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Performance Test Results of Mock-up Model Test Facility with a Full-scale
Reaction Tube for HTTR Hydrogen Production System
(Contract Research)
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Research on a hydrogen production system by steam reforming of methane, chemical
reaction; CHy+H,0—>3H,+CO, has been carried out to couple with the HTTR for establishment of
high-temperature nuclear heat utilization technology and contribution to hydrogen energy society in
future. The mock-up test facility with a full-scale reaction tube test facility, a model simulating one
reaction tube of a steam reformer of the HTTR hydrogen production system in full scale, was
fabricated to perform tests on controllability, hydrogen production performance etc. under the same
pressure and temperature conditions as those of the HTTR hydrogen production system. The design
and fabrication, of the test facility started from 1997, and the all components were installed until
September in 2001. In a performance test conducted from October in 2001 to February in 2002,
performance of each component was examined and hydrogen of 120m’y/h was successfully produced
with high-temperature helium gas.

This report describes the performance test results on components performance, hydrogen
production characteristics etc., and main troubles and countermeasures.

Keywords: Nuclear Heat Utilization, HTTR, Hydrogen Production System, Steam Reforming,

Mock-up Model, Full-scale Reaction Tube, Performance Test
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1. %

i

BiEH ZF, AHMCAV T LAHR, FEBEMECICHEEMICERRZANS LK,
BEFARH O TEHMIEE 950C 2 EMRT D 2 ENTE, REOEID, KFERE, (LFETXORR
g ZERICOIEAFEANEREERD. HICKFIIOWTE, BEOREEMHBEADHRFD
BET0IELSND LD, BVIRICBVWTEEOAMMTFHEINS, LML, BRATIBWT
B THEETOIKRRIITLAORT, BEAENWKDMARBEDLEMOREBTHEEL TNVSZ
EMS, BEEABIIALHAOIINF— 25X TAELZHETILEND S, LEF>T. &
BOKEOBEIIH LTI, BEAGHENTTICRBROIRNF—Z2HRT D I ENEERR
EEizoTW5, BREAZAFICLSKEEET, BEE L TLARBZEDRNDOT. CO: DH
HADIRn, BRBCEL WKREESATLELTHETHS.

AABEFHBEAR CAF. TEH SRR T, fSBROKZEFHAEE~OEMEBHEL T, &
NEIOEEHNAFE. BRILFRABRUFF (HTTR : High Temperature Engineering Test
Reactor) ZAWT. BEHAFKEMES AT LAOHEMEREZED TS0, HTTR KERE
SAFAE, BRAAFERERE S AT LERETEFT LD OEMARZENEILZHO
T, KERBEIUTICRTAY COKERILKBEETH 5.

CH4(g) +H20 (g) =CO(g) +3H2(g) ; AH(298K) = +206kd/mol (1.1
CO(g) +H20 (g) =C02(g) +H2(g) ; AH (298K) = —41kJ/mol (1.2)

ZIT. AH: ENEERS,. K g SEREBEET. QDRORKICHER#I, TERO
KBRS AT A TRIREH 2 THEG L TWSA, HTTR KEBHE S AT LA TR, HFFEM St
BENsBBON)ILHAZFAT S,

HTTR AERE S AFARDWTIEINE THES - MRS ED SN THD, Fig. L1ITR
TRIFHERDSED SNz, BETFHET 950CITMEAENE LRAY T LAH A, PR T 2
KA T AHANBSHRENT (BTHE 10MW), KERZHER RIRERFITARILT
BiEE N5, KEEHRBRIRKERGEZTHOE 20D, M2 FREL AMEENREINTS
D, WEEOHUIZEAY T LAHR (EH : 4.1MPa. ARZKERADRE : 880C). Az
Ot ZHZ (A¥ 2 EAEZORAH AL KISEDERA XA DB, ES : 4.5MPa, K&K
SHEBRALRE : 450C) MRNTHRZRETD. :

Z O HTTR EKERES AT AOEGORTIC, KEEES AT LOBREET), HlE1ESZ
HoMCT B E2EME LT, FARBEEL ., R -NERREE T, BBRE
B LI ORBEEDTEE. AREBIITRIEEL K - BUELHMBL. T 13 F
9 BIzAERRT L. LT, K 134 10 AN SR 14 2 A F THREARZTVL. B
AU AH R EBEE LT 120m3nh OKERIEICRII LTz REH 212137 5 A HED LNG (&
ERKRHZ : AY o OBRSEEN 9% L) 2R L. i3, COBBHBROBERIIONT
HRETEHIHDTH S,
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2. ABREREOBE

REBREEIT. HT TRARYE S A7 LAOEHEES, HEEEELRASMIL. R2EEN
EOF— Y RE. W I— RORIEEENEL T, ¥R 16 EFEEZTUTORREEMY
HEETH A2,

OKEHE L AT LOEN - BINBEHOIEE.

QETFAR~OIELME, AiRE 2 I HlH% O i HEHEN O#L,

OmEHE KRIWERS) OMR - Ei.

@k FBLE > A5 L DOEGHIKOERE.

SRERIERET. HTTR HREIBAHREN S THOKERIE S AT LOEERBZRBELLLDBOTH
%, Table 2.1 1= HTTR AEBE L X7 A LRBEBOEEHIT. Fig. 2.1 ICHEBREEORWHE
m‘mgzztﬁﬁﬁﬁm%ﬁmﬁﬂéﬁﬁgﬁﬁ%ﬁu\ﬁﬂﬁx&m%iEﬁméﬁTm%
BRIET B D OKERKELSE, BEEREA) T AH A BKEIKERHBTENY T LA
ARSI, KRS IBEEIT R & 88T 57D OB A ftkd sk i R K RKBEGRE, £
RO B IC ARG KB R IC SR X 2 BT 2D ORE N A figakin, ARIBEBTH
BEINFKEEDQERN X 2 RENNT 5720 OBNERMEOM, HAKRME. FHUSRIERIE.
BRREETHBRL TV,

AU AT ZBHERIET. AU T AN AERE, ETHEICHSL TANY T LAH AR LS
ZBEBLEE—YENBELEAY I LHAMESE, AU DT LAHARHBZEN SRS EEREMEAY
I AH AP OFRD 2 BRET DAY T AT AERRME. NNV UL AMGREOSHG. EN, £
HABEED AU LAH AENRERHTHRRINS. |

EBH Z LA R, BERAHA A (LNG) ORETHES S LNG ¥ 7. LNG K7,
LNG 254L$ 2700 LNG KR, BRI Ameass, KA A BBEEN 5K,

ARSAHE DB, MK ZEBET 20DRKZAY 7, KENE. BRRAERE. Ky 7.
ISR 7, KT #, RIRER. RIUBRBENSKRDS.

BRI, KRERERTERLEERTAEZRELASTERDDTI VT AT v I, K
H 2 HIBESE THERR U Tz ROSICE R E Nah o = RRIKERIL. R A AR EIZE TRICHEERE L .
RIGDOERE L THAAT 5.

Kﬁﬁﬁxﬁﬁ%ﬁm‘miﬁﬁVX?Amﬁﬁ-ﬁmﬁKBMT\m%ﬁﬁﬁﬁxmwau
® AHZBED 600CUTDOE X, BERHADORDDICEBEH AT HEDODORMET, |
2% (LN2) ORETHBETS LN24 > 7., LN2 R > 7. LN ZFH4. HY—JF o 0EMNSRL
%, REEBEOEHRUEILRIC, 600CI T QRS THREIH 2 %4405 5 &I RFEI T
3 2 ATEEME DN 5 7= 0 BB IZIAY T AH RRED LR & EBITBEN AN S FEBA AN,
B FERCIIAY I AHZABREOBR T E EDICFERH AN SBRAZXNRLICERTESHBKITL
Feo ¥, RSO R BEBEICAEERTT 5O OKBMBREFETRITH S,

HBEBOBBHAAICOWTIE, BE. EHICDWTIE HTTR AERE AT L ERURHE
FTRBEGFADZBDELE, ANUTAHZARTOEAHZDORBRICDV T, KEIKEED
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PR E NN OBEERE. ENREREE. KERSRELZHASMNCT S L TRERRB/NEE L,

TESHZ &L, bbb, HTTR ARBEES X TLD 130 & LTz,
HBREBOTHEBEGRAZUTIORT, I TERERSME X, HTTR ARYES AT A E

RICEE. EATHY., EHAORBIIOVWTIE LR L7z & 512 HTTR KERES X5 LD 1/30

TH5,

(@) NUTLHADEREGSRYE

- KERKIRHEBAOES :
c KARKERA DB :
- KARKKE AR OB -
c HABRBA DRE
B R A R B

4.0 MPa
880T
650C

: 150C
: 0~100 g/s. EHEELFF 91 g/s

(b) REIHR (RBAR) OERELEE

- KKERKRKEABAOES :
s KK EARA DR :
- KARBE AR O E
Bt R WA
(© KERDERBIRSRMN
cKRIKESBAOEN
- KKARKCEBA OB :
R MR @ B
@) RIBFEHRUKREER

4.3 MPa
450TC

: 600°C
:0~16 g/s. EREERRF 12g/s

: 4.3 MPa

450C

:0~58 g/s. EMEEEF 47 g/s

c KEKREIT A4 (SICH) : 25~35 . EREER 35

- KRBGER :

110 m3n/h
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Table 2.1 Design specifications of HTTR hydrogen production system
and test facility.

" B HTTR AZRELES AT A RAEM-RISEHRER
E A
TatLRAHR / ANUDALHA  43/4.1MPa 4.3/4.1 MPa
KETURBAOEE
TORRHR / AUDAHR 450/880°C
AETARBLEORE
TatRAHAR / ANUDTAHR 580 /585°C 600/650°C
KIXH AR 389g/s 12g/s
(24mol/s) (0.75mol/s)
AU LAHABRR 2520g/s 91g/s
KRS/ KIRH AGHRLL(S/C) 35 25~3.5
kFEBLER 4200m3y/h 110Nm3/h
B R RT4F BEE—%—
(10MW) (420kW)
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3. WREABROBE

RBEEL. RMELPEETH. T4V TAREEZBRBIETER. SHEAZER. HHAKF
EHREL. AV T LAHA, RIEHH A RBRHZAZEOEH A BRI T2 XA THEAREZ TV,
FREDHEEINERTEDZ E2HAL TR ERS, LML, BERBRIISRHEMTERTE
5H0DE. FIZIEARIBMROLICERKEREIEIRARITIEIANY UL H AFHEREEHR
REBEHL B TRITNIEBTERNE, ERORELEEFESI T TR CDTERBTEIHE
DHDENDHZ, TI T, RREPERFEEM TEMETZ 2B EARERR) S EHESETER
THHRAGESBERR)ICHEL., L. £, FHRAHEREOS B, BICKRFEOHIHEIS
OHFERICOVTIREARBREIMCRFEL THE., SRWEHEL THEEK TS L EICHARTS
ZEEL

BEEABR A V21— )V % Fig. 3.1 1TRY., BAEBEAROKEST 10 AETIIKRA, 11 A»
SRED 2 AP E TORIZERD OBAEKERBYN MR ESHBERREERL 2. 11 ADD
BAUDAHADRE, BREZBHBL., TOEAHZAMNCIRSEZBERL NS, BENICHR
LT, KEGHRBREDO IV —> - Ty TRERLUZ, 12 AIIBANU D LAHAREZ 700CET
REAL., RIBERAFEN AL 2R, ARKJBERRBOBRRBOBEAREZFZRL., —
HRABZKRTI®A, 1 AREREZHEMBL. 1 ARICKAFEBERAREERL . ABREBENH
FONREEZETHIE2HBL T, —HOBERREKR T L,
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4. BEERABRORR

4. 1 ANUILH AR

4. 1. 1 HE3SHIRR &R

ANV LA AR, ARRBKEBRICHEOHE. BHE, EATANUIAHAZH4ETS
RET, SR - BEOANVIALAHZZERTHERRIXHE. \VILHAOEHZHETZAY
D LT A BRI AT LAHZARORMMERET DA I AT AEHRE THRINS,

