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Test Plans of the High Temperature Test Operation at HTTR

Nariaki SAKABA, Shigeaki NAKAGAWA, Eiji TAKADA, Naoki NOJIRI,
Satoshi SHIMAKAWA, Shohei UETA, Kazuhiro SAWA, Nozomu FUJIMOTO,
Toshio NAKAZAWA, Yoshinobu ASHIKAGAYA*, Kozo KAWASAKI and Tatsuo [YOKU

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute
Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received January 31, 2003)

HTTR plans a high temperature test operation as the fifth step of the rise-to-power tests
to achieve a reactor outlet coolant temperature of 950 degrees centigrade in the 2003 fiscal year.
Since HTTR is the first HTGR in Japan which uses coated particle fuel as its fuel and helium gas
as its coolant, it is necessary that the plan of the high temperature test operation is based on the
previous rise-to-power tests with a thermal power of 30 MW and a reactor outlet coolant
temperature at 850 degrees centigrade. During the high temperature test operation, reactor
characteristics, reactor performances and reactor operations are confirmed for the safety and
stability of operations. This report describes the evaluation result of the safety confirmations of
the fuel, the control rods and the intermediate heat exchanger for the high temperature test
operation. Also, problems which were identified during the previous operations are shown
with their solution methods. Additionally, there is a discussion on the contents of the high
temperature test operation. As a result of this study, it is shown that the HTTR can safely
achieve a thermal power of 30MW with the reactor outlet coolant temperature at 950 degrees
centigrade.

Keywords: High Temperature Test Operation, Rise-to-power Test, Test Plan, Reactor
Characteristic, Reactor Performance, Reactor Operation, HTGR, HTR, HTTR
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1. BU®IZ

HARTAMER (R 3. SR AFEMEROR & & E kN, iR LHICET 5 5k
AR OERZEHNE LT, REPRERARIC HTTR (FiR T#RBUIZE) 2102 @ik
U7z HTTR 2, #MREHIBBREIRIF. BMEMICRS. WHAMIIAV AT 2 2R T 284 H
30MW. [RF4FH O AR B #E E s 850°C. &R ABOE I 950C O A A Y DFRH AE T
H%. HTTR OEE({LHk % Table 1.1 12, R THFEEKDOHEE S LV AR#HE TN TN Figure 1.1
B LU Figure 1.2 IZRT,

HTTR 131999 £ 9 AN S A EREARCHIZHG L. EKERIZHITS 10MW £TOH A £
FEBR1)BLVO20MW ZTOH A EFEBRQ) TV, SV THEIRARERICBIT S 20MW £ T
DN EREAREG). ERES 30MW ERD=® DB E L TH ERRABR@ZERKL. 2001 4
12 A 7 RICBOMGEER I BT 5 @& H 1 30MW B K O T4 H D HIMHR ) 850°C DR & R
Lk, TOHEIRE— RE2Y0EX, WHEKRICBT2ERESH 30MW OERZHZEL. 2002
F£3A6 HIRTORBREERZX, ERERTOFANRESRIEEZBEGL .

HTTR OEinidBiEeERid, 850C DEMERIFE TOMBEREZBE A TER 15 E£EICH N £
RHARG)ELTEHEIN TS, SiRARERIZ. 20MW OFRABRERZ (HH ERRRE)
TEEINHREHEZEALL, U ERERQE TIHH INAZREIIOVWT, ZOMEHN
WYL/l LZHRBLRENSEBTHEEHIC. BRABRERICLENS>TIOBLLIES,
BF R OBBEE, HARENVREGBLUVT 5D NN ENTH D L 2B LN S £l
T3,

AT, SEABELEROLDOD, BRABRELRICRILEMERREEL T, ReURZED
78 OF S #t B X FHIERE . CNETOH) ERARICB T DRER R BT REOLE,
SRR OFERRICDWTRL, £, HALRARBR@OE TICHE S N-RE L FOE
DOWTRY, AT, @RABRERICBIT2HAREEMHOBZZ HE R, T 5 BEE
EZRT D, CORR. BTFFOREEHAEL DD, EFFANA 30MW. EFFEH LBHMR
 950CZER D REL 215/,
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Table 1.1 HTTR O E &tk
HH ik
RPN 30MW
EFE1) ) AT LH A
FRF4F H O % AR B 850C (& Einhy)
950C (FiRABEERY)
RFFEAOWAHRE 395C
1 KBHMER 4MPa
HHHEERR 12.4kg/s (EHEHEEFF)
10.2kg/s (HiRABEELEY)
PSR 2
FOEESE 2.9m
KO0 Sl 1 R 2.3m
HohEE 25MW/m?
K} UO; - HBHRI T/ B s #H
05 IR 3~10% (¥ 6%)
REHAR R oy &
RFEEHBHR #Ed (2-1/4Cr-1Mo #)
F AR R 1)V—7 (FREIBARRB B XUMEAGHZR)
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2. BIRABRERICROILTEMERRE

