International Tharmenuclear Experimental Reactor (ITER)

China LEAd-based Reactor CLEAR-I

+Projoct supporied by the Simtegic Frionty Rosearch Program ol
ther China Academy of Sciences “Accaleralor Driven Sub-crilical
Syslom{ADS)"

Misulran llux fold of CLEAR-IB reactor

F
References

I11Y Lue, P, Long, G. Wu, ot al, SVIP-N 1.0: An Integraied Visunlizalion
Platform for Meulronics Analysis. Fusion  Engineoring and Design,
2010, BS{7-H9): 1587-1500,

121 ¥ Luo, P Long, ¥. Xua, of al. Dovalopment of Intogratod Visualizalion
Plalform SVIP Tor Maulionics Analysia, Chiness Jourmal of Mudlsar
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FVAS: Fusion Virtual Assembly System

Introduction

Virlual assembly is an afflcieant way to shortan design eyele and
improve quality. But canvanlional viriual assembly sysloms
amphasize nasembly simulotion based an viflual hands withoul
pifacilve consideration of asasmbly simulation roquirements af
Inrgo fncllilies.

Fusian Virlual Assambly Syslom (FVAS), self-developed by FDS
Team In China, 8 8 VR-based (Virlual Reality, VR) opplication,
which alma 1o make or assisl wilth assambly-ralalad anginosring
docislons lof Inrge [acilities by providing assembly planning.
nvaluation, and training functions.

FVAS has bann successfully applied in Experimentsl Advancaed
Suparcanducling Tekamak (EAST) of Chinn, Tasl Blankel Modula
for Intarnationnl Thermonuclear Exparimantal Resctor {ITER) and
China Load-Alloy coalad Reactor (CLEAR) ale.

* Functions
Automatle Assembly Modeling

+ Mol only palygon-lacel geometry Information, bul also any ausembly
information used during assambling, autsmatically ranalpting Irom
CAD o VR

Multi-Way Assembly Planning

+Manually virlual assambly

+Agsambly path planning

+autamaltic path planning
Multi-Viewpoints Based Flexible Virtual Roaming
Record and Roplay of Assembly Processes

+Agsumbly infarmation (s automatically reeorded in unit of assembly
anippat during assambling. And tha snippat based replay is vory
useful for expregeion of pRasombly procassas

" -I'éea,t'u:r-,au:

Integrating CAD and VR Data
+Automatic data iranalation batwean CAD and VR larmats,
Separatlon of Display Scene and Collislon Deteclion Scene

+Mat only guarantying (he assembly pracision, bul alss  enhancing
the display frame rate

User-Friendly Assambly Oparation Interfaces
+Save and Load of Asseambly progresses
+Rucard nnd Replay of assembly procosses
Matural Realistie Virtual RMH‘HHQ
«Vigwpoint-based roaming mechanism. nalurally imitate human oyes
+Multi-viewpainl based obsarvation, |argely convenient

=15

Wirlunl Aunambly of ITER-TEM

China LEAd-based Reactor [CLEAR)

|1 |
e I THEI

Walidation of Befusling Syitam fad CLEAR:|

© Experimental Advanced Supercenducling Tokamak (EAST)

: @

e

—

Yirlual Assambly of EAST

(1] P Leng, S Liu, Y. Ve, et ol. Design and Tesling &f the Fusion Vidual
Assombly System FVAS 1.0, Fusion Engineuring and Daesign, 2007,
B2 2062-2066.

(2] P Lang, 5, L, Y. Wo, Prallmingry Design of the Fuslos Vidual
Aszombly Systam Based on Crane. Computor Simulation, 2007, 24{
A) 231-204,
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Virtual4DSs: Virtual 4-Dimensional System for Integrated Design and
Simulation of Advanced Reactors

Muclear enefgy and nuclear lschnology research s an Imparant
nalional sirotagic issue, Howovar, thare gonerally exisl two imparant
shornages for axigling nuclear relaled software. On onn hand, hese
aofiware am designed only for one single sconaria, ean'l supporl tho
anlire design oycle; on the olher hand, they can nal suppor the design
ol advancad nucloar anorgy syslems

VirtualdB8 (Virual 4-Dimansienal Systom for inlegrated Design and
Simulalien of Advanced Reactors) nol only suppers the anlire design
cycle, but also suppors tho daaign of advanced nuclear roonclors.
VinurldDE can be folarred 1o as “Digilal Reactor®, and can be axianded
s “Virual Plast® for support of operation aimulslion and decialon.
making of nuclear powaer plants

This aystem has been applad 1o fhe |ntermational themonuclear
exparimental reactor ITER, the fusiondlission hybrid ranaclor FOS-1, ha
luglon power reactor FDS-, the high-temparature hydrogen genarallon
lusion reactor FDS-II, Ching IEAD-bosed Reactor CLEAR and olher
nuclanr energy avalems. Il s an integrated platform for the design and
simulation of nuokar energy systoms,

Digital Reactor: VirtualdD3
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Functions.
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40 Multi-Physics Coupling Simulation

