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Japan Atomic Energy Agency is planning to demonstrate hydrogen production by
thermochemical water-splitting IS process utilizing heat from the high-temperature
gas-cooled reactor HTTR (HTTR-IS system). The previous study identified that the
HTTR modification due to the coupling of hydrogen production plant requires an
additional safety review since the scenario and quantitative values of the evaluation items
would be altered from the original HTTR safety review. Hence, preliminary safety
analyses are conducted by using the system analysis code. Calculation results showed
that evaluation items such as a coolant pressure, temperatures of heat transfer tubes at the
pressure boundary, etc., did not exceed allowable values. Also, the peak fuel temperature
did not exceed allowable value and therefore the reactor core was not damaged and
cooled sufficiently. This report compiles calculation conditions, event scenarios and the
calculation results of the preliminary safety analysis.
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1. IIC®HIZ

A BRI E L THY BT B Cuna s ERIE RV B O R 13 b A &R %
FIALE A FEEESS BB EDOHEH SNSRI AZLDL D THHEEZ 2 HIL TV
%o o AL EIROPEHITHE € O -IRICE 3526000, HIEE OB IS
K BEG N EDNEEEND, ZAUTH L, KT ITREEC LV R IR T A2 PEH 3,
HEK EDHBDDGHNATAET HKEFEIE T 5280 I, I ZDRE,
R B DWW TOMERF T 27 B DMEE-> TS,

MNTATEGE N B AR 0 FE B R (1 J18HE) ik, JR 7 02 X2 ko
KEFBtEE~OFEBRE BHIEL., JR 7+ I XD KBZBREDHF LA ED T A,
K SE G DB L 72 A TAF OF RN SN TIE BER A~ A A B
PR ONTIOEM 1 B 2 VD Z 1240 1,000°C ST DAY LH A% fR 4k ~H)
DT ZENAIBE TH D m IR A AIF OMFFEE R 2 HE 8 | PRI IR O R PERT I EiR T
HERIFZ25 HTTR (High Temperature Engineering Test Reactor) Z#%#L7- Y, HTTR
1% 2004 AE (2 R CTHID T 950°C DR DO ~UT DA AZHF MY 4 Z Ik ZhL
729, F7-., 2010 4FITITTERE BHIRAE T 50 H o @i s Eii A Ak L=,

— 5 AKFBRIEEEL QIR T A% P 52 L7e | BULSICKE DT 5
b F ik LTS lodine-Sulphur 7 e 2 (IS 7t R) % — gL L CHFS2RR
Fe WD | 2004 4R (T HRTHID THIL— 7 EBR S HIRNC L 5wk FEREZ R TIL
7= 9,18 et AT, U F OIS DG DRI LT, BYLFHIT K E 4R L
KFEEEET LT OB ATHY, DR, BIEHEL CTEZENEOND,

I, + SOy + 2H,0O — HySO0, + 2HI (7B i) (1)
H,SO, — H,O + SO, + %0, (2)
2HI - Hx + 1, ?3)

7R RS EIE HS04-H 0 2 2 & TpkE & HI-H,0-1, 2 < & T FRI S Ay S
ND, BRI RENT%, B, ZRFL . RAEAIITEAAEOmEE LI VLK FE DR
RECERD RS ID, IR OIS | KFE LTI T EAD AR EL TR T
M. ZEDIIDDRET B GO FEEIE L CGEIET 5,

JE - I RERECIT IS 7o 2D E VI T . K SRS Lo CHFge EE % 4
BYBEIC ML D, BIFEITSS 3 BRSO (S MR O DB X UWE L5
R T — XA ERRPIEE ICIVBIEL TRY, i, TOLEFEITITHY ED
RSB LR D LN TRSIDH 4 BRSO HTTR Z V2 IS 7' AL D KRR
2T A (HTTR-IS K HEHES 25 1) OD 7= DEREFZEE FEMEL T,

HTTR-IS Al 2 A7 L TiE, HTTR OBV HENAEEEE IS 7 b Afit
27D 2 AV LEHGE A UET 2, ZHETOMFHILD , RRHEEIC
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PRV, HTTR-IS KK FELIE T AT LD L VTN T 2800, Bl F5 & U CREdT
DOYFERHEHB IO HTTR ZeBEFHIBITAHESOMRI ML LUTAKIEIC AT
WECHHESEHHLE D, 220, ChbDHERITHOWNWTI AT AFHli—R &2 fu
TRETIIENT 2 I LTz, AT, BFHGUTH T DM &, FR— 7 ABL
O RAEFED IO TH D,
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2. HTTR-IS KFEHEL AT LD

HTTR-IS AKHE#LES 27 4 5 OZ HTTR BLONIS Pt 2|2 LB K EBLER )
DAL, R THIO T, R AR OBE W KB LG A FEET A2 &R MRS
TWb, AFETIE, HTTR-IS /KFERIES 2T A0 B H), L4257 #1 B8 L ORI A
BAZLEI RN R GBI DN TIR D,

2.1 HTTR-IS KFEHEL AT LD HHY

HTTR-IS /KR S AT A2, @R AW IS 7 22 A0/ FHIF~D1E %
TR BRI L OUKEME % D o — Y — B0 R BLOVR 1 3% L1k
FTITUNOERICET AR MO D ERIND, REREHRDTZDD
HTTR-IS KFRLE L AT LD HEIELL FOLBVERELT-,

o JRTIFDOREEAE K FEBLED FFE

o JRTIFLIS T e RO IT DL AR B L OVE AR FIE O
(IS 7mEAOIEFE T izt k)

o EEFREES S OB IR D EIE

o EER. WIS IOMRST - MRICEE T 2R BR DS TH

o PN ORF MR TR T —Z DG

HTTR-IS /KERIES 2T L TlE, B0 FEZRITH L0 BB OFEZEI AT 7=AF
FEBHR N EETHD, i EIRT A 1S 7 aE A0Mthoo K F GRS TRE
FHNCHES T D120 f BB C I D RE Bk O K E itk 2 21 F/INm® LRl
72 0, 20121 1S T rt RO BTED AN AR RO BT AL ERHY IS 71
TASNO— AT T MEE IR O F 36 X OWEES BEa AN O ARk A3 4 BEAS A
RTHD, ZNOOEMZmI-T T, T 1B TIT HTTR-IS AKFERES AT A
DHREE R ~VEICEREL 10, R LD TW5,

2.2 HTTR-IS KFHET AT LOBLEFRE!

HTTR-IS /KEHRLE S AT LD &0 D R K% Fig. 1 12, FEE /03 5H4k% Table
LIZRT, HTTR-IS K F Mg A7 MIR A, RIS L ONIS et R
OGRS A, JF1-F &R B HAZR O IIX 1 IR~UD ADMEER L, W MBS Hags %
MLT2 WAVTDANAEMAET D, HTTR-IS AKERES AT LD 2 IRV LG E]
RIEIXbRRE . HE | AR AERBLOM G E IV SIS, 2 IR~NTT L
FEEEZERY, RS AA ST EEL, BEE 2L T IS YeeRofbF
FOSaBEICBVE G L, IS 7o B AOBGRIED Sy 7 7 DI EED DRI AR S
FOBAHGCLVBHINT M, 2 WAV LAMEREICIV A RS, —HENEE L
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BB ~RD, £T2. 1S TrEX| :/\‘4/\"7\34‘/25:%5% T.ZOHARIC
U EREL, IS 7TrERCBWTREERNBELLLGAEITIL IS okt R% 2
WRAVY LG HIFRAH ) OEIVEET, 1S 7 e AR TI1T 2 /kmU?AfjjuTé:
L, IS 7atRE 2 AV AREEAGF OAST XU T RN — B L2552,

IR IET 2 ETORIC T 0 ZRIED 2 o/tmur?AzAiﬂpx{FMxJ\ﬁ%@%
B5<, HTTR-IS KFEHLET AT AD 1 IWHHIERM X HTTR @ 1 R ERH 2
ERUICERTHZEEL FLOBEIZBRELE 1 WINEKGHIZR, IS oA
NEEE T D P AR HAZR D DR AR S AL, HTTR-IS KFHIE AT LD EFEE
BRIRFICIE 1 RINE KRB EIgR B SOV B g O BVA T 2 20 MW,

10MW (ZEC Sy &S5 IESE S D24T9, £z, [R5 A2 T LD DI ER 5
EATHT= D DA & U TR B HIERr . B2 Ak T iRr 25 0 P o s il 43 HIRS RE R A IR D
LR B REZ B E LT ARG HR AR E SN TS, R BN H]

FAEDOFEMCHONTIL, BE LA RS-V Y,

2.3 HTTR-IS /KFE BT AT LD AR B RO S8t 7

HTTR-IS KEHES 257 LB WT IS v A& IR+ Ffia s U R er, Bk
L. EOFFFR A 215D Z L1358 H B TORF MO NI HEZ R T LWV BLE DL
ARRIRIPRETH D, ZHUTK LR IR T

(1) IS 7'rvR% PS-3 O [ i BiEREVERE | 9> %&%ﬂb\ IS 7B AT NI D5

W HEREINBERLE T, BLO
(2) 1S 7'E B ANICTHEZFVA R D KR M) B R B 2 51 3% i JLA& D3
HPHLL FET D2,
IZ&0 IS et RE—fRLFET T NSNS EEE RIS TR, BUERB IO
B DR AR R L CVVD, I IZ DWW T, IS BB AD FIIC AR Aoz
RIEL, IS e R R T AR F IR AR Z OB ZLZE TR FOMEH
HERE R TR R E I KO B FIEE ML L TRY W, HTTR-IS K H s 25 4
TOFAERFL CND, F2, BEICOWTE, RO L TRELIZNF T A
D IS Tt ZA~OBI T FEB L OBIT BRI FIEL IR RL TS D),

