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Study of initial events and safety criteria for CO, cooled reactor
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Abstract  [Background] As a new concept reactor, direct circulation CO, cooled reactor has different system
configurations and safety characteristics compared with direct cycle boiling water reactor, indirect cycle helium gas
cooled reactor and pressurized water cooled reactor, hence the CO, cooled reactor has different initial events and
safety criteria. The selection of initial events is the foundation for the safety design of reactor whilst the safety criteria
provides criterion for whether the safety analysis results meet the safety requirements. [Purpose| This study aims at
the initial events and acceptance criteria for the safety design of CO, cooled reactor. [Method] The main logic
diagram analysis method was employed to study the initial events of the direct circulation CO, cooled reactor. Based
on the existing engineering experience of pressurized water reactor, gas cooled reactor, the acceptance criteria for the
direct circulation CO, cooled reactor were proposed according to its own characteristics. [Results &
Conclusions] The proposed initial events and acceptance criteria required for safety analysis are applicable to direct
circulation reactor, providing a basis for the safety analysis of CO, cooled nuclear power plant, and gives an
important reference for the safety design of direct cycle circulation reactors.
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Table 1 Safety analyses acceptance criteria for PWR (pressurized water reactor)

%42 bt [ Safety barrier

Y5 IS HE ) Acceptance criteria

=4 #E N Quantization criteria

HESES Core WRELEMA Fuel pellets

Y EIF I S35 Coolant pressure boundary

‘%47 Containment

VARG L Core melt

CMAARIR Core disassembled
5% 5¢ ¥k Cladding integrity  £173 448 Cladding burnout
HECSH] A HI: Core coolability  RJ ¥4 %1 JL{T Coolable geometry
1215t 5¢ 24P Boundary integrity

A Fuel temperature

AR LL A Specific enthalpy of fuel
DNBR/Departure from nucleate boiling
LOCA #EN LOCA criteria

i & Overpressure

FE VA HEDI A, MEEAE ST 2 A% O, IR E YL
HIRELE AR IR O o AR il A 32 L X 5
e s 2k K i (Loss Of Coolant Accident,
LOCA) I 3 LA 45 5[5 B FE V2 10CFR50.46"
Tl A 5T K AOK 28 SRR A T A8 Ak A
AR B AH G (2 R, 32 AT e K HE R 185 A
&f5t.

1.2 R RMHEEXAR

WA TREAR KNS T EAREA RS
HIHE (R E &I S HE (High Temperature Reactor-
Pebble bed Modules, HTR-PM) )™/l — 45 {4 Bk ¥4 4]

) 422 70 PR sz Jo7 HE (% [ g 3k <4 HE (Advanced Gas-
cooled Reactor, AGR))™ s £ R Gi i & J7 1 , I 2K,
A HE— Bl 2% R AR HIIE I, = [0l 2% K 289K 25
I BAEEPAR , S HE SR FH 2 il s 4 o) e B e, PRt s
R HOE A R K HESSL, Rtk 2 A, R HETR 2%
FEAE K 1 SR AR 1, AR BOK 28 SRR
RENRAHERG TR IIER . R SAH
Sz B HE K H T i R di ) TRSIO (Tristructural
isotropic) £ 78 MUk A KL , AGR R H a5 £ 72 #5 R %
BE, IRk 22 2 HEN 2 (R AFAE 2 7. SR MES TR
IR HE 222 AT B UACHE DU B % B 3 2 s

060004-2



B . SUBRIA 10 S HE A5 ¢ A AN 8 HACHE DU 4F 7

R2 EKERMSRERESREBOENXTEE
Table 2 Safety analyses acceptance criteria for PWR and GCR (gas cooled reactor)

‘4= bt [ Safety barrier 7K HE PWR A MEEIRRL S ¥ HE (TRSIO) Gas cooled

Gas cooled reactor (rod fuel) reactor(TRSIO fueD)
PRELEA Fuel pellets A ETIR Fuel damage [{] PWR Same as PWR WRRIEE Fuel temperature
£17¢ Cladding DNB AL 7E 17 FE Cladding temperature

HELSA 11 Core coolability

n]¥A#1 J L7 Coolable geometry

& 7730 5% Pressure boundary i & Overpressure
AR HEVS FNFRME IR B AT Mg T P HES

ANAEAE PRI AHAR , PRI AN A7 78 38 7K HE A7 LE 1) i 25360
%13 [ (Departure from Nucleate Boiling, DNB) ,
FHIRAF S R IR, MRS ) B ik PR A0 5 A R
I T A0 I B2 PRAE A 3 5 TSR A R 1 AT R 4
P, DRIV E0 77 2R Gl R P R A T8 /K, 2 it
P T 2 B DA HE 8o o o DU A =