(1) EwWBRHE

Fig. 4.1.1 CEBRBHEORMKKERT. NV LAHABRETHEZN=AY I AH XL,
ANV LAZMESE (E]E—FR) NORMRBE—F TH 900CL LicmBa s N TAEGKE
BABHEEIND, KEKWEBTIE. AVTLAHARAY L EARGENSKEEZBETH20D0
PR E LU THEASH, T5ICAKBRE. RRRER. KFRBOMBAEE L THEASIH-E.
NUDTLAHAGRHBEEBRLTERY > 7. 74 NVF—2BHLTAY AN ABEBE~NRES,

ANYDLHABRET, KESSEREETAREE (HENDEL) THAZhTWEbDEA
RBREBNBRLEZEDOTHD, ANUDVAHABEREZRNDEIAY I AHARBOHREHED
400g/s THDH. ZNITHL . FHREE TKEIKEB LT EIANU T LA ADERKRT
91g/s EREHRBICHRTORTH Y. ZOFBRFERTA) VLN AEREZEIZL -BA1213.
Y=V TREKONV D L AEREEZHE TSNS S, £ T, ANY LT ABEREH
AN SAY T LAHABHBENFENDINANATA VEREL. AN LN A BEBICIIRHRR
WIEWKRBONI I LAHAEZRESEDIZLE. LEd>T, AYTAHADOKEHEILZ. N
U LAHAAERBERNDSHRRUANY T LH AMABEZHRNIHERO 2 > TITH> 2 EELE,
NI LAHAAFERBIZOWTIRY— 2 > VO IEE NI REFAEERK 12,000rpm LA FICHEiEE
BEHIRT 5729, 250g/s~400g/s DHEHETHEDOREHEEZREL. N Y LAHAEBRED
EERZHBNICEZAD I ETAN) AN AEREOERFHRR FIC3H) %% E BE#ICHED T
ENTEBRIIC L. ERARKUBERERNEZANY T LHAHKRIL. HEHREGFH CV2H OB
ERBETARMNENA NZARORERN? E2EA. AFRAIARSKESRAORR (FICSH) :2TE
D GRBRFEHAICISU 40g/s~100g/s. ERIFRIL 91g/s) THEHTZB L SiICL,

AU AHZDOREHRHEL. ARIKEBADZHEA (TICI8H) L. AU LAHZAMMER
BOANBNEZEIETREIKERAOTRENZEME (ERIEE : 880C) 1225 kDI
HEL T3,

NYTLAHZBHEL, NUDTLAHAERBAODOREE —FICEEL. BETHICL 5 HH
EHZHIETH-DICREBLZDOT, BEGIHE (TIC47TH) AV T LAH AAHBADICET
F=A#FCVSHIZK D, HHBEFEIRBELTNENINATIHEBLZHEL T, SHEOA
U AHAREZHETELSICL,
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©2) NV LHAETRBRE

ANY I AT ZAEHFERDO RGN Fig. 4.1.2 BEUFigd.1.3 TR T . N T LHAZITERT
2h— R, EBEBREOREY VANV I LHAZHET A CV23U. BEF I b
5AY M AHZZENT 5ENFE CV2U, BIRLEANY T LE—RIFRT BV I—NF 7. b
ST DAY LMHAEBEELUBEICLTH— RIVICRT DDA U LH AEREN S
BRans, YEBJEOEHFECEL T, R2EOEHOREELT, BAF X IOEN
(PIC51H) 2 KT 2 H5RELE, BEY VAU ILHAENRERNERL. #iaH
(W%U&EW#GWU&ZjUyFHH(E%ﬁtﬁmk%ﬁﬁﬁt%%béoﬁﬁﬁk%<
BOUEEL SH—HOREZRINUI AT ZAZREY D/ KBRERRZEIANSEIRY 575K)
& D EBBREOES Z BFEICHIEL 2.

(3) AU ™ LH AR B

AU AT ZEBRIZ, AU LAH AR RIEROREEEM, AU DL ZAMmERORRE
— IR ENSRAET BB A X (He, CO, CHy, Nz, Oz, CO2, H:0 ) 2REMRKT H2HDH
DT, BBy K. TLFa5—3—TRy B, T=)V RF v IRy K, TABRE. N
1)y oA A SNBSS A A NS, BSRBESOZBBEN SBRIN D, KO RHKEE Fig.d.1.4
27T, A%{EZ. HENDEL DAY I AN AEMEBEZBRL TEAL TS,
AUYIAHABEREDOERD SVWIEREY > 7 T, 2 IROANYILHZAZRD AN,
KD S BEICKIEESE 10ppm AT LEDBICRAEY S IVARTAREL TS, Th
. AU AHAROASICE DAY T AHAMEABORME—FHRILL., ThICKBHEREE
FTRUBEZBS L HDOT, KEBEN 10ppm 2BADZBARIEIANUTLNAREA > 5 —
OwZ2RELTVNS, EEEEICIIARE S BRHED 2 RENE D, ERHE L BITFMM ZER
£5 2 EAEE L MY OREITEDNEERy RROMEL2EETSEEERZEHICITI C
ENTED, DEVAHORKCHEEEE LANS, bINHORKIC THEERRZFRIZT
W, ZThEREIOERNS EREORMEENTETH 5. KU -BEEGOYE,. BREF
BTV, DBOKY, BEORTRIIABTETT .

AU LAHABBBEO T ERBEEZUTIIRT .

1) KESWEBALLTDEA) T AT AGRE 40g/s~100g/s (EHRTR 91g/s) DOWEHANT
HMTX5WELZAET S,

2) ARSKBRADORERFESNEL. NYTLAHARFEORE (EHEE 880T) N7
RTEZ5WEZET S,

3) ¥EBRBEOREY VI OFEHEHBEEEL. AU T LN AZFREDES (EHRET 4MPa)
~RETELWEEZET S,

4) NI AHZAPOFREMP ERE KSBEICDWTIE 10ppm HUTF) TEEHEZFT 5.

4. 1. 2 HBHRHIGR
BERRTIECUTORREEBL T, SBEOHEZITOL.
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1) FEHHRR
KRIBEAB T EINUTLHRAFRE, ERIFR (91g/s) 1T L TE2% (+£1.8g/s)
DEHE (B THETERZ L,

2) N LH R NEAE IR HE B
KRIAKEFNBRBETEINU T LN AOREZ, KEKIKEBADITB W TERRE
(880TC) ITXLT+0.2% (£2C) BINOZEHIE (B THETESZ L.

3) NU D LK ZBHBFREHIEHAR
NV LHABRETRONANRRAEDOEFHS (TEATH) ZBWT, NI AHARES
REREICKH LU TE2CUNOEEE (B THETZ3Z L.

4) FEHHIEGRER :
ERELRICBWTREY >V OEAEZREES (3.9MPa) i L T+1% (£0.04MPa)
DINOZEEE (B THETE3ZE, £/2. BERIZ 0.4MPa/h DRERENHEETE
5T &,

5) FRMIRRERER AR
HENDEL D588 LAY D AH ZBRBRHFENERITEBL. NU T LHZXPORKY)
ERETEDE,

DFICRABERIZOWTIRRS,

(1) FeRHER

KERKIWEABNRTEIN LT ZAFRIE. AR LAELSITAY T AN A MBABA OICRE
L7z 7 4 ARHBRSH(FICSH) L HBFHA(CV2ZH) Z AN THIEAL TW5, Fig. 4.1.5 i He
AAMABAOFREE (FICSH) OBEEKFIZRT., FRIARICEER., REREME (SV)
K 2g/s BIEXETHI 1 HOBIIBN TH L WEFEEIC IO A BB TE ., $LEEH
DOFRIL. 9lg/ls DEBMEICK L. FHKHIZ 90.7g/s~91.1g/s T+0.3%UNDLEEIBTH Y. B
FETHZ 2% NNOEBBTHETES Z L 2HETE =,

Freo ANV ULHABERBEFNDHBITONVWTIE, =22 VRl DI KRI KB SN
BT HMBON 3 ~4 5L L. ARIKEB B/ LBWERD DAY T LHZEINA NS5 A
ALz, TDEE NANRATA LITEAY T LH A s, KEGSHEE, RaREES
TOENRRIIHLY T 2REEEEADVNENRD DD, N NA 51 > DFEEFHF NVTH 13£H
BEOMBTHEZEE L, N ULHABREZHNSHEOHEMEICEL TR, BREOE
ERZRAGIL THI20THEENELL, FAEEREBTIIFig. 4.1.1 1ITRT XD ICHBD BEME
350g/s 126 U THEHMENL 349.7g/s TH D . BIEREMEBD OHIBENTES T L EHRAL =,

(2) NV T LH A INEREE R E R R

Fig. 4.1.6 KU Fig. 4.1.7 T KRKBEBADREHBHOEEERZZRT. RREEIIBVWT,
EREITIE LA EREBN R BREREME (SV) IBRL. £/2. ERIEE (880C) FEHIT.
SV izt U TEAMEIZ£0.04% (£0.3C) BEOEHETHY. BEML0.2% 2 +HET 5%
MHEEETEH LR TE,
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(3) NI LHABHBHMREHE (TIC47TH)

KERDAN T AN ABHBADICR T Z=ZHH CV5H THAGZZESHRBEELTNEZNIN
ATHRBEEEZDZET, BREOANVTLANABREEZ —EBEIHBET 2. NUTLHAE
HBRHMREOEAEZ Fig. 4.1.8 IR 7. KPRABERNSKOHBNEH T H2DITANID
LHABHBOADEREN 2C~3CEEOHKRE TK 3RMOEARZ > TEHL THWBEL, CV
5H OBENESMNICETEZET AYTLAHABRABTHRONA N EDOETA (TEATH)
DEEIIREM 106 CHEEBALTH ST, BEOEHIE (£20) 2 +0METHHEHEZET
BT EMNMERTE .

4) EhHIHER

AU AENFARRBEOICDOWTIE. HFF. CV23U THEE CV24U THRERBEE Wolz 2
FEFSEANUTLHAOBBREEBLIEN, REVSRHL THEENSHEE Y. HIEEISHE
NHolz. TORDOBERROBERET, HEAFRE CV23U BMTHERMHAZTS & & L.
CV24U R2PETHHRICEERELE. TOHKE, REL THEANTE S 2HEL . 91
FeEEFOHIHIL Fig. 4.1.2 KRTEDICREY >V OEHZBHE LN S CV23U OBERET
CEAHZHEL, EEANUTLAHAMBREO EERBHE L EEERT S & EOENHEIZ.
CV23U TOF E CV2U TOEZ X 7Y v Ml GREM & EREORENNETIIEH
EHLH. RENKZFREEEShOFEMBAL THAE X 2B T 5HE) 35 Fig. 4.1.3
TR HEAEEL,

PIRIFIEBE D E S DB % Fig. 4.1.9 1R Y ., AE#EE%R 0.4MPa/h iICL 72 EZITHEHDHE
BEIZ+0.1MPa OZEEMEZAEL TVNAHH, BREMIIHL TERENRWI &R TE . #l
MEEIL P=330%. I=15 B &2 LBREENEL, KERA—N—Ya—bdbWI E2HRL
7o EBREEZEROZA Ty MO EZ Fig. 4.1.10 IZRT . \NUTAH X He 4R EOEN
TENITEAERL, REENCKHT H2EHEIZL0.3% (£0.01MPa) TH D . BIEOLEEIE (£
1%) 2+3ER T 5HEME2ETHENERTE . ZORBSORMEIIREZEY I 515
B32H. BRELRBERT 3207 2T 2BARRABRENEHNEZ S50 E D, BHEN
4 %BUTOWMBACREA LI ICHEEREZRARL =,

