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Development of Irradiation Rig in HTTR and Dosimetry Method
~I-I Type Irradiation Equipment ~

Taiju SHIBATA, Takayuki KIKUCHI, Satoshi MIYAMOTO* and Kazutomo OGURA*

Department of HT'TR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received November 7, 2002)

The High Temperature Engineering Test Reactor (HTTR) is a graphite-moderated, helium
gas-cooled test reactor with a maximum power of 30MW. The HTTR aims not only to establish
and upgrade the technological basis for the HTGRs but also to perform the innovative basic
research on high temperature engineering with high temperature irradiation fields. It is planned
thai the HTTR is used to perform various engineering tests such as the safety demonstration test,
high temperature test operation and irradiation test with large irradiation fields at high
temperatures. This paper describes the design of the I-I type irradiation equipment developed as
the first irradiation rig for the HTTR and does the planned dosimetry method at the first
irradiation test. It was developed to perform in-pile creep test on a stainless steel with large
standard size specimens in the HTTR. It can give great loads on the specimens stably and can
control the irradiation temperature precisely. The in-core creep properties on the specimens are
measured by newly developed differential transformers and the irradiation condition in the core is
monitored by thermocouples and self-powered neutron detectors (SPNDs), continuously. The
irradiated neutron fluence is assessed by neutron fluence monitors of small metallic wires after the
irradiation. The obtained data at the first irradiation test can strongly be contributed to upgrade
the technological basis for the HT'GRs, since it is 'the first direct measurement of the in-core

irradiation environmenis of the HTTR.

Keywords :  I-I type Irradiation Equipment, [rradiation Rig, In-pile Creep,
Dosimetry, HTTR, HTGR

* The Japan Atomic Power Company
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1. BUBIC

AR T EABPIZES (HTTR : High Temperature Engineering Test Reactor) . Bt
3OMW DEEE - N T LHAGBRABMOGREARXFTH . BT FH O mAMEEE 850C

(ERER) RO 950C (BRRAGKEER) Thb, AXEFHHER (BEH) TiX. HTTR %
s & LT, &R PR OEB O EEMOEENl. BRBOBNERESENL TH
FrORIE 2 BT SR TEICET 5 SmEBH R S 2#EL TETNS 19, HTTR T
V1998 FEDOFERA DO, 1999 £ o) LARBRZRIAL . FREH T 30MW RUEFF
H O AR R 850°C B3Rk L T 2002 4 3 BICHEHRIRESHKIE 2 BGE L9, 5% &
WA ZF OB OREMEZENT H>REMRFHAR, FTIFHOGAMIRE 950COEREE
8l -mRaEBEERIC A, SR TRVWENZEMZHIEL THREHREERL TH<EETH
A 84,

BT, HTTR Z AW /= BEABRED D& LT, 1998 FENS AXEFHRERED
HEIRREZEDTETNS, i, BERFEERAXT LA (316FR#) [CDWTHEIRRE
HREFNTORR T — 78k, BEBROKRBHEMENS ) —THkeEBL, 7V -7
BERNICMITTREVELIMTE 6. BET—-5 28hbtE. SROBRERETICS
AREARFFHREOERERMLICEAL TERREHRZE S &, £, SRENENOS
EiCETS I EAEMELEDDTH S, F2 T, HTTR THRETZ ) —~T7TRHBEE2EHKT 5
7z®. HTTR OHIH TORBERRFE TH 5 1-1 HMEHENRBEARE (CIF. [ REBEREL L
D) ORFEEED TE/ o, 11 BB RE T 1999 £ & BEZBMAEL . 20029 AIZHEH
ARSI Z G L. FREER. [THERREORFLOCERBERICIBITSHFENT—F
 DBBAEEOWTEEDEHDTH S,

2. HTTR RU I-] BEE A BRAREOHE

2.1 HTTR OHRHEBOBKE

HTTR QR FFEFEOEEE Fig. 1 VTR T ARORAARROT Oy 7 MIREIZRANTED,
WRBMEIRL T 2R LB O NI 2R Y — T, ThzR2aflofe 7oy s
DICHATBEY -1 2 - TOoy 7 BZERHALTED. RS 30 BOREA S L (0O
v U BB LTIRMERRO 15125 LEND) 5D, Fig2 93, FOOKFEETH
0. FLFRFOMET Dy 7 ORI, BOEOFTERFET Oy 7 RUEERNET O
v I BEBEINTNWS, REAAFTH 5 HTTR TiE. FROSEEICE W TR HRZER
THIENARTHY. BEFLLT, BESHINSRTHSD &, AERREEREET
5 EEDOREHMERL TS, HTTR ODHMFFE—E % Tablel TRY . REHEE, AIERH
HEER OB E R FEER THNERA AR TH S0, HEFEINTWS [T BEHERHEC
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LOHRRHRIL. THEHEER A OS50—20Hh 5 A (BHA N18 Xy > BN TETF
DE21AATA) WBWTEBINS,