AR, B S VUL BE RSB 7L , [l iz L
A AR H TR R I 5 — A B AR B v RN HES
(AT UG M % B ) R 4, i@ I T A
5 FE R SIS TR /N U A, b THI AP 7 3 A
L HERIES e S

i KAIST (Korea Advanced Institute of

Science & Technology) fff 7% [ A HE H T — /N 4
1 Bk > 1N B R B 58 e B HE (Micro Modular
Reactor, MMR) , i B 4 471 fiif 3% 2% (Loss of External
Load, LOEL) . & &)1 77| % 5 1 2k S it (LOCA) L HE S
I T Kk FH i (Loss of Forced Flow, LOFA) = /N5
WOAE T M M. RRA LA B
(Massachusetts Institute of Technology , MIT) fiff 5%
AR T — AN R IR AR H) S N HERE 2
1B LOEL \LOCA F1 LOFA 1F Ay it FE = o %
ARG L AR AT PR . KAISA J MIT 1 % 4
A3 B AR B S USCHE U an 2% 3 BT, 7E B iR R e
WA S 12N MG 2 22 A K

#®3 ZEERR R BOEN (KAIST 1 MIT)
Table 3 Acceptance criteria for CO, cooled reactor (KAIST and MIT)

{#E ] Criteria MIT KAIST
4 Transient  FH i Accident  [#45 Transient S Accident

HES Core PRARHE FE Fuel temperature / °C 1 800 2200 2200 2500

57535 % Cladding temperature / °C 800 1200 (LOCA), [FMIT

1 000 (others)  Same as MIT

JEF3ia 5t LRI 120% /£ /1
Pressure boundary Pressure of safety vessel 120% pressure
HAth Others FARIRE Coolant temperature / °C 675

3% Shaft velocity

120% %€ 18 120% rated value

HE T R I 55 ORI 2 S b D) A 5% B
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P P e/ A s AEE I e A R 9 B BLHE LS R 1 o

P BN o A R 7 o T 700 0 1 S B WAL v
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(Energy Conversion system, PCS) , 7£ S b i 4
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Fig.1 Nuclear power system sketch of CO, cooled direct
cycle gas cooled reactor
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5o 7 [ R JE 7 RE 240 41 (International Atomic
Energy Agency, IAEA) T 2% 3 [E] #% Wiy 90 1) il 1
XA ST TEN G J@ TR S THI B, B Az T
b RS T %)y 7 2.

32 mASEHER

U R AR I I WL 5 VA B s TRV
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R HE 22 06 55, 0T A s N HE  HEFE SR R AR
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Fig.2 Logic diagram of initial events
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Table 4 Events comparison among different reactor

SR HAF/ZE ¥ Evnents/accidents JEIKHE WAKME  EiRME CO, A ENHE
Anomalies category Pressurized Boiling  High CO, cooled
water water temperature reactor
reactor, reactor, reactor,
PWR!"! BWR!'Y  HTR!™
SOSPERID AR AR e ORI S B 2l I 428 iR 2 %40 H Uncontrolled O O O O
Reactivity and power rod cluster control assembly (RCCA) bank with-
distribution anomalies drawal from a subcritical or low-power startup
DhERIBATI e R s th ) o) ) )
Uncontrolled RCCA bank withdrawal at power
#1745 /E RCCA assembly misoperation O O O
Pl #E8 tH RCCA ejection accidents o )
HORLS HRORL B A5 (3 F 12 4T Inadvertent [ o o
loading and operation of a fuel assembly in
an improper position
ANTTAERI VS E IR B 5 )5 3l O @) O
Startup of an inactive reactor coolant loop
J i HEV HI57) R Gi i3k 7K Water penetration in ® [
reactor coolant system (RCS)
MR Gk ZRVR RGN Excessive increase in steam flow O O O O
Failure of turbine F A& VR B B IR 4% 9% * Inadvertent closure of O O oY
main steam isolation valves
HHLFE IS HL Turbine trip O @) @) O
HERSTA A i S BEHE ¥ H S 42 B 2R IR Complete loss of @ M O(%kH o
Core cooling anomalies  forced reactor coolant flow Loss of power)
JRSEHE ENFE 43 SR O O O O
Partial loss of forced reactor coolant flow
72 EFR IR B il ] [ o
Reactor coolant pump locked rotor
7 KR BR B AL A Al [ ) ) )
Reactor coolant pump shaft seizure
SRR A T B 28 )
Fuel assembly flow channels blockage
A HIF IR S H LN Coolant pump accelerate (@) (@)
RHEAK RGN WK O O ) O
Cooler/feedwater failure  Feedwater temperature abnormality
BRI 22 25 * Loss of feedwater O ©) @) O
e 1 R JSOR R RETC — [B0 8% 1 732 544 1H1 /K s Reactor coolant ® (] (] [
LOCA and radioactivity ~ pressure boundary breaks/loss of pressure
release FRIR R G ETE R 1 Steam system piping failures @ o o R
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F TR Fi14/44 i Evnents/accidents R 7K HE WOKHE iR CO, ¥ HI i
Anomalies category Pressurized Boiling  High CO, cooled
water water temperature reactor
reactor, reactor, reactor,
PWR™ BWR"  HTR"™"
AR AR RER D ® °
Steam generator tube failure
KR GUEER ® o o v
Feedwater system pipe break
JRCE A A2 7 b P 2R it U O R o/e ® ) o

