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Conceptual Design of Small-sized HTGR System (II)

- Nuclear Design -
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Nuclear Hydrogen and Heat Application Research Center,
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Japan Atomic Energy Agency has started a conceptual design of a small-sized HTGR with
50 MW thermal power (HTR50S), which is a first-of-a-kind commercial or demonstration plant of a
small-sized HTGR to be deployed in developing countries in the 2030s. The design policy of the
HTRS50S is to construct it without development of new technologies, which require additional
demonstration tests, to suppress the construction cost and deploy it in 2030s. Accordingly, the
nuclear design of the HTR50S was performed by upgrading the proven design technology of the
High Temperature Engineering Test Reactor (HTTR). In the nuclear design of the HTR50S, we
challenged to increase the power density and decrease the number of the fuel enrichments compared
with the HTTR. As a result, the nuclear design was completed successfully by increasing the power
density by 1.4 times of the power density of the HTTR and reducing the number of the fuel

enrichment to only three from twelve of the HTTR.

Keywords : HTR50S, HTTR, HTGR, Nuclear Design, Enrichment, Power Density
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Table I HTRS50S O 7245

HTRS50S HTTR

Power 50 MWt 30 MWt
Power density 3.5 MW/m’ 2.5 MW/m’
Inlet coolant temperature 325°C 395°C
Outlet coolant temperature 750°C 850°C /950°C
Burn-up period 2 years 660 days
Core

Type Prismatic / Pin-in-block <=

Height 3500 mm 2900 mm

Equivalent diameter 2300 mm 2300 mm

Structure material Graphite <=
Fuel

Type Coated fuel particle (CFP) <=

Averaged enrichment 6.1 wt% 5.9 wt%

CFP diameter 0.92 mm <=

Kernel diameter 0.60 mm <=
Fuel compact

Height 39 mm <=

Inner diameter 10 mm <=

Outer diameter 26 mm <=

CFP packing ratio 30 % <=
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Fig. 1 HTRS50S .0 O HBERE[X]
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Fuel compact
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Fuel kernel (UG,)

Low density PyC
High density PyC
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High density PyC
Fuel column

Coated fuel particle

Fig. 3 BRBIORERL
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I LTe Ao 2B £ ORER, BREH & IRENHIRMEZ B2 5, £D70),
PRBEMIRN S D72 0 IO AR A /NS RS, b L7z 5 O & fEFs 4 2 w38
N5, T2 T, HIRO BP 2K 7 1w 7 \ZHEF LT, @RISR BERARIC 7= v /)
S <R,

etk BP O mWetE GEMZN R DR & S L Frfitisf]) 13, BWIRIE S X OERICIKTFT 5,
BT S T 2 BRBEHARICIE D /NS RO T2, TNH DT A — X & il L CREH
oy 7 28R L7 (Table 3),

PR EHRE & i IR M2 5 2 & BT DEARN 22 ) s A dh#R % Fig. 9 12”37, a3t
IZRWT, HAEENZ QBRI S < L9 ICRBHEMEE OfE % b3 228 GF
42 R, HAMBREOMICIZLA Y 1 ITBWTRERENED, ZOZEF, FITE
FEB D O FPEF Ol X OYFO EEICHIEBEARE S A TS 2 &2k, L1 1
f@$ﬁ%ﬁﬂV4V2rw&fmé<&5twf&éo_mmﬁﬁf®%%mé<¢é
2O, LA¥ LIZBT 2T REZS< T2 LRPLETH D, £ 2T, HTR50S Dix
FECIE. VAP LICIEBP 22 LRV 2 & L Lz (HTTR OFE TIE2 LA v (&K
2y 7) IZBP 2T 5H), ZHUTKY, LAY 1 O EENEEHRIE S E LD
2y JFLRIRO VB EICOW T H IS E (Fig. 9). ZORER, BB R EIRE D
B HIFRFCE 5,

EJ/N V%?I’BP%%ﬁL&M:kKiD ZCORFTHIZRBUOG L, BP %2
L7ZBEICe_RTREL 2D, Zhic ;@\V+vlfmﬁﬁﬁﬁ@#k%<ﬁbﬂ@%
@ﬁﬂg#%%ém\%@%%\%Hm%ﬁﬁmﬁﬁﬁ%ﬁ?%éo