IR FELR LA EATT T2 1S TR 2SO FRMEME DR AR K425k 5K 5
WERFERBIOEEYE ORISR R T 53N A/ A NERIZHONT :.t\
KAV V&, ?)ﬁib\,ﬁ@ﬁ%fo&@%&%/\“?% 5’%@@Awﬂ{¢&bfﬁﬁﬁﬁézb
KFERLEFAF RN B W TR LB RS ST, - F o éé%Wﬂﬁ}:Lka
‘“Jﬁ%é’%%%kioﬂ@ﬁwﬁm\%%%ﬁnﬂﬂh‘é ETL TR O 22 D il
RENTWAZEEHET L THD I, ZnHDFE T Iz H>NT iEﬂE%‘E& B%%
ity gyl AN

RO ERRGF HEHHESLZE T IS P ut A% JE i ak O 4 2R O x5
MOBERINT DA FIREE T D,
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2.4 HTTR % IHA B fRAT X R F 5
HTTR 5B HESNAREAD IS 7 A~OHEZ 1T BIED HTTR 2L TLL
TOUEB X OEIRSEOE T RN L2 D,

© 2 WINEKRBENIZRORE

© 2RV DB HRARBLE OJR RSN g i L OUR - IF RS~ D5 (A
L

© 2 RAVY DG HIFRAH A~ DO AN R 2 fREEF 3o OV R [RRE A OFR &

- 1S RO E

© 2 IRAVY DB HIBR A~ ORI AR B L OM H G DR &

© 2 IRADY DRI DR 1R EAN S 2R ~ DR

- B A 2 TEER S GRE B LR &) O H

- MR ZERH AR RS (RE B LR &) O H

JE TP AR D48 B % Fig.2 (o3, BEER DT T RRIE A H IS I 4L
LU CHNT ML L7 D H R B L O HTTR Z 2B ERFCB I 2F B F ML LT
AAEIEICE BN ECLZELRHHINTWD, DL FICHE SN -E S o E LR
T,

(1) FEHRRFO FF 7 A b
(@ FRBZHIEH 1 KAV Y LJEEEOFIEE E 5 (Anticipated Operational
Occurrence (AOO)-1)

5RO H R B HAER IR S R O BREH DN 1 IRATD LT
PR RIS 2L B ORREBNC LD | 1 IRIGEIR TR RN E 1T R F LY
MK FUC, JRFICIED KIS ENTSIME L, RN LRI 284 ThH
%0 IS T HBEANDERRAIT LI ZADOEMEIG B TR EIEES LR 2 IRIAINZ 1T D
A DIEE B LR ESMENZE N1, 860°C 7>5 905°C, 300°C 75 129°C BL Y
12t/h /25 8.8thh ~ZEH L7e % ARIEHASAFOZ HIZID | HTTR KR ARIZBITD
RS LA S E N 2D L TSNS T2 T AL E TH D,

(b), (c) MIEAKZELH HERD/ A SRR ORRA B L OB (AC0-2 BIW
AO0O-3)

JEL -7 0D HH 7 s R DN KL EE B R ORREI I Lo T IR 22 5m Al ds
DA SAGE BT DSFREAS LIXRRBI L T IEARS AR O m H &S IS L
IR L, IEARBE N FRESLUZ LA T 56012, /T A REN FRESHL
IZEFTHHEGTHD, 2 WHEKREIENZROREILEN, IIEKRZER A ENZ R 12
BIAMEKFED 630tth 755 410th ~EZEH 705, AEHRSAFDZEFIZLD,
HTTR ZARFARFICIT DR R LIl 2 ®mh N B L PRSI0, FRT
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NILEETHD,

(d) 2 IRV LRFRRAAR AR PE H R O FRBH (AOO-4)

JE AR O H D R S ERENVES L IHIEHR B ORRRIEIZE ST, 2 IRUD AT
HARTRAE D 2 IR~V DPEH IR SRABE 32281280 2T AE DB kA~
AR L, PR RS HASS A U R EGE MR T L, A DIRE D L F-
THHRTHD, 2 RAVT LEHIFRE BT DM B L OWE o5 &[a]L
[2&D . 2 AV DB EIFEAEA LS NN 528005, 2 IR~UD A OE
BEBNER LD, RRFEFEICLD, HTTR ZRHEERICB T 23045 B L)
ZEEINRRDETIREINDT-O, T AL THD,

(€) 2 KU L Hgk i R B DR B (AOO-5)

JE - O H i R ZRRENED LI LEES B OFRBBRIEIZL 5T 2 IR AR
AR ZRPRBER o L OVR TP B IRBEFR ASRERA T 5281280, 2 IR A &N
MU, PR N LT BREVEDME T L, JE A RED /32584 CTh
Do 2 VT DR EIFEAR OBLE & RIS A ae B L ONR R A~ 5= [EL
T DD, Fl B R E T DU ERHD, ZOMERXEIZEY, FiHEGELT
AT AL THD,

(2) Fi%
() 2 RAUD L AR HE PN 4R (Accident (ACD)-1)

JE 47 D H ) R AT S D JFUR T 2 R~ WG HIRR A B A DSBIRR I
L, 2 AT LO—H AR EZ B L CTARKIE A SHIREY , B fagsa N
ARAFTHZET, FEB Hags OBREGE /MK T L, PO EIRE I MK F L TR B
RN EA325LE012, FEBAHEGEEEIREN ATt a A+ 5054
Thbd, IS 7T BEASDEIRAVY DT AOBMPHSIZ N, —HEEFICBITHIREB L
O A, BERBI UM EREORF RN ELT LD, REFIZXY,
HTTR Z2FEAERIIT HaFMRE B il 8N B L THINDT-D , FFRNT
MNLETHD,

(b) 2 k~V I HIER A — E & Rk T (ACD-2)

JET-IE O H ) EER I SO JRIKT 2 IRAUD A HIE R 1S D3GR A
WL, 2 IRAVT AOFRENTEIR T HZET, FIHEZHERBREVGE S 2388 0L, A0
WHIBE/ DMK FUCTREHRE N EH 35 E010, FRIBVTHEMEAVEIRE N L7
TARREMNE BT HERTHH, IS T BRSO EIRAIT LT ZADOEBAEITLE,
CTHEFIIBIORERBIOHMESRM ERBIORBRREORGIRIENET L
7256 F1o. 2 AV LR HRR R T 20 s e B LW O 5 [ ZEILICED
2 AV DR HBARIZEBIT DAL RN BRI 52805, HTTR 25 ARFIC
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B BEE RSB E BN R D L PIS NI | FHRAT AL B T,

(c) B Hans{nEVE il 4E (ACD-3)

JER-JF D 7738 R H AR D2 D U R C H [ BAAR AR BV D3 B IRs LA T L 1
WIRERRAGD 2 IRV D HIGRAE ~E o R DBAT T D W REME A A3 5%
R ThD, 2 WAVT LB HBRERE ORI A IR~ O 5 ZEIUITE O FRERE
FRHBEINDHZEND, HTTR BB EFRFICK T2 HRMERICE TN ELDHT0D,
FEAT AT THD,
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3. HTTR-IS /KFEHES 2T LD T fRAT

HTTR ~? IS 7 au ARG IC 311D HTTR %2 HIfE, Fr gL L Cfif
WrOMERFERBIOHTTR ZE2FARHIIB T2 FROMNIMEL LT MEICE
HERETDAIREER S D FRIC OV TER M A F N L7-, AT T, T Ay
1oy AT Ll — R OBEEE | AT Stk 36 LSOV A SR IC DUV T2,

31 VAT AFHilim— RO EE

HTTR-IS /KE LGS AT LD LML, 7T METE A8 % 7FM AT iE72 s A
T LG — RGBT D, K1 ST, RELAPS MOD3"W% ~_—2 2L/
B AW AT Wi — R DBIF &4T>THh 10 Ka—FTid, HTTR-IS A
B AT Dt R EUT R IF IR 177, it s KOV AR M 2% o Bl Ak
PEDOFHENFRETHD, £z, 2 IRNIT LEBZHALTH IS T e AMEF S ERO T
ne AN BT HIREE, JES . R EBI OB HATTRETHS 19, Ka—Ficid,

MBS Hgs B LN 1 IR D s % O F BRI W O BYR 2 BN A L 200 A
T2 B E . TR T O NCEY, fEER AL L TRIE ARk EER A ek
RKRELZZ OB ZEH FTRE TH DT | 2 KR A A0 B R O 1 8 25 B S T Al 7]
HETHD,

REGRENRFMEIZ BT 3 2 R e O R GEB) B R AP RB L =R — R FF
ENOREAL  BREEIE 1 RO RO B R E T RRRUCIVEE 5, Fio, BREHE (5
BE | BT no 7 EOREEMIRE SR ICOW TR, 1 RoTHEEH BVzE I
FOFE T, TIPS CHLIR T, LIRNUT L%, #BHEAHIR, IIEK G EIF
IR LO 2 AT LG AR ISR B SND AR R EIRDOET VT OWTT HTTR
) EARE B L OB EORBR TR T — 22 W TRGEER A~ Th
é 15, 17)0