(5) FeuMIbREMEBAR
() ReupbREmER AR
BEARICBVWTHD TAY I LAHZXDORBZTo 2 EEDANY T LHARAFIBRED
EHE Fig. 4.1.11-4.1.13 17T ANUDTLHADY TV T R0E AU T LT AEHE
BOAOEHOD 2EAICRITEY., ZO2EMEYODEIATAHARZOT NS TRUK
SETAMYOBEEZREL 2. FSRITRTAMMBEIL NUTLAHABRRFBEOADIZ
BIFHBELEZRLEZDOT, BRTRBERBEERLLEZRLTVWE I ENH DM, T
T EERANVIAHABHBHEOHONYDOBA I EITLDBDOTH S,
1) KIRE
Rk 134E 11 A 16 A SHE LEIOANY D AH RBED LR Z AL /=5, Fig. 4.1.11
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ICRTEDITAKRKIBBRBAODANY D LAHZBREN OCIHLETLERLEEZICA
B EANR SN 8ppm ETIZEL . TO%., —HEBDHEMZRE. 150CIHEICT
BE 9ppm FTOLRAR SNz, TOH%, 180CETREZ LR T 5G1E T3k B
BEMERICEAD L. AU LAH ZREN 180CITHE I N-BIIRMEINAaho -,
RIIANU T LA ZBREZEREMIC ERIEZEZR, Fig. 4.1.12 I RTEIICAY Y
LHABRE 300CIZTH 3ppm. 400CIZTH) 2ppm. 500CK U 600CIZTENENK
0.5ppm RA SN, ZTOHRKEBIZHD L. WTFhbHEERITRAI N < ko 7,
ANUTALAHADERRZRE LR ELEBITKIDVRAEINTVREA, HEORBEED
KEDRERBAOLTBO, ANUTLAHZREEREDOKRIBREEEIIFTSITHEL TY
5EHMTED, 2B, Fig. 4113 ITRTEIICER 144E1 AT E 2EDAY
DALAHARBTIRIAKMIFIEAERAINTE ST, B 1 BOREBERE TKMIBRES
h-&EZo5N5,
2) KFERE
KFRBEIL, Fig. 4.1.12 IR TEICAY T LAHABEN400CETIC LR L& &=
KD TRAIE Nz, RED LR EEHITHMERMARS NS, BREFEEIZEONT
H3DDDKFEOREITIHEEITODNTED. ANV LN SRR ORHYERE A
MEEHEFHL TNE I EZ2HRA L. KEOREL, HEMPENL—FITEELT
Wb s, BEEFICENAUYTATZROKSPPEZRLIESDEICL S EHRX
N5, La->T, B2EOAEMICIINEMCENE — Y FITREF L TORKAINE
l1EORRBETIRIZFREINTW I LS KEREIIFEAERAI NN /=
X7z, Fig. 4114 1TRT LD ICEREGERICBIT 2KFZREPITIE 4~6ppm DAEMN
BAIINZA, CHNIARKBRERTOAZZRIILZBDEEZI SN S,
3) TDMORKYIRE
RRBEINUTLAHTZBREICE S THIC 0.4ppm BERAMINTWVS, EEZHRK D
HEMbBB Db RENBN oI ENS, HAZOT NS5 7 DHIEREIC L 55 &
HEEIND, T AF . CO. COIZIFEAERMENT, RAILZELTHEER
0.5ppm EAFTHY., ISR TSIAYTLAHABURBETRHREI NS,

Uk, AZX70% 8757 RUKSETRE L EERMPOBERLEL D, N TLHE
BREOFMYREVHEEITITDN TS Z L 2R L =,

(D) HE-FHEYEEER
BREZZT o> TWAIRRZHEERICYER, —HOFBHIORKLBURRICT O
H-BAVBEEHARZERL 2. RROCMAREORER 2 & —HOBEDRIIXRE <
TRAID, BEBGTEROBENZRETICAR. BREDIK, ELFaT——TRX
v B (MB) OWNERENHED 200CETEERT, BERBEDOY 1T —dMEBLah >
o COVOBETERVETLRL<Z>7. 51T, MB b — ¥ 3R EREIEE TRAH
ATHE ERHZT, DVICRE— Y REROERGOOC)NREBZLTE—F M) v TES



JAERI-Tech 2003-034

e T ZTIOMBEE LT —MOBREEZFHICTS L EBICREEEZRET I LITLE.
FEIREICONTIE, 5%, FTHRMECIIEGREZERL. BEOZLUEZHEELUERE
EEEBEL TV ZEELE. UTFTRZOREOHEERE EFHRMEONBT R IR EMD
RELIZDOWTRY,
1) #ERE
MB FEEESREREICELEVOIR. MB THRAT2EAENARENMEN -
DIz, E—IBRBOBEH ABEE 200CETRETERM o LD EEXILNS,
Fig.4.1.15 REEBICBISBEAROMNERLEZDOT. BETENRAKINS L
BAHZ (EBR) Nl BEHAM#ASE—-T—)) RFr T—)LXy R(CB) —No. 2 B4
H A MERE->MB OEICHHE NS, EETIE Figd.1.16 IR TKDIT 1453 ITHAET
BoMBEEbIC, BAENAOE E - HoBEEN AMBARBRORHZFEICITW., BE
H A %% 140~180°CIZMET 5, MB IZ DWW TIIEA N AHHGaTIC FT#ZHKBL. 20
B ST MB NICE AT A DHENDE N0, —FI9IZ 180~200CEEITET 5.
2HOBEEN ZAMBABKZUNMB IREBE N2 —F OEB K. SISHEENADRE
FRIZBEONT, BEREFTTHETHOICHEZEL. TOM CB AICIIKESEFE
NIV TH 140mm B L -REAEEE. CB 2EALABEN AT -100CEXTH
HEN, FFEHHTMBINTWR N 2 BEH ZMEAEZEHL T MB N@mAIN
R THE AN, Figd.1.17 ITRTEII. —100CUTOHADFHRAILELD MB
HNOBENBBICTRDHD, E—FHABBRKETENY T LHAZ 200CETHE
TEhahok., E— Y HAZBKEICT S ERARRIBD TAREL 2D D, BnER
PEVWH ZHEBEHE T TRE—FEENEL LS. E— Y REMNRERHOERS 500C
KELEDBDEREDNS,
2) XIS
a) FHRECIIEROEE
MB BEDOET 2B <Dl BEHANBAINDMH, @FHAROFHEFIC5501
D SV {#) % HE M 2.78g/s 1 HKIES D 1.42g/s IC—HRHNIH ST I & THINT 5.
No. 1 T4 H R fnEase & UNo. 2 A H 2 gkas hiak e BT U TRE L 7 B
REBIZHBZ &, HD. CB NOBRERAEREL NIVHNTIEZ 0 IK2> TIREBOEZEL
1%, BREBEHRED 2.78g/s KRL THABREYRET S, CIETICET LK
RAVE. SHEM S KM L THEAN A SHEBEM SN 4RMTH S, ZDEEMBRERE
RAELSFRBED THNIMB ORERCEEBL BN SRERBE 0.58/s F DB
BERGIZ TV THIRT 5,
BEHZOREAFRERDIES I EIEIMB KU CB OBENREZLZDETIE
B2 ETBBMN. ZOREERTFOEINETORBEGERICIBNT—» ARMOEL
Biz (FROBOER) TRAY Y LAHAROFMYIRE % 131E Oppm ITHERF L TH
D, TORBEDBEITMYBRESEICRELIRNEEZIENS,
b) REMEDEE
CB WHEEERIK T LV ERKROD 140mm 75 110mm ICEEL, BEHAZ
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BHALTWARERRORAREBABS T L LTS, IEL, BESRIEL
)b & DEHRE L ~X)ViE 100mm TH 2720 NL EOBEIRIIAAIETH 5.

ULOBEORZIEHIL, SROBBRERTHAL T IEELL,

4. 1. 3 F&®»

WREERBRICPBWT, UTFTRIHEELHRAL .

1) KRIKEH R TEINV T LAHTZOFRBHEAITONWTIE, ERME (91g/s) LT
HBOLEBIINL0.3%THD. BEBETH D L2%UNOLEHBTHBETE 5 Z & 2H#E
T&Ek.

2) NUTLAHZAABOREHBITONTIL, KEKKEBANEHETEINI VLT ADRE R,
ERHRE (880C) I L THADEGEIINL0.04%THD, BEMETHDL02%LND
EHETHH TEZS L 2B TE .

3) NI LAHZALHBOBREFEICOVTIZ AV LAHZABHBTRONA NAEDOETS
(TE47H) IZBWT, RERE 106CIc L TRELEHNZ<. BEMETH S L2CTLUHD
TERCTHBETES L2 BB TE,

4) EHHEBRITOVWTIR, BAY >V TOREES 3.9MPa 125 L TEROEEFIIH £
0.03%THD., BIEMETHDL1BLUNOLEETHHETES I L2HERATEE,

5) N LAHZABEHBHEICLOANY TAHAPFORMMERETZ D EE2HER L. LML,
ANY Y LAHZEHRHE O - BAYSERIC L 2R UEEEGHEE TRV T, BEELYP
DELFaT—I—TRy REENEEREE TLRTETIR. BATROETIEIEL .,
ZOMEELT, BEHAKREZ -BFHRET 2 LOEREEML 2. SHRORBEE
KBWTEORZYUHEZRIEL TS FETH S,
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cva3u CvV24u
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Hedi AHh—FIL
—Q cﬁu D cvau ®
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Ein At RASLY

Fig. 4.1.2 Flow diagram of pressure control system for initial charging.

cvau

531 ] Li—iauy RB3LY

Fig. 4.1.3 Flow diagram of pressure control system for split control.
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Fig.4.1.6 Test results of témperature control at steam reformer inlet
from 180°C to 700°C.
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Fig. 4.1.8 Test results of temperature control of helium gas cooler.
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Fig.4.1.10 Test results of pressure control at rated operation.
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Fig 4.1.13 Change of helium gas temperature and impurity gas compositions
at second heat-up.
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Fig 4.1.14 Change of helium gas temperature and impurity gas compositions
at rated operation.
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Fig 4.1.16 Change of flow rate and gas temperature at regeneration.
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Fig 4.1.17 Change of gas temperature and liquid nitrogen level at regeneration.
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Fig. 4.2.2 Test results of water level and pressure control.
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Fig. 4.2.3 Test results of water level, pressure and flow rate control.
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Fig. 4.2.4 Flow diagram of cooling system with radiator.
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Fig. 4.3.7(1/3) Test results of flow rate control at rated power operation
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7eDIT. BERORENZEAZZAMITREZITOTNILDEEASND, BRUIES
WERLTWBIZIE, ANUTLAROAEIZHEND, BEEHZASA COREABERLTWSZDTH
%, KEKBBBAONYTLABREN 650CEHA DL, BRITATRE 15g/s 5 30g/s 1K
1.3 BRMNTTHMEES., ZDEEDRKMNZ Figd.5.3 1277, MEBREMICH LU TRBREL
THY, REEZFEOREREHBRONAZN, FRMEBENNLRL TVSITIE, ANUTLRK
DREIZESFEBHZATA OEHERDEDTH S,

BRI AREN 15g/s R 30g/s DRFOKEME % Figd.5.4 KU Fig.4.5.5 ITRT. WThOBFE
HY—DF L IENBBRSDZNEIBR/NEBBMETL0.5g/s BEOHRBEHNR SN S, Zh
LN R 7O RO IEIC L D BER ERERAGH EOBOENVEEHTI2DTHS, B
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#H AFE 15g/s DIRIEEK 210 i, 30g/s DIRIEZE K 40 FEREIREEL 7243, LN R > T DEH)
B R M8 LB IC R KT +0.5g/s DRBEBNTAE LN, TNLUSNOIRIFREBEORE THIET
X2THBD, ERFER (30g/s) MU THEOEHEL2% (£0.6g/s) NTHETEZSI L2H
RTEE,

(2) LN2 7R > Tt e Bk

BFEH A EBEGEHNDOREITHE T B-012. BRAAY—IF > U EINSFHE OEEN THI
Hahs, BEELTIE BRART—IUF O VEND 15.2MPa LA FIZE 5 EFIT LN R >
THEHL. 18.2MPa L ET LN K> 7HEIET 5, Fig4.5.2~Fig4.54 IZRTLIIT, Fif
GIREBIZBVWTEEHAY— ¥ UV ENIL 15.2MPa~18.2MPa Q& THEHINTHO. &
BHZAH—IF > OEMCHEEHL T LN R > THEB TS - FILTED I EVHRTE L,