+Naulranics, Thermal-hydraulics, Magneto-hydiodynamics,
mechanics, system accident onalyasis, probabilistic snfsly
asspgsmant, anvifenmantal impacl assessmant, yBlam acanomy
anilysis, slo

3D Virual Integrated Enviranmant

+Virtual nssembly, viewing, malntanancs, ccaupational dose nssesamant,
i

+Naturally inmraction based on advanced Intermetive virual mality
dhrvicos

CAD-Based Autamatie madeling
+Support CAD goomatrias

+5uppart CT / MRI / Sactionad Images
Dynamical and Visualized Analysis

+Multi-dimensional and mult-sivia roprosanialion
rendaring, dynamic visunizallon,

+Inluitive, effliciont visualized annlyam ﬂll.li.'lhng wilh peamalrias
+Raal-lima inlafactiva visunlized analysis for varying dala field
+Human virtunl roaming & dosimatry nssessmant

volume

-186-

Time-Dependant 30 Multi-Physies Coupling Simulation
Automatie Modeling & Visualized Analysis

* Integration with Design Capabilities and Operational
Simulation

= Auto Coupling of Multi-Simulation to Aveld Data tslaned
Opan Architectura, Easy te Expansion

Radinbion olsinbulbon durky ITER sollvated
i EF1OF il v

China LEAd-basod Reactar (CLEAR)

Meulron Nus disliailon of
CLEAR

Rndiation dodi niasasmant
fur Wrgel fapincamant

[1] ¥, W, L. Hu, P. Long, et al. Development of Dealgn and Anslysis Softwan
for Advanced Nuclear Systems, Chinese Jourmal ol Nuclesr Science and
Englnmaring, 2040, 3001} 42-50

[2] ¥, W, FDS Team, CAD-basad |ntorface Pragrams for Fusion Neutron
Transpor Simulation. Fusion Engineering and Deslgn, 2009, 84 1067-
1882




) ) Institute of Nuclear Energy Safety Technology
= Chinese Academy of Sciences - FDS Team

FusionDB: Database Management System for Fusion

Intreduction

Fuslon anargy davalopment |8 a complex & |ong-tarm project, which
noods cooparalion aver Ihe world. Now, Fualon apergy dovelopmant is still
in the pariod of resanrch & dasign, gatharing & ahorng lusion dala & one
ol the moel imporiant lasks. FusionDB is tho firsl online research cantar
for fugion technology R&D 1

Basad on EAST (Experimental Advanced Supercenducting Takamak) ond
ITER (Internalional Tharmonuclaar Expodmenial Reaclor), FuaienDB
callecis large valuma Inlest & high-guality fusion deta; and FusionDB aiso
Inlegralas a pal fusian dals proceasing sellware, which are darived {rom
FDOS soll-developed nuclear dasign and simulation soltwara

r .
Functions

Fusion lechnology RA&D involves fusion reaclor design, fusion
malerinl research, neultonies analysis, radiation shielding,
plasma exparimant, etc. Huge dala is involved in fusion
technology R&D.

+Fuslen Nuclgnr Data; Thoro are evalualion liorary (ENDF, JENDF,
CENDF, eie.) and warking library (HENDL, FENDL, ale.)

+Fugion Materiol Dala. For sach material, physical propary,
chomical propary, nuclaar properly, mechanical properly and
ralated exporiment data are gathered, Mow, ther are more than
100 kinds of matérips including slfuelire malarals, nuclaar
matarials and shislding materinls.

#Fusion Component Data: There are typical components’ CAD
madnl, physics analysis modal, slc

+Pinsma Physics Oata: Plasma termperalure [ densily, polar fiald
slactical curren| | voltage ¢ magnatic density, longitudinal fiald
slactrical currantvollage § magnatic dansily, ale.

F :
- Services

= Basic Sarvices
+Daln Search / Browse | Download
= Advanecad Sarvices
+Fusion dals procesaing, analysis
+MTAM [ SNAM | RCAM basad componani modael procesaing
+Visunl analysis of plasma physics dala
+Wisunl anolysis of nuclear daln

+ FusienDB s the first comprehensive database
managament system on-line for fusion technelogy R&D.

* Rich & high-qguality data: Data in FusionDB covers main
aspecis of fusion technology R&D. EAST and ITER
ensure data's quality and guantity.