21 TEMRERDD O $ B L UEHHEB

EIRABELICOVTIE, 850 CHOERERFE TORRERLZBEZ T, FR 15 EERICHN
ERERE)EUTEHEL TWS, SBABREGROLEMEIX. FFFERES THFERIIHEIH
TWaA, SRFHTEEINDS HTTR OXSMRAICEE R, fiiEd X R8RS
IZDOWT, EREERT— R TOEET—YICEDONWT., BiREABREGROLT 2L OHKEREIT-
FRERIZDWTHUTIZRT,

FHEFEE LT, B, flEES KCRBBSHBRBICONTIE. E PR E rHERICBN
TTRREERBEFAAERTFOZMERGEDO . ZOREMENHRINTNSDT, SEHD
HBICBNTHEDOFEZREET S, Xk FHFFEREF THERICHWEFERED %,
EREERE— REPLETHIINETOHN LRABRETEBRIIBONET—FICHITVWTESE
# . SiREABERT— MK 22 hEGRORE. SREROREM ZMITIMS 5.

(1) BE

FTHFOREKHENZ Figure 2.1 I, REHED SN % Figure 2.2 ITRT . BREMKIZ, Ak
RERTOY VIZRBERTHIMEERFALEET, R, SR N7 b B#HX
J—TENSHREINTWS., REIO2 7 M3 ZEIEY T OB ENEICHE L - %8
REDRL T2 B ERFOREMN SR DIRMICHERL. FEOMERRIZBELEZLDTH S,
HBERERL T OBARIDREICR<KAFL. SREARERR ORBEBREBITFOE L WBINEIEOR
WL LEETH D,
BELOREMICONTIE. BRABEZ T RICX B4 H /1 30MW iEiRk; O KR & 15 S % 7
#rL. HIBRIE (1495C) LAT TH D Z L 2MERT 5, £, HiRABEGR OB R AR ORI
REIV 1T RBAM P OBRBESRERD. REHE (HUIHE : 8Kr T L 535X104 (BB D 1% 5
BITHY) ., BERMGTRER : 94X103MeV-Bq) UTFTH D & EHRT 5.

(2) il

HE#BOMER Z Figure 2.3 IR Y. FHFRINIRIET D HEEBMMREREHER LD
DT, MRMABEE (Alloy 800H) HOBLBEENIIMEI NG, HIEBORANT, HiEEEA
LNZHIND 1 RGAMICE DTS BEFKUANDEFFER Y S A, HlEBEREOSR
LZBilt$ 579, EFREHOnAMRED 750C FOBEITIE. AIBK SHARIRS & K
R OHEEE 16 MAFRBFHIHAIND, KFFHOMHMIBEA 750C L LOBEITIE. T#K
SRR O O XN Z2%& THAIE, 40 7 ORHMEZ W TREEROHEE 7 M4 2% T
AU, REFRZHFT 2 2BEEBEASANEHINTNWD, LAl T, BFFERAY 5 LBOH
HEEEEREOXHI. BERSEOHMIIH > TEETH S,
HEBOREMEIZDONTIE, BHiRGABEERR O IR S KIS 2 BB AR O H(1
BOBERITICE D, HEABEEEREMEVRLEMAEZRL TRELAELE0WE (900C) LU
FTHDHIL2MRT 2, FMABEBAIL HESKETEREORDE UEHOHETII. B
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ROHIHBHEEREIIHL TRODELVWERTH S,

(3) HREIEAR MR

rh RIBAST HA AR (DRSS X 2 Figure 2.4 1RS . PRIBTHBREBIIZTEEANV IV IAIIETH Y,
ARSI —EREEICRS> TWD, 1 REHMOAN) T LHZEAY I I1IVIROEERE ONA
504 XR &) OBENZE, 2 REHAMOAN) T LAHRIENERN TARET S, FREIEHRIE
DIEBEREIX 900CZ LRIV SBMEIE L TIRFICHBIZRZ ZENS, V) —THENEE
2725, LEMNS T, GREFOBEMOREIL. BEREMEOMBICH> TEETH S,

FRIMZMBORLEICONTIE, SRABREER OTRBATHRBORERITICED., HBEH
IREAREHE (RBE 955C. N 940C) AT TH S Z L2HERT 5,

22 TNETOHN EREABRICBIT SHERHR EMITRR O
e HEHBS L UCFEARRBICONT, ERELET-F2ELTLIINITTOHN ERHR
BRIZBIT2EERT—5%F (LA, ERR) SRR EZHEBLERZUTIORT.