FEMT RIS D ) — R % Fig 3 1R 7 7, JRFHRIEE N BRI KO E SRR O
B (P2). [EE G AR(HS25), EER7 L) 2 (B4). R T-HAE F1 A 45 (HS30), fF A 28
HIFRAE . LA, RAFREE(PL10), FEFZ L A(B12) B L O LRSS, 4P
LMERY T ¥ RNV B L O TF v o RUDNBRERCS AL, E30Z dLin BB i 1 (P6
BLOP8), #REHHS10 LN HS20) BLUEE T o7 (HS11 LT HS21)h 54
A5, I Lo A S AFRAVDIF L B N kT DA X7 (V) THLEE S V2T R
KERIZEVIFEEAT), JFOICBIT DT M OBRE B L OMESHMEEUC DWW T,
BN BIE IR T M~ E N B B TERY ., PR HIERH (VCS: Vessel
Cooling System)|Z331F HEREVEITE ) R 2R a2 i U EASEIZ A DOE TVD,
1 R EIFAR L 1 ALK E % (PPWC: Primary Pressurized Water Cooler), H ]
B Hags(IHX: Intermediate Heat eXchanger), PPWC A 1 &~V A5 BRI (PGC:
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Primary Gas Circulator) (Pump 36, Pump 42 33X 0% Pump 82), HEIZAZHAZEH 1 K
AU LEERAE(Pump 20)0> DA S ALD, LT E HIgHE LIRNE K S Hlgs~V
U LK (B32) MK I (P102) 35 L UMREVE (HS50)7° 5, HI I ZRAZHLZRIT 1 Yk~
U MU (P18), 2 RV MMAIFEEE (P62) 35 L UM EVE (HS40) ) DA R S 405, #l
Bhn FNEeE L 3 Bh s 22 (P50 35 LT HS70) B X UM B~V MG BRI (TJI55 BLOY
TI9B) D DAB RS AL D, ME KA HIFRAH I ZME A ZE R M EIZH (P16 BL Y HS110)H5
FOVINE KGR AR~ (PWP: Pressurized water pump) (Pump 124 35 X0 Pump128)5»
DGR S ID, 2 IRV L HIF AR I3 E A N (P86, P88, P64 35 1NP194), —H
B HNE (P168, P166., P60 F5 LT P193), [REEF. IS 7 m& A/ A /SR B YR 7
(ISIV: IS process Isolation Valve) (V65 35O V701), Z&XGE s, ~UT LM AR, 2
AU LG BRI (SGC: Secondary cooling system Gas Circulator) (Pump74)7 S48 A%
SID, [REBEF X IR RS I A %5 iR B (HTCIV: High Temperature Containment
vessel Isolation Valve) (VO1). ECIE R #5542 2 b B 72 (LTCIV: Low Temperature
Containment vessel Isolation Valve) (V77). iR 7P & R RRBEFR(HTRIV: High
Temperature Reactor building Isolation Valve (V196) 33 X OMEGIR AR 57 2 = B i
(LTRIV: Low Temperature Reactor building Isolation Valve) (195)2 A8k S5, —
HE TIINEDLDINE ~DEB B Z [T 5720 15 (HS160-HS163) % E 7 /L
fEL TS, B —F VAT 3 B OZ LR AEZITKIKR T A(SV260, SV270 LY
B280). ~=7x—/LF(B250). =V JE(SV220, 222, 230, 232, 240 311X 242),
7L 7 (B210), EAAE(SV245), FFEE (SV300), ~UT LI A (P66) 3 L Ms
BV (HS220, HS230 35T HS240)I23FIL TV D, SHIT, KK T AERKHR 7y BiEL
THER LAV DOBLENDZEKER(B280), KUK /7 BiEES SV270)F L ONK M FH#5(SV260) i
DEIL TS, Fo, AT AT AR EARLNKENZENDAIT DT AFRE O T
FANZ 10 3FILTD, 2 IRV BT AR D DB IMEEVE 28 L ORI~ EE 2
HiLD, HE G T 5R ] 8 R D22 M HIZR THY | K-ZK K (P360) 36 L OMm BVE
(HS360)IZ LVAE RSV TN D, ~U T AR EIZRIT A~V T LY (P68) ., #3 Hl K it 5
(P152) 3 KL MmBVE (HS150) 2 DA AL S 4u, ~UD A AlEE H DRI~ T A A
Rt DR E L SR (HCTCV: Helium Cooler outlet Temperature Control Valve) (V71)
DB FEBAEIC XY —EICHIEIS D, IS 7t AL SO3 43 fE2R(P702 33 L TN HS702),
WiEe sy fifay (P704 330N HS704), HI 43 fiF#(P706 35 LT HS706) 35 KON HI 2885 55
URAZ(P708 F LT HST08) ) DAERL S AL, AMEHT Tld 7 e AMABMR =R A BT A 5t
fEEL T,

3.2 fRHTSRAE
(1) R E R A

AT I O DO E BSR4 Table 2 1R d, LA R ICEBEEIEICR T 53%0E
RAE R,



JAEA-Technology 2010-012

(a) I

EFEE 7113 30MW Th D, fREITEVH TR ERRZE 2% (1 IRMAMHIREE, i &
BLOENORERRZEITILSL) LEFREORKIHEIZ E MR FHE 0.5% D% BT
HIE B ISR L TREL WA T D +2.5% %8 P, #IH1 & # E s Ic B DR -4
H 77 30.75MW &9°%,

(b) JEFU H O EI R

ERAEIL 950°C 126t T R FIFAY T ME BB EMICESEFHRAEIL, 2T
LT FRIVREFEHL0°C F6 L ONE BRI S BIIE DR EHME+7°C DRINBRLD+17°C
Thd Y, 2070, WIWEFEEICIT D0 0 AHBHEEA 967°C L§5,

() JEFIF A O IR EE
TEASEIT 395°C 1L T, &R b TR = i K 3 2+2°C®Tth 5, D7
D WV E HER BT AR AN DS EIARE A 397°C 1A,

(d) S LA AJiE b

HTTR ZZ &R HM R 238U TR L7201 5004 12% (P DR EHC B I AR SFIEE S
JELUTZIREL OB W H BB A 2 )W E §EER I BT D5 DA /R At &bk &3
5 19)

(e) B I
HTTR 222 2R L2 36 Cfi B L 7=l 1495°C (FR5E 330 H . R 47 H 1B EIAIA
HE 950°C) 9% W) i H A I 35 1T AR BHR SR EE LT 5,

(f) (PR AR HIR AR RN
WA R MR AR FHE 2 32,

(9) 1 TINEKm AR KO P HARS 1 IRAUD L&
FIHE & R BB IZ 31T % 1 UMK Al g 36 L OV B g 1 IRA~UD A
=IILLFICIVEEL,

Ferwc = Z(FR - FACS% oy
Finx = (FR - FACS% )
(QR B QV ) (3)

o Cp(TRout _TRin)



JAEA-Technology 2010-012

::VC‘\ FppWC: 1 &BDE7K//%£D%§ 1 /j‘\'/\UTjA(}:ﬁ\:%\ FRZ E%iﬁ/}:ﬁ%\ I:ACS: *ﬁﬁj‘_’/’%
HEEMHE 1 WAV LR, Flax PRZGH L 1 RNV Y AR, Qr: JRFHFEVH

71, Qu: WA g i BN BRENE | Troue JRFH7 HY LI BIAATREE | Trin: JFIF A
M AR 2T,

(h) 1 IR A INEAR A BRI OES
1 YT G EZR DR FHE D% 5,

(i) HEEASHRER 2 IRAUD A HN DR 36 KL OV &

W EAAZ i gs 2 IR~UD AN DHRE B KONV EIZ DUV L, HTTR-IS K& i s
AT KB HRRFHE V% 95, PRIBUSHZ 2 AUy A H DR EIC OV T,
(I THRES A P B g A HAEN B | B gt 2 IR~VUD AN DR
BLOYRELZ AW THE HEHME 915°C 2 H L7,

() ARFEESES
HTTR-IS /K& MG 27 AT AR EHE Wi 35,

(k) B EIES 1 IR~V A&
WS R 1507 5T HERRA I 01070 fi 55,

(d) 1 B ER )

TEFSAE 4.02MPa (|2 LT, EHRRZEIT, HlH#EZ EbE 0.049MPa 38 L ONE D RIERR
£ 0.078MPa D F17572% 0.127TMPa Th o Y, ZOMEIZ A% RAA ., M1 5 E s
(28T 1 IRGEIRTE 1% 4.1TMPa &35,

(2) JR-1-IFRGERR I D FEIE

FEFTIZH WD R IR A7 7 MME B OFR BB B LIS E R 1X Table 3 (239
HTTR 2232 AV = 5k O -2,

ACD-1 DFEFTIZIW T, EBRID+ LW Ra 525720 HTTR 242 RF
IREDFRITSARIZIE D& LR -2 IRV LZEE R ME B IZLD HEME (RIE, 1R -2
AU LZEERIESRIZED LIRS HEM L 2 IRV NS EIR O ZETERHERFS L2 EL T
ERELIR,

(3) AT T LRE

FEATIZ D, IR A LIRS DA O KIS L, HTTR 222 Rl
=48 AR 0448 45,



JAEA-Technology 2010-012

(4) BSBERREL

EHT I WD BRBHE EE 36 I ONBOE M OGS FEAREUT DUV T, HTTR 2 rEAliRy
IZBTDIE O 5, IS 725 Tl TR R L2 D 5512 LD
HIBE N DM R DGR L TR/ IMIBEZSE 45, £/, Do HIE 25 4
DEZITH L TULR PR AZT LT EETIE, TP e —ELT 5,