= Powerful data processing tools: FusionDE pays
amphasis on data processing software developmant,
rich & powerful data processing functions are
integrated,

Applications

FusionDB ane providing 7°24 services online (wabsile; hilpdwway usion cadn.on),
FisionDA has pinyed an impordant rola in ITER and EAST mdaled projects. For
axarmpla, HENDL and MCAM are involved in seveml ITER projecis, Including
the fimst finishad ITER project in Ching

1] % Wu, L. b, P Long. ol al. Developmant of Design and Analysis
Software for Advarced Muclear Systoms. Chinesa Joumal of Muciear
Beisnca and Enginesnng, 2010, 30(1) 55-64

12] J. Zou, Z. Ha, Q. Zeng, at al, Dovelopmanl and Testing of  Multi-
Efuun Library with Corraclion of Sall-shielding Effects in Fussions
isslon Hybrid Ranclor. Fusion Enginaaring and Design, 2010, 85(7-

oy 1587-1520,




troduction

meot the need ol numancal simulption for nucloar scloncs and
shnclogy, Hybrid Evaliated Nuclear Data Library (HEMDL), wns
ploped indigenously by the FDS Team

bosia campanants of HEMDL include fing. proup library HENDL /) FG,
||I group library HENDL / MG, ADS library HENDL-ADS /| MC/MG,
jrodp israry HENDL { ©G and poinl-wise library HENDL / MG
patias al Banchmark caléulntions and comparative annlysas mro
roughly perormed basad on a numboer ol exisling banehmiark
paniments, Tha (esting résulis indicala hat the HENDL s a rolinble
1 nifactive nuclonr I|b'nry syslam,

HENDI

» HENDL / E (Evaluated) Neutron Nuclear Data Source

From varous international avaiualed neutron nuclear dals
ibrarins, such s FENDL, ENDF / B, JENDL, JEF and BROND

1 HENDL-Evaluatod (lof Intaimadiale and Kigh enangy (= 200MeaV') )
= HEMDL Neutron / Photon Transport Library

+ ENDL / G0 (Conrn-Group ) 27002900 VITAMINE

fHENDL | MG (Mullipla-Graup )1 75nM2g: VITAMIN-E

+ MEMDL ! FG (Fina-Graup) A16n/4Zq; fusion-lisslon speciium

i HENDL-ADS/MGA06n2g)368n/id2g: ADS spacinm

FHENDL ! MC [Manla-Carla)

- Evaluated Data Sources

*Salealad frem FEMDL, EMDF [ B-VII, JEMDL, EFF, BROND
Multi-Functien Warking Libraries and Differant Enargy
Siructures

Mulll-lunation Warking Libraries, Transporl.liz
Acivatianlib, irradiation i, Doso-Teclors lib

Burnup lib

*Different anergy slructure: Fine-Group, Mulliple-Group, Conrsa-
Group

A8-

Better Nuclear Energy Technology, Better Life!

HENDL: Hybrid Evaluated Nuclear Data Library

Physical Effect
*Ragonance asll-shialding affec
#Tharmal naution up-scaliering alfoc
+ Temperaturn doppler oifec
High Meutron Energy Cross Section Library up ta 150MeV
Data Formats
+Mull-graup | MATXE Termal

+ Point-wiae | ACE(A Compact ENDF) formal

E we '

~ Application

China LEAd-based Reactor
FDS Sorinls Reactars

‘i ; “'I =
| ("} -
b R

ITER ! EAST Neutranics Analysis

[1] 4. Zou, 2.2 He, Q. Zeng, ot al. Devalopmant and Testing of Mulligroup
Library with Caorreclion of Sall-ghialding EWects in Fusien-Fiesien
Hybirid Reacter, Fusien Enginesrng and Daesign, 2010, BE: 1887,
1580

[2] . Zou, Qin Zeng, Dazheng Xu, Lingin Hu, Pengohang Long, Design
ond Producing of Fine-Group Cross Sectlon Library HENDL3.0 | FG

tor Subcrilical System. PHYSOR 2012, 2012: 4883-4581. Knoxville,
USA
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RiskBase: Database Management System for Reliability Analysis

I Intreduction

Rallabiilty data, could ba the numbers, tables. figures, words orf even
curvins, are tho joundation af raliability analyses and probabilisiic safety
pespasmonl. Bocnuge of lhe importance role playing in the preventive
maintenanca and function tesl, (he reliabilty data of components aro
widaly usad in tha nuclear safaty fiald. Therelore database lachnology has
bean used 1o manage e large volume data. Stimulated by the progroess
of nuclear Industry and based on extersiva resparch, FDS Team
successlully doveloped a Databaso Management System for Relinbilily
Analysis RiskBase. The up-ia-dale vorsion has the following funclions,
such as datn acouisition, dota analysis, dala managamant, data
oplimization and 80 on Users con not only acquire information via
advanced data mining, but alsa desl with tham by Bayeslan analysis. The
validily of RiskBasa has baon varified by typical sxamplas

:
RiskBase

" Functions |

< Data Acquisition
+ Dl aelaction and pralraalimaent
+Data mining and knowledge discovery
+Supplying data craft selsction
+ All kinds of public dola source

= Data Analysis I
4 Fallure times of companpnts

+Fallura causes of componants I f

+ Maintananca Hima i A Norreet %
#Down lima = -
+Unmvallabile times I

+Acoumllaled requirement limos -

------

+Requirarmanl il imas
+Aceumulaled operation lme

= Data Managemont
+Managamant for reliability dala
+iManagomant far database
+Advinnbla raliability modal
+Uper-tefined databnse &0 pplied
+ Usor-dofingd naming rule and coda converalon
+User Claas dafinition

