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Japan Atomic Energy Agency (JAEA) has started a conceptual design of a SOMWt small-sized high
temperature gas cooled reactor (HTGR) for steam supply and electricity generation (HTR50S). It is
first-of-a-kind of the commercial plant or a demonstration plant of a small-sized HTGR system for steam
supply to the industries and district heating and electricity generation by a steam turbine, to deploy in
developing countries in the 2020s.

The safety design of HTR50S was determined basically based on that of the High Temperature
Engineering Test Reactor (HTTR) for the early deployment of HTRS50S. On the other hand, the shutdown
cooling system, which is the forced cooling heat removal system, was categorized as non-safety class to
optimize the protection to provide the highest level of safety that can reasonably be achieved, and the
vessel cooling system, which is categorized as the safety class system, was designed as a passive safety
features. The preliminary safety analysis of HTR50S for the rupture of concentric hot gas duct in primary
cooling system and the tube rupture of steam generator was conducted to confirm the adequacy of the
safety design. It was confirmed that the analysis results satisfied the acceptance criteria.

This paper described the safety design and the results of the preliminary safety analysis of HTR50S.

Keywords: Small-sized Reactor, HTGR, HTR50S, Safety Design, Safety Analysis
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Table 2-1: Fundamental principle for safety design of engineered safety features
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Table 2-2: Fundamental principle for safety design of engineered safety features
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Table 2-3: List of changed item of design considerations for safety design of HTR50S (1/3)

LA I8 @® @ ©)

Tit 1| MEHLEIAR K OV i — — —

JEte | BRBRICKT 2R LOEE —

Ti#t3 | MR ERITN T DG OB E - - —

Jikt4 | WERAERCEII T S iet EDOEE - - [

Jigts | KK DG EOEE — — —

Jitt 6 RS IR T 2% E L0 EE - B —

Tt | MBS EE EOEE — — —

JrEts | GEERERIEICKT DG EDEE — — —

JiEt9 | REEMEICB oG EDOBRE — - —

J7#t 10 | BB ATREMEIC KT D ARG DB E - — —

FEF 11 | EERE — — _

FEt 12 | BREIERE — — o

Jidt 13 | 4R ORI — — —

Tidt 14| ROSEEHIER — — —

Jrgt 15 | JRF-JP 5 1R SR O PR NT M M OV w] e - - -

Jidt 16 | R0 1R R O RO FE AR IR A - - -

T 1T | RS RO 1R EE - — —

Jidt 18 | JRFIAE IR R O FEE R DRE S — — -

Fi#t 19 | RS ARE 13T o 2 ) o - — —

it 20 | AFRERES N D 2 ) ORER 1L - - —

Ot A g in HF i O 32 Bk
QRHIEER M AR DI BREBR GO [ TErLafisk] 1k
@ik, R OFIE

@R EERRFHIAE 2 Bk D Fofr b

,13,



JAEA-Technology 2013-017

Table 2-3: List of changed item of design considerations for safety design of HTR50S (2/3)
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Table 2-3: List of changed item of design considerations for safety design of HTR50S (3/3)
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Table 3-1: Major specification of HTR50S

H OH NOE

JRF AR B ) 50 MWt

W HIR ~U T LT A

JFTFEAND R 325°C,/750 °C

1 IREGERS 22.3 kg/s

1 RGBHMET 4 MPa

FA OB ISR Ben

FDA R S 348m  (580mmx6 B%)

Y GRIINE  T=R e 23m

I 3.5 MW/m’

RAL Wby T - WKL BN HR
3:@

T T YR 20 Wt% A

PREHATE A=

JRFHRE S e R (HRKAR AR A< )

ESrrAIICINiS e 1 V=7 (RRIEERR)

JRFIPE ) e & AR AR OBRLE | MHHEEIZ L 29 A R - A - YA
B

ARRUREE (RIS BRI ) 538 °C

RS GRERIE BRI T) 12.5 MPa

ik JeEE, ARG M OHIEE 5

KSERGE  CRF Rt i)
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Table 3-2: Major core specification of HTR50S

HOH HTR50S HTTR (&%)
B 50MW 30MW
S 5 3.5W/cc 2.5W/ce
R 750°C 950°C
NERIHL S 325°C 395°C
K146 ~ K8Twt% | F13.4 ~ £9.9 wt%
Tt g
(3 fE%H) (12 F%)
R Ykitte E %7 6.1wt% %7 5.9wt%
SR LA 30 717 Lx6 B 30 4T Lx5 B
DA IS/ 2L 2L
R JE ] 24 (730 H) 660 H