LN: B> 713, @FEHAY—T8 > 7 ENN 15.2MPa AT IZ72 0 72 & FIZ LN R > 75 S)
L. 18.2MPa LA LT LN B> FHMEILT B Z &S, ZOEERMRE D LN R > T OtaE % ¥
{fiL7=. Table 4.5.1 IR 7 OEEZMRE & HEREERT. REFERD 15g/s & 30g/s DEZE,
FNENY I BAIDNENEE LBV EORERERERT., LN ¥ 27 OBAMENETI.
BWAAE VB ESICHERTRY 7O HEREME T L TWS Z &M%, BMENEETSH D
THERIZET LD, LN R T O HEEHAEREHE 135mdvh A ETH D Z EZ2MHRBL Tz,

4. 5. 3 E&®
BaERRICBWT, UTIORTHEZHEEL 7=,
1) HEFBICOVWTIR, EBKE (30gs) ML THEOEDE (£2%) NTHIETESZ
LEWRTEZ,
2) LN: B> 7OMfe & LT HAES 135m3n/h 2R TS5 2 &, MNTFERARAY =25 >0
OENCHEE L THHTES - #IENTEZDILZHEBTE,
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Table 4.5.1 Test results of LN, pump operation
Ro7 Eh | & | &G | RoF [ 9-=409 | RO THEhE
e % | (MPa) | (g/s) | (m) |BEGBERI| FRAER | (Nm3/h)
) @ O+
=x7TR| #£¥| 8:16:00] 1518 151 | 255
15g/s| f%ik| 8:35:04| 1820 151 | 253 0:19:04] 96.97 140.46
LN24 4| BB 9:14:32) 1518 150 | 252
HEIE] @ik 9:33:12] 1819 149 | 249 0:18:40] 98.72 141.64
ZERE| BB 12.01:28] 1519 151 | 5.05
15g/s| f%i1F| 12:15:20] 18.19] 151 | 5.03 0:13:52| 132.46 175.94
LN2%>%| 28| 12:52:00) 1519 15.0| 5.02
Tl ik | 13:05:52] 18.19 | 151 [ 5.01 0:13:52] 132.46 175.94
EELE| &%) 4:29:140| 1516 300] 2.74
30g/s| 1| 5:08:02] 18.19 | 30.1 | 268 0:38:22]  48.35 135.04
LN24>~| #28| 5:28:48] 15.16 | 300 | 268
EAIE| fik| 6:05:52] 1819 301 | 263 0:37:04| 50.05 136.74
ZEXnE| K®) 14:13:52] 1516 | 30.0 | 4.97
30g/s| .| 14:36:16] 1820 | 299 | 4.94 0:22:24] 83.09 169.20
LN24> 4| #2Eh| 14:54:40] 1516 | 30.1 | 4.93
I E|  #ab| 15:17:12] 18.19] 30.1 | 4.90 0:22:32|  82.33 169.02
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Fig.4.5.2 Test results of nitrogen gas flow control at start up
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Fig.4.5.3 Test results of nitrogen gas flow control at flow increase
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Fig.4.5.4 Test results of nitrogen gas flow control at steady state (15g/s)
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Fig.4.5.5 Test results of nitrogen gas flow control at steady state (30g/s)
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4. 6 KEBEMRE
4. 6. 1 BE
AHTIE, KBRKKESAODAY T LHZABRED 700 525 880C DEMEBIIRBABITTS
EEDEBIDONTIRND, ZOBBIIBNT, KEKKBEEMBOKEZT L ZilhE T,
KAELKKBBRNKRZOMERBABALNICBEH AN SFERH R (RARHR) ~O@E#EETV., K
FEWGETD, COLZFORBHEBIILUTOHED TH S,
1) fiRE O 2 e
KELQUEBNDKERIDOBIGHBM R ER T AN SR ZAANOBBREFICIE. KEK
KEBNEFEND 7O AT ZAOEENELL. ZORKE. TOCAHADENDBRABICE
95, TOEEFIT, ZEERERICL OMEE DN ZEZEHFEME (—0.32~+0.4MPa)
WIZTESZ &,
2) RIAFRERIT X 3 BN EL R AE
EERFICREN AN S TR ANBREBEBLZHE. ARKKEBNTOHRERBIZE
D, AVTLHZNE OBBBRBANEL, TOER, ARIKEBOHOTREBAYY
LAHADREERTRRET BAREND D, ZOEEXRIBEBTIORNELEZRINL .,
ARIREREODOAN) ILAHAOREZIFE—EICRFTED &, BELEREO BEMII
+10CLAINTH 5.
3) KFRBLERES
ARBREEOKFZEEGEEN 110m3vh L ETHBZ &

BEARICBN T, ERERICIERIC 24 BHU LOKRHEZToTEIA, BEHRB
BMBNSOURET ZADRAVWSRAIZI N0, RRBHBECLVAREEZE LS,
ZOEIERICBITSHBREBEOEHICONTHEHTRRS, 2B, BN ARA WOIRF
CIZSEOMBIIDOVTIZ4A. 7THICERT 3,

KEIBERINI L D AR ZRET HKEILUERODOHBEE Figd.6.1 IR, KAKHESS
BN TRy MRAMRE R 1 ADWAL TWD, BIEEBDANU T LA R (e ADIRE : 880C,
FEH : 40MPa) &, EHBRBTHD ) XNh5 A0, fifE - H1 REBOBRKBZHENT
TOREAHA LB ET K. LB AV SHHT 2 GREHHOEE : 650C. EH :
3.98MPa). TOtEAHN A (FEHARUVKER. FETADRE : 450C. FEH : 4.29MPa) id Lk
B ZNVNBEAD, fligtEE T HMANEBLRNS KEIKERIGZT-o 7%, MiELEET
FORL, MEENONEZ B> TER/ XV 5HHT S (FEHHOEE : 600C. £ :
4.04MPa)., fiitfE % H-BEEOERNT ZREIX 800CIHEVWEERTH D, NERES & 21Ty
BHNOTOEAHANBEMR/IGT 5, U TIAKRIAKRILBKEROLEREZRT., 2813, &FE
HABREITH - TEREL - BEL TNV 3,

(a) AR N4 Ty MEE DR M55

x EB:1%
Wk MEER ORI HR R AU DT LA
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% BTN oA AHAb9gs SHRBAI AUTLHZ91gls
AO/HOEE : AUTLAHA 880/650C
7ot AHAX 450,/600C
THBE © 109 kW
REHRE - EHBAEE  400C
BEEH  ENEH ANUTLHARX 442MPa
JOvAHA 4.91MPa
M H: ESHEE SCMV4-1
& M SFVAF22A
BEc—Y AR 32kW
(b) fRIGE :
¥ B:1%x
FREHRE : 1193K
PWELERE : SME 0.5MPa, N 1.0MPa
#  ® : NCF800HTF
+ % 147.80-D-X10tX7,300 mm
FEtHA : 20,000 FfE
Foltfis - — v o LAkiE (HEFR 11wt%)
¢ 5X5mm XL v MR
FiHE 83.4kg
FHE 0.60
RSO E, EXSIIHT TRARRE S AT L TREMBRHN T OMKE LFTEE L.
HT TRAELE S ZF AT, MIBEEOHMEICNATOAL XR Z2FELTVDH, AHEHIH
EHZAREEOZREMB TRAWEDICEENBETHH I L, £, EMEZIVRERIED
NS, REEETIRAMREEOHEIC 900CHU LORRBERRICBIT 5 EEHN A REIEDOHE—
DOBEEMEITH S NCFSOOHTF %AWV, FERDLEREIKERES X T L. BT (K
1200C) 75 OREHESEFIR L. AiE OBFHIE 70,000~87,000W/m2 IZE YT . —75. H
TTRAREE L ZF AT, AU LAHZAORREREHAT 00 EFFENSKRRRHAR
CELETOBBRIZED 950CH S 880CMEF L. AU TLH R LAMEE OREZIIFET
% 60T EMEV, LN T, BN EHNEAY TAHADERREERL KEKLHARE D
VY NEBET BEDICEELSRETH ). LERBAREE S AT L ERAFORIARERD
7ITiE. AU AHZOBGERE 1,170~1,450W/(m2 - K ETH LI DLENDH D, O
7. AU AHADEREEREE LT, MEEOABICER 74> (BE : 2mm. 8 : 2mm,
PwF:omm) 2RI TVND, YAOENTHEANY T LHAOBERER 1,450W/m?K ZiEE
57D B 7 mm U FThuIL Wit AREE TR E S5 EREER BfsL.
MOBUWETTRE/R TRESIERI & LT 5mm Z2BE L7z, O, R EOFBICABRON 1 REZ
LB L. BEE A RETHRTZBRERICHENIANUILAHAOREE LRI E2HRE
A, fFEEEESME 127.8mm. W 60.5mm O FERHRGEE, £ ADHENGET
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N 52.7Tmm TH 2. Tz, MEEOFITIE. ¢ 5X5mm Oy MRZw )Vt 2% 6m
FEL, S5, TOEAHALOBTRERES TS BN S, MEFEED LHEH 1.3m
DRMIZIZO5mm D7 IV I FR—IVEFE L. £, BTREEEEELSRET 3201,
A4 REXOLD 2MBM THY., BEXHE—y—T0v 72T 5 2 Lick > TEBLEZMH
THREE L,

4. 6. 2 MEBRICROZEH

ROy 7V, BIE=v )l (NiO) ORBIZHD, ZOETETIIMEL L TOH
EEAL TR, ZO0D, KEMEORNICHEZEBITL., KRKKEARBIIHNT 5HEELE
FOLENH S, UTIMERTEZOFERIERIIOVTERS,

(1) FhHE

KKK E BN O EREA 700CORBICHBNT, MERBICHHE L TWEREH AITK
EHZAEZEAL, MEORITET-> ., BIUBERFOREILX. KFROFE AR (560C) LALDRE
EThrIEE BIREZ2EVETIRIEDICERFENEZ L NEOB AN SREL /2.
ZDEEELZBRIGIE. MERA LICHEETIERE= Y7L (NiO) @ O HELAKRRNRIET
HZRARETHD. BALRBIZH ZAEIINL T, KEBOKZEZHELZBE,. BREKIBITLD
BENRBMICERTZ2RNNH S, 02D, HEEEZRE IBREICHT. BEMICHEMEE
BT &EEL. Figd62)FDEBRTRTOMN, KEMBHEBOFEETHD., —REZERTO
FEERICL, SFEITAMGHR 40m3~ /h I L T, BIChAS 10 FFEIX 0.5m3 N /h. 10~15
BT 1.56m3 N /h. 15~20 BRI Tld 3.5m3n/h ODAFEMBETEI L &Lz, iz, BLo%
BREET 5012, KRKKEBMERENEERTKRIJKESBHADICSBIT 5 KFRECRK
HEfTolk,

(2) BUHEHERRO%EE)

Fig.4.6.2 (a) POERTKERVREN A DRIGHBOEMEZ RS 2R AHERRIT 40m3
~vh O—EEHE 2T o 2R, REEMELS 38.9~41.7Tm3n/h THolz. El, KRR REH
DELE VEH U 2KEHN AR TREOESMEIE. BIThkE 5 RT3 0.38m3 N /h TH o
oo ZITHROMPBRITOEE, 5~10 B TIIH 0.58m3 N /h E2o T, O, B
JLERRED S 10 BFREEHS KR O 18 B 15 ARICHBER 21T\, 22 FFE¥RETRILET > 7.
COFER, KFEMBTEROFIGMIZ. 10 FFf¥~18 KfE] 15 43 T34 1.30m3 n /b, 18 FFfH] 15
5r~22 REHI¥ TI3H 2.33m3 n /h TH Y. AFHADOLHEEIZ 21.3m3 N TH o . Fig.4.6.2
(b) WRT OPAERISRERHADICBIT SKRBREDOHA I OFFRERTHS. ADKBIT
HKFBEIIKFEHAMBETRBOBMITENEML 2, 2B, ZOLZOKERER. FHA
BEUOKEMGHENSBEH L AZBESIZFE-BLTWE, —F., HOKBIT S KEREILRITH
BRI SRMEETIR, BIF0Thok. TNRBHELIEAKROL2THERTICXDIHREZNZ2D
LEZSND, FO%, HOKRREIIRLIZHML., £ 10 BRELBREA ODKRRE &3
L pok. Th&D, MEORTIIN 10 BEFETIEERTLZEEX OGNS, ZORRE
TOKEDOHEERIZ, ¥W4A48m3nThHo/z, IS, ZOEXTOMBEBHADIICBITZHARE
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ERLUIEON Figd6.2 ) THb. ADRFHOOH REZEBIIZE—E@EEZRL. HE)
CFHELTWBTIC L2 RERMIEETE RN o2,