+  Data optimization
+ All kinda of aplimiation methods (ke Bayesian algarithm)
+ User-defined aptimization lypes

Fiow chan of dalis procoasing

iExta,ndnd Functions

= The roliability data ean be further applied to the ropair
analysis, recursive data analysis, dogradation analysis
as well as the optimization analysis of the rellability
{est, design and the eamponent raplacement

~ Easlly connect other databases, such as the material
database and nuclear physics database, lo make a
aven larger database platform

* Pravide the data for the guantitative analysis with the
combination of the safety analysis software, reliability
analysis software and the economic analysis software
for the nuclear powar plant

Easy to be Extended and Maintained

+Various lechnical [nlerfaces of meliabilty dals ¢ paramator
compulnlion malhods

+Following modarn soltware anginearing methodalogy
+Wall-designed archileciure, easy lo be maintained and updated

+ Mora Procise, More Stable Computation Process
+Common Bayesian modal, cofmplutation pracision guarnniaad
+ Advanced qualily control syatem, sollware siabiily guaraniaed

~ Complele Function Systam, Wide Range of Use
+Acquisition, analysis, managamant, optimization of relinbdily dnln

+Nal anly providing ofiginal charactenstic data of devices, bul alsa
praviding relinbility data and paramdalars

+~ HNot-Based, Resourcae Sharing
+Cantrafizad / distributed natwork
+ Comglote ahanng of ralinbilily data
+ High seaqurity dain ransm|ssion
= Interactive Software interface, Easy to Use
+Windowa-stylad, concise exhibition
+Highar spoad, enslor oparalion

Applications

Providing reliability parameters for Raeliabllity and
Prababilistic Safety Assessment Program Riska

= Praviding reliabllity paramaters for risk monlitor systam
RiskAngal

References

[1]Y. Wu, P. Liu, L. Hu, at al, Develepmant of on Integrated Probabilistic
Snfoly Assesamant Program. Chingso Journal of Nuclear Sclance
and Enginaaring, 2007, 27(3) 270-276.

[2) & Zhang, ¥. Wu, P. Liu, &l al. Design of net-based FSA Dalabase
Managamant Syalem for Nuclear Power Plants. Chinesae Journal of
Muelasr Sclanca and Enginearing, 2006, 26{4); 368-372
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wilific regaarch has antard (he Une ol gieal sciencd project, which
difficult W completa with fonsteam work. It (s vary impaortant o
wriate lor tha researchars whi pfe in diffarent subjscls, arang ang
fure. I e 8 lblg ehalonge o sclanific reseatch and minasgamant in
e collabioraliva reseanch

e consiruclion of collaboralive research and  Scionce  mesource
1 [ e it |'.||i|1|ﬂ|'|'|'l can broak the Quastion in i ]I|Jl'l.|l?1.'.| :""l!i"!rllﬁ 1hat
plormation i@ Bolnied, which can unify ol the infermallon (n gillaran
filama A pgood collaboratiyo runearch ond sclanco resourcs
mnagement platiorm can  impreve tho  dovelopmont o  aclanlin
enrch and (he alliciency ol managars and researchars, roduce (helr
i ) I'JLI|I|'|::|'I1IIJI'I W thie same tme ncoslnmla tha Information
s i nation spand and halp o share the resourca

¥,

P
B\ =

! ——

| I.. [ I,'.'-.-h.l:-.li |:_I-; -‘? J

Member Information Management
Parsonal infarmation managameni
Drganizatioh siruciure and
migmbar infaimalion of linm
managamaent
Classified Information of
cooparaliva mambar managoment
Parmiagians management jaged on the user role
Statistical Information Management
Swihiie, querying and analysis o
of managamant Infarmalicn 2]
Stalkilio, querying and analyais
of rasanrch information
|nteligen! analysls ol informalion as
iha basis of decision-making fer managors
Office Automation
¥ Motilication and anouncaman
Werk Moy, applcalien and ppproval
Froject manpgamant and knowlpdge manngomani
Conference management, video conferencing, instant messaging
Virlual taam
Parsonnl Asaintan]

Infarmatian perial managemant

Better Nuclear Energy Technology, Better Life!

CROSS: Collaborative Research and Science Resource Management Platform

Collaborative Research

Virual cammunily's cooparalion, axchange and sharo
FEnladge manngemant and push

+High parfnfmanca com puling

*Large soale data platform

Lo =
| 1 -
| |
.F_. L
i8N f
3 X y .-‘I‘,'
S &3 &

Combination of Information Tﬁt‘.hl“lﬂﬂﬂgy and
Management

Seamlessly Integrated and Intelligent
Architecture of Cloud Platform and Resource Sharing

Fine-Grained Access Conirol and Single Sign an
Flexible Design and Expansibility

Application

CROSRS is tho Koy project in the progress ol infarmatization ef FOS mam,
tho platform hos baen appliod 0 resoarch and managomeant sclivitios, NI
provides an unilied platform lor collaboratve research disirbutod of he
{anm mambars in diferent regions, Ths use of this platform could assisls
the |mplementalion ol he manpgement syslem [© enhanco  leam
exocution and improve work afliciency,

Hl G RUE SRR TS CROSS
Hixitm
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EEBZRIEMRBITRFET1970F2H, sEAMLEHNZEMRZITELZ—.
1998108, RKETHREEFZIMENAMEZNRE TR AR IMEES, FT2003FE38 3k
18 T GB/T19001-2000 idt ISO9001-2000/R = E A R INIEIEF . 200845, EidIEEE
K% (GB/T24001-2004) . BRl{ERRE+EEAZE (GB/T28001-2001) HIIAIERE#.

