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At the present time, we are alarmed by depletion of fossil energy and adverse effect of rapid increase in fossil
fuel burning on environment such as climate changes and acid rain, because our lives depend still heavily upon
fossil energy. It is thus widely recognized that hydrogen is one of important future energy carriers in which it is
used without emission of carbon dioxide greenhouse gas and atmospheric pollutants and that hydrogen
demand will increase greatly as fuel cells are developed and applied widely in the near future. To meet massive
demand of hydrogen, hydrogen production from water utilizing nuclear, especially by thermochemical
water-splitting lodine-Sulphur (IS) process utilizing heat from High-Temperature Gas-cooled Reactors (HTGRs),
offers one of the most attractive zero-emission energy strategies and the only one practical on a substantial scale.

However, to establish a technology based for the HTGR hydrogen production by the IS process, we should
close several technology gaps through R&D with the High-Temperature Engineering Test Reactor (HTTR),
which is the only Japanese HTGR built and operated at the Oarai Research & Development Centre of Japan
Atomic Energy Agency (JAEA). We have launched design studies of the IS process hydrogen production system
coupled with the HTTR (HTTR-IS system) to demonstrate HTGR hydrogen production. In designing the
HTTR-IS system, it is necessary to consider preventive and breakdown maintenance against accidents occurred
in the IS process as a chemical plant.

This report describes case study on chemical plant accidents relating to the IS process plant and shows a
proposal of accident protection measures based on above case study, which is necessary for flow-sheet design of
the HTTR-IS system.

Keywords: Hydrogen, Thermochemical lodine-Sulphur Process, HTGR, HTTR, HTTR-IS System, Case Study,
Chemical Plant Accidents, Flow-sheet Design, Accident Protection.
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AT —ar T T OHFEHHAIALT,

FH OB DWW TIEET ARL MR DFHIR R AT L TRO IR S TS,
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HRz H B S (LT BB ICE B X~ T AR EBR LT, ZHUX, WAV EIIARBTHLHE
DO T) 21MPa D FEHERHZ IV TR FERIR AN LI ERETRATT T D, TR — A& A RS
L72E2A, BT T ER—ADITBRIBH 12cm OHLE T, 7L LUEBZ Smm FRE DI T 7 H3HE
RENTz, KT, AEL TR 77 e BV AR —AD A B —T T4y TV T
BEEOPETHRBEAR—AO T RN B U2 Z LT ERE AR L= 22X | 97N
IERL7Eb DEHLLIVTND, XPREL T, TR —AD T A 2 135728 7 TRt
~MRGEE IO DL EBIT, FRHAR— AD AZ AR ) A 4 LT,

ARFlS HTTR IZHHET 5 IS 7B A TGRSO FREL TL, KR FERIRI JOUK R AT O
AP B W TR EME L E7 30 IR AR L D4 BT F— e E— Kk BR 2 VM EES NS,
NPT 5100, TGO BB TRIRER RV IR UAFEN T E LR AT LEEE T HT LM
HECTHDH, £2C, Zift ET L FERMESNDRE AT E L THfEE T . 55 - BRIRREOZMh Ok
5720 D AVEEDNE Z DI, THREOBLENG, HTTR-IS ¥ A7 LAOFTBFEICFE iS5 /3
Ay N T T NI T, fERE TS, dh 23005 A b e RO L SR 2R DA S A E L | B D
R FEER DD D, KB ADIZNIRAE LTI, KRBT AR R E R E L,
T2 RS AT AL RMNZEET HHIH S AT 2L € BB B LOMEERORZ 2%
R T DEEBIT, AN LTKR BT AN KB IBERE I ASEROEINTIKFET ZADHE KLY 2T L%
BATHIENUELEZ DD, IHIT, ZOXHREHNERPICRAELZIGAIC, EEORAE IR
15 LB OIS 2R FIEEL L CEHL TRLERHD,
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324  JUMNRFIKFEOER AR d 1T DIRTE il