(1) REHRE
PREHE BERRAT O % Figure 2.5 IZRT . AR O — B CITATION & &K DMFATE AL 2 AR 4T 3
— K FLOWNET {ZDWTid, EiRIZBITHHEEREMTERZLERL. UTOLBD, @i
HMEMRAERRE BL TWA I EE2EALL, BB, ZNSOfTa— M3, RENRER
Hra— K TEMDIM & &b IZETFIRZEF A HBCBVWTRBRSRE LB T 2-0ITHMAL
EHbDTH5,

a) BiEtHE

A7 OMW £ TOW ) LRI T L 7-BFE TREHAD vl 2L . CITATION O
— RICK BT R & LB L /2, Figure 261213, &1 5L (FI~F4) EOH I O#A FESHE
ICDWT, BIEMEEMITRREZEBL TRUE, ARICRIND L DI, MR RITHIE SR
EHEBNTHRLTHED, BMENFELBVWERTHD I EMNERI N, £/, Figure 2.7
CATEIITHLGHMEE EROMBITERN, JEHREFEFE-BLTWHZENSS,. HiN
DEHIESMENZFELSHEINTVWR I 2R L, BB, #EAREASKIIOV T
Figure 2.8 IZ7R T K D1, AL LD A ZEDICFHEL TW505, ZHhud. H.LEEIC
HEHHBEOXBEZEDICHEML TNBIEIZEDEEZISND, —FH. REHERE MO Sh
513, REHRENBRGEG ERBZFLOENSIEBEORE IOy VO FHIZML T, £k kA
OREN T Oy 7 O NIRFOSENBERFML THWBZEMNS, FLAONS ZDOMEETOG
HHMBELRZEDICAEDLIEIIRVELEAOMMEE 25,

b) 4R AR T
FLOWNET J— Kizk 0. AR AR F R 5 & RER 7L 5 A HRE 2 AT L B s R &
HBE LT, RREEE— X - 47 30MW BB, 1h EBT L F AREER 7L F AHO®

—6 —
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HHBREN S KD 5N BFO0HPREE FDROHAMIBE ERBEICDOWT, BITEREAERSE
D% Figure 2.7 10T, MRER CHIEMEDOERL 2%UNTH D, BRW—HERL TV,
BHMRE ERBICDWTRITEROAMHERR I VK< 2> TW5Did. FLOWNET 21— R
DREFETIVITRFHEND 0, FOEDFRBNER L 0 D2 FEI N, FLOIEMBIMHREE (H
HBHEAILSE) ZHRNIGHAMPTENEBRLODZ 2> T, MENFLHOTREIND I &IT
E£BEEZSND, £, FLOHOBHMBETH I 2EETL T LAHREOHIESLRIT. HFi
FREAE < ENEHRL TRIBEMES BROREHBETTOFRIEBD TH - 1=,

LA EDOEs R, s OFLHARHBITESDOE T, MERESBHTFEOZUEEZRLT
BO, Hh - MEHLICET 2RMHBRENNINVIEEZRTHDTH S,

(2) HIEEEIREE

R RCIHEOHEORA (BAF, TR BT AHEBOBERHTER U RN
— N TRUMP {2 & %, 8 OIREMIT DM E Figure 2.9 ITRT, SHTICDW T, FLD 1/6
REENRE LR OET V. BIUHIEE L HEEORAICTFES T HHEBRALZMREL
TeHIBBERATTIVCK D ERL . MITCERLZINSOTET VL. BT FREF A H
BETHERLEDDLRILTH S,