FBZITREMNARTI300K A, EREWHEAARIO0RFA, AZHRTEHEETL
= ERTE S, RS, TEERR. TRt TEARE5E. MATEMNE IR
ETEEZE, MASENRBAIEELERNZR, SEFENTEXRKEZL. RS
TERARIEEEKTE. £REF442OLTRIABERFBER. EREIIEMET. &
(1) REHRFETRGAFIRITE. HEdh, LURREHERITEIFLS0R TRZR] /it
S5EERERFREATHER . 2EREIERRITHER.

EBZIRMESWLSEEAFEIERIT (B , EARFT, MEEn, IiE
1, TiEAE, BRIzl (—9 , RIERBEXTERARRSRH~mH
Fra. Bl WiHEE.

Bal, EEZIREARRFR=(ZESARRSIEH., Hik. REMBEIFHIE U
R R STt KR I E AT ITAE.

Established in February of 1970, the Shanghai Nuclear Engineering Research and Design Institute
(SNERDI), a high-tech civil nuclear power technology enterprise, is one of the key research and design
institutes in China. SNERDI has possessed three certificates relating to its management systems of
quality, environment, health, and safety (EHS) in conformity with 1SO-9001:2000, ISO-14001:2004, and
GB/T 28001-2001.

There are over 1300 employees at present, among which more than 1100 are technically skilled
professionals with expertise of civil nuclear power. Since the founding of SNERDI, more than 442
research and design projects have been awarded by the State and Ministry not only for the progress
made in science and technology but also for excellent design, inter alia, the design of China Qinshan
300MWe Nuclear Power Plant has won the Top Grade Prize of the State Science and Technology

Achievement (SSTA) and Special Prize of the Best National Engineering Design.

The business scope of SNERDI is as nuclear power plant including engineering design, pre-project

consulting, equipment design and engineering services.

At present; SNERDI is both committed to intreduction, digestion, abs_orptipn and innovation of

Generation Ill civil nuclear power technology, and responsible for the development of the advanced large
size PWR project named as CAP 1400. T . A
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Hy hb. H[E ESHTTERK29S
B 15: (8621)61860000
& H. (8621) 61860728
BE Zm: 200233

P #E: www.snerdi.com.cn

Add: No. 29 Hongcao Road, Shanghai 200233, PRC
Tel: +86 21 6186 0000

Fax: +86 21 6186 0728

www.snerdi.com.cn/en
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Nuclear Power Institute of China (NPI C)
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. Nuclear Power Institute of China (NPIC)
1 T W A T

F|'\II!' “t‘ﬂd'-'r_“lﬂlhl]"'ll“ Nuclear Pewer Institute of China (NPIC) Is the only Linge-scale nuelear rescior engineering R&D base in Chlia neorpotsting nuclesr reaetir
inginasring Test Reasior enpincering rasearch, design, tost, operation and small baich production. Founded [n 1963, NPIC lins established o complete R&D aysem,
meluding muclear power engineering design, nuclear sieam supply systei sisembly, reslor opermtion and applicatisn ressarch, roagtor
engineering research, nuclenr fuel and malerisl research, |kalope prodiuction and rescarch on nuglear technology application, afe. .. It is now o
high-tech research ond dealgn instinile of afalegie mportanes integrating eivilion and military R&D in China

NPIC i currently staffed by more than 3,700 employvess, including 2,300 professionals and 900 sendor engineers and technigians, 3
weademicians of Chinese Academy of Bngineenng, 29 PhD supervisors, 63 mister superviion, 43 experts with ouistonding contribition st
nathanal or [JNV|II|.'|H.| and mimsierial level and 124 apectil gavernmdntal allowidned winnery, NPIC cansists of five sub-instituies and more than
940 inboraloties (including 2 nattonal key |aborstorics and 2 nationnl R&D caniers) mlating to more than 30 specialties and subjects. So far, NPIC
has won more than 1200 pationsl and provineisl (ministensl) awards, including 1 national specinl-class pward, 7 the frm-class awards, 4 he
segond-clies awanle, 9 fhe third-clas swands fof scientific and technologienl progress and 10 national iechnology [nvention pwandi, os well s
251 patents, including 166 invention patents. B3 uiility model potents mid 2 design patenis.