Radioactive waste system leak or failure

SN HEA EN ) R G0 = M ED JE Inadvertent @) (@) O

de-pressure for reactor coolant system

T BEE——O , TFll—— @ ;. AR AL K FHE AEAN R SN 7 A AR R SO 4, fEiZe b L S A BRI O MEsh ) Rt f
WP R R P AT R G35 ) T ARV I B 5 R AR T K MEA R S M 6 R P, 78 S H BRI O MES) ) R e P i 2 SRR
LR TSEM s b) T FEV AT R LR K IR B e AR B BRI A SN 1 RGP IR “LOCA ™ A [R]— 544

Notes: Transient— O, Accident— @ . * For the same initiating event, there are different accident phenomena in different reactors. In this table, the
initiating events are classified according to the accident classification of the power system of CO, cooled reactor. a) "Main steam pipeline isolation" is
based on the initiating event of PWR, which should be defined as "main turbine regulating valve closed" in CO, cooled reactor. b) "Main steam pipe

break" and "Main Feedwater isolation" are the same event as "LOCA" in the CO, cooled reactor

4 BEWCENEER

e AR H BRI A ML S T IR L
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10° g

10k ™~
] 0.25 mSy

<
L
T

5 mSv

—

100 mSv

Frequence / reactor-a™

107 107 107 107!
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3 AR RN 22 4 R TR B - A i 2
Fig.3 Frequency-dose curve for public health and safety
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A R L SR 52 T 77 5 8 B (1 3 WA

BARFR T

1) 28— A2 A PR 2 BRRL O AR B KT < AR
e R S N I DR A A 1 PR AE 5 R AR )
K. %31 RS KH UO,ENREL, %
Dostal"™ #1r , B2 T % 4 BRAE N 2 200 °C, Filk
TH R A2260°C;

2) 5 AN 12 A R AR & A 58 B KR < R CO,
A 2R PE ANV BR, (ELFE iR T 2 XA R A R ok
1T, SN 1 RS K R E & R 2 A FNIE N
FeM B, 2% MITV R KAIST 46 35 ) 22 4= e
I A5 TN 264 PRAE A 800 °C, 7 TN 2R AN TV 2K iy
T T 20 B 1000 °C A1 1200 °C 1 N % 4
PRAH 5

3V AN A MR AE AR TR 7730 5 AR 25 [ HLAK
T £ )i ¥ 2 (American Society of Mechanical
Engineers, ASME) 2] /7 18 ¥ 1 #E W, 2 2 A1 {8
BATIE R it 3 a0~ R ST BRAE )
Wk AN IS AT 00, e R AN I Bevh e 7 1 110%:;
b) f e e AN BT ) 115%, 5 TR] AN i i
8 his o) F R = IR ) AN BETE 719 120% , B[R]
AN 1 h;

) E 4 22 A IR AE A B KU R IR B < 0 T A R
TE iR N AT REE R INE , 25 2 R AE a2, B i
PR T8 B A AH [R1R RS, VA4 I B AN B I TE B
LRI PR AR L B, RS RGN B e iR R AR AR
AEEHIN T, BRI HLN IR AN B 4 i
PEHE e E AR o 1% PRAE HAR K /N TR AR 1
FRFRIIZ AT T 00 € , 255 KAIST W 7L 2 Hi 675 °C
VE Rz 4 PRAE
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