FLETIVCED., EREELET— R - FH7 30MW I3V 2 i BB RIFOIRE %8 %
R L. BIERR IR, MITICBW TR, EROMAERBERBRRORETFHA. BT
FPAOGAMBEB LR 1 RGEAMBROBEANFHELL T, @RIV F LEEHMEE.
BEE KRR ES ZHE L, Figure 210 BX W Figure 2111IRTEDIZ. BRT L F L8
HAMREB L VEERFEREDOFRTER EFERHRELK TS L. RIRT L T LR EMIRE
KEOWTRBITRROA NGO DIREZRL. BIERFEREICDNTIIATHER S HEE R
BIE-BLTWS, Z0OZ L&D, TRUMP J— RO RIILLMTH D Z L 2HAL=.
128, FLETIVICKDFLNREDBERITORRIIONTIE, HIEBEAETIVICL S HliHE
BEERERTOREREM LIRS,

(3) RRIEAZSHARIR BE

ALBREHE A & U TRR U 7 A BRERRT O — RICK 0 FH ) 30MW E TOEREER
E—-RIZBITS. PHBZRBBENREZMBITLAEHR LR LU, FRIBRTRBNORE
BU5E ;% Figure 212 IZ/RY . F/. MITET IV % Figure 213 1TRT . Ay ol OitEED
BITET VIR RIR) TEALLDDOERUTH D, MTICHEMT 2 HHRBOGATE
BLU6 BORBEEZRNIBHAMOREBESIZTOVWTIE. MEHERE2BEHETEESICHEL .
FRITICDO VT, FREBZRBD 1K - 2 KGAMORBEB LA DREORER R EEREME

EL, BXRBOHOBAMBES I OBEMREEGEL 2, GAERESXUNEREOR
Fr#s Rid Figure 214 IZRT K DI, WERREBHRTED L 2MABLE. 2O LD, ﬁ&
Pl & UTBARE L 22t O — Rid, PRIBHBOBEMEEZZFTELFHELTHD,
A BOE B O EMRERATICER TE S S KWL 7=,
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2.3 SiRABEE O N MEER

22ICRLIEZE DI ENTNOEICHEA T 28T 1 — RARERKREZZTHRTESL L
EHEL. INETOHN ERRBRTHES NIRRT — Y ICE DWW THIRRABRERR OHM 2 X
L7, HMERREBLUTICRTEBDVTH S,

(1) BREHRE

EHRRBEGR OMENRERATIC DWW TR, BiRHABREERT— NCX 5 ERHABREHRIC
ULTEBLE, LMo T, AT SROENAABICFNFHER ST, SikilBER
BT BN ERRBE RS E U TREE D KS X OHIESEERE Lz, 22 BOIRLEX
S, POHNIA B EITFENREE S 2T % CITATION 31— RB LK FLOWNET 22— R
OFFFERIINERR EIFF-HTHZ NS, BRENBREFMBICERT R LHENAMBLIOFE
NIRBEMIZUBREDTHZEEILND,

REHEE OMHT - FHERAEZLLTFICRT., IN6d, EREGRT—-FREFEETHHN ERAR
HBETHONEZHRIEDVWTRELEZDBDTHS (Table 2.1 BH).,
RERSBEFMBNWTEER TENL2EEIT. "WENE U Fyv a2 552X,
BEHELLE. BREN S A, BREEBBEN THEINICEET5RERTE2E I T LRT &,
ZFORENFHOME 2 DOEENEVREIC, FEEHENE2MIRE LD ICEOFRENS
EREMIUETEZCATIYT A v IVRTFNSRS, SEIOFHBHICBNTI VFLARTFIZONT
W EEICEDWTHRBELTESZHONH 20, K2MICFHET 2720 3R &R —& Uz, Table
2212, WAFMICHEALE S AF YT v I ETE, CNETIB SN EHT—y B D
WTRELESBIOHEICERT I ATIYT 4 v VEFERT.

(R 12 B3 2 AR )
a) MPEAX

PREFOMREE D B, EROSRRABRELET— RICk2EE2EEL. ChETOREEREET
& 160 HER B,

b) FOEHTLFLRE

REPTI, PR (R TRE NS SEERFEOBOWRE) CHIT2RE LA, ETF
ADBHMBEOHBERESERTFHNICERL. B FADBHMRE 395CIZ 20C% LRV L
T 415CEL TV EDBDTH S, BEF v > FIVOADIZEZ5F.0 RSV FAREICDONWT
3. BETHRENER EENRIOERTH RO LR TV FLATIHRBEL TS, ZHET. &
RIABEERT— RICX DT 20MW ETORET—INHESNTHO. InEFtHH 30MW
TOEIZHMEFT S & Figure 2.15 ITRT & 51 399C~409Ciz/25 T L 2R L . WREHRE¥
I3 9 HDOTFT— ¥ DEREE 409CEMITREE L THERLE.