M DBTICET BN ARBR UM, BIEORBICL->TRESEZEALSNEZH &
FIEITHEN, ARGHKERHADICBT KR BEZERT 3 Z L0k > THIERTERORT
MU TH B EEZEND,

4. 6. 3 JFBEARRFOE)
AZRBERTOICTHED. ANV LHAZERSEN (880C. 4.0MPa) £ THHE. RETSE
BRER T 2. FRBRICBLTIE. KEKKEBRANES L TNERRT AN 5 KERKTE
BHH ZAADH ZHS B RIER T o 20, WO OFHREHZER L2 L TIOREFIRZE
DTND, Tz, BEHICBWTIE. ZOH AR BREIKALIIEBMEEDEER VK
SREBHOANYILAHZACH L TRORERALBERZ EEXOND, 0D, TOXE
EFREL. L A7 AELTHEDRNT EORBET >, SUTICHAES SR T 2 D466
RICBIT2EHIONTERS,
(1) $tia ik
1) HilE&H
FRBREBOEHICBVTIR. UTOHKREND .
OANUILHADORE
a) RiREE
AU AHZMEEHODRELT{ERIZ. HENDEL ORBKROBEEZRTEHNI T L
HAMBBOEAERELD 40Ch AR ET B, 272 L. ZOHIKZHEIE HTTR @ 650C
DB RBEE 15C/Mh BINZT2ICHERLTED,. HTTR KEHES AT LD
EHFEEHEET S L THREARRW,
ONVILAHADRE
a) FIIES
AY Y AH A BB OEER%E 10000rpm U T TEETZ2HENDSH. NUT L
H 2 e 5 % BEF) I 2.5MPa £ TRET 5,
QKRERZ K VR A Dtk
a) KSR EFEEHH X O BE45 B RAMEF
RES DO BHEBRMAETIZ BRI 2 & 46467 5 S bl BIZIRFEAWIHT 5720, FRAX
DOEHERIIC TR BOKERST EHGT 5.
b) KEKDEAEFHARE
ARKOBEIRET S L SIC CREKEFEHAZOREH) METL. KFEFHA
HEU 0. ARSHEBANDSOEAN ARENE S +30CTLULIIBNT, KEZD
BtRa 2 BAT 5.
c) BRHH 2 LS BREAIREE
ARGREBNTOREREICES BRFGICLDREET T, KEIBEERAOK
ERARREERDED, —BEERTOERFZREICL. MEKEORAEL 700CL LIZH
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WTEBH ARG ERBET S, LEN> T, KRKKEBRAOANY T LAHXREDN
T00CLALDORIZERI T A 24T HZ & ET 5.
d) KEKBHABRAD S FRHT Z fE4E BARE £ T DR
BROARSBSHEK T TERMEEGL 2846, KEIKBEBNOMENRIL L TRIL
—w&)l (NiO) &7, F0%., MikOHEETHZ7IVIF (ALOs) ERIELZv YT
VTV x—bF (NiAlOs) MERIN. Ml L TOEKEERD. 0D, —RE
LRTOEEEZREIC, KERKILBRMAN SRR 2 3Bk E TORM%Z 45 BN &
75,
@A R E SRR E T
KRSKERGOBRBIE 7O AN AOENEFNELCZELTH, KEIKE
AR E DR EFE THBNEICH LT 0.56MPa. WEICH L T 1.0MPa 2872 W&K
SWEERASRTHET S,
2) FM
LROHREGEEZEEL. SRIOFBEEUTOISITED .
ONY I LHADRBREE : 40C/h
OANY I LAHADRERIARIKEBRAONY T LAHARELZEEICLTUTOLIT D,
#iR : MEE—3.0MPa (TEREEHFOFHIEN)
180T : 3.0MPa
700°C : 3.5MPa Z¥
880C : 3.9MPa &
@EFEH A b AKKBR NFEEIH 2 DA B RIEIR. KEIBESZAONY U AT ARE
ERHBEIZLTUTOLD TS,
700°C : KEKDOMEGBLE (0—47g/s)
I 45 2PN
730°C : [REIH Z DO BLEBYS, @FEHT A OHELEEIE (30—0g/s)
880°C : IR H A ERIMETLE (12¢/s)
@fb i E 2= EHIHREM : +0.04MPa (NER)
3) EeFOMREE
FROFMEICHK - -EBRICBTAHRBEB LTI, UTFAETSN3,
O BEE D OH ABH B RENERTED Z &
Ot &£ EHREHEN (—0.5MPa JVER) ~1.0MPa (WER)) THBHI &.
QRKAEBHONY I LN AREEEFHNL10CUNTH D Z &,

(2) FREHH A iR O%H)
1) HARER
Fig.4.6.3 (a) ITKRKGHKHEBALOANY I LAHZBEE 700CH 5 EREA 880CETORE
BicBi s HAHKBERERT. 22T, ANUDTLHRERE 700CH S O REBHRA %
B 0 ELTWB, AU AHAORBEEL., FHEEED D 40C/h Thok. £z, B
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BETO T O AN AR, BRAZDHEK 30g/s L T, MPITRTAKELATR
13, KRSHERO LFRICRBIN TV ARIUBRBEOAOICBTSHETH S, 700CH
5DRBERIBNT D, K 28g/s DMBIFRENTTNDAN, T, REROIZ V-7
v FDREDIT, KEKERIBHBHONSRANTO-LTOEEDTH D, KEKKHE
WA DL RIZ 700CH 5 O RIEHBATTIE Ogls TH B, TL T, KERKIKEBNKEK
EHET B0, 700CH 5 ORBHKB LRI, RANOTO—5 A1 25 KEKKHES
ADFHIERIELBMAL. K 28 DBICIOEREEZKT Lz, ZORRTKEAIKESEN
DAL THRIT. HTOHEREESEL VK 28g/ls IKELEZI LE2BKT S, £OR.
B3 512N, BREEN 5K 35 DBICERTE 47g/s TEL L, ZOKEKDER
HEIEE. FRAAORBRUERN AOEILRESHBL =, 8@FHT G, RGN
5% 29 HMRICHR Og/s ElxoTz. —F. FERA R, FrORHEL S BHGBLE & RFFICHR
5.9g/s ZRLEMN, FO®BIT, ARKKERALONY D LN RRE 880 CEERICERTR
12g/s KEIET D LS ICHBEBMS B, LA L, RiERMA, 54 4 B 22 78 kRS
HMEBAOANY T AHRBE 871.6C) OST. FEHARBOEHBEORKMEAERT
# 12g/s ZEATLE /. ZOFBHZADOERARIRICEL > T, KRR ZFEA A
RBIDBREIETHETS WS S/IC HEMEEL TLE> kD), BT ARBORMNIC
PEVWKERGFKRLEHLIED. 44g/s 2 T A TKEIKRREDO M >F—Oy 7iIZX
S CREHRENPMLTLE o, ZORRE. KRIRBRIEKRREN SRHICEIL. &
BEREASHE U =B S TORBK 44g/s TRIEFINTLE o2, 20D, FRHARE
HOBFRABETo %, BERMELZEBELE. ZOBR. REBEEN 5K 5 R 40 28I
AEGKEBAOANY AN ABER 880C. FEIH AMERIX 12¢/s ITEEL /2. KRR
BiZ. Thikod¥35MENT. ERHR47g/s ITHEHELZ.
2) fkiE O ZEH R
Fig.4.6.3 (b) I/ARIUBBMBEOEEERRT. ZERKRHZBROVELTED., €O
BEHARIL. Y UBDTHo0. ZZ TR 1 2EBOT—4 % Fig.4.6.3 (b) ITEEEL 7z,
AEKOBRBEBFICBNT, TOEAHZAROKEISEML /D, ZERBBITHEML
BAME 0.065MPa &R L7=A% 0%, BB IZHEHE 0.04MPa iiENEBP LTz, T 51T,
FIEBAN S H 40 N BRI EEORBRITAE < MU MHAD. FREED 5K 42 2RIC
ZOHEEHIR DR EL R0 225 FO%, REMEIIED L. HEE 0.04MPa B TRE
Uiz Zhud. FEEIH Z OEHEBIMAIRIER R E A X O HGHE 1L EDBKBIFIC BT 2 K8
THO. ZORERICIBITZTOEAHARKRBOEMCNEZEICH L TRORERNEALTS
LT ENHATER, LML, Z0EEQEEDR/MEIE—0.042MPa. HAEI 0.10MPa
ThHo, HHEEME (—0.32~+0.4MPa) KD BHRFNSIWVWETHo7.
3) KEMER
Fig.4.6.3 (b) IWAKFEMEREZRT. KRMERIZ. 12 HMBTHEOIHAI O NI 5T
L ANRERE, ERAARBOMEEEL VEH L. #MTEHFEEZRRICRT.
T, HRZO% N5 7L B0WBMAN SRR E TORM 12 2 2FEEN
ELTERLE, BOICHKRTEAEIERIT. BRI ZAOGHBEN 5K 11 HRICH
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FTEERITABELDEML 68.3 m3nvh THo, TOH%, INSBHASHREIIT, K
B ARBREOANY T LH ZBEOEAMIEN, KEMERIIMMULT, KEKKERA
AANY D AHZRENER (880C) ITELZRIZIZH 122mdvh Z/RU7z, KERBEED
HHREANSRABITHMT BRRABEMERI RN I ELD . BRNIFT - iR ooEix
W&o TN RESEEZEL TWEES I E5NS, £k, ERIBERD AT LNEE
LERETOARRERICEL TE, #ilkd 5,
4) RERERIT X 8GR

Fig.4.6.3 (c) WARKKABRUVERSIRERIIBIAHAOANYTLAHABEERT. B
IRBARARTIZHK 668C TH o I AKRKKHABRHOANY T LAHZAREER. KEID KSR,
BONIEAD L, 2ok, R Z 044 BRICKRIBE U IT K 2 BB
Bz, ISHICAELEOL. ARKLRATOREICHL TH 86 CORERTAL LN,
Z OWE I L BIRERE, FET AR EERBRIARIC 0g/s 058 6g/s NERBIC
BT 5010, MBRHOKESEHNZEEILGND, TOH%, ARIFEBZHONY T LH
ZIREIWIL 7248, FOMMIKRLRKERAONY T LA AREEHEL THEPHTH
ok, Zhid. AONUTAHZBEOHEMIEN, RIBICXZ2BRABLHEMLTNEZ L
REERLTVWS, F, RAREBAONYTLAHZARER, KRKKBERHONI T LA
AZBENSK 15~80CHEWREBTRIEAROBERERL 2, —FH. BIRESHONY T A
HAZAREZ., BRANCHELTH 15CORERTICEEE>THD, REHEE BEE
+10CHTH o, Thabb, BERFICBVWTALGRERICIDBNILEBNTES Z LM
MR TEx.