A=y NCRELIZFFEFI DD, 20054512 A 7 BTN KPBFEF o SAD K 3 FERER
BREEE THA LB EIZ OV T, JUNKZEOR—L_N—IZABRSN TO A% S ICHRA
AT oz, TUNRFPIZE W THEBARILIKFEAT —a b EiERBRERH 1L, (2 7Ly L A0 E
JEKE AR FEAT —a DBAFE (RRFIE S HIBCHT A m Y — 7 M FEBIRE S 2E) 11TV TkiE
ST iEk THY 2005 4E 11 A 15 BICEREER B GS T,

IKFAT —a DU Td 5 m i K 0L — 5 43 & (High-compressed Hydrogen
Energy Generator: HHEG) I%, —ZEpi 3t FUEBU T TR LIa 7Ly b2 HE Tk OE
KRR LD R EDIKFE A G EHF AT D3 E ThD, 2004 4, EOFEMAS 35MPa T 2.5Nm3/h
DKFERGEZER LTZ, 20920 B 91, HHEG O & - KK (/) 40MPa, 7k 3% kb
30Nm3/h) &V | FEMFRFE AOBHREL - it AN, 2228 OFHERIT 2170, T B0 B
REANFE BRI CEDA VI ANUKFEAT —ab H B THELBI SN TS,

TN KRFZCTIHERETOTE CTHREIREZIT> T 2EZ A, 2005 412 A 7 HiZhEa% PN HHEG 12
BWTBERFED AL, TWUNKRFETIE, FHORREZIEHTHEEH1T, FEOHFHL IEIZmIT T
TR R i Lo _KHE LT - TRY ., MR RLE R OO 40 FIZERNZFRO bz HHEG T
DIES] EFAZDNWT, BUGITR SN O A, 78O /54T HHEG O ek T — X D53Hi7s
LB HHEG DL Ch o EME N Z AN T D ES - 7N TR OJRR TREBEZY, £ )
N EF LIS DOEHEREL TD, — T, FFOEE QRS IREEICXY, BEFAILL, FER
D—EB, BEO HHEG ORI IZIZOKRFE T ADFRE L Fio, FHRFIEH L2 By SR o —3
ORI KD E D BLE NOFRIFAKIT T v BAA L %8 AR T O CNDIE (pH 1X 2.5
~6) . BIOMEDHLKFE B IO —ILRFEE G LT ARFIEL TODIERRHIAL TS, JHAIE
ke T3, BURFR TIXLL FOIICH B G A ELD TND,
fAISOJRR T, BB LZ L TNIZEB W TR E eSSBS 72,

B N2 7 BRI EES L VNDE ) EIRED ER- LTz,

Z D% BIEEME, BIOREFOEENCIEIZ— BT LA,

ESIMHND USSR, FFOEORECHe RN hE-T-,

W 3245 BE RN T B D JR R TR T IS LR L, iRl E CREMRREL LD
77

FRSRDWEH | DV MITKEDIRBEIC > T—H DBERRLE M B NRBEL T,

B2 TN DKEFOSERDIE, KIGER R 2208 > THE R oy Bt 2 o 7~ it
i SR B DKW HIE LTz,

© e 606

SHC

REFEHEDOIHDD, IS T HEAORFH TR TD2LENHLHEHE DOOEDEL T R AKIGD R
DdITHND, ZOLE JHAESNDIGEEE DR AW E Z W E FALFTHIL , 22T AT LAEEET D
VNS, Fo, B FWE R LR ASNIZGE O RIGNEEDRIRIZOWTHIRGIL, A5
AP S L BN ZSHIRNW AT MERA G T 2ONLEL, 207280, ARIO RIG)3
oA DT B AR E RN AT AT mw AR E R R DL R ADA L F—ay ZJEIERE D]
AT AORENEETHD, FFZ, A1y 7T b HTTR-IS VAT LEDT B AR —Ta By
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BEC. ZOHIHT AT DR TR ENRHD,