44 BEEH I UHIEE
441 ¥HEFMH
(1) BREREE
RS O BAEEIE, HIEERALE AR & L CED T, HEARALE O BAEEIL. il
b L7 705340 ORBEMIRNC o7z DAERs . HE R MIE OfelR, Bt O A0 O8RS
TE T2,
el U 72 050 A0 OB 2 BRBEIIIC 72 0 MERF 3 2 72912, BP & W TR SOGB4
IAEL LT, HIEBRAE 2RI DT LAV LRI EICRSZ EZ B E LT,
PRBER RN 25 & P S T VARFED A HIEFRNLE & BREHER O BBk K =
W2 DHIEERE S NS < 72D, 2SR Y | B0 E NEL R0 | FFFOERIC
XA AT A REMEN B 2 D, HTRS0S TIE, 1Eilis i o il M 2 3 (SR 9~ 5 7=
(. HERRAT R BERI R IS o7 0 BRBHEIRNIC & 5 L 5 1ZEkEF LT,
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WREL O G FHOBE» S, RERIICB T 2BEOSEIZTE 720/ &8L<T52
ENEFE LV, EI T, BABERH (730 EFPD) T OIEFRAL & 2N AEMEIR O EisfhiTic &
%X OITRE LT,

LLEX D | BRSSOV T, IR & 3 2 HlEBRAE AR B MIC b= LA ¥ 1
[Z& 0 RBERIIREEIR O FITIcH 5 Z L ARGIEE L Lz,

(2) FEIERB

HTRS50S Ol #HIHEIL, HTTR OF%Et & RIEEIZ, B KBS FEAME 2 Ffo 1 xF O fl kN 584
2B & DI THE OISR TE 2RV RAEE T |IRSAE F CTREIESRBA 1 %AkK PL EE 72D
J: 9 \—-F'XFI+ L/f\—o

3) REERERH
FOSEIRERENL, IRE FRRFICRDORIGE T 4 — Ry 7 BNFELMCEMEN S X 5.
BRBEEIRIC D72 D ADE TR TR 5720,

(4) HERWEE

v 7 CEROARMHA OB G . BREERW (730 EFPD) TOFRAFRMEEIZTE 5720
BNZENEE LY, L LEIRAT A, BUSERERBRRE WD, FARGEE %
BAUF &% LUV (81 wit%) ICERGEHT 2 2 S IEREECTH 5, ARG T, BFRMEE D
FAEME X, GTHTR-300 OF%aT HAE & [71 U, KT BRE O FHRBHEREE 4.5 wt%ll T & L
77

442 BPRE

EtETEON D NN L O 7 v v 24540 & OV TR 2 REHR & IRE
X, WEEIRERRL T DR 2 VE A FE(R T D 7212, HTTR O%EH & RIERIC, BREBERIRIIC 72 0 i)
FRAE 1495°CLL T CRIFIUTR B2,
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Table 2 SREHREMEEE ORLE (Wt%)

Fuel region number
Layer 1 2 3 4
Ist 6.6 6.6 9.4 9.4
2nd 6.6 6.6 9.4 9.4
3rd 4.3 4.3 6.6 6.6
4th 4.3 4.3 6.6 6.6
Sth 4.3 4.3 4.3 4.3
6th 4.3 4.3 4.3 4.3

Table 3 BP OfLE (density (%) / diameter (mm))

Fuel region number
Layer | 5 3 2
Ist - - - -
2nd 2.5/18 2.5/18 2.5/18 2.5/18
3rd 2.5/13 2.5/13 2.5/18 2.5/18
4th 2.5/13 2.5/13 2.5/18 2.5/18
5th 2.5/13 2.5/13 2.5/13 2.5/13
6th 2.5/13 2.5/13 2.5/13 2.5/13

,13,
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Alignment of enrichment

(Optimization of power distribution)

v

Specification of BP
(Keeping optimized power distribution shape)

N

Core burn-up calculation

/ Power distribution /

Nuclear characteristics

>1495°C
Max. fuel temperature

|, =1405°C

Completion of nuclear design

Fig. 5 KZaGT O FIH
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Multi-group
cross sections

A 4

Cell burn-up calculations
with SRAC/P1J

-

Few-group
cross sections

v

—

Diffusion core burn-up calculations
with SRAC/COREBN

.

Nuclear characteristics
(k-eft, power distribution, etc.)

Fig. 6 HZEtH O
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Wesh | Regonti HEADL HAEERAIE N s | =
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51 B4

511 @ RIGE

HIERALE DIRBEZA (L A Fig. 10 (2R 7, ftlXHIEEiE L2 R L, &Y FFE 58 cm 1%
BT vy 7 OE S ERCTH D, HIEFESREME T £ CHA SN 56, HEEAT
B 0 cm T, BREHEEL BiEE TRl X o a . BIEERAIE L 348 em Th B, HIEIFENL
EIE, BRI D720 290 ecm L ETH D Z 0B LA Y 1 UL EICREF S AL, @IS E
PNELIMZ BN TWD, £7=, 730 EFPD (281 B HIEEEALE 1T 342 cm T, BRBHEIE i
(348 cm) FHEIZH D Z &b | RIS EE & PREEMIFNC D72 v BALE Y ICHIET 5 2 &
T& T,