4. 6. 4 KHEBILEHERE

EREGRICBIT 2 KFREERORFHEIL 110mdvh TH M, FABREBEN Z OREHEZ
BRI AARBBMEEEEL TVWD I LOMRETo . UTIKBRHERK KRR ESENE
KT DNWTRR B,

(D) KFEBLER

ERIEERD AT LANEE LEREBIZBIT2 24 BHOALEYMEROE(LE Fig.4.6.4 ITRT .,
COBOKARIKEBRADICBIZEE. FHOEEERRKICRTETH D IZFRE L TWE,
—%. RBIEIETFEHLTBD., FEHHAKRIZESE 12.0g/s 1T L T—0.4~+0.6g/s. K&K
Q[URRIITHIE 46.6g/s ITM L T—1.3~2.2¢g/s. \NUTLHAFHBRIZFIGME 91.0g/s ITHLT—
0.8~+0.7g/s DEHETH o7z, KFEHAERICEAL TR, ARITRTFETEHL %, BEL
TV -t EBRAWT., REMEOHRET - 2. ZORE. KARKHBEROFEHMEIX 120.2m3vh
T, BREELFEZRLE. £, ZOEEORERZER. t6m3vh THolz, BIERED
HMICOWTIE, ARICHBRITORT. £, ERAZAHHABNO, TabERRIBDOKEI ZR
HELERHADH A7 Otk RO FESEIZ. He A% 0.663. CO A%0.069. CO:z7A% 0.115 KT
AZ R 0.152 THolz. TOBIEEUTORTHEH LU EKEKBRERIGICHBIT D RS ViglbR
13 0.548. 7 FRIGIZBITS CO LRI 0.625 TH o7z,
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A5 V= CKESKERIGICL DAY L ORGR) / (A5 HER)
= (BRHA COBE+4ERHTA COIBE)
/(AR CO MREE +AERH A CO B+ A AAY ME) (4.6.1)
COELR= (27 MR LD CO DRHR) / ARIKERISICLD CO DERR)
— CERAHA COMBE) / (ERH A CO MBE +4ARH A CO» M) (4.6.2)
A b BV B AKEREROBZEHEI 110m vh TH 575, ARGREEA DR 10T
EVnicbhhb5T, SEOKRT. ZhEK 10mivh EESETH L. TOEHEELTHE.
BT & B RS AR HELL T K E W2 S A SN, SRR RISHEEIT L T, 4
8175 RRHERR TH 5 M LTV < 3B TH 5.

(2) KAKWEBNERINK

ARGREERNITIL. Figd.6.5 IR T LS ICHENERT ARE (@) 44, AEENFEET
ZEE (W) 55, AUTLHRERE (@) 54 RUMEENERE (A) 5 LOREMEM
BENNBEINTVS, k., Zoft. FEREE (O 1ARTHEEE—IHERAELTHT
RENBEEE (V) 54, Bt —BATENERE (X) A, BICHB—FEEMAELT
B YRERE (O) 1 HOREERITOTVYS,

ROANICE. WERERY ZRE. MEEANTDE XA ZRERTAY Y AN ZRE DM
25T, ADBE 870.4C TARIWESRNRINZRABETHDIANY U LAHADRER. fl
A SR A T B NER FIMORIE S (TESR) 2B 5 851.2TH 5 LimDBER (TEIR)
KBTS 621.8CETHD LM, KEKKESTH O LENIRE D& NER TORER DK
EMofr., FOE. KEKKEBRHBOICHEITS 615.7CETRENHD> L. AREE 880CTH
FRARMEICBT A ARERERHONY Y AN AREOREHERR, 650CTH DA%, FTEIOFR
BohE DR BCENETH 2. ZOEREL TR, UFRABX5NS.

OEkEAELD D AOBRENN 1I0CEVRHETORBRTH > 72,

OKESHEEBA O 5 FIMORSE A (TESR) £ TORMTOREBMDIK 20CERE L,
HENTH- =,

Ot — ¥ PIAOBBRNEENAZ L, BENTH-> & (RENBEERERT D).

—%. TOtAHAREZ. ADEE 464.8CH 5 EHOFES (TE6R) IZHB1F% 504.7CX
THRML. T0O%, MEEHOTOHES (TEIOR) X8B3 755.7CETHEMLZ. LHL,
FTHOEBB T EERME, fEHBELTREho/, ISRERARRER. BRI LB
ST B EDIT. NERERNSICEN, ERORFEA (TELIR) 23175 6135CTETHIL
7=, LAL. BERVESEE. BEBTORENERBMZROWTAUY AT R EHEL THROR
Thot. T TOEAHAORERIE. ERHAL D BAYTLH AN S ORZROFS
MAEFNCEARBHRLTVS, 2B, ERHAOKKRGRE R T DEEDOREHEIX. 600CTH
LM, SEOBRIT. ThEDHHMCTEVETH /.

Fig.4.6.6 1. 0 &EFDOKRLKHEBNRANZEZRT N TLHARELTRE, KRAELRE
LEAOTO 870.4CH SARIKBERNLE FimoRE A (TESR) KBTS 851.2C £ THRBELH
UM, CHIIAREHEROENBTRAUNOHRBICL D EEX SN, HBRIT 9.1kW TH-
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Tro T, KEAKKHEZBAETH (TES5R) 25 LHORES (TEIR) OFMTIE. BERHZXED
BAHARA 104.5kW. BIEBBINOBEBED 3.8kW TH o7z, HiZ, LmORER (TEIR) I
BiT5621.8CHEKKKKRERHOTO 615.7CE TRERBA LA, ZOKKRERIT 2.9kW
THO., EEMESR (TEIR) L0 EFICBITBFEENT A EOBRTHR, RUVERNOBBIZES
EEZLND, Th& D, ANUTAHADKRIKABRIIBITHRRBBOEIT. BB E2S
BT 120.3kW TH o =,

TOEAHAREL T, ABRKKEBAOTO 464.8CTH 5ARIK AN L ORUER

(TE6R) IZB1F3 504.7CETRENMML =25, ZORBICEHENREL, 7.8kW TH
o7, 7. ki (TE6R) 25 FimORER (TEI0R) ORITIX, 504.7CHh 5 755.7C X Tl
EREMUEN, T TRAYDILAHARVERT A EDOBTHIZ L 2 HEOMIC, KEIKE
FORIC & BBMB UL T MRS K DRANE L TS ARLKKERINICBIT D AF 2D 1mol
Wi D ORIGEZE +206.2kd/mol (BEY) . 27 FRIGIZBITS CO D 1mol %720 DRIE#HE —
41.1kJ/mol (FE#) L. BEREKS TRIBAN—ETHDLLRKETD L RIERIORHLE
KEAGHE R LD WEARIT 84.9kW. o7 MRIBICX ZFRBEIL 10.6kW &30, G T
74.3kW QE#EIz- 7=, —F, RRICHEHINZBERIL. 60.1kW THo/k, 5T, Mil/E
EHETOCAHAERA X E U THEN LWORIESR (TE1IR) £TZMNSMIT, 29.9kW
DEEEZ 7OV AHANEEZX TV, £z, ESMTORES (TELIR) 2BV 5 EI 613.5C
THD. KAZHEBRHOIKBITS 566 2CETHRENEA Lz, ZORHRICH D BRIT 9.6kW
THD. EROPESR (TELIR) LUEOTILIFE—XFEM (K 845mm) TTOELAHRE
AL TV EEZX NS, KRKWEBRANT LmORESR (TEIR. TE6R. TE1IR) &0 Lk
BTORNZE2EZDE, TOCAHARUANY T LAHZXDSEREOBEYVNORBRREFICX
D, 4.7kW OBBEINFARHL TWBZ L&D, i, KERKKBRIIBITIAEAD
BEABRDEEHI. 17.6kW (=9.143.8+4.7) THU, NUTLAHADTBRBABIIHT 2 HBRED
HE&E, 14.6%THo/z. T, TOBAHAEL TR, KEKKBERAOBITS 464.8CTH5
HOI B3 566.2CE TRENMMLTHEY . ZOIL )L E—ORMIE 28.4kW THo .

—%. B REARBRIIADMRICBITS 603.2kW M S HOMKTD 677.5kW ETHEMLZ,
OHAOEIT 74.3kW TH D, KINCEDEABRITHEL TW5E, INMMEMERBEED RE
KEBTRNF—OMMBTH S, £z, BURARIE. AODHKTOD 669.4kW 55 HOMAK
TD 773.1kW T THEML . ZDZIX 103.7kW TH O, CHNEMNRRBEEDORIGICLST
INFE—DEMBETH 5. BNRABEE-EMNRBRABREECO TR F —HMBEDER, K&
SUBRIGEVY 7 FRIBIZBITS H0 ORBES OERER 29.4kW (= 0.669mol/s X
44.0kJ/moD) IZHHE L TW3, T/4bb, BMERBEETIXINF—HMBZE I HEITIL,
RIREBIBNTHRLYBOLDITMAZAREBRICHYTIRRBOSE, RIBTHEIN
KEQORREBAEERHAOI XN F—ELTROHL TR ZEERD, ZT T, KERAK
BROMFAREZUTORTERL S, KRIBEBR TREJMEDHDORBEZMA TN
BNDT, RIBICEDIRNF—OHMMBREL TE, BNRABREEEZANVIONEYLEEXS
N3, &, TRTERT D KEKIKERZOMFARIL61.8%TH o7,



JAERI-Tech 2003-034

AEEHELZROBFARE= (RINCLH5IXNF—DHEME (EFERAREE))
S (KELKKBEBECBIBZANUTLHAAOKHBAR) X100
(4.6.3)
NS &0, ARKHEBRICBIBAANI Y AHAOKHBRHAR 120.3kW OBINIHNREZXLDD
ELLFDED IS,
OAELEKERIEDEE : 74.3kW
Q7utAHADIZNE—LR RELR) IKCX58R : 28.4kW
QKRIWBEBN S OHEAER : 17.6kW
AEKSKEBRNTITBT 2 EMAEBEEREICEL T, 9®IT>RiEgREARETHS,
WL TWSFHETHS,
B, ARSHEBHBADBITEAY Y LAHADENRKIE 0.0566MPa, TOEAHADE
F1#%13 0.121MPa TH o 7=,

4. 6. 5 HEREBOBMHEINX

Fig.4.6.7 WA RMERRM BT 2 RBREB2HOBMEINZERT . RFITILEHRRHAEFTIC
BILRHEDIDETET. KEIKEBNOHBHEOFIGMEIL, AIBRDOXDIT. NUTLA
HZ 9lgls. BRI R 12g/s RUKHKK 46.7g/s TH Y., FEEREHTH o, iz, BETH
BEAYILAHZAOBNZICEETHE, NUTLAHAMARTOARRIL, REHE 377.9kW IZ
LT 345.8kW LIEWETH o 7=,

COBHELTIE. UFOIENEALSNS,

DAY LH AEREBTOABBRAEREHE 16.6kW KD HEW 45.6kW THBH72DIT. A\
T AHAMBBAONY T LA ARENEN -T2 &,

OAKKKBBAOANY Y A H A REZERKEN880CT LD 10CHEWNBTOCTHIBLZZ &.

BAY ™ LH A IS S KRR E SR E TOREICBIT AR RAHE 28.3kW LD B
£ 13.9kW ThH-o T &,

ARGREBTORBRESUTRARIT, FTROX SIT 120.3kW ThHok. ik, H@H
B RSRELRUKTREBICBITHEEHRAZFUOTRARIL, &4, REHETH S 32.6kW.
127 5kW &7 59.1kW &EI1FIF% LW 31.9kW. 127.5kW. 60.3kW THo, &b, NUT
LH IS TOABE 345.8kW IZK L T, AKRKWER TH 35%. RTBHEETH 9%, RZ
RAITH 37% KTPRETH 1T%ORBEZARL TWEI LIRS, ’B. ROOK 2%

(=5.8kW) EAUT AN ZMBABA L EAKFRBHOTOREZESTHET S 15.2kW LOE
3t 21.0kW 2%, AU ™LA ZINEEEH O SAKTFREBAOMIZBI DAY T LAHIREN S DK
MBTHD, 22T YATLAORNREUTORTEET 3L, SEIOBERRFIIBITIS Y
AT LDOEHEIL 30.0%TH o7z,

SAFAOBYR= (KHICLDTRINF—OHINE (ELRARENE))
/. (NUDTLAHAMBABRTOABRE) X100 (4.6.9)



JAERI-Tech 2003-034

4. 6. 6 RIAEFLEKOREE
TEOHEEHR T, TREAZRA VDD, RS LR#ECLVRBREBEBIEIEE,
BTICHBRERICE T 2 RBEFILOS & RURBE LR OEHTONTERS,

(1) RBFLoHE
MBEEICE. BERVEEORE., EHMVRIHEZBX SRS 286, TRIEHZAD
RAVERAILZBE MBEZRAL G BEVNRE LABASOEZTOREIINEL T,
RREEBZRBBLIEEIATAZRITITVS., ZORRBEHITONTIE. QXKD ATREHE
BEERNELERHOER. OBBOBREZPILL THERZITOWEREDEANSLUTD
HétEED.
Ot OmR
a) BRI
NY DI LHAMBRZEIET S,
b) RBEBNOTRMEN X DL
HBEENOAREN X EEBBFITHS LNG ¥ 7 TU THIZED 5. LNG ¥
>0 BRAZRS =28 27 OB -RBENFZEHC 3 L &I, RBEBAAN
DEAZEGL, TRET A 2BRET S,
o) KARK[BEBMEE R CRKBABEAEOREERR
KKK ESMEE R VORRBRABGREINU I AT A ETOCAHAOEHER %
B9 5. WEL 700CLLLOEE. 4MPa UL LOBEOREF THEAI NS ZDICEE
REFEL TS, £IT, BB ERCIKRISUEBMEETR VRS BABEREON
BRI A EH L TRAZEEEHERTS. DL, #BFTERVESIE. AUTLHR
REVPTOEAHARERZBERET S,
QR R
a) DR E
P~ DRFIHB LD 7=, RGBT KRR E 45 PRIt T 3.