TUMN KREZ BT DI R I E RALE TR TWAR, IS a2 W THERRE A KR, K
FIEMRD VAT DEFTA L TOATEDFHLOFENEZVED, ZOXREL T, Hli#FFO> —R N —2
BT D TR HPBINEA L2 T HEEHIT, BABLIEIZ B W THBERREREEZ B 8L T2
ETHMBERNC LD IR K EE R/ NI TELLDEE 2D, Fio, B 1E, BEE L7282 BV TRHE
Z— HAZ (1R RENIZIRT T DT AN FEEN RIS O EEZ S EEZT2EbHIF5720 , 51k
% DFRAT I ARG H 36 L OFRAT T AR 1% DL M A~BVET DS AT LOREG e L b LB TH D,
— 75T, FFIZB T D B RRER TS | 2 T OB U EL M IME T 22BN TH D, Fio, EH
W77 BB ADH TV T LR R DM RERERZ T T DL LT, JRES—AD TR T 5| O F i %
ATV, B R T L 7R B P TR S B A ZENHE TH D,

33 Fi&¥

BT Z L MO FHREFNZ DWW T 35 ST EATOL IS T B AEOBENRENEE X His%E
B2 L BT 2 O A e F R DJRIR | A E S, TRICOE L, Z ORISR, FlA
HENISOG 2B KO B SR b < WE - OGS ER N B F iR K ThoTz, T7bb, milE
BB T COMEROEE0E F BN EEN DA NI RIS LI A e L 2o 7o 2 &S i D 3
K72 TNDZENDN T2, ZORPUCELETITIE, AAYER FERIEIA) OB L Ok RE %
L TN EIZ D7 T bR d K ONEISH I S O #EFH R EICAE R HY ., bl
AORESDFERDFEAE P ER L2 TND, —T7 {7 R NPT D JFIK L7205 T DB DI,
ANHEREWE - FOGBER DB FER LR S>TND, 2055 WE - FUSERIZBIRTHH DL LT, FEHC
HAE LT AP O BH R D SR HEIZ LD B E KB L OB OB RICLDIMZAVAFEAEL TND
ZENDI T, MG HERE N FH O N E72 > TODHE OISO T, BIREER (FT5, B, i
7L KRR IR (2R BAMRE) W SOSERBIOANEREIEL &N DD, HEARED
i, BRCRHOR R R, BIRE OB N DO T ADIRZNNRERELTND, ZRHDRILICE
HERBERIT, B ARCEEEOIEERAR T3 THSIIENDIEL TNDLDTH D, 47 HEk e
NEH DR E22>TODHE O WE « ROGSER B LR THY, Rl E O, 22500 A LI E N O
B LML DMERES I, FEK T DR E B Dh 0Tz, Zivh | B R R ERERIC AR ICE L2
W DDV TORFB R R L TN D ThD, Bl F i oD SR LR - 258 22K 23 A THE
JERDERIICZ O, 2T, MHERREITL HAADZE AEN DL FWE (B 21T KD FLE) | =
MO ATy VL HIE DFEEVDFEIZLLHL D THD,



JAEA-Technology 2007-006

4. HTTR-IS v AT LSRRG ~DIESE

4.1 HTTR-IS Z A7 A TR ES AL OFEEIFE D Fh HY

AT TR IS b AL B AR EUGER, BT AR X Sy HERgaR . Bl N ih HIZEE
LT FHUZ DN, H 2 OFREGIZFEZ O, IS 7 e AR AL F i E L CRIREMED
HOLDODOHH AT o7, B L2 6~ 10 IR R AT, [S 7 A TOBEEIF S I AED W HE
PEA DY EICB W IR OSRME RDL, BREE, 258, FOBEHRREN IS T riRL
X500 — A IO JFR DEEE RO A B EIRAIC LB 0, JRACFEM AR B eb oIz
DUNTHE, ATREMEEL ORI & L7z,

FHAEBIZOWT, IS 7 r BRI THREIF RO W REEO OIS R L7250 i E B O EFHHE S
ITRDEFBTHS,

O FISHKZREE - 16 1E/7401F  (38%)
@ HyeeRrN 9264 (35%)
@ srBErkes 11 (9%)
@ BlE D422 (64%)
G NE-HBEERE - 14231 (4%)
® 4k D41k 122 1 (33%)

EREDOIBINEN I HIZEE IOV FEIMEO TS O fh LR ML L R TR 725 TWD DY, 2
ITEAZ AR D F LY 1S 7' A TIIEH LW LR S O FN K% D72 Ll ab D ThH
éo