512 (FEIERE

Urnay RAE y ZROFEILRR AR T 210H 7 > Tk, R RS EEATE % £
R ARET D MER D D, JFOIRE 300 K. EFlEEN 2 AOREOBRISSE & %
DIRFED B D R OFIEEE | xt a2 25 EHhE LImRISUSEOZZFH L, C HlEE,
R1 il fEIFE R2 HlIEIFE 0O SO BEAME 2 5~ 72 & ORGSR RS EEATIE DY e & R & Wi 1,
RIHfETH D Z BN D01,

Ty RRAE y ZREOFE LR O REEZ U TICRT, FHROMBE, Vrry R
2By 7 REDIFE IERRIE 20.0 %Ak/k TH Y | 1 %AkK L EA2RT 5 Z LR TE T,

o RIHIEEL XA Xthx
o O (CHIFERE 1 6F, RIFIERE 5 %F. R2 IR 6 %) 2ffA
o JFLMEFE 300 K #—

513 RIGERERYK

UUTFOREH, FEAERRE)D AT 2+60 K 33 L 60 K & L7856 O FIMHE % G E TR
FERRHE U, RBHEEEMRENE. 50 MWt (/I OWREESRMEN DB 2 R S OIREA AT
AL S CHEH Uz, BoEMIBERBORHIZ, BHA IV —T7BIORH7T ey 7% [H
TSR A bR < BERDIRE ZAT 2S¢ TR L,

TCc=P—P0
AT

TC : SIS HEIR AR K
po + TRLEE 2 251 & A 2 BT OB BRI
o1 1 RS2 AT 25k & 7= 5 OB R
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PR EER LRI OFRAE R A Fig. 11179, BREHEERENE, REEMIEIC D2 0 12E—
Efﬁ_%tﬁéoﬁﬁﬁm&%ﬁi\%%@%#%@%_Wﬁf\%%k&%_ﬁ@@
SHED/INS K 22208, BREBEFHALIRRIZIZIE — & CREMMICHO -0 Al b, Z Ok
R AREREIIREEMIC DV ADMEICR TN D,

VB A TR S AR EL DB DMK AR BERT I > & IS TR T2 D1, BRBEICES 7
N R=Y LAOERICERT S b0 TH D, P AR TH S PPu & 2Pu DR ZT
T D HIE DMK R L X — SIS IEAE T D 720, BOEAERE O EFIC X 0 RS RN
HEL . IRELRE DA DOHEXHEABA T 5,

514 BHRERWEE

PRIER ] (730 EFPD) TOFETFIEMGE % Table 4 (2759, FEAFIEHNE L O 1A O FRIENE 3.4 wt%
THEMD 4.5 wt% X DR\ &b BREEZER LTz,

Table 4 (27" K 912, FRIFIEMEE O KEIL 6.4 wt% TH D LLEIEW, 77 UV EIROA
PRIHOBLE N HIX, £V —BOBRTFREEOREAEE L, ZhExrfl 2 hike
LC. RRBEEREI ORI Ll M oBRE S v > 7 U U 71T X DIRE O mRBEEE (L3 28 T
b, 5% EEDD TETH D,

52 BMFERE

A OGRS R % Fig. 12 187, 2O imA & HET 7 v v AOFERE R
% AV T, HTTR @FREFCBI% S 7= FLOWNET'® & TEMDIM' I L 2 BB EHE 2170,
TR RAR A BB LI REHEE 2 5 Lo, Ok S. BYBHEEE I3RBE 30 EFPD Tk
KERD |, TOMEIT 1464 CTH D Z &6, BBEBIRIZ D72 0 HIBRIE 1495CLL T I T 5 2
LncEs, ™

PLEX D w722 BRRHRAE B ORLE & BP ORRFHI LV . REERIRIC 7 v 078 HARE
BLOBIBME AT 7-9 & & b, BREHEEICOW T HHIRIE 1495 CLULTICMA 5 2 &8 T
& 72, HTR50S D% &%, HTTR @ 12 FEEEO MR DS RIEICHI L T, #h 3 fEE T
1795 Z LT Lz,
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Table 4 FRTFIEAMEE (Wt%)

Fuel region number

bayer 1 2 3 4
st 4.0 4.1 6.4 6.3
2nd 2.9 3.2 52 52
3rd 1.5 1.7 3.2 33
4th 1.8 1.9 3.6 3.6
5th 22 2.3 2.5 2.5
6th 2.7 2.8 3.0 3.0
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6. F&EOH