NPIC designed on sell-relianes and construcied 6 nuelear feilitics, ineluding the 198 nuclear power reactor of pressurized waler type, ihe 15l

22 high Mux enpmecring ted reactor, the |81 pulsed reagior, Minjinng reacior and 2 zero power installations and was praised s “Reactor Valley of
LR W China™, The experiniont base 615 enjginearing” construcied according 1o the former Chinese Prealdent Jang Zemin's intriction includes |8
Fevo Power Reat oy different kinds of loading tesi installations in domestie anilor worldwide, And now, & sew national comipreheimive tuelenr power &N baie i
under construction by NPIC

NPIC passed the avercditaiion of qualily control system sccording 1o the Stwndard 1509001-2000 and is qualified a8 2 elass A desigmer of the
dominant techralkogios for reactor engineoring ns well as an inegral NSSS supplier, I completed tie reactor and roactor éoolint sysiom dasign of

Qinahan phase-II nuelear plants, erouting the prevedent for self-developed lorge-seale commercial nuclear power plint fn Chitn, $ince iis
eennection fo grid, the maif economiz and technical pnmmeters of Qinshan phase-II nucleor plants has been approaching and reached the world
advanced lavel, Al prosent, NPIC undermbes the englnecring design and weehiical service of main system of nuclonr island or NS85 systom of

Gieneration Xl plus nuglear power projects In Ching, which include Oinshan phuse-I1  extension, LingAo phase-I1 . Hongyorbe. Fuging.
Fangiinshan, Ningde. Yangiinng, Chang)iang and Xvilaju ilclenr power plaiits

NI'IC in wetively ongaged in the roscarch ond development of nuelear puwer plani sl developed the lnealized nuclent power planis, sich a5
CP1000 and CPRI00O miclear power planis. It undenakes tie research and developmiesi of negl geseration nuclenr reactors, nucloor senwnter
desalination, low temperature heat supply by nuclesr power and super entical water renctor amd so on.

HFIC provides profossionsl iechnics! service far all the opermting nuelear plants and that under comstraction, includig refiugling design,
engieering modificution, ageing manngement, safety review, overhiaul, nuelear squipmant qualification and mdioactive wasie frentmeni mnd so
on. [Lean provida n series of nuclear produgts, such ax electrical pengiration assembly, loake parts and vibration monitaring system and bhoran
eancantratlon manliosing syaizm and 5o on, 10 also bk capagity of the bach production of isolopes for clvil use and vactous kinds of terapy wiin,
- - tudustrial faw 'Ifﬂfﬂl-l-'l'l. i -uﬂu ol drug-Technetium Muthelenddiphosphonat (TM) fir aoti-Iheumsold Artfirits apd new materfils,

ﬂhmmmbwhn fus nutlonal defenne imodemization and natfonal cconomy, and it is pralsed s (e cradle of
i by Wi Hatyggso, Chiatrnan of. Standing Committfe of Natianal Peaple’s Congress, Facing the niew century, and
i\t mwrlr’h Triyos o’ l*mrlnr engineering cenre in. Ching with e spirit of “independen
0T alio hos pul ewnmd’ nv'rim: firget Illin' i intermationn) top-closs resoanch and design insliute and

il defense and national cconomic d'mlnp.umu 1o oreaie resplendence igain.
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Innovative R&D

EHR{URE™]E

B AR HEAU O (N O HRCAIEANY | ERHR DR, | DR , Mt a o, SIMEMmEREr-HEr="Mo,
i, s GEEAEHEER , CCUREP, MEHERREIR, SETEMW, EFAFNEIE, AR,
EEREWT | hEEDDHR G TEMEH ML= ( MIPR) PUMBCOTE T | AT — SR AT S IIENE . BEnE NS TN
RS,

‘ Medical Isotope Production Reactor

MIPR (Medical isotope production reactar), with UC: (MO solution as the fuel, has the outstanding
advantages of high NTC (negative temperature coefficient), strong seli-regulating ability and good inberent
safety, It can produce mere medical radicactive nudlides such as ™Ma, ], "™Sr ete. with less 7™, simple
praduction technology, extremely low costs, and with lass wastes,

With support from the Government, Nuclear Power Institute af China carried aut relevant R&D af
WMIPR and has completed serious of verification and validation and tackled many key preblems.
Currently, the MIPR has been ready for an engineering application,

MATP R f7 0 e
MIPR Reactor System Diagram

it 22 KRR T ) G e

R&D of New Fuels and Materials

SR A P R T A BT A = R = U P L SR | PP e R
i, BARNIGESEMEIES TR R TR, SRR R R AR T
WA, FRAE R R & RS R TS, FRAmRRAI
0 ok 5 ) B P e L AR AR T B A, TSGR ke B ] R E AR ik
rlfifid TIREE ey . AWENER, SRS , B INAT RS, RERANE
P b E o B RaTh] e R i A R e QU TR L R B 1901 ey sy i
BHIEE M A et | BT i, RTINSO, AN, Wil
TR e,