(5) AALEZL
By L R D B EE BN IR, KRE R ) F R AZ X — R T ANS5.12D705E]
BENHMEIC 1.2 (5 O EE A5, £i2, T7F /AR ORRERG BT 5,

(6) RS
() B SR 1 IR~V LR BRI D[Rl | 5-

HTTR 243l OFfRMT Stk L RIARIZ . T EAR s FH 1k~ U o LB BR A D[]
HREU A B IRF | TEA B A v Z— 1y V3R EAE T D 12500rpm £ T EA-SH, ZDHE
A HERF 95 19,

(b) INEKZER G ENER DA A B FR O

HTTR Z2 2Rl RE O FENT S L RARIT . MK ZE R Hl e A S A B S fr e
INEAKZE LR g A S AR OV BRI G 72S 20%E 72 5B £ T, BRIRFIZEALT .
Z DO EEHERT 5,

(€) MNEIKZE K HRR D73 A 7S A B i fi 77 D 7B

HTTR 22 MR O BT S0 L [RRRIZ L DN ZK 2253000 Bl SA 7 S AP Bl i A
IR ZE R HIg R O RIS 5 80%E72% bR FCH#IRFIZBAZ | & DB B ZffEFF
ERAN

(d) 2 R~ LR A 2k e HH o 0D R B

HTTR Ze 2R BT Sk L IRREL . 2 TR BT AEAA R HE R o ik B
EBRIRIERIT R ET LAL, 2O BRI B, SRRt B, TH S R
(fFgk Al ZHR) 76, 0.014th Z8H LT,

(€) 2 IR Ly Kl fi Bl o/ DR A

2 WAV L AR e O ZAREL . 2% T OB EZHER§ 5, M
7R D IRBEF R DOEI LOVEBRF RS DWW, PaHI S R (% A2 2%
A B L Th o LB EIL W SR THD m iR g REE S 17 0ORREA | 1F
BIRFH 60 2RI LT,



JAEA-Technology 2010-012

(f) 2 R~V A HIRR A — B N iR

HTTR Z&RH R OfEAT SR LRI, 2 IRANUD A EIRR R - EENE B L
BT 5B C PSS, TOBEAHER 92 19, B892 EE NE Wi
1T HTTR-IS /K EBLES 27 A0 FHE (0.049m%) Z vz,

(9) 2 IRV I AR — 555

HTTR Z4g MR OfENT S ERIERIZ, 2 IRNVD AR HIEH R 8 OINVE Dfifk
WratidE 3597 %, 1 B TEf~EESE, ZOMEZHER T 5, RIRFHZ, NE O
WratifE 3590 % ., 1 B CESE., ZOBRELZHER 925, T ICHWTZ IR O W fE
IZIE HTTR-IS K B HUE S AT A DR EHE (444 :0.071m%, N5 :0.049 mA)% IV -,

(h) H B A HA SR BVE 4R

HTTR ZZ Rl R OFEAT S L [RIERIT, BV HAAHEEVE 1 RO 52 vinfl
Wra i L, [EVE OB Z BT 570 %, 1 B CESE, 20 ELH R 5,
BN SRR DTEBN SIS DO T, BER COMEHR R 200 B 56 4E1% 155
RITHE B 2 R BEFR DB ET D E LT, Fo MEBIERERIZ DUV TR, TR s 2R
(T8 A3 ZI) 0| mHRSNA R IREE S Jo L OMERIRAS S 2 RRE R LB IZ 30 Fb &
UTmo FRAT VS VN 5 00 3 B DB TR R L 2 4 P ) B A A B BV D % BHIE (0.00096m7)
V&=,

(7) BeasOENMEIZEE T DT S0
Table 4 (ZFEHTICH WS BERROBMEIZBE T 2T b2~ 77, DL NIC e 56
RERIAE T,

« HTTR-IS KFHLES AT LD 2 IRANVT L HIFR 5% 18 ST AN A 2R R
i, TR B SR BVE IR IR I 1 IR HNGR A D% 5y SLLE R D3 2 Ik ~Uy
LIS HBE~BATT202METHZLE2BEL TRE T D, TD7 | AfiE
BT Tl 2 IR I HIRR A R B ORA P 36 OV FE] BAZS A SRR BVE i R O =
GabrE, INHORIFIEE L7220,

HTTR-IS /KFEHLES AT LD IR REIBEER X, EEAND 2 IRV LG H]
A~ DO AEIET ADRABG L% B L CRIE T2 Th D, Db Afif
BT CIIARBREE SR O PHBMENS K TG L7025 2 IR L EIR R FREE S O A
ZRE ZNHOTRIIIEBILAR,

JFAFAT T BREIZ 1S 7R % 2 IR WS HIFRE D DIRBET 240 B 1320
TS RFENTTIE IS 7 A A S AR SRR ITEE L7,

AU LA AG R DRSS R (HCTCW)IZ DWW L, RIS HAZE D 2 Ik
IBREVGE TR LU TIRSFIEZ B EL  JLFIR AT AL RIFRFIZ 2R & T2,

JAF AT T DI ETD IS 7B ADBREAGE OV TIL, 2 IR~ LG H
A DOBREVEE TR TIRSFIEZ B L, JR AR T AL [RIRF I BREE S &



JAEA-Technology 2010-012

Do
HTTR ZZRaEAl R D FEAT S AF L [RIRR I, FEFRF DR FIF AT 2% I1T D
Bim AR L. B EREREZ B LAZT7 4 60 kO LEN 35,
3.3 CHIMr A UE
BRI Bk FLHE X HTTR 22 2Rl C I 1 T 2 561 WA 45, LLTIC
B R T,
(1) FEHRRFO FF 2 A b
(a) BREHEE X 1600°C 2B 2 72\ 28,
(b) JE IR ML IS Z VDD DIETNE, 1 R EGRAH O fic s 8 i JE
D LLFELUL FTHDHI L,
(€) JRFIFHEM ST B ORI IR DM EABZ /2N &,
Q) JFESI R, LIRRERLE % T, 2 14 Cr-Mo #i NT M &5

& AT 500°C

b) 1RIMEABHEGEE ST A —AT T AR AT L A% 4%
& AT 600°C

C) PBATHIMEAGE ST, = VLN B TNEGR S 420 I 5 & T
980°C

(2) FiK

(@) FODIIRERBEICNTDZ 87 o, +RBEINAETHHI L,

(b) JRFIFEREB LT )T VT DIE TN, LIREERF L 2 IR~UD I H]
ARG HENED ST Z VA fRE LRI AR AR O m B E D 1.2 584
TELIRGAM E 2RI DB EIR ST o Z VD7 22T,
N VERFRSE 7202 L,

() JE AR ERE S S YD XK OEE B X 7202 &,

a) JRFIFENRG. L URCGRERE ST, 2 1/4 Cr-Mo #l NT M A /325
& T 550°C
b) 1 WMEKBHEREES T, 4 —AT F A RAT VA& 9
2 & A 650°C
C) TREIEAHARMAENE 2T, = VIR T & 4 % - 5 & At
1000°C

(d) JR AR g S L Z VI DIE T, R g ST o 2 D f
mEEHESILL T ThoZ e,

(e) JEIADRHITHKL , FUWHSHBRHEI IS DIAZ 2 5.2 72k,

3.4 ETEMRHTRE F
341 EERKFO R
(1) HEBAHERH 1 IRA~VD LE BRI OEH55L 5 (AOO-1)
A PELAIZ T HH A g LRI & PO A DR, R HE DL Bkt



JAEA-Technology 2010-012

A i TR VS HA RS BVE B iR L 1 RN K i IS s Ve i i |
TIPS A e il FS L O 1 ki Bl ) O P % 8 & Fig.4 (2~ d, L
SEHEE P LIRAUD DB O RIEEU I SR BA A DA 1 FT 12500rpm ETHER
TH7D DA DB BN S D SFERRE MK T 35, ORGSR IEORIS
FERRINENDZEZIVIR TP A28 BR L, B34 6 Bl s+
Wim UE 5 DRI AZ T LU ZEL R A Bhis k9%, £z, filhm A
(T, JRFAFAZT 2% 20 B CRERGEIRIRAEL 72D, ZORE REHR MR B LT 1 K
mEM LN Z RIS &7, Fio, SRR m AR 3w o 2 ) 2 Rk
T ORI BV SRS EVE | INERIG IS EVE I L ORI = D B Ol i iR
b Z EE 5281370,

LU EDFE RIS ARSI L TRELD ok L Rz 5 2 5 00EZ
WA I3\ TH TH ) BRI PR -3 115 S ISRV i B s Ik L kA
e B LRI R R A 2 90 0 T Bt O ME MR DD Z 8T, FoL R
TR AR S350 2 2 U ORI 36 OV 13 W A e 2w ) 2 D TIRF- 4P v Al
MIETI AT Z) DAL 2D Z 83720,

(2) LK ZEL B ENZRD /A A B i 7 D REFA(AO0O-2)

AW AL DINE IR ZE R EN RN KU & SR8 77 sk i iR, Hh
BB ENVE e R . 1 ONE KIS HZRBVE I i TR | JR 4P 2 ) R i
L S KON 1 IR i = 7 O I 282 Fig.5 (R4, MK ZERm Elgs/ A
XA RS OFR P LVINE K ZE KA Al g (236 1T DINER T E2ME L, 1 &K
INEAK & HIERBREVEE D AN 5, ZAUZHEW AL ERRE MK T L, IED K
JERTIMENDZEIZTVE AN EFT D0, R TR AZT ML ESRN,
D} PR B 5 1 X2 B RO A 1495°C 75 1509°C ~_ L7427, 47 H
71 EFA-OIHENAENED T 5, 1 IRGEMEININEIEL BRI &30, Fe,
JR W I HR T )30 o 2V AR RS 5 H B W SR BVE | TR HI AR
BRBIOR T FENRZEORESIREGHIHMEEZ LEDZ L0,