4.2 HTTR-IS VAT AZHIFHEHRE ARG L3R O$E %

41 HIZB T DU F O FHERZEHUERER 1R T, ZNOOFHERZIIILT, #
11 121X HTTR-IS ¥ A7 A TR ENDFIHF LR AAIFEL . £ OFHL) 1§ D7 I H RN, BAFE
BEATONEZHAZZET Thd, ZOFHI :é%ﬁ BRI FZITONEH B IZX LT, HTTR-IS ¥ A7 LD
BRI REIHE 2 Y 7 e —RIZ3 T ORTEEHIZ, HTTR-IS v A7 ADERRIB L OREITE
WAL NEIH A 22810 72, LRI, S FERICH T2 HTTR-IS Y A7 A TRAGSNDFHESR
DOBIEXRIZOWTRE T, 228, EilkL7zF 6~ 10 OFFH T — X —Fnb 1S 7 a2 THE
DHFEHO AREMED HDAE 2 D FEHNZ DN THERMTR LTz,

421 FHBLIERROE 2 )5
# 11 12”9 HTTR-IS v AT Al 7‘5$Ejzwtﬁ%mﬁ@f&imé 2720 s HTTR-IS &

AT LOBESHFHIIBWTEML 7 HAZOP A% T (@BNZHB1THRE FLO 5 HEE D IO BR1 &
L TIR N TERL, HAZOP A4 T 4 CIE R EHREZLL TD 5 IEE LT,

(@) FIRMEME O GEKIRELL B BEFE AL, K- 1BHICED)

(b) FPEHEDIRZ

() FIEAMEME O Z (FEKIREELLT 3 KISV KK JRFEIZED)

(d) IS 7B ADEREVE DI K (2 IRNUD LTS TOD T AT LD F )
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(e) IS 7B ADBRENE DI (2 IRANVT L THESI TNDT AT LD HF)

A B OFH S IEXROFRLETIE, SHICFEMEL., EFRd @)~ (@)D BE HEGUZ OV T, LLFICE
FT()~@) GE 11 OFFITHY) AFEH L. (d)~ @IV TIXG)~(12)235% 4 35,

11 IZR T K F BRI T2 FHLG X R OFEARTTEHILL T D@ TH S, (1), (3). (4)DFiK
B 1E 56t 3R D 7K 36 4 AP 2\ %R O BARMLIC BT, HI sz BN E L, KFEHVAP[Z
s RN O ZE BRI A R E 95, MHEEDNIRAOERILTZ5GE1E, [IS 7uabv 2B 10 1S
T AERO R AR LT B R A HTTR R AE =12 1 R8T HTTR O 512 1S 7'm A%

BBk S A EFIFFC, IS 7 r B AR R OFIE EICH EHR AR RS IS 7' B ADER B 1255 Y] 72
L,ﬁ%:ﬁﬂ< HOET D, o KEPEENITHELRNIOICHER VAT 2R E L Bl LRI HER
VAT BEAEBNSEHIRE DAL H—ay I EFR T D, HI 5 fRasN DO KFEBERF IC O W T —EHE L
L. HI 73 fifds & T S OB ERBLEAE R Z 30U Th BN 722 7y B AL B & 35,

2 )m%f%*ig@%%“ ZOWVTIE, %%W@%?#@E%iﬁ%ﬁék@@ﬁﬁ%H;k“@fnﬁxﬁbffﬁ
AR HEEME ORISR E L, BEWEZRILIZSG AT 1S 7t AR B OHIHE B L O]
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[ZOWTEA BT 5, BEWERBEEYE LA  AFEBOWEXIEDOTD DY ¥y — L — L%
BIGIZRR B T 5, BB L & OB E X EEEES TS,

(5. (7). (A1)DEH I, BLaE B 35 E0 36 L UL B J:Zo%ﬁ%“kﬁb\f‘i AR HEFEL /20
BLE O 5| SWUCREERECIE ST DL EHIT, AREEDFRILES IE % [EAPNE N/ E T Sd iU RV aNas ]
\ZED T T AEEN I 15T, EE el T e RN G T*ﬁfﬁﬂb\ R a N AEE S5, Fo,
T ZAORARR R E Y TV T AT LR E L, B A AT HEE T D,