T R P A 0 A A B
Larlos of Radintion-resistant,
Fire-resistant Sealing Products

NPIC is developing advanced fuels assembly for nuclear power plants and research reactors of its own intellectual property. The developed
products Include: N36 zircanlum,alloy which Is applicable for the light water nuclear power plant. It can be used as cladding of high Burn-up fuel
alemant and reactor core, Research indicates that the out-core combination proparty of lab-scale N36 s superior to that of Zr-4 alloy; Serles of
racliation-registant and fire-resistant sealing products such as the expandable fire and radiation-resistant sealant, the elastic radiation-resistant
sealant and radiation-resistant, fire-resistant coating, have all passed relevant tests and inspection, With an advantage af radiation-resistance and
decontamination, the products can be widely used in nuclear power plants and civil architecture, etc..; and the Uranium-molybdenum alley, with
advantages of high uranium dengity, superior radiation-resistance and simple reprocessing, 1s the firdt cheice af high uranium density and low
concentration nuclear fuel for research reactar and test reactor It can be fabricated Into fuel elements for research reactor, zero power reactar, minl
reswarch reactorn, and high-flux engineering test reactor, et

i =g
Uranium-moelybdenum Allay
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Floating Nuclear Power Plant

The Flaating Nuclear Power Plant (FNPP) is a movable nuclear power plant constructed an the offshare floating platform. FNPP could be utilized
for power supply, desalination of seawater, production of steam for process heat and heating, satisfying the specific requirement of local pawer & heat
supply for offshore drilling, chemnical Industry an palar region, remote areas and isalated lslands. And it is alsa capable of meeting the large scale
requiremant of power on island and deap sea oil-gas field.

The acdvantage of FNPP is its mobility and applicatlity for most coast area including the permafrost nigion with no extra requirement an infrastruciure and
operating persennel, and the eonstruction could be scheduled according 1o the requiremant. The effshore construction eliminates nat anly the need of
bullding land, but alse the off-site emergency response accommodated with inherent safe and passive design of FNPR

The emerging research and argumentatian an general tachnical pregram, critical tachnologles and ete. have been carried out by Nuclear Power
Institute of China (NPIC). At the same time, the communicatian abeut the collaberation on this filed between NPIC and units relatéd both in home and
the world | ongoing.
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Seawater Desalination by Nuclear Energy
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Nowadays, the freshwater can be usad |n the warld only takes up 1/2000 percent of the overall water resource; therefore, supply of freshwater
becomes one of the majar preblems challenging the warld in the 215t Century. China is one of the thirteen waterpoarest countries whare water
shortage hus become a "bottleneck” restricting the sconamic devalopment. Even so, the desalination of seawater, an inexhaustible resource, finds
a way out. Since the 1960's, the Intefnational Atamic Energy Agency(IAEA) has started researeh an the feasibllity of desalinating seawater by nuclear
energy. The history of research on seawatar desalination by nuclear anergy in Nuclear Pawer Institute of ChinalNPIC) can be tracad back to 2002,
MPIC has designed the special pool-shell type reactor tachnical program for seawater desalination and accemplished engineering verification tests.
The Design Criteria for pool-shell reactor worked out by NPIC has been approved by China Mational Muelear Safely Administration,

Reactor modules

fusl assembly of commarcial NFPs

step-type magnetic contral rod drive mechanism

halical cail ance-through steam generator (OTSG)

internal pressurlzer pressurized with nitrogen

shielded matar drive flow pump

reactor modules incuding the top and bottem sub-modulos eonnected by flange

B A T
The Layout of Seawater Desalinatien Flant




Bl #h i &

Innovative R&D

MEIRTL /]I B I

O L R TR ST b TR SEMRE IR R T I A A E A RFONIRE . A T RS A R A A AR IR A, AR E R
TRAE . £ 0 T R S D O B0 = 1+ M AT P T B A 0 N PO S A e St o9
(RO TR F RN . VRN, ARENE . DEPTIAEOUN. WA E . DA TZan. BRI SSpmiE. Erhinpiresmny, m
MENIEE, FRIAISRAAIE, MO RIEAE R0 R, SRR S W R RS TR R, JERERE. A, MBI
IHERAL P RIS, TTATERRIDE . SMINRIADEM R,
1 1R SR R

Table | The niajor performance paramelers ol ACP100

& | 8 WPoarameter # i fivValue
T IRRA S W E/Number of modules 2-6
g ke i R E Reactor thermal power (Single modula) F10MWI1
M9 4 10 WL 3 M cimuen g enaration capacily (Single module) 100 MWe
- : @S

Small Modulsr Roacior

Small Modular Reactor

SMOR (ACPLO0) developed by NIFIC has high security and good economica. 1t has the chameter of insovallve safety weehnigue by mdopting Uie (niemationsl leading
masaive safety technigue and modular iechnbiue. The comprehensive perfarmance parmmelers are reguired w reach the nuelear energy symtem technical level of the
intemational “Ciea [0+ 7, and yoome of which con even reach that of "Gon TV"