PLEDOFER NG | A PEZEALIZHR U TERELY 2 LW R 2 52 AR E% H
WIZSRATIZ B WD THJR T IE AT T L83 OB i I 1 B S YA e -5
T, REIOREEMENREZ b ET e, Fio, R PR mEMIE AT 2 VO
JE B X OVE NI E _EA5Z 813720 b M ISR IR0,

(3) MK ZZRM AR DA 7S A B i 7 O FABH (AOO-3)

AW PE LA BT HINEAKRZE Sm Hlds MR, 1 SR AN R
JEAAR 0 R R =R | TP R A R SR AR BV e L EE L 1 O K i Bl
BVE s R P E AR IR R LT 1 km Ali i oS4
Fig.6 (27~ IME/KZ250m Al SA 7S A BRI IR ORABH IZ L0 K 225 0 A
BT DNMEARFEEDA L 1 PIEK G EIZGEREVGE /) 28D %, ZIUHE



JAEA-Technology 2010-012

W L RINEAKR B EIGR A THREEDS EA-U SLE AR 94 B TL O K ENEN
JEKIEE N E & A 2 — 0y 75 BA KO INE KR 71345 1 U INE K B M
T35, ZOfEF, BE 34 96 %I WNEAG HIZRINE KGR EAKE 5O
TIFAZT ARUZEEL, SRR B EE IR 95, ZORE, BROBHR @RI X0 2 -
[ DZEIE7220, 1 RIS EIFR AR IE ST INE RS B m BVE e TBLE B X OV - JF £
N RS IR 1 XA 4.17MPa, 293°C 108 386°C 75, L4 4.20MPa,
311°C LN 387°C ~ LA 920, L IF AT LM%, R A I35, HHIEAS
THBENVE e B IXIME A RIS L1320,

UL EO#ERMNG | AR PELCIZH U TEBEIY LW SR E 52 D E %
W AT RO T T RINE K 4 FIE N E AT B 15 5 I K - 13 B BhiE 1k
U SRRk i R FE Vo W SR B2 I 92 0 C L BREL O MEDMR 72 o D Z 13780,
Fio RIS E 130 2 2V OIRFE 3 JOVE I3 W 2k e A-fiii ) 32 O TR
TIREEBE ) AT Z VO RBE LD Z 13720,

(4) 2 R~V LR EAS R PE H 7 DR B (AOO-4)

APEEAIZITD 2 AV L HREE S R R R IR B,
MBS MR SRR VS B i IS . 1 RN K G FI SR EVE B i S | 4P T T B e
e e 3 IOV 1 Yk HIRRA I ) O 5 B A Fig.7 1237, 2 IRU D MATTE ARG
BRI PEH IR OFRBAIC LY 2 IRV DG EER L DB T 5, ZHUTHEn, 1 ks
KOV 2 IRV DG HIAG R OZEEDEAL . BE R 1267 #01%1211 k-2 Rk~
U LAEER G EDORFIFAZT LRI L, R B EEIRT5, ZORE, #RE
B 1 RS EIRFE T INEAK S Hlgsn BVE e il S B K OUR 4P 5%
5 e B AT ME R BRI Z 813700, 1 B HARR(m BV O o i il S L A 1 i
927°C 725 928°C ~ L5328, JRFIF AT D% IFIR %2 1T 5,

LL ED#ERDG | AR ZAVIZ R L THEEELY 3mSR A 52 D0E 2 H
WZRHTIZB W TH L R 2 IRNVD LZEE R MG S ICED R AR X B EE IR L BB
5 SRl A B [T g AT RAAN QN /S B (VAL /.S LVIRY = VAW oY g o Nt AN TRV Syl
SRR HM T F1 30 2 2V OIRFE R I OVE NI EEA G e 320 TR A%
HM T332 ) O e S E E 72D Z 13780,

(5) 2 AU Ity Al f bR Fr O FAPH(AOO-5)

ARIBPEZACITB T D 2 IRAVD LR, 0 ) e R iR A B A e
A BVE IR 1 DONEKm B BVE s i B | SR 07 ) A s e i il B
BN RS AN T ) OB IEZE B A Fig.8 (2R T, 2 IR A EIEARHFEEER O
ARPAICED 2 RADD AFTEDB L, FEFFE A 38 BERICT2 IR~UD AL EAK (R 7>
DIFAIFAZT LRUZEEL, JRFPIT B 8iF 1k, 2Ok, BikhrmiEE, 1 &Kin
HIRET) | TH IR B A SR EVE S i B | IR I Bl g BVE e s RS B LUV
S Gl SVAk %o N AR OIE N [kl ol [E P Nl B AN A



JAEA-Technology 2010-012

LU EDFE RIS ARSI L TRELD 0 L R 5 2 D 00EZ
WEHTICRB W TH 12 IRATY DR EAR B S B EF S B EE IR L BBk &
R VI R A 2 50 T Bt O EEMEB R b D Z 83w, Fiz, R
S IR 730 2 270 DR 36 K OVE ) 134 W He e A /2 32 0D T 40 v BT
JESI SO BV DR IEE 72D 2 813720,

TR IF OO S 72 PE LA B IS BV DRI B O A £L0 T Table 5 (7R
‘jﬂo

342 Hig
(1) 2 RAVD LI EIER R — B PN AR (ACD-1)

AT 2 EHAENE W E, PR 2 AT, T REEH
5 1 AR PHREE | 4P ) B R . P R B AR m BV AR g L 1
UOMEIR G FIEHBVE fem iR | R R ) e s B O 1 Iken B i
F1OEFEZEEZ Fig.9 (T, 2 IRV LM AR —HENE OEIZED, HiH
B igs 2 WAIBREDEAD L, FRBASHLERIREVE D D 35, ZAUTfE, R
BAAHAER L RN DR EEDS BA L B A 63 B ICT R E s fage i 0 1 ki
HMIEE S 11E B ORA P AZT7 L mIGEL ., BRI B EfEIE 45, R, BRE
B R L NE K G ENS B EBVE B IR S 1 I 2 B RIDZ &3y, 1 IR EIER
fif =77, P HEMBEVE 36 L OVR AR 1 R 28 D Fe Enii BE L 32 L8 W) e
4.17MPa, 386°C J}3L TN 927°C 75 4.23MPa, 388°C L TN 947°C ~ L5H-4 573, i
THIAAT T DRI R 2 (35,

L EDOFERDE | REHIT L THEEEEY 7 LS R% 52 DA0E 2 iR
HricBWTH THEHLER N O 1 R EARREE & 18 Z I K071 B s ik
U BB SRS X2 L RAZ L7 S OOmARE I DN AHZ LT,
Fo R TFIE R ER T30 2D OIRJE 36 KL OVE 713 FE HE A 2 32 O TR
R GG eS|l % MRS ARV BIY (=5 X ViRE i Vi oY g Ve Nl ks WA TN

(2) 2 IAVT LA —E & W (ACD-2)

KEMITBITD 2 VT LG HREG _BEEONEBLOSNVERMHET TR, 2 &
AT D ARG T JRF-IR T BB i L T B HA SR B e e L
1 ANER G HEH R 2VE el B, R 4P £ D A ds i iR E B LU 1 IR HEIE i
J£ 7D 2B A Fig.10 1297, 2 IR MG EIRE BB ORI, 27k~
U LR EIRRAEE I3 95, ZAUTHED, 1 IR EAIRE RS 2 IR~UD W HIFR AR O
ZEEDS BAL, BEFEAE 0.8 FMZITIL K2 IRV AEE R MG H DR A7 Z A
FUTEL, R B EME I35, ZORE B @S IR E X EA B2 81372
W, FoL LR AR ) PR HE mEBVE | LRI KRS HE mBE BL O
4R IR 2R D e e i B L IR & B[R A2 L3y,



JAEA-Technology 2010-012

L EDFERG | AFHUTKT L TRELD 7L A 52 DIREE T i
HrZHB W TH LR 2RI LZEER ME FICIVEFFITHEEIEL, BB R & IR
FEIIRIINEE ERIDZ L7 WL OHBAIBE N Kb b2 Lo, £z, K FF
M E )80 2 Y O EE 36 KLOVE 713 b L VE 24 e 9~ 2 D TR F IR i JIM )
Y DRERMED R/ NAH T TR,

(3) HHHIEAAS HARHE ENVE il 8 (ACD-3)

AREMIZI T H MR R BVE R i &, 2 RNV L HIBREE T, 2
WAV Ly, JFRT-IE ), R B RS, PR HSR BAVE I miRE . 1 )k
IR G HIGHBBVE e i IR EE | IR ) S e i i i EE B LN 1 IR AR )
DB Z Fig.11 1T T, 2 IRNDD LEPE ARG ER 0 2 IRVD Im HIE i~
DOULFEA~V Y AR E DR E AR 3 52 LI L0 I EAS g n BVIE i R 03 R
HE 2, 15 % ICJR AR M A SRR EE S 512 L0, 2T ORI ZIEEER 2 2
LT D, ZHUTPEN 2IRANVT A E DB L, FH A4 33 IZITI2 IR M &
IRME B DR FIFATT ARICEL, R IX B EE L35, 20K, BB & iR,
B HARRREVE | 1 RINE RS HE s BVE B LR IR E ) e O 5 i L
EMEE B Dz i, £2. 1 R\ AR E STIE P HE 4.17MPa 5
4.20MPa £T L J/- 3203, JRFHFAZT DL 1385 2 235,