2.2 I1RENREOBME

FEHTCIX. HTTR 1% TORKRBEM S U T, 1998 F£E£H S T-1 BbHEH RS 28
DRFEZEDTETINS, K#HEIL, HTTR DBHEE S L TOEEEENL T, JISOKED S
BES A ZORBFEZHNWTESBMHOSERE T CORBR TS U — THBE2TS bDOTH 5,
INETH, FBFHRETOVY —THET—¥1d. JIS BT XORBE TREIATK
HRZHhrHeT. BETTOY Y —TRERICIE. INETHORBRFE TIXRBE 2 — 2 D4
RPMEESNOHEDORABEDEH AN S, EERBRA OBANRE -0/ NMORRS %
EHE S22/ S ONBEIRTH D | TE THREBIEOZBIC KIF T IR R D28
FHESNTETNS Y9, —4, HITR OENBEEEHE2ERTHE. 0BT ORBRE
CREL TRERMEEMINT 52 EMNTE, EES1 XORBE2HANT, BEFENOSE
BEFBTL7U—THESCY U — TR E o R T ) — TEEH 2R L2 &0
AJRETH D, ZOLDI, HTTR © I HEHBHETESNSF—F L. IHE CHOEFE
THERINTWA/MRRSF 2 A0V RERBRT 4 & &I, BEMEOBEIC L 58S
L2 e 2 L CHECEETH S,

HTTR TOMF T U — TR0 BEM[% Table2 1257, REF OMEHI S P
H & U TR X7 316FR # (FBRgrade type 316) T# 5., ZHd, SERERSHEICEN
Jz SUS316 ZEA L LT, JIS OEBEHNTRELZERL ROV ICEEEY V2HBNT3 2
XD GIREE EEEOF LR S B Th D w2, B O~ iR T/
NAHNEBF SVERLD, JIS BEEY - XS 2FB L T, RBRPEE 6mm. FTEHE
& 30mm THD. BFE T/ U—TRBROEZREIX. 550C & 600C EHEL. BERRPO
HEEREOFFAGMIZ. JISIZHEN£3CE Lz, HTTR O 81K SEMHEE A ICBIT5EE P
RN, 70 HMOERER TP 1.2X10280/m2(E >0.18MeV) TH D, ZOHRIC o
U—TRBA S WNE THET 210, SIRIENEENENORE T 343MPa (550C).
248MPa (600C) &L@ificniz. TN5DBEE. LROEEY 1 XOFRBKRAICKH L TnErzs|
EREL. TN 9.7kN & 7.0kN TH 3 o,

[T B R S B B PR e D

[T BB R I, HTTR KB W T LROEETREN T/ ) —7RBA2EHTE 5 L HREFX
NTNB, Figs I 11 MEHBHOPRNAOERRESFT, BHE 118 FEEANET
Oy 7, BT IESNICER I NS5 2EH 8900mm OEROESY. L THENREDONC
HESNOFHEMINZEN SkD, 2B, HTTR ICEEZ D FEEA KT O W 7 & 245 > B
A7 00— v, ] MEEBREORBERICL. 2NN 11 B ERE~WET O w7 & T

-9 —
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B2 RN T 70— I BENS,
3.1 RTFFENER/NOBEY

FETFFF AASRMICIE,. 286 8900mm M55 EROBEYNEA SN, ZT 182
FURNA T O0-Jr IR0 FToNEBE LR TR, IS R1 70Dy
2. HTTR DENBTBBOAY > RN 7D0ED (BEAE N18 A4 > RN 7)) TREXN.
DAY > RN TR BEINTWEBRAY RN, 70—y ERBICETHESRHMOFEH
NI E )BT B, TDRD, BERFEOFLADER - WL, FETFEOEIERICER
T3,