(6). (B)D i, JE RBREE T CORHEEGRLL MR DEMER BRI HOWTIE, MR, RS
FCRRIE T D EE AR B IO e A5 HRIE, 2 EA (R0 L, AR BRI R IS8R 2 T
T2, £, EERMEERAHIE T AR 2T 26 2 BT 5, FRC, REF AT RIXEELT A0
DN EWOFFRIDSELE Y /b Gon 7L ThH, Ay 77U B L HTTR-IS VA7 AlZB W

TR FIEEDI B IS ALV AT DR T HZEDNHETHIEE 2 D,

OOV TR G EEBE O BPFFH BRI RRFIL . (101X B AEVEREAT 20 8 ORRFHFCRFTT 228895,
(12)DHR T HXET —a Al oW UL, FvE T —ar RO 7 e ABR G A7 & L B H R
FAR S EURE DA — 1y I hFR DL E 2D, (1B)EMER O TREL, (14). (15)135%
KB Pl DA R B A E R B PERF IR ET 528 &35,

422 FHPS LR OB

F 1R TEFHERITR U THRE LI FE W LR RO EZ L FIZEE T,
(1) MEHE R PBH I K DI 2O Tl B 1%k 3

WEDFET TN BT HFERFH DI IS T a AR TR EER L L TlL, MR &0
PACICTDIRZ N T HERN D e H %<, IS ot ATHRESND BE FRITHEEC HI 058 atts
AR I OEIRIZ L oM s Bl - 7. V— VM E OB B-IR-IRx W XSRS co s —7 I
FOMEHMBIED B 2 B2, IS et AL L TE, OFRELHIZIMA DM IO BT ONTIEE (BUE
FftiH) €0, @IARLE LD 2T IRO BRI EZHCHIE I LD VO (O fay T T
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MR EFIS L ONERS THE) . @I AWIEAE RO L EVEHERF-CHEILR OB I, D 3 SH3Fl b1k 5
DFEE72%, BUE, THEMED VA BIORE T ThHDA, 4 %1%, BRI SIS LIV FEAERFO
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03B,
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ZETHEEIMETHIELEETHD,

(2) EHIRARFOLEE NI Y O | FEEN 35 Kip & DOFH 1E%f 5K
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DL 6t AL D 3 DA FHBL 5RO S E L THRET 2,

FHPS IR ICBIT DY 7 Mk RHRED MR TEE LTl RNE DB R0 AR (s Bk
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Al i 3 LOMERR O BB HAR OB AN LI CTH 5, BRI L OMREBIRICBIT 2 F 8B (R xR &L T,
PR B DA HE I LUV WV E N2 D IR R B O HEHIZ W Tl FIE (B o0 BR 1 FIE) 2%
L F ORI L2 X5, Pl EA K ESE 7o GHIR D REL O TH DAY, Tk & 7= Sl F i
BODITEHETHZLITTET, B RBL OB ERHD,

(B) FEDHEFUZ LD DILK L 155K

REGRIT, RN TO R AT RRNDE KT (7213 B 57 LARREIROE ) 3L L 5
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FEDOBLE IR OIIRE DY DIRANT DTLNBEZBND, IS 7t REL TR, AV VIEEZfR
(ZARRE SN OHEEHF W H YD R e v AT LGB L OHIHER G LR L OV T Btk e~ 3
HTLm B L RO ST EHE L TRE T D, 7. IS 7wt A8 & OBVRFHEMAT 52 L0 JH F8 A4 Iy
DI EFANFHEL TRSBLEDDH D, FHPTIERRIZBIT DY 7 MR O K EHEL T, 7'n
TREE (E5H, WG (E 5 DA =y VDR EEATI, N—FREFELTE, Al 2
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BROREBERICBITDHFEBL IR EL TE, AT MEILOFIEZEH T2,

