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Japan Atomic Energy Agency has been conducting research and development with a central focus on
the utilization of High Temperature engineering Test Reactor (HTTR), the first High Temperature
Gas-cooled Reactor (HTGR) in Japan, towards the realization of industrial use of nuclear heat. Several
studies have made on the integration of the HTTR with thermochemical iodine-sulfur process and steam
methane reforming hydrogen production plant (H, plant) as well as helium gas turbine power conversion
system. In addition, safety standards for coupling a H, plant to a nuclear facility has been investigated.
Based on the past design information, the present study identified test items to be validated in the HTTR
demonstration test to accomplish a formulation of safety requirement and design consideration for
coupling a H, plant to a nuclear facility as well as confirmation of overall performance of helium gas
turbine system. In addition, plant concepts for the heat utilization system to be connected with the HTTR

are investigated.
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A, HTTR IZBHiT 28FIH T AT 5077 MERSS, 2 AW 723 BREHE O b
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WTIRA 5 3 BT I TR R B R DO HEke (4R D R fiipk DL 2L EK/R O 2 UCEE T 5
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2. HTTR 2R T 52 BF A X T LOEEHHI

2.1 HTTR O E

HTTR [3FH B ) 30 MW O BERTBGE, ~ Y 0 LMREVRL ORI TR Th 5, SIS Ak
RO BT o v 712X DR S, REHCIE B b 7 ORI 2 Y7 I v 7 AM T4 E

\CWFE U - IR RL - & IV T D, HTTR O EE /A {IAE% Table 2.1 1. Rk % Fig.2.1
W,

FRAEIRRAR X 1 IRBEIERAE ., 2 R~V U LmERRE ., INEARGERME D AR S D, T4
& 1 WINEKRE HIZS (Primary Pressurized Water Cooler ; PPWC) | 3 TN, I ZAA L5 (Intermediate
heat eXchanger ; IHX) OFIIEFIFHEM TH D 1 IRV T AT ANEER L, ZNEN O HL
FREN U TINEKRE R 2IRAY 7 AT ANREMIGT D, 2R~V U AT AR Z DIZENT 2
WK B H % (Secondary Pressurized Water Cooler ; SPWC) % 4> L CHIEAKIZHERS X4, MK
OENTIMEAKRZELR R H G B W TR S D,

F%FX77Aﬁ@FM§m%%£%ﬁot@® Hiw & LT, miBhimEge, miBhmAKZER S

B O SN D MBI HIFRE AR E ST\ 5, £, B BINIRESE O 57 0okl i Re e
%E#ODJCFL%%W?R[S%f% Hit) & L7 R AR E SR E ST D,

HTTR OEHAZ 1T, 57 AR 850°C D E R IEER K QYR HH AL 950°C O i I ek e
L3 5, F 7z, HEEE — RIZIE, PPWC IZT X TOJEFIFE ) 30MW ZFid 539~ 5 [ HUIGHES |
& PPWC K ONHX IZZENEIL 20 MW, 10 MW #5725 NESERR) 235 5,

Fig.2.2 |Z HTTR 1 OB %~3, HTTR ¥ M2k, PR, FHFREEE,
2By WEEE FRHENERE ST\ 5, KRGS E ORI &~ AT L O/ERR & f8E
LEBFIART ) T, A¥ v 7 BHESSEO RS FEBEREED DD R %2 i1
PR ORI E LT\ %, HTTR REFOFEMICHOWTIL, BETMEZBREINT-\) I,

2.2 IS 7 ut R ARRE D
BfbFyE IS 7rk R (IS 7utvX) k. L FOBFENIGEAGEE 5 2 & TKRKE S LK
FERET A A TH S,

I, +S0,+2H,0 — H,SO,+2HI (7 B K%) (D
H,S0, — H,0 + SO, + %0, 2
2HI — H,+ 1, 3)