L EOFERIE | REHIZ KT THEBREY -+ L R% 5 2 D08 % =il
FrZEBWTH T2 AU A B EF IR T B EEIE L BB SR 1
W E LA5Z e B DOmEBE IR Kb b2 L1372y, Eiz, R mEHM
J£ 1730 L Z VO EE 36 L OVE 712 HI ZEA i 2 32O TR IR m HM I+ /13w
VEVDREEMER B NDI ST,

FHAZI T B IR B OfFHT#E KA FLH T Table 6 1237,



JAEA-Technology 2010-012

4. BHOYIZ

AHTIE, HTTR 28R T 228 7K R RIEE 1S et ALK FERIET X
T DDLU ETAFIENTHRE RAZ OV TG L=, ZRETORBHIED, AFREZHO
HTTR ~DHEE T L DR AT R Bl R e U TR ISR 23 L BE L 72 5 3 R
oD B 7B E AL B L OERRSNT HTTR B ERICBIT5HR O£
HLLITEBHEICEEEECD AREER S L ER B HHS N TS, 2T, 2hbHD
HRIOWTHORRTFIEE B B LT L2 TN 2 LT, AT O R, W
NDOFEGIZBNTH, ZNENOHEr EEZT 2 L, BB LR R A )
N B)DREREVEDRIRDNDZENRNZEZ AL LT, 5% . X e 0L,
BILSFHM 36 KON EHAM SRV, 2 IRSDD AR AR OB E RIB LA
YR 2 IRV W HIE A R BESR O w0 B O 28 B2 U C Rl 2 35 55,

Fiz, NTF U LBATEE), 77 MNVFHESE OFEL FIEO HTTR BT — &% v
ToRRAIE, SR T-IF &K 38 &R O B BERE R 5 [ L7 Bl B RR G H B 3 DA SE B J6 %
DD,

MZ T, HTTR &AW T, ZeMEEZAERBR &L TR LI B O s B s | B ik
faalBr e L CRiR AT AD L EAIEERE . BRI R O AR A B IR O - 4A IS4 2B
T HREREZF DT EITV, SR A OIRFEREZHER T 5, T2, ZNHDORER
T =2 HWT, KBRIES AT L — b5 7T e REOfigx & LTkt RE
TELHINTT @R AP KB IES 2T LD LR O AT #1425 ET 55
B TH D,

BenEO bR FEPEHEOK 30%ITEEN BN 5D, BHEOBRIZEH
TREBRT AZHEH LW R T ) =V — O pE 35y By~ 3 TR S 2h Tl
AZHEHBHI O OEDDE N2 FETHDL, T IFNLE SN AEE LS T T
VROBJREL TR L-BIT E7272<  HTTR-IS /KEHRLEY 27 LD R Z @ L C,
LRI RB I OFHI T #HI T D EOFFR I 215528 T, VRIS R 5T LD ]
BEZR R = p X — G 2T LD FEBUCERN T D2 e i s,

R

EIZY IV ERRTYE ZTHW T T MR 5 K - B e ge e &
— /MIEEES 2 —&K ., BB KRR 2 — R B IO E — Z A58 356 | e
WELET, £l ARG O — ISR ATEVW Bkttt — 2R e 2= DRy
Pely oIS JOMRITH ISR 2L E T,



1)

2)

3)

4)

5)

6)

7)

8)

9

10)

11)

12)

JAEA-Technology 2010-012

275 3R

S. Saito, T. Tanaka, Y. Sudo, et al., "Design of High Temperature Engineering

Test Reactor (HTTR)," JAERI 1332 (1994).

S. Fujikawa, H. Hayashi, T. Nakazawa, et al., "Achievement of Reactor-outlet

Coolant Temperature of 950°C in HTTR," Journal of Nuclear Science and

Technology, 41(12), pp.1245-1254 (2004).

J. H. Norman, G E. Besenbruch, D. R. O'Keefe, "Thermochemical

water-splitting for hydrogen production,” GRI-80/0105 (1981).

S. Kubo, H. Nakajima, S. Kasahara, et al., "A demonstration study on a

closed-cycle hydrogen production by the thermochemical water-splitting

iodine-sulfur process,” Nuclear Engineering and Design, 233(1-3), pp.347-354

(2004).

A. Terada, J. lwatsuki, S. Ishikura, et al., "Development of Hydrogen Production

Technology by Thermochemical Water Splitting IS process Pilot Test Plan,"

Journal of Nuclear Science and Technology, 44(3), pp.477-482 (2007).

N. Sakaba, S. Kasahara, K. Onuki, et al., "Conceptual Design of Hydrogen

Production System with Thermochemical Water-splitting lodine-sulphur Process

Utilizing Heat from the High-temperature Gas-cooled Reactor HTTR,"

International Journal of Hydrogen Energy, 32(17), pp.4160-4169 (2007).

jﬁﬁ Z, WREIR, HERRER, i, "EiRT AP KRGS AT AIZBT
LA 7 #H2oUC JAEA-Technology 2008-093 (2009).

iﬁi}%ﬁiﬂ e, FUEES, fth, "HTTR-IS KFERIEL 27 AOBE &R,

JAEA-Research 2007-058 (2007).

T. Nishihara, T. Mouri, K. Kunitomi, "Potential of the HTGR Hydrogen

Cogeneration System in Japan, Proceedings of 15th International Conference on

Nuclear Engineering (ICONE15), Nagoya, Japan, 22-26 April 2007, 2007,

ICONE-10157.

N. Sakaba, H. Sato, H. Ohashi, et al., "Development Scenario of the

lodine-Sulphur Hydrogen Production Process to be Coupled with VHTR System

as a Conventional Chemical Plant,” Journal of Nuclear Science and Technology,

45(9), pp.962-969 (2008).

VERRIE .z, RAEOLSE, SRk, fl, "HTTR-1S /KFRIEILE ITHIT L8 A

i ZEFE TN AT LA EERRGIEE" B ARRF )% %njzaﬁjt%, 7(4),

pp.328-337 (2008).

KA&ILS, S. R. Sherman, "R+ 7T MIB T LT T LEBOFE

MR KON T DR AR R ORRES," A AR+ /) 2R 3G 3G, 7(4),

pp.439-451 (2008).



13)

14)
15)

16)

17)

18)

19)

20)

21)

22)

JAEA-Technology 2010-012

BT, PR, BlE— 2, BRI A KFE G S AT LD KK -
HRBIMEFMEICK T 522N, B AR )52 3 3CGEE, 7(3),
pp.231-241 (2008).

US NRC, RELAP5/MOD3 Code Manuals, (1995).

s E, APEET], IINERE, fh, “SIETAFITAS = FEE AT L
EAFMEE T /L Conan-GTHTR DBHZE,(1)," A AR T 71550 30 3CRE,
3(1), pp.76-87 (2004).

H. Sato, S. Kubo, N. Sakaba, et al., "Development of an evaluation method for
the HTTR-IS nuclear hydrogen production system," Annals of Nuclear Energy,
36(7), pp.956-965 (2009).

H. Ohashi, Y. Inaba, T. Nishihara, et al., "Development of control technology for
HTTR hydrogen production system with mock-up test facility: System
controllability test for loss of chemical reaction,” Nuclear Engineering and
Design, 236(13), pp.1396-1410 (2006).

H AR - S GERT, " B AR - R FEAT RUEWTZERT S ax (28 SR r]
FHE [BI3HTTR],"  (2001).

ALILAL A, ILTHIEE, i, e s BRI SR O BGR Rk
JAERI-M 88-255 (1988).

Wi R R, IR, "HTTR @ 1 WINEKGEIZROEEVEREIZB 3 25T
fili," JAEA-Technology 2005-006 (2006).

ANS, "Proposed ANS Standard Decay Energy Release Rates Following
Shutdown of Uranium-Fueled Thermal Reactors,” ANS 5.1 (1971).

H. Sato, N. Sakaba, N. Sano, et al., "Conceptual design of the HTTR-IS nuclear
hydrogen production system; Detection of the heat transfer tube rupture in
intermediate heat exchanger, Proc. of Fourth NEA Information Exchange
Meeting on Nuclear Production of Hydrogen, Oakbrook, IL, USA, 13-16 April,
2009, to be published.