(2) REFIERFOET)

Fig.4.6.8 (a) KRBBIERICBIZHARBRUMBEZTEOLE2RY., ZIZ TR BR
& LB EREI 0 & LTS, RS ILBME. EBITAY T AT ABRESELE, RUFE
BHAY - 27 OREICRITI=RBENFNELRD, FERAZAREAY AT ZAOTHRIZ
BOL., B4# 6Pk, ¥ 1240 DRICHEMIIF 0gls R0z, T, KEKHEIZ. Hét
WY ORBEIEDS 45 BRICEAD LIAD, RBELEMSK 145 30 BRICHEMNZIIZ og/s &7z
ok, IS, BRAXIT. RABLENSH 20 BEMSHEBIERIN, BRBLEMSH 2 H
BICITERRR 16g/s ITIFIEREL 2, —F#. MREOERIL, FEHTARTKERID OSBRI R
ANDBERIZHEN, TOEAHAROEBRENBEDTI2DICKESEHIL. BRBLEMSH 1
5 40 B TRIEME —0.24MPa 2R L7z, TOH, ZEIIREHEML. BRBILEHSH 6 21k
ICRAME 0.13MPa 2R L7AEN, 20HIIEAD L. ZEHBOREME 0.04MPa (I TEEL .
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EEDBZEEIZ—0.5MPa~1.0MPa TH V. SEIORREILRC BT EELTIL. ZOREAN
THol. £, Figd.6.8 (b) WIIARIKEBHAORVURIREEBRBADITBTBZAUY
LHABEOELETRT, RABLEEOAY Y AHABRBRE AT LH ZMEER O EITH
V. KELEKEBAOOAY I LAHRBEIHOL. BRELENS 25 FHEITBVTH 300CH
DL, ZNBED, RABEBICBWTARBREBOSKBEITHEHED ITHEL. PrEDOEE
FHLTVWAZENHETE ., £in, ARKKABHOANY T LAHARER, FEHZO4t4
BT & > TARGRBEBNTORGICEBEEABECAVITHEIND ST, AT LHADH
A BEEDEO LR, LAL, KESKBEBADEEL D BRRATH D20, TOHRBHR
DIRNE L, REBIEDS 25 HETH 110COBPTHo 2. IHIK. RKEEBRAONY UL
HABER. KEROAY Y LAHADOFHEM 0g/s I0ET 5 ETOM. AJBRBICB N TRES
EBHT B0, MEHEL TREBOTHH. RED Og/s ICELRIZ, KEIWHAS
HOAU Y AT ZBE S ZIFRBROEERD Exo Tz, —F, RIRBERHOANY TLATARE
DEVIEEITEONTHD., RRBLNS 25 FERTH 24CTHD L.

4. 6. 7 F&¥

WREARRICBWTUTIOR TR LA L 7=,

1) fllE OEEHFBECOVTIR, EEOEHNROREBDILEHADSEBHZAAD
BEFIC BT HEHMEIL —0.042~+0.10MPa TH V. EEHERIC K D ARE ORNILE
EAEHBEME (—0.32~+0.4MPa) NICTESHI LZMRTE,

9) HERAERIC L Z2BNELBIUEREIC DOV TIE. RH AN SFRHANOBRT 8BTS
WT. ARSHELENTORRKIGEIC L 0 ABRIKERH OO U LA XREREK 86T
ETLED, BERARNOTIEY 1L5COREETTH . BELHEDBEEIZ+E10T
DRTHo . ZOZELD, HEERICBVTEKIRERN T BN ELRISEZE T
5 LEMRATEL.

3) kFEBEEENICDOWTIZ, AKRERLERIZ B EME (110m3wh) 229 % 120.2mdn/h 2R L.
FRBEBNHOAKEMEREEE L TVS I ENKABTEL, . KRKJWESRITS
FEBFIAR (AN IAHAOTRBRICHTHRISICLD TR F—HEMBEOHE) &
61.8% ThHolz,

ZDIEM,

4) fEETIZDWTI, REMEOBITNERTE 2 FEEML L. £z, BoRTH
R TEFBAETOKRHEREITN 4.8Nm3 THo .

5) REBREBEOBMBEIIZDOWTIR. AU Y AHAMEE TOARRIIH T 5 EHETORM
BB OIS, KEKKERIN 35%. KIBERBWIH 9%, RIREBNK 37%. KTFR
A 1T%TH Y. I FFRFBO THo /. T FHREBCBIL8HK (NUTLH
2B TOARBRIIHTIRBICE D TR —HMBOFE) 1. 30.0%THo 7%,

6) Ram bizonTid, SMERHSRDOERREEERLE. £k MREEERH (—
0.24~+0.13MPa) I3REHENTH 2 Z LR TE 2.
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Fig.4.6.1 Schematic view of steam reformer.
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Fig.4.6.2 Experimental results of reduction of steam reforming catalyst
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Fig.4.6.3 Experimental results of start-up of test facility.
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TaeRAX AYHLHR
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Fig.4.6.4 Experimental results of hydrogen production rate.
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Fig.4.6.5 Experimental results of temperature profile in steam reformer.
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Fig.4.6.6 Schematic view of heat balance of steam reformer.
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Fig.4.6.7 Heat and mass balance of test facility.
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Fig.4.6.8 Experimental results of emergency shutdown of test facility.
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Table 4.7.2 Test results on leak and clamping torque of Grayloc seal
after emergency shut-down.

. FeAERNINE2 | Rhf3 FLODIET*4 ML | BRIV
1.27MPa | 200MPa | 0.04mm |  50% 60% 70% N-m *5 N'm *6
A(3G20) ® ® ® | 0000 | 0000 — 74.6 210.8
B(3G20) 0 o) ® | o000 — - 74.6 210.8
B C(3G20) O O [ ) 0000 — — 74.6 210.8
| D(G16) (0] O @] 9000 | 0000 | 0000 74.6 119.6
#| Eoats) o) 0 O | ee00| esee®| - 7456 119.6
F(2G16) O 0 O | eee® - - 74.6 74.6
G(2G16) O ®) O 9000 | 0000 — 74.6 149.1
. H(2G20) 0 o) O | 0000 | e00e - 74.6 149.1
F J(2G20) O [ ) ) 0000 | 8000 | 0000 74.6 149.1
2| KU12613)| O @) O _|ee0®| - - 48.1 96.1
L(11/2G13) 0 0 O | co0@® - — 48.1 96.1
x1: 7L 0y 7 DMEBIZDOWTIIFigd.74 288, () RR7L10v 7 0BRXERT,
%2 : BRKEDIRANRLNLHE 2O, RoNnBa 0L R,
%3 wIRAF—VUEELAR BATERBEE20. TEAVEAZ0LEE.
%4 : 752 THRNMNAEDD B ML FTHDES2O. ESRVHEEEZOERKRE.
* 5 : B0 MLy (BRI T0) &3 A—A0BEE)
x 6 : BHEMAERB LA NV, AREROTHEEDEFMRET MV ENRRS.
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Table 4.7.3 Test results on leak and clamping torque of Grayloc seal

after high temperature leak test.

e | BRI | G| AORRA | WGRED | RS OENS | AR

N=n#2 FiEAT | BEEFY PESH |  008mmd 50% 5% 100% | BER:

A3G20) 2108 0 "W o0 |0oooloooo| eeeo] o |
B(3c20) 2108 0 "W O [0ooo|0ooco| eeee O
&l oaeo) 2108 0 " 0__|0ooco| eeeo| eeee| O
% o) 1196 0 "% O0__ | ooooloooco|eeoo] o
# a0 1196 0 " o0 |ooooloooo|eooo] o
F2G16) 746 0 "% O__ | oooo[oooco| eeeo] ©
a2G16) 1401 0 "W 0 __|oooco| eoco| eeee| o
H2c20) 1401 0 W O [0ooolooco| eeee] O
X0 1201 o W O__|0ooo| eeeo| eeee] O
ge | K(11/2G13) 96.1 o i 0] OO0 | 0800 | 000e| O
L11/2G19) | 961 0 " 0 |oooo[oooco| eeee] O

¥1: 710y OMBIZDVWTIAFigd.74 288, ( ) ROy 7 0BRE2ET,
¥ 2 : AMEKXOTHEEORMREBT MLV ENRRS,
* 3 BMEREST RV ITTHRIL S B R - I .
¥4 : Yy IRAT—VRELAS, HATEERE20. TERVEEEOLER.

¥5: 75 TRV M4FEDIBMVI L OFTHSHEE.2O. BSAVWEEGEO LK.
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Table 4.7.4 Specifications of flare stack.

i F2 T5R7L7R
B # 13
ELEIR 0.031kg/s
BBET R KEH A, —BLREH R, —BILREHA. KRR, KK
REHES 0.187MPa
REHRE 150°C (#RBEfEISM R )
FEEME SS400
SUS304
)83 ke E
KE R T L
i P2 MM AR KER
a ¥ 1%
RETTRE 0.031kg/s
H A ik KFEHA, —BALREHN A, ZBILRFET A RERH X,
RRE
REHEN 0.187MPa
BEHER 60C
FEME SUS304
REERE S
L XivA WEEER | 2-FyT RBRE [ LNGI
A1 MUY ' Bigiclai
HERRE kg/s 0.0317 0.0177 0.0713 0.0160
H2 kg/s 0.0036 - 0.0036 -
CO kg/s 0.0061 - 0.0061 -
W coz kg/s 0.0132 - 0.0132 -
- H20 kg/s 0.0024 0.0024 0.0420 —
CH4 kg/s 0.0064 0.0003 0.0064 0.0160
N2 kg/s - 0.0150 — -
S TR 11.18 25.75 14.16 16.00
FHEEMRBAR | MJ/mdy | 12.89 0.98 7.26 36.10
8 iR T —10~40 —10~40 | 400 —10~40
FFEENE% (K [ MPa 0.05 0.05 0.05 0.05
I LAD)
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Fig. 4.7.1 Schematic view of water level gauge.
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Fig. 4.7.4 Schematic view of raw gas heater and super heater.
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Photo. 4.7.2 Used seal ring.
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5. K

(]

HTTR AERE S 25 AOEEME —REERREBORBRET L. MERBRET > &R
UFIBRBHEEZET B L 2R TEL,
1) AU AT A BRI, ARSEER, B 2 B, RO, AT A b
BREONT. RBREFS ETLRERRR. BE. £, SESEFHEORENTHET
2Bz LERRLE,
2) KFEBEIZOVTIE, FEAY TAHAZEEE U TEEED OBLERES 120mdnv/h ZE
RETAHDIENTE,
3) KSR 20 HRICHRE L HREOM T, K4S, ERA O B ABER £ FHEE D 1T
ABIELERIA L.
F7. WEERRIC BV TRA L KE RS AOWAEHRR. BT 2 BRSNS ORRIEN 2
DORAVERICTIV TR v IS DREREDARABRIDVTIR. FL B EREHEL .
B2 XEEITASAELDIC L.
S, KR R T AORGHERGE, KRSKERICBIT KGR, KR RERE
AW B HR RS DT — 5 2IEL. TORES HTTR ARME S X7 LORLEE, B
SARBLTWL EHETH B,

Mo

BWERROERICTY D, WELEERERE—K. RFHAL 227 VRIRER, XK
Bii5. W@EEs. ®IBE. EFA—-208RKEROIZHAEVWELEVW, £, FREED
FERIZ YN 2o Thd. BAETFHBRH KRER T IES R > 5 — P T RRMAR S ) —
THBEARY ) —F—CBERIHE LRV, IIKRBRERT S,
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SE 3K

(1) Hada, K., Nishihara, T., Shibata, T., Shiozawa, S., "Design of a Steam Reforming System
to be Connected to the HT'TR”, JAERI-CONF, 96-010, 229 (1996).
(2) #E, RA, AR, HHE, #, "HTTR KRBES A7 LOFNFZERRSTHE," RFHE, 41,
250 (1999).
(3) Inagaki, Y., Nishihara, T., Takeda, T., Hada, K., Hayashi, K., "Out-of-Pile Demonstration
Test of Hydrogen Production System Coupling with HTTR”, Proc. 7th Int. Conf. on Nucl.