TR VRIS DERIE HSO,-H,0 %% < EieiAl (IEFH) & HI-H,0-L, &% < &l (&
WAR) (B SN D, BHITERIN-%, BE AL, BRI O & 3 vk
DIRFETENENESG RIS IND, DRERMD S B, KB LEMFBIT o A0 E LTHRY H
SN, FOIEPOESEIT B RIEDERE LTS A 7T 5,

JFET-FEECIL, IR BT T T A BB B L sk FLE VIS LTl Y, Bl
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IZBWT 2R U AT A LB S CTREWICERSE, LS LR OVKIZafEL, 78
B TRE~EMET 5, 3 {bKRESR TR TIE, 7o B U s TENSHGSh DAY 3ok
IKFE KA % BRSBTS L OVHI R L 0 35 L. HI DMREICEB T 2%k~ 7 A4
ALBGHWIETOKRBLOI UEASLBGHT L, 3 vH#E, 3 vbkRITENLE, L BIEE
KOV HI BIEFIC TENENEMN ST B UG TRICR S D, £, A Th 5 KEIT
WHEGEEL, 7V T AZ v 7 AW TRBELEE I NS, 7 B U s TR T, WMERO R TR
BAkE S D R R OVK, 3 VLK FESR IR SN D I v REEEHT, 7B
FOSEHC BV TR KR OV T UL AKFEEZ AR T D, ARSIz OKER) 1L, Bilgx %< G
AR L 3 UK FRERE % < SUERIICOE STk, 2B Ries s Jova vk
ERRIEIC L RS, BB AR TR L O a vk FE S TR~ SN D,

HERHERR DML EREHI B W T, W B2 5700, MBS L 07 B U Kbds &
SRIT, BERFE THEEIC DN TO RO —RMEBS R S hiz ¥, Fig2d 127 o8 v UGS
DREEE &% 7”7,

BRI Y = VT v R F 2 — 7RO T o 2B TH Y | fEk#i Yok 5 =ikt
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B O T ERALRE S & B HA AT D, BUSHRE R T EE TR SN, ~U U AT ARNENE, SO;
T AINE & NE ORI OBLIRTEIE & i Do BRI 2% 880°C D i~ Y 7 AT AT
B e bz, ERMEOE ORI T 2% L BT 5720, SO; H A REFRIHAEMEZH T
HA v anA 800H & FEM I, Bl & BEK T D EATIC SiC 2 —7 1 > 7 &,

TURBVRIGEHII Y M TRIRIGER A AL L, IX LD R TGRS,
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BRI P 2 R LT 5 10,

ZHE TR 4250 Nm'/h Ok ERGERIE 2 A4 5 kR[S K FE RIS iRE 2 HTTR I8 L7-
KRFHGE S AT BZDONT, SRR O R DR R S TV 2D, BT ICHRERSE R D
BEZRARD, FEANISECRE SRSz 'Y,

HTTR (28567 5 /KRR K FBE g% O R FAE Ak & Fig.2.5 (27, ARFRRGER T 2 Rk~
U o LEHEA, BT AEGR, KASKHG R, BALPERITIN A, MAUKEREE 2 DGR S L
TW5, HX 2 LTRFF TR /e~ U AT R EBAZH L, 905°C £ THIR ST 2
RNV T LA AZZHENEZ LB, FAshass 2 Bim L, FREER 28 H LT 880°CIZT
IR L E IR S, RUSBAE G T 5, 585°C IC TAKRKRRUWE RN BIH LT 2%k~ 7
DT ANITA SR B & AR R DD KA RBHR R~ A G L. MASRIC L v mAisn-
%, EERBIC IV RIESh, CEENMEEZEY 150°C (2T HX ~R 5, FEHT 2630, ik
KK A (LNG) & v 7 IR L7 KR H 2 DR AL, Bl & 1T, KRGS R s S
DR ARG S, R A LKL HADFEAT A % 450°C 12 TRARYEE R MG 5,
KRR RTIEL, FaAKEZ v 7 B HE SN DJREI KO KE Z 5% L=, Kk TEGER. 7KK
Adn, ZRKGBENGRZ AT 400°C OB R 2 AR L, BRI AR A~IG T 5, %RAER T
I, KEKRKERR COERTAEZRATDHZ TR E DL, 7 VT XX v 7 &2 HNTK
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@I%%Iékk% I, BWIEBRAFRFHIEA L, ERAFO=40— 27— VIEREHEET