B ) SOMWt, JR 0 H RS 750°C, SRS 2 4F oo/ NLE IR AT A JF 2 2 7 4 HTRS0S
DGR EHE . HTTR O%FHE A B L TiT o7,

et O RO TH 5 oA O il & & O 2 3 FEOBREHREMNE & 2
D BP ZHWTITH Z &N TE T, e BIEER LOHIRMEZ w723 & & b, RERREE
HIRBEBIRC o7 0 BUHHITRME (1495°C) LATICMZ 2 2 & T&E 7z, ZhiZ kv, HTTR
ICHARTHAZR 1764 (50 MW, HIADEEN 1.4 £% (3.5 MW/m’) @ HTR50S D44
. D 3FEORMEE TITH Z LT L, HTTR @ 12 FREE O JRMiE 2 F 2385 b
NTKRIBIZIRMEER A HI T 5 2 &N TE T,

SEEIFRTFIRARIE 1E 3.4 wt% Th 0 BAZAE 4.5 wt% s KIGIZ FRIZ Z N TE 72, L,
I RAEIE 6.4 wt% & HEEIOE < . 7 T EIRO A ZFIH OBLS D B IX T 72 2 A7 FE DI
WREEND, 5%, V7 VEEOENFIAZBRE LT, RRBEERE ORI L il
DK v v 7 U v 710 K DI O BB AL 2 Bt B,
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8

Al FILDEZRINXZ
730 EFPD TOWF.LE 4RI & Table Al (277, FNT L b= LA &IE 11.60kg T, %
DI HD IS %NPEFENMET NV R =T L TH D,

Table Al PO ESEJEINK

Loaded uranium (t) 1.12
Enrichment at BOL (wt%) 6.1
Enrichment at EOL (wt%) 34
Averaged burn-up (GWD/t) 33
Local maximum burn-up (GWD/t) 49
Plutonium at EOL (kg) 11.60
#¥py 0.05
*¥py 6.98
#%py 2.46
Py 1.68
*pu 0.42
Fissile plutonium at EOL (wt%) 75

A2 BRIEEST
BIRELT 1w 7 OPRBERE % Table A2 12774, HTRS50S DU L EHIPREERE 1% 33 GWDIL,
KIRBEFE X 49 GWD/t (BREMEK 3 DL A ¥ 2) THD,

il

Table A2 FIRELT 0 v 7 OERBEE (GWD/t)

Fuel region number

bayer 1 2 3 4
Ist 30 28 32 34
2nd 47 43 49 49
3rd 40 36 42 41
4th 36 32 37 36
5th 28 25 23 22
6th 19 18 16 15
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A3 BHESEE

TR AR & B UTRBHEE DT 21T o 72, 'Y TR SR8 E 8 L%k
IR FE T BRERE A 30 HO A T L 9 ICBWTA LS (Fig. A3), LHMLEREAEERL
ToIREHR FHRE X 1464 CThH U | BFFRFOREHEEHIFRIE (1495C) Ziid LT\ 5,

1600

1400

1200

1000

800

mE (°C)

600

F @ coolant
400 % M sleeve outer surface
A sleeve inner surface

X compact outer surface
200 O compact inner surface

0 10 20 3 40 50 60 70 80 90

HH BRSO AV 2
Fig. A3 @5 AR EE AT (BRBE 30 H, TN LR E S8,
(A v v a3F5 0 TR B, A v 3 =35 83 IMNEIEIK

REED T Z L)

e
& FERICAEYY T 5,)

_29_



This is a blank page.




EBREALR (SI)

F 1. ST EAHAT 2. KRBT mu\fﬁéhfﬁgﬁ%ﬁﬁwm
N ST FEAHAL P ST AL
R % [ew R i =E
= = [ — ifi BT A— P m?
- N o IZS A — m®
M e I s, A AR m/s
R [#) » s m B FE[ A — M VRS R m/s’
S w7 v ~7| A b3 A — bv m’
szl e o K W, E R E|x ey T amrlA— kv | kgim®
W B &E 2 mol W R % E|FesTAmTHA— L | kg/m?
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(b) THBRIEATED S VIR L 2 HoRTHEM, €D
F T BN B Ch HHTO 1 ILBEIIEE LAV,
& 3. EADLFRE RS TR I D ST BT
ST AH7 AL
RV S — | MUOSTHATIC L % | SHEABATIC L 5
S il £L% %LU
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b % 27507 P o n ® m?m?
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(a) STHEFHRE I E A D4 & Fe 5 & FF M HINL L Ml B DY T HHATE 5,
aIb—L ¥ hTERY,

BT T ERT T VT ATEFO 1K S B ORRIRAFT, BICOWTOHME S SDIEbh D,
EBRIT, AT 2RSS Tad R UstA VB E 20, B E L CHMEM E L TORB THHHFTO 1135
RERRY,
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