o) 1XKWHAMRE
1RGHMFRIZONVTIE, BEFFAVOE—FNT X (Figure 216 B) 2FEL. Fil

_8_
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71 30MW RS IRLTORRAMBRE LRICFLSE L RWRE FARSHRHEORMAES) 2348%
ELUTELSE, TNZ2HAMEADREZ (ETFFADGRMRE 395 CBLOETFHO®
HHHBE 950C) LHAMOLLBMOMTRUMEZBITRESL L TND, REHRITTIIFREH
HRMORREE 600kW DA ZHBLLELTERL., 1 KBAMIREE 102kg/s & L TWEM,
BT 212k D & BRERE— R JFHE T 30MW IZB W T AR HIRE OBR#ERIL 810kW
i35 Z &, BIVRFHEEABRELBOZY > R TH S ORBN70kW BETH DT &%
WAL, ZN50ZEMNS, BBRIT880KkW £725D T, 1 RAHAMKERIZDWNTIZ 10.1kg/s
ERRTRBEL .

d) flERiE

Hil AL E L. CITATION O— RIZBWT, FLHENRHEZHET 200G E LU TRES
Nz, EREGT— N - P77 30MW B2 BT 2 HEEBEAEOBIE M, 2855mm TH 0 35t
RITTHE L TWALE 2610mm K0 EAHICH D I L EHRB L, 2O EMNS, FLRED L
AnzERL T, SRABRELERTE—F - FHH5 30MW #EIZ B0 5 6 #EAE % 2900mm & L
7.

[LHMBRERED S ATTT 4 v 7 BT T 2847 5]
a) BTEBMA

AT TI, [ TARRAE ) ORIERUE 2% & FIAGE 05% 05 25% £ @ L T, WHICHT
BIAFTF 4w VRTFELT, AAMRE, BRES, BERRES, ¥vv TRES. RE
WREEZOZTNFNIE EL TV, BFFRHAOREREIIONTIE. AHHEORET— 4
CETE 15%U TR EERALE, LENST, 25%E LTWARAIET 3 2hEho
SAFITF Ay VETE 20%E Ui, 735, BEMEE ERETICOWTE. Bk d)ick~3
£ L7,

b) BAHMENAMIIET S ATIT 4 v IVRT

REHRITTIE, REESREI T Oy VIRMETHEKELAEDBOELTETFIMMELTHD., EHOD
PREVE IR R L D ANA VIR (BT X BT HETFORESRIC L O H AN LB L)
FBIZDOWTIE. ZNEBNT EORENIEL., 40%DYAFIT 4 v RTF%. BHREXE, B8
HREZE, Frv REE REHENREZICERL TWE, FHH/30MW £ TOEEZENKT L
BRRECTEM L 72 REMAD 5 D R BIE ORSRD 513, Figure 2.17 IR & D IZREHERE TOH
ADEY M0 BIBAINTOARN, UEDZENS, ELAFITF 4 v VEFEHIBRLE,
(& 158)

c) MBRMIETIIATFIYT4vI7HF

AREHRFOMEHR B IC I, FOAPREICTHT 5 THFNLLBREL T, REEICHETS
VATRTAVIRTOIL GHMRE LRET 4%, BREZ EARF32%2EEL T,
22F1)D b)IZH Rz K D12, FLOWNET I — RIZK 2 F. G HMIBE EH BOMITR R & flE

-0 —
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BROLEMN S, Figure 2.7 IURT KD ICHEEIKARRRRREZIZE T TVRL, BRI
THREHEROLIT, FOPRIETIZ 1.018, FLOEIITIE1.015 £2->THD., TOENLT
BELF v > R ) OEHMBERICE D HDET S E, FLOWNET I— RIIFLEDHEREZERID
2%FBERLSAICHML THWBI LIRS, ZOZEED, ZVATIT4 v I7RFEHIRTES
2, SEIOFMETIIETHELZHETIEANS, BHMBE LAR T 20%. BEEZE ELRRT
16%& L7,

d) ®HMEE LARTFICETZIRAFIT4 v I RF

REHRTTIZ, BENKREBRZORZBIIDOWTREHEE 2RTMNIGGHET 28505, HAIK
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