ZENPERERBR 21T\, ERFIZB VT II%E B LM R L2 ZER TE 5 Rl L 215
Tmém F7o, IR OIS R E LR S & RS 0 iz &80 #0520 O kD 4B
sz OS2 BI5 L. ERF O =0 0— A 7 — )L OB #2217\, ARSI &
flERB L7, MA T, 1KRDA >Ry b URJENZRET 5 2 & TREBARMELLATE

WERFDEMERE Y — 2 > 71 K 2 HphiRE & By Ak vTRe 2o il XA 82 L. 77 & MEVRRER#TIC
L0 AW R R LT D P,

HTTR ~D~YU 7 LT AKX —E I
DM HIRRAR IR T D 5B 2 RIT, K
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HTTR 1 IRGEIRRAGICAY U LT AL — U FER AR E T 2 R, ATz R v 2 H
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ARIAERL 2 5 & T HEE S % Fig.2.8 II/RT, ~U U AT AZ — B DY & T ETIF
RN IR E L. Bl IE A LT ANy FEE L TRl X AT, 20, i&sxE
L/b— MZRE S TS IHX X IHX JAEERE, ZAbICMB T 2R 2 fET 2 0ERH D,
PPWC [ZBERR DALIEN B EHE T BEFD ) ZVALEIZRE 2 8 2.
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SH, ZHIUTHEW, IHX TO 2R~V 7 AH AfiEE 2.52kgls & LTz, —FH, AR TH~I ¥
LT AR — L PEREN T D RFEI R A fER T 5 72, FABHRER O TR 02 W Tt %

DI L, —HBDON) T AT A% B — L AANEAT HRA RAT A 5T, 2~ T A
WHIFR I ~GRE T DA ORI % Fig2.9 |ORT, ARFHHEREZHRICE— Fh~ AT 2D
BET ATV, Table 23 IR 7 mE AREMGT2, BEIHIRND. NV U AT AL —E DO HNIE
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Table 2.1 Major specifications of HTTR

\H (A

JRF-4F 30 MW
JRFFEH RE (ERERE / R BRER) 850 °C /950 °C
JE AR N R EE 395 °C

1 R g A IE ) 4 MPa
PRAL BB 1
PR SR T 20 A= /i1
AR HY ) o 2.5 MW/m’
JREE R (ERGERS / m i aEREs) 12.4 kg/s / 10.2 kg/s

Table 2.2 State points for helium gas turbine system installed in the primary cooling system of HTTR

AR IREE [°C] J£/1 [MPa] BEHKE [kg/s)
1 850 3.95 12.4
2 850 3.92 12.4
3 729 2.84 12.8
4 282 2.71 12.8
5 395 4.07 12.8
6 395 4.07 0.40
7 395 3.95 12.4

Table 2.3 State points for helium gas turbine system installed in the secondary helium cooling system of

HTTR

P BE [°C) £/ [MPa] BEMRE [kg/s)
1 880 4.09 2.52
2 880 4.09 0.10
3 150 - 0.10
4 650 4.08 6.63
5 581 3.21 6.63
6 108 3.20 6.63
7 30 3.19 6.80
8 71 4.12 6.80
9 533 4.11 6.80
10 533 4.11 428
11 150 4.11 2.52
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Table 4.2 Candidates of HTTR demonstration tests and relevant plant concepts
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Fig.4.1 Schematic configuration of H; plant for HTTR demonstration test
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Fig.4.2 Schematic configuration of helium gas turbine system for HTTR demonstration test
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Fig.4.3 Schematic configuration of cogeneration system with H, plant and helium gas turbine system for

HTTR demonstration test
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Fig.4.4 Schematic layout of cogeneration system with H, plant and helium gas turbine system for HTTR

demonstration test
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