ACPLOD b8 multpurpose which can be uied lor electrielly gengmtion, co-praduction of heal and power , éo-production of waler amd power, urban r[pimll hent
wupply, senwarer deaalimation, indusrisl process heating, self-provided power plant ez, Thin kind of repctor hag low core decay haat, low rmdio=nuelide source lemmn, as
wiell o extromaly low cavironmeni pollution, and the inheront safety and passive snfety ean be accomplished. The mumber of module can be floxibly chosen sceord (ng
the requiroments of network copacity. ACIF100 has the choracieristics of being, construcied in sucoession, investing in bathes and low financing pressure. Hedldes,
ACPIID has Nexible site seloction, and can be bulli an soft ground, seismically setive nreas and densely populaied anes,

ACP1000=1{X{IZEB 3 ]li

ACP1000 B o BHE Tl E 28] CNNC ) F O EHELN SR EHR ¢ NPIC ) I0h NS TR ( CNPE ) 10 EHuE R F
Tt = et e, ACPIODOM= IR S A E Ao, MO AN P 7 B A e, BRI 218 H . MAG0EE L it ACPI000RmM
HERRE, LA MLMLOEEE . IR T LT NG IR A L, IR S R R, SRR RN S ACPIO00RMLERIER, Mk
wiglt; MMO3gETIAMIEL, BRETENN: BXBENER, ERGCETAFE. ACPI000RNTHFERIERIENAIERIED
i, AREFNANAD; AMEHAOMTNERE, PFRUETEESNEENN, ARENFERNEEE, TRLPDMDNERTEN N,
ACPI00OAT EHERR1E B S TR0 ( MRMA3049 ) , RMEEARRIETIIN. FEBLETHSN0GELTY.

JOH REARET A0 R AN . ACPI000F MBS IFEENHIS SR RS, TI72N 00NN S MALND: ACPID00M MLEER R KA
SN R e TG0 L ¢
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Tahle2 The major performance parameters of ACEI000

& % F WParameter 2 I myalue
(Bi+®mi/Design Life GO/ Yoar
mE mRelueling Cycle Length 188/ Month
MNESSSEERME/Nominal NS5S Thermal Power 3060 Mwi B R R v S0 A s I

Reactor and RCS configuratian

ACP1000: The GEN 11l Technology of Nuclear Power

ACPIOD0 i -one of the GEN TIT technologies of 1000 MWe ¢ladi nuclear power planl, developed by Mucloar Power Insiituie of China (NPIC) and China Nugloar
Power Engineering (CRI'E) Corp., which are iwo subsidinries of Chinn National Muclesr Corporation (CNNC) ACP1000 is 0 3-loop pressurized watar reacior with
advanced care design of 177 fuel asnemblies. The design lifa of ACT 1000 [s 60 yeors and the refucling cyele is 18 months. s singlesreactor unit layout lessens the
Inferference between multiple units and improves s Nexibiliny for NPF siting. The doublo contalmment ensures ihe integrity of safery related siructure even croaled by
Inrge commercial airplanes. The implemented LeaksBelore-Break (LBB) techinology simplifies the system dedign and ealargel pressurizer enhanees the stability of NPP
aperation. Especially the setmic design bascd on 0,3 acéeleration & gnilicanly ameliarates is capability againsd earthiuake. ACP 1000 sdopts digital 1&C sysiem ani
audvancesl main conimol room design with a friendly uman-moching interfge. The advangead repctor care monitoring system with onling LPD and DNAR measaromani
g i spowific configuration for newtron deteclors on the top of the reacior vossel to improve structure safoty. 1t has 2 ovan longer toleration time {30 minutes) as no
apermtor intorvention with sophisticated Emergency Oporation Proccdire {EOP), Severs Acoident Managoment Guidelings (SAMG) and Emergency Plan (B},

The unlque deslgn of soiive nnd passive anfely sysiems integmtion greaily enlumees e capalility of ACPIDM Tor prevention and mitgaion of secilents 1o pousiively
tamove The decay hidal for 72 hours with ¢omprohdnsive severd accident pravintion and mitigation measures o8 Tllvwing

Cavity Injeetion and Coaling Sysiem (C18) For cortim in-vessl retention under sovare accidenits;

Passive Coniinment Hydrogen Combination System (CHE) 1o prevent hydrogen explosion;

Dedicated tJ:pn.'ﬂur::rmlm Syutein of Reactof Coolant Sy (RCS) againa high prossure melt ggection;

Rencior Vereel High Poinl Venting Svitem 1o remave pon-condendible gas aecumulsiod in the upper-hoad of rosctor vossel under soaident  oondivions;

mﬁlﬂ;‘vn Residunl Hent Removal System (PRS) nt secondary side for decay heat removal during Station Black-Oui
I e i

Tassive Contaimiment Heal Removal Syalem or long-term beat femoval inder Boyond Deaign HBasis Accidents;

. ¥ Car Makeup Project io tempararily provida cooling waler for RES and prevent core uncover and conscquent core damage under severe canditinng
aimilar to Fukushime nceidont:
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