JAEA-Technology 2010-012

List of tables

Table 1 Major specifications of the HTTR-IS system
Table 2 Initial conditions for the safety analysis of the HTTR-IS system
Table 3 Set values and response times of the reactor protection system used in the

safety analysis

Table 4 Calculation conditions of the components used in the safety analysis
Table 5 Calculation results of evaluation items during AOOs
Table 6 Calculation results of evaluation items during ACDs

List of figures

Fig.1
Fig.2
Fig.3
Fig.4

Fig.5

Fig.6

Fig.7

Fig.8

Fig.9

Candidate flow diagram of the HTTR-IS system utilized in this analysis
Modifications of the HTTR related to the coupling of the IS process
Nodalization of the HTTR-1S system model

Transient behavior of core inlet flow rate, reactor power, peak fuel temperature,
primary cooling system pressure, temperatures of IHX heat transfer tube,
PPWC heat transfer tube and RPV during the increase in IHX PGC rotation
number

Transient behavior of air cooler pressurized water flow rate, reactor power,
peak fuel temperature, primary cooling system pressure, temperatures of 1HX
heat transfer tube, PPWC heat transfer tube and RPV during the closing of air
cooler bypass flow control valve

Transient behavior of air cooler pressurized water flow rate, PPWC inlet
pressurized water temperature, PPWC pressurized water flow rate, reactor
power, peak fuel temperature, primary cooling system pressure, temperatures
of IHX heat transfer tube, PPWC heat transfer tube and RPV during the
opening of air cooler bypass flow control valve

Transient behavior of secondary cooling system pressure, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat
transfer tube, PPWC heat transfer tube and RPV during the opening of exhaust
valve in secondary helium storage and supply system

Transient behavior of secondary cooling system pressure, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat
transfer tube, PPWC heat transfer tube and RPV during the closing of isolation
valves in secondary helium cooling system

Transient behavior of secondary cooling system pressure, reactor power, peak



Fig.10

Fig.11

JAEA-Technology 2010-012

fuel temperature, primary cooling system pressure, temperatures of IHX heat
transfer tube, PPWC heat transfer tube and RPV during the rupture of inner
pipe in co-axial hot gas duct in secondary cooling system

Transient behavior of break flow at inner and outer pipe of co-axial hot gas
duct, secondary cooling system pressure, reactor power, peak fuel temperature,
primary cooling system pressure, temperatures of IHX heat transfer tube,
PPWC heat transfer tube and RPV during the rupture of piping in secondary
cooling system

Transient behavior of break flow at IHX heat transfer tube, secondary cooling
system pressure, reactor power, peak fuel temperature, primary cooling system
pressure, temperatures of IHX heat transfer tube, PPWC heat transfer tube and
RPV during the rupture of heat transfer tube at IHX



JAEA-Technology 2010-012

Table 1 Major specifications of the HTTR-IS system

Items Values

Reactor power 30MWt

Heat supply to IS process 8MWt

Reactor outlet temperature 950 °C

Primary Reactor inlet temperature 395 °C

cooling _

system Reactor inlet pressure 4.0 MPa
Reactor inlet flow rate 10.2 kg/s

IS process inlet temperature 880 °C

Secondary IS process outlet temperature 253 °C

Cooling _

system IHX inlet pressure 4.1 MPa
IHX inlet flow rate 2.5 Kkgls




JAEA-Technology 2010-012

Table 2 Initial conditions for the safety analysis of the HTTR-IS system

Items Units Initial conditions
Thermal power MW 30.75™
Inlet temperature °C 397
Reactor Outlet temperature °C 967
Core bypass flow ratio % 12+
Max. fuel temperature °C 1495
VCS heat load MW 0.6'%
Primary inlet temperature °C 967
Primary outlet temperature °C 397"
Primary flow rate t/h 24.3
PPWC | Pressurized water inlet temperature °C 133
Pressurized water outlet 0
temperature C 173
Pressurized water flow rate t/h 410%”
Primary inlet temperature °C 967"
Primary outlet temperature °C 397+
IHX Primary flow rate t/h 12.16
Secondary inlet temperature °C 128.5%
Secondary outlet temperature °Cc 9155
Secondary flow rate t/h 8.81%
SG Pressure MPa 35"
Primary inlet temperature °C 967
AHX Primary outlet temperature °C 397+
Primary flow rate t/h 0.0197
Primary pressure MPa 417"
Secondary pressure MPa 4.27
Pressurized water pressure MPa 3.5
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Table 3 Set values and response times of
the reactor protection system used in the safety analysis*®

i Response
Signals of reactor scram Set values )
time (s)
Reactor power High  112%(114%)* -
IHX primary flow rate Low 88% 3.2
PPWC primary flow rate Low 88% 3.2
IHX primary outlet temperature High 415°C 100
Reactor outlet temperature High 977°C 100
Core differential pressure Low 70% 2.0
PPWC pressurized water flow rate Low 82% 1.3
Differential pressure between primary cooling i
. . High 0.883MPa 3.2
system and pressurized water cooling system
Differential pressure between primary cooling
. . Low 0.0981MPa 3.2
system and pressurized water cooling system
Differential pressure between primary cooling
_ ) Large 0.186MPa 2.2
system and secondary helium cooling system
Secondary helium flow rate Low 83% 3.2

* The events which induce the distortion of neutron flux.
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Table 5 Calculation results of evaluation items during AOOs
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_ Maximum Maximum
Primary )
Peak fuel temperature | temperature Maximum
Event coolant
temperature of PPWC of IHX heat | temperature
No. o pressure 0
(°C) (MPa) heat transfer | transfer tube | of RPV (°C)
tube (°C) (°C)
AOO-1 1497 4.18 (293) 928 (386)
AOO-2 1509 (4.17) (293) (927) (386)
AOO-3 (1495) 4.20 311 (927) 387
AOO-4 (1495) (4.17) (293) 928 (386)
AOO-5 (1495) (4.17) (293) (927) (386)
*The value in parentheses does not exceed the initial value.
Table 6 Calculation results of evaluation items during ACDs
i Maximum Maximum
Primary .
Peak fuel temperature | temperature Maximum
Event coolant
temperature of PPWC of IHX heat | temperature
No. o pressure o
C) (MPa) heat transfer | transfer tube | of RPV ("C)
tube (°C) (°C)

ACD-1 (1495) 4.23 (293) 947 388
ACD-2 (1495) (4.17) (293) (927) (386)
ACD-3 (1495) 4.20 (293) (927) (386)

*The value in parentheses does not exceed the initial value.
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ACS: Auxiliary cooling system PPWC: Primary pressurized water cooler

CIV: Containment isolation valve R/B: Reactor building

CV: Containment vessel RIV: Reactor building isolation valve

IHX: Intermediate heat transfer exchanger SGC: Secondary helium gas circulator
R/B ISIV: IS process isolation valve VCS: Vessel cooling system

[
; Air cooler

Fig.1 Candidate flow diagram of the HTTR-IS system utilized in this analysis
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Fig.2 Modifications of the HTTR related to the coupling of the IS process
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Fig.4 Transient behavior of core inlet flow rate, reactor power, peak fuel temperature,
primary cooling system pressure, temperatures of IHX heat transfer tube, PPWC heat
transfer tube and RPV during the increase in IHX PGC rotation number
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Fig.5 Transient behavior of air cooler pressurized water flow rate, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat transfer
tube, PPWC heat transfer tube and RPV during the closing of air cooler bypass flow
control valve
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Fig.6 Transient behavior of air cooler pressurized water flow rate, PPWC inlet
pressurized water temperature, PPWC pressurized water flow rate, reactor power, peak

fuel temperature, primary cooling system pressure, temperatures of IHX heat transfer
tube, PPWC heat transfer tube and RPV during the opening of air cooler bypass flow

control valve
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Fig.7 Transient behavior of secondary cooling system pressure, reactor power, peak fuel
temperature, primary cooling system pressure, temperatures of IHX heat transfer tube,
PPWC heat transfer tube and RPV during the opening of exhaust valve in secondary
helium storage and supply system
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Fig.8 Transient behavior of secondary cooling system pressure, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat transfer
tube, PPWC heat transfer tube and RPV during the closing of isolation valves in
secondary helium cooling system
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(d) Temperatures of IHX heat transfer tube, PPWC heat transfer tube and RPV

Fig.9 Transient behavior of secondary cooling system pressure, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat transfer
tube, PPWC heat transfer tube and RPV during the rupture of inner pipe in co-axial hot
gas duct in secondary cooling system
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(d) Temperatures of IHX heat transfer tube, PPWC heat transfer tube and RPV

Fig.10 Transient behavior of break flow at inner and outer pipe of co-axial hot gas
duct, secondary cooling system pressure, reactor power, peak fuel temperature,
primary cooling system pressure, temperatures of IHX heat transfer tube, PPWC heat
transfer tube and RPV during the rupture of piping in secondary cooling system
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Fig.11 Transient behavior of break flow at IHX heat transfer tube, secondary
cooling system pressure, reactor power, peak fuel temperature, primary cooling
system pressure, temperatures of IHX heat transfer tube, PPWC heat transfer tube
and RPV during the rupture of heat transfer tube at IHX



JAEA-Technology 2010-012

fHi

Al 2 AV LEPEEFE R P H I DR BH(AOO-4) 12 38 17 D H 7 EAS It &1
9D FRT

2 RAVT LRATIEMAGBEH R O BRI R, 2 IRV DI EIRRAE DA >~ RIS
JISCTRRIESND, DT 5% O FHEP LNV ER T ENE B E/RDI LN
ESID, EZ T, T RABLHIR DAL NN ZRREHEIZ LT 100 (L7255
(2812 2 IR~V LETIBERG PR TR O TE RS B AT S L LT R R ATV, BRG
B2 GRS R E iR U7, T S % Table AL IR T,