(4) FIER-IRFE TR RO & B B RSB Rl D 25 KT KD S 1E %) 5

IS 7R ATHESNLRFHFREL UL KFREBIOBEHA~ZELKDIRATHILITIDESR
FIARETERL | BRI LV E K UBR T 2N B 26N, ST rEREL UL, OFF
MR D O LTI Z OB 3R . @U 2\ M 2 72 i TR S0 75 K IRk 38 4 i B 1k 5% 5K
DIFHHELTIRET D, N—FEFHEL UL KBRS KRKOIRAVA BN (T D7 KBRS
RARFRERE O —HEFITT D, Fo, KRIEREERL ., KFRIAE - BILTEE I 1B EER%
BT 2, 77 MESRNAADOTRA VRIS 2R B L, EH IR AT LW I il s AT
LR ET D, BRI LOMMRBRARICI T HHFEB L6 R EL T, KFMAVRFO L AT MEILDF
g% FEA 52,

(5) BUSEFNZ L DR AEE - F | RO E O B 11+ 5]

IS 7 RCBMR T HFMERICIB N TEWEREL TE, UG RFICRHHIERECRE, EE
DINEREThHD, IS T ATHREISNDBF FREL T, BB A R O LR sE O
A EINIR RSN NDDIRAD G [ E DT L7 2> TR ORI LD IR RER R ERB L O SR B
DIEFRIZEDZENE 2 HIVD,

IS7 b ALL Tk, OFHMIE G O T E DY - FEHEOIE L RSO S S B R I LD AR E S
FPHOHE N @ AT DRFMRED BEARIC LD BFE R0 B H . @R H FREFOMHR D227
FEIEZOTNELD 3 SEFEBL ISR O T ELTHRET D, 4% Fi i HiiB e & AL B e
LHDDUEDELTIL, ALK ZIBARED RS I KO BA~D B DWW TOfRMT B Th D,
F- . BT S I LA RS R B R (IR T) B D2 27 AT OV TH HATNC AR L TSN
bHEEZD,

FHRH IR R DY 7 MR FHFO SRS THE LTI, BAFSAE I T DT BR O R 12 L5
A 2=y VR EREIVCIVERE MR T Do N—RixaHELTIE, BRFEHE RICHE SR FE FHL 0 F A
R E FTREL T2 MRS 2 3% 8 975, ik L OVRRRRICB T2 KB I RELTix, BEF
LORYIRHZ FTREE 9572 | Iz P OW BRSO EM /2T =4V 7 51T,

(6) B NFR L7~ T I o B o0 BRI D F B Ik k)5

IS 7R B ATHESNDEFELRLL L, EiRGOE B REES SV CORIE ot o415 ()
ERRET) ICEVHIEIRRRICELZENE X LND, IS rEALL L, OfilEE AT — 4% 5
(LT AS M D AT F o A A . @ BB/ o S I i 2 D % B b A Sl b 1k SR D S5 # L
LCIET D, 5% Hii B2 E B MBI 225 OO UOEDEL T, HERORE IRV T, KB
B COM AR Z FEhE L AEAmAS S L0 H 2 b 320N H 45 2 5, Filbi Ik
XRICHIT Y 7 Mk RO SO IRE LT, HilEEE 2R D 2 EAVIT RIS LT i@ 22 il o AT L a4
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TIEZEAT AT LET D, RS L OMRERRICEIT 2 E P 1L %R Ui, M APERER O A
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(7) ELE O HEEED - BAZEIC LD H M kxR

IS 7oA THESNDBE FREL T, EEYSSAMPORNEICIDEE LR EDHFEEVE
FOPAZEIZEN T AT AREMER BRI/ DI ENE ZHND, IS 7T rERELTUL, ORKORIMZES H
FHEVINIE, @ HEEEV ORI ASEITO R, @ HFEEV I A2 AT L7 SR OO hilH R ik
FERD NS TEERR B~ DRRIA T2 FH B LR R D S #HE L TIRET D, A% HrizIlCHE Al n
WEZ72 50 DDOEDELT, RSO RN E O B 5EE0OJF R E O3 A% 10 13- DR
R E 2R E T DN DD, DT RERZR B RS E0 K (EE, (L FWE) B AEOHE R
FOGHmZ L TRSLENH D, FEBhIEX R IZBIT5Y 7 RGO LRI EL TlE, s B &S
DX OHERI GEEFH) 5 B3 F—ay I O EEITH, N—RaREHE LT, B RIC
FSHERRTR BT BB ED ~D I MATTH, B ol £ BN A ORI L ORI #E LI S E R
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