Eng., ICONE-7101 (1999).
(4) fd, KW, B, i FF, & 2H, "HTTR KEHED X7 L OFEAEMBRABRKE
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&

A. 1 ARIEESOLEMRENM
AREREBOBRTBVNTEA—I—HMEORFI—FEEHLTBD, AUTLHR, KD
(B SE D FMITL R EHE RN AT H o /2. T THEOREAVWTEIREROLREMAEIC
DWTFHE L TH=,
AU Y ARIOEBEEER, HEREN TS 57-DKRD Kays DROTHEML 7=,

Nus = 0.022Ren*®Pru®® (0.5<Pr=<1.0 A.1.1)

Rex = 2P (A.12)
Snu

hu = N‘;’f}‘“ (A.1.9)

ZZT. Re: LA /7 )VX% (7125). Pr: 75> bV (0.67). G: i@ (0.091kegls). S:
WHMTE R (0.0064 m2). n : KitEREK (3.46X10% Pas). di: ZEVEWNE (0.0174m). Nu:
Xyt b (21.8). A BER (02697 WmK) TH3. RFHEBANVTLHAEZERT,
SHEOER. ANUTLAHZAOBRGER hnid 337 Wm2K &xo 7,

RICKROBRERERDz. ETRIARENSRIRERICBI BN TLHA L DA

2 QEXREAMsRD.
Q = CpaGHATH - Quoss (A.1.9)
Fie, RRBBIIRATHERINS,
Q = KSATn (A.1.5)
ATa = (THin = Tw) = (THout — Tw) (A.L6)
Tain — Tw
Inf —M
( THout - TW )

ZZT. Cp: EEHSE (5.19 kd/kg K). Tin: RIREBAORE (535.6C). Touw : IR
AR OEE (263.2 C). Tw: fEMEE (259.4C). ATm: MEFHBEEZE (63.6C). Quoss :
AGREBNSORMEKL (13.6 kW : RaHHl) TH5. FFWIIKERT, GFFEOER, #Ed
KK ERDSDE 285 Wm2K &0 7z,

INETITRDE ha R K, WK RIZE D AKOBURER hw 13 3042 Wm2 K TH o 7z,

%{-=d3:w+%+Rfo +ﬁ , Aa.1.7

ZIZT do: BEVESNE (0.0254m) . Rs: ERABEABNEHK (0 m2KW). R : BRESN
BAEE (6.83X105m2K/W) ThH5,

AU T LAHZEHERNOTHENTH D720, TORRERIL Kays ORITHNTHRERIFRIT/N
ANnEEZISNS, FIT. BENRNTH 2 KOBBEEICD W THEBEAZKEMENORHS
EEEX., RRATEHRINSA) - FROOXZHNWTHERN Z1To /2.
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1 4
Nue = c( Gr ) (A.18)
p n
3
Gr = %{ﬁ (A.1.9)
vaATsat
S+ = 1.
P = b Pr. (A.1.10)
Ahy' Se
=]+ — 1.
A + 5 (A.1.11)
vaATsat
Sp = 1.
P AL (A.1.12)
hw = N‘;"}“ (A.1.13)

ZZT\ Nue: MFEICHTHX vl b (1364.9). C : Bromly DHEE® (0.62). Gr* : &
IEY 5 AR 7% (8.383X109), Sp* : {EIEMAKITEBE (3.569X104). Sp : FEXRTHEE (4.743
X104), g: EAMEE (9.81 m/s?). ov: [ATHHE (21.7 kg/m?). p1: WHEEE (789.5 kg/ms).
d: fRF~Tik (0.0254 m). nv: KR (1.786X105Pas). Cpv: EEH# (3.978 kikg K).
ATeat : IBVEEEE (02K). Ahy: MFHHEEEML-KRR (1.678X106J/kg). Ahy: &
FE# (1.677X108J/kg). Prv: 75> MILE (1.329). Ay : BYz¥#E (0.05345 Wm K) TH
5. atEORE, EX0 S EREERIL 2872 Wm2 K /20, ERENSHEL B EH5%
DB/ETHY, BEZORNTHETEL I E2REBL.

A. 2 KEHERBOFEFME
AKRUEROHBEFMEEZLLTITRT.
(D) REFR
OERA AR D Hao CO. CO2. CHs H20 USNDHEFE., £TREET S,
QEMHAAFD H0 I, ETOHANBRLZNWET S,

2 FEICAWSTF—%
OERH AT RSt (FISC) TOHBIERE: G g/l
QERHAEAEE (PI7C) TOEHERE+ARKE : P [MPa)
Q@ERA A EES (TI6C) TORBEHRTRE: Te[T]
@AAI O NI ST TORMIC X BERBRENY > TY > H AREES
Hz : XV [vol%]
CO : XV co [vol%]
COz : XV coz [vol%)
CHy : XV cui [vol%)
Nz : XV n2 [vol%]
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(3) BEFME
OHAZ O "5 7 TOMICL BB EZERE L. FHBBL EFRBFRATO Te X
D, UFERTT7 > b7 OREAWTERATZARDOKEIIE Przo [MPa] 2RI T 5.
log10(Pr20 X 1000) = 7.07406 — 1657.46/(227.02+ Ta) A.2.1)
QHAZ O N7 S 7ICBIBNHERLD. ERAAPOERIBELZREHT 5.
Hz @ xy; =(1-Pyp0 /Pg)  XVu2 /(XVcus + XVeo + XVeoz + XVy, + XVy3)

(A.2.2)
CO : xcg =(1- Py /Pg) - XVeo (XVcug + XVeo + XVeo2 + XVip + XVy;2)
(A.2.3)
COz : xco2 =(1-Puzo /Pg)  XVcoa (XVcus + XVeo + XVeo2 + XVip + XVn2)
A2.4)
CHs : xcys = (1= Pyso /Pg) XVeua AXVeua + XVeo + XVeoz + XVy, + XVn3)
(A.2.5)
H20 : xy20 =Pyao /Pg (A.2.6)
Nz @ xnp =(1-Pya0 /Pg)  XVn; (XVcua + XVeo + XVeo2 + XViz + XVn3)
Aa.2.7)
BBRASDEHRREBICBTHEE 00 [kg/md]ZHNT, BERBTOERTAFE 00, mix
[kg/m3 2B HT S,
00, mix=(00,H2 xH2+ P00, CO X0+ 00, CO2 XCO2
+ 00, CH4 XCH4+ 0 0, H20 XH20 + 0 0, N2 XN2) /100 (A.2.8)

T T BRSO 00ld Hz: 0.0899. CO:1.250. CO2:1.977, CH4:0.717. Hz0:0.804.
N2 : 1.250 TH 5.

@HA O NS5 7B T2 2HBMARALFRNATO G £D. AU T4 ARXBITSHA
PlkPal2EH L. ZhE AW TERREB TOERH ZEEHER Go, nix Nm¥h] ZHHT 2,

AP=5.88X (G/35) 2 (A.2.9)
C1 AP P. (T, +273.15)
G, . =C- .¢-D2%.E2- |[—.—&._20 (A.2.10)
omix =TT \/ Pomn P, (T, +273.15)

T ZT. C: & (0.12645). C1: Hithig¥k (0.60981). B : &V (0.52914). ¢ : &
HOBEBIERK (0.99308). D2 : &£ ROWNE (=28.30907mm). E2 : HE ORI
BIESRK (1.0004). Po: HEMEFEH (0.1013MPa). To: E¥EHRE (0C) TH5.
OEMERBTOERN AERERR OERATATOKERESL D, BEREBTOKROER
iR Gonz [Nm3/hlZEBHT 5.
Gonz = Gomix *¥u2 /100 _ (A.2.11)

@) KFUEBRORERE

AEBUBROUERE L LTI, UTOLONEITSNS,
1) AR AT RE (FISC) TOEEMZE
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@AV 7 1 RFHERHE © £2.0%FS
QERAEBRI AL © £0.2%FS
@Y AT LANME : £0.7%FS
@)V —% FHE@RE : £0.01%FS
®Y AT LHN#E  £0.3%FS

#E (D~B®) ==,(2.0%+022 +0.72) = +2.13%FS (A.2.12)

TEH 23g/s FFDZEHE 8.245kPa 1. BIEL > P D 55.2% TH 3D T,

B (O~@) == |p13(2x0552)f +0.012 | =+1.93%FS (A.2.13)

BE (O~O®) ==./(1.932 +032) =+195%FS (A.2.14)
FEL > : 0~5.88kPa 2D T,

#M#£=5.88kPaX (+1.95%) =+0.115kPa (A.2.15)

EXTREINZHDOM, (A2.10) XKFDAP DRIERZEL RS,
2) £RHAEHE (PI7C) TOEHZEREE

OENMGEBEHEEE © £0.2%FS

QY AT LAN#EE : £0.7%FS

@ AT L8z : £0.3%FS

FE=1 /(0.22 +0.72 + 0.32) =+0.79%FS (A.2.16)
AEL>Y : 0~1.0MPa 72DT,

#E=10MPaX (£0.79%) ==+0.0079MPa Aa.2.17
EXTREINDHDOH. (A2.10) XHPD Po Ko, mixs WHZ (A2.11) XFD xH2 D
HEHE LIS,

3) A AREE (TI6C) TORERRRE
O#BEX % © £0.4%FS
@I AF LhANEE : £0.7%FS
@ AT LAth/138% : £0.3%FS

BE== /(042 +0.72 +0.32) =+0.86%FS (A.2.18)

HEL > 0~100CHE DT,

% =100C X (£0.86%) ==+0.86C (A.2.19)
EXTREZNAHDD. (A2.10) XD Pe R 0o, mixe W (A2.11) RHFD xu2 D
HEREL2D,

4) ARy DBERRRE
BERREMN
D1vol%ERHEDHE : #ZE=+0.03vol%
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@1~5vol% DB E : RE=10.05v0l%
®5~25vol %DBPA : MZE=10.15v0l%
@25vol%Lh L DIBE : BFE=10.30vol%

ERXTREINZHDOM, (A.2.10) RFD 0o, mixe B (A.2.11) XHFD s DPERZE &
A

UEo&EEEZRAVT. (A2.10) KRRV (A2.11) RiCKDKEBERZREHL ., BEZER
LizWwKkEREREDERJEREL L.

S CHK

(1) Kays,W.M. and Crawford,M.E., Convective Heat Mass Transfer (2nd ed.)(1980),243,
MecGraw-Hill.

(2) FEJIFEE TN 3 4, H AW P RCHE,38-308 (1972),858.
(3) Bromly, L.A., Chem. Eng. Prog.,46-5 (1950),221.
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