Fig AL IZ 2 kDD Lpe ke PE O ER IR R A A B LI ST D DGR — A
WZBITD 2 IRAVT NEEIRRARITE ST, 47 77, e B, B g
BVE R mnR L 1 ONEK D Ha s BVE el JR 0P R A s eI B, 1R
W HBAHE ) OB PEREE 2R T, BRI BRI MU — AT, 2 IR~ LG H]
B DD EE DS EEANL 1 IR ENER & O 22 B R FE AN 5, 2 D72,
JR A AT 2 OB R 23, Case 1 IZIBWTHRE LR 1267 0 THoT2H DN,
Case 2 TITHEHRERL 306 L /ool BB EIREE ., 1 WG HIEHTE S,
[ A B SR BV e e TS N K B H R B i IR B X VR 1R R D2
PRl IR E OB RN L, R D OB IEREN R AR L, TN,
Case 2 DFFHELAE 1T Case 1 IZH AT REBAAA E TORGBIFM L7253, Case 1 &
Case 2 LD = IRE DI KFEIL 1°C Kiii THY ., FFRF A% EEDZ 13-, Fiz,
1 RIS HIRRAR O f i3 £ I E 77— A B W CTHIEMEE L[R5 L3 o7z,

L EOFERNG | ARIBPEZACITHRIL T 2 IRV LETRAKG PR TR O E i 203
ERERSTEGEITB W THOE R @R R R M E 1 \0 o 2V DIRE FS
FOFE N OB BB R L 5.2 A2 213700, ZF07-0 | 2223 o)W 5L 47
L, BB OIS IR TR EIR 130 o XY ORI E /2 D2 81T
AR

A2 2RIV L AR iR EE T ORR P (AOO-5)IZ B 1T D MREE T TEE S 16 7%
TR fEAT

P i R B P 0 KON - A7 At R B B T D VR BN SR M1, 9T <RHA S K OVRTA
PETADIHANEROFHIARE R EZD ISR ESND, DT | SO EHEPITHE
WEBN SR N LR D ENRES D, £ T, 2 IRANID L Bl f iR O
HERIZOWT, 4250 0REE O OA L T Zh OEB) R 2/ 3T A—
ZEU TR RN 21T o 72, minMREE R 2B W IR AN miRIC SO SN TWD T2,
G PR I T B S AT KD S — FEAMREG T D ATRENED 2 Z &b 22 7P
BEEATOZ LN TE\, TDTD | BN > TUIPEBI R AR EHE 30 LV
TpBHZEEEL, REHERB IO E 25 L7260 D 2 7 — AT OV GBI AT



JAEA-Technology 2010-012

7o IKIRRREE R 2 DWW, FHWEBIRFR 258 E T DM A RE THDHIEMD, i
FHELVE 5 D — A% 3 AR AT > T, fRMT 5% Table A2 127”7

Fig A2 (2 2 IR~UD A, JR IR H D BBk i IR EE | R PR B MR BV B
RS . L IRANE ARG FNERBVE B RS | JR IR = I R a1 IR AR
fiff =) DI FE B 27~ T, MEATHRE R D, R TOHE S —RIZDONT 2 IRAIT AR
BT a7 s A EFRIC TH DA, FA L2 D IRBEREL DN d LOEBhIRE ]
ME PR IR D 3 EE S R &< Te o7z, JRF0F H ) O BT FIH A7 T Ik
(R T DRI L, 2 IRASY D A S 258 & R AR a2 s LT, RN
BEIZOWTEETORE  —RZB W CHIEEZ ERAZ 8137 -7, F2. 1
RIS ENERAIE ST PR B S HASR BV e iR L N K A B s B = B IR 3
FOVR TIPS 4 d e e I DI 2 B X, S0P ) OB U T2 e 5%
DD, it Hr — A OE IR E DR K ZET 1°C Kl ThHY, FRMEZ LEHZ L1
7Rinotz, M T, & TO/r—AIZEWT 1 WnHEIREE 03 EE EEDZ 8T
TR T,

UL EDFERNG , ALK L TR OFBI RN E Lo 55128
WTH B i IR (BTSSR AT L BRBF O R MERM B2 b o Z 813w, £
7o AR EIRE E S 30 o 2 DR E 35 K OVE W R 2 e 95 D TR 1
SFHIREE 13 o Y DOREEVENIIBEE 72D E1T 720,

A3 TR EGE IR HE (ACD-3) 12 351 F 2 IR B A M EB) S 6 9~ D R EE R AT

T B s BVE AR IRF L2 J5 1 D FRBE SR O BN SR A BVE R R R HH 7 15
IRV ESND, EDTD, 5% O EBITEVMEBN SN L7252 e
ESND, T T, @B OIEBI St 23T A—2 LU CTRIEMAT 21T o 72, ARFTT
L RBVE R R M2 LB L2 WG S | RIRMRRE S OFENIRF N SN D5 &
FREL ., BN SiRBER NMEEN L2\ — A (EENIRERE 30 PR X Vs #od 3 & —
ANTDWTIRFIZAT o7, fMTS:A1% Table A3 12”7,

Fig A3 IZH HBAHZR B BVE AE W I &L 2 IRA~UD AR AR ST, 2 IR~U
LPEE, R B ERE . P B SR R BVE e ER L 1 NS
HFHEVE om0 R A s il B L 1 R AR A T 77 ot i 26 ) 2
~9, Case 2 Tlidk, Case 1 &k 2 IRAVD LG AR T ) OO E DS RKEL, &
DOFER EWrEBIZRB1T D 1 IR ERREND 2 IRASVD D EIFAR ~OFEAEIZ DU
THEWERE ST, 2 IR AR EIFEEER B IO XA 711G T 372
728, Case 2 IZB W Tb RSB L, Case 3 T, FEEERE LU=, 2 &
AU AFREDME T LW ENDR 17 22 R FE R R S EB 77, - 3R
ik T okE LT o T, B BIRE I O W TUEE TORE —RAZB W THIH
fE% EEDZ L1380 o7, Fo, 1 IRBERRFITE ST, A HLERHE BVE e mii i
IR 75 EN R B 8 B TR J6 DOV 74P T ) A A el DTl 58 Bl X, -
SF I OZEENEC TZERDE DD | K FHR T — A D i O e K 7213 1°C R



JAEA-Technology 2010-012

i ChY, FFRE%E ERDZEIT7en T, AT, LIRS AR AR £ )3 HE A (Al
HZETIe -T2,

UL EORERINS | AU U THRBER ORISR N E B L7572 55123800 T
b PR L L BT L VR A R L L RB O R MM B D 2T, ET
JEAAF R HRA T 3730 2 Y DR JE 36 LOVE T I FEHE 23 ) 5D D TR 7R
HME AT Y ORERVERRIREE 72D 83720,



JAEA-Technology 2010-012

List of tables

Table A.1 Calculation conditions of the exhausting flow rate during the opening of
exhaust valve in secondary helium storage and supply system

Table A.2 Calculation conditions of the isolated valves during the closing of isolation
valves in secondary helium cooling system

Table A.3 Calculation conditions of the isolated valves during the rupture of heat
transfer tube at IHX

List of figures

Fig.A.1 Transient behavior of secondary cooling system pressure, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat
transfer tube, PPWC heat transfer tube and RPV during the opening of exhaust
valve in secondary helium storage and supply system for different operating
conditions of exhausting flow rate

Fig.A.2 Transient behavior of secondary cooling system flow rate, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat
transfer tube, PPWC heat transfer tube and RPV during the closing of isolation
valves in secondary helium cooling system for different conditions of isolation
valve operation

Fig.A.3 Transient behavior of secondary cooling system flow rate, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat
transfer tube, PPWC heat transfer tube and RPV during the rupture of heat
transfer tube at IHX for different conditions of isolation valve operation



JAEA-Technology 2010-012

Table A.1 Calculation conditions of the exhausting flow rate during the opening of
exhaust valve in secondary helium storage and supply system

Case No. Exhaust flow rate (t/h)
1 0.014
2 0.057
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Table A.2 Calculation conditions of the isolated valves during the closing of isolation
valves in secondary helium cooling system

Valve | HTCIV LTCIV HTRIV LTRIV
Remarks
Case No: (V91) V77) (V196) (\V195)

1 o(30s) 0(30s) 0(30s) o(30s) | Malfunction of all valves

Malfunction of high temperature
2 o(30s) X o(30s) X

valves

Malfunction of low temperature
3 X 0(30s) X 0(30s)

valves

Malfunction of  one high
4 0(30s) X X X

temperature valve

Malfunction of one low temperature
5 X 0(30s) X X

valve
6 o(30s) o(5s) 0(30s) o(5s) Malfunction of all valves

Malfunction of low temperature
7 X o(5s) X o(5s)

valves

Malfunction of one low temperature
8 X o(5s) X X

valve
9 o(60s) o(5s) o(60s) o(5s) Malfunction of all valves

Malfunction of high temperature
10 0(60s) X 0(60s) X

valves

Malfunction  of  one high
1 0(60s) x X X

temperature valve
12 o(60s) o(30s) o(60s) o(30s) | Malfunction of all valves

0:Close, x:No action

The value in parentheses is the closing time
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Table A.3 Calculation conditions of the isolated valves during the rupture of heat
transfer tube at IHX

Valve HTCIV LTCIV
Remarks
Case No. (V91) (V77)
Same condition
1 0(30s) o(30s)
as Chapter 3.4.2 (3)
2 0(30s) o(5s)
3 X X Without detection

o:Close, x:No action

The value in parentheses is the closing time
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Fig.A.1 Transient behavior of secondary cooling system pressure, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat
transfer tube, PPWC heat transfer tube and RPV during the opening of exhaust
valve in secondary helium storage and supply system for different operating
conditions of exhausting flow rate
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Fig.A.3 Transient behavior of secondary cooling system flow rate, reactor power, peak
fuel temperature, primary cooling system pressure, temperatures of IHX heat
transfer tube, PPWC heat transfer tube and RPV during the rupture of heat
transfer tube at IHX for different conditions of isolation valve operation
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