Table 3-3: Specification of coated particle fuel used in HTR50S

HOH HTR50S
PREHZ B 600 um
1 (REBERNRIRE) RS 60 um
FekE (EEmERIIRE) ES 30 um
Fa3kE (RIbrAH) BES 25 um
FAkE (BERERNRIRE) RS 45 ym
BABIR IR AR 920 um

Table 3-4: Specification of the fuel rod used in HTR50S

" H HTR50S
PREL = R TS thZze T
A FEE =R 30 vol%
BREF= X N AR 26 mm
BREF= Xy N INER 10 mm
BBt 87 hE s 39 mm/{#
B AU — TS F 15
B R — 74 34 mm
BIpR ) —T7E X 4 mm
B A —7 &S 580 mm
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Fig. 3-1: Flow diagram of HTR50S
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Fig. 3-2: Vertical section view of HTR50S Reactor
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Fuel block . Reflector block

CRs guide block

Fig. 3-3: Horizontal sectional view of HTR50S core

DA FL
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Fig. 3-4: Configuration of the HTR50S fuel
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NFEROMH A2 Em L., FiE L TREINDIFROFNG, SRR AN LY F5E
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(2) MRS R

HTRS0S |Zxf L CRFFREERFLARL - BELZHERN S, FIKT 2 MR %
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HIFRAH I B0 5 B3 2 I HIEk M (R AEZRD 2 WA RERC T DK ZRKCRM & fds) ORE
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The initiating events for accidents of HTRS50S (2/2)
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Table 4-2: Initial conditions for safety analysis of the HTR50S

TE RS B iR
JR R 50 MW +2.5%
JER - H R 750°C +17°C
| REHIBA R — - ;
| YN Ry 325°C +2°C
1 REGEIME T 4.04MPa +0.15MPa

Table 4-3: Set values and response times of the reactor protection system used in the safety analysis of

HTR50S
FTARA S 5 A %ﬁF%wk AT T IR R
AT T N EE ()
DRI R MRS (R ) 112% -
1 R BB A 88% 3.2
REEAEZH O 1 IR ER IR & 415°C 100
JREF-UF H DR EIRREE & 777°C 100
S ZE AR 70% 2.0
AR A AR /K i AR 82% 1.3
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Fig. 4-1: Normalized circulator rotational speed versus time past the initiation of reactor scram
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Table 5-1:
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Release amount of FPs from the reactor building during the rupture of co-axial hot gas duct in

primary cooling system in HTR50S

%

Tl

BRI K D R (Bg)

P BT & o it (Bg)

H AR HFED

# 4.4x107 #72.0x10"

y BE E(MeV - Bq)
131 1.5x107 8.8x10"
132 2.4x10° 3.1x10°
133 ] 1.0x107 5.8x10"
1347 2.5x10° 5.3x107
135 ] 5.3x10° 4.8x10°

Table 5-2: Release amount of FPs from the reactor building during the tube rupture of steam generator in
HTRS50S
23 Fifl BRI Ko E (Bg) | HEREHIC L DGR (Bg)

HH AR HFED

y MR B (MeV - Bq) #19.7<10° #3.5%10"
R 3.6¥10° 6.0<10"°
el 5.8x10° 4.0x10”
! 2.5x10° 3.8x10°
B 5.9x10° 8.7x10°
ol 1.3x10° 4.6x10°
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Fig.5-1: RELAPS nodalization for safety analysis of HTR50S
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Fig.5-2: TAC-NC model for safety analysis of HTR50S
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Fig.5-4: Transient response during rupture of concentric hot gas duct in primary cooling system in
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Fig.5-7: Transition of radial temperature distribution at reactor pressure vessel hot spot plane during

rupture of concentric hot gas duct in primary cooling system in HTR50S
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Fig.5-13: Oxidation ratio of the support post during the rupture of concentric hot gas duct in primary

cooling system in HTR50S
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Fig.5-14: Concentration in the containment vessel during the rupture of concentric hot gas duct in primary
cooling system in HTR50S
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Fig.5-15: Transient response during tube rupture of steam generator in HTR50S
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