ZOEROBEY O TR, BEE 113mm. £3# 2600mm @ 3 FZOERDOE Do
TBY., 2OSE2EARBHI- Y b, BOO1LERHA RETH S, TNFTOOENI=- v
b TFERICIA JIS BT A XOBIRABE N 3BT DR L L ANVIKEEEIN TS, BEI1y
MEHA FEER, PLORERNEAESEOERNRT Oy JIXRITENTNDERE 123mm D 3{#
DRI EZHEAIN, HBHF OMBESREHMEROBE 70w Z7ITHETBL I ERB KO
BINS, ZOMBER. BB S LOBMBT Oy 5 B SBRINAEEO LM S KB
TOy DL RIS T S, 11 BESRFEL. HTTR OREBESHgER W TREAS > R
NATEBUTEADSFRCERIND 2D, FORNNOBARICERN Iy FOBEEE
570, HA FERBELIZY XD 100mm BEVWBEEZ> TS,

COFNBRANCEBEBIZIEROBEYI2REWEL -, —Di (WRF—FHER)., IF
NOBFMBIZBITHRECHPETFRE Do EREREZHET S5O0 FLRBEBNTHD, BE
T -TRBCKIT LU TFAT - FREZT OO0 LDOTH B, ZORELD HTTR O
BREEHEZVO TEENICHETAIENTE, ROBNRAREFEESERT 2 L THEEIC
BETHS, £, 9O TOEBEORETH L E0s,. ZITHELSNDT ¥ FBOF
BAHZFEEROSEAAHEL TH OO RE<ERT DI L TES. LI — DI (1R
HTI7U—T7HEA). BNEREOERBICHBE T —VRBEERT 5200 5DTHD,
EREI - FAKKERENZRZBRFOSS, 1ERBE T ) —-THBICHNSH, D 2
BORBFEREZY ) - TRERICAVWSNS, FRT-YRIEREBE TV ) —~THBH &

HIZHHNEHEN S DBRKESIL 11 BRAY VRN 70—y IZRITSNEIRT Y &K H
LTI TR E AL o T3,

Fig AWCHE Iy FRERMINSBHRILNOM A MORESMERT ., RBRAEDEHRIN
ZHEI bR 500CU EOERTH 0. -1 HEHRE TR, Z0&RBOFHKEE
EEMICHEM LT, 550 & 600CTORE T/ U—7RBEEMT 260 TH 5, RBRFEE
CZOFROBII L o TMRASNSY. BETFEEMOFANOREROLE ZENM L THR
FrOBELESELETHEDIC, BRHIZY NNORSBA I, BHARD L TH RIS
THENTWS, T, fBFZ2HDLDICBER L —4PREINTHD. ABEBE 550C&
600 C % BREEEGML3ICURNICHBET A20ICHNGNG o1, BRE—Y OHERBEB AT
300W THU., BE 1 ZMTCOEATHE, FHEOED 2 ZHEBINTNS,

__3_
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3.2 RTHFEHERINOBEY

BATIU—THRIIBNT, ABRAOBRMEIX. HTTR BMEBANDRY > R)X1 T
BRREINAWMEMMEBICL>TMA SN B, FEMMEBEOHEEZ Fig.5 ITRT. <D
EETIE. FAO—ROEZI)—TREBRTHEAINTWIEESFXN AL THD., HEEL
N—IEORBRAITHRK 9.8kN DWEELZEL THMT B I ENTES o,

HBEAANOWEOMMIBETFFNEREACIEL TRRABENZEL TH TN, BE
IZy FRORBH BRFEGERICK - T3R5 NS, HMENIMEIMERZIMCRE
ANFO-REVCLORMEIN. HBRARI ) —TOETICE > THU S &, LS—2HE
FHCACEICRAB L TRE L TERAMENMA SNEBELZ> TS,

4. FRT—F DBEHIE

I EBHFET 2 REELZEROBEY (FRT—SRIER. BRI U —7THBA) 05
5, FRT—YRAERIRIICFRICERL TEZ<DT—F ZHETH I EZHMELTNS
fedd, BHS ) — THREBA LD bE < OROFNSHEERMEL TS W, 11 MBHBIE CHEA
L TWBIFREHE % Tabled IZRT . FHROFHEFIRIZ SPND (BCH B P HETIE) T
L TRIET S, AL TWS SPND OREEIXG2X70mm OHET, TIvFicady
Ly TVTFTA A%V 600 2FEALTNWE, £ BHABRBICEEOTHTRNEEZT
i 572D, GEBINIBEBT A VYEHALEPRFREZY (VNI AEDSY) &k
WML T3, EZIT7A VR BPFEFROEEFTETFOREICH VS KD Tabled IZRY EE
ZREL . Fig6 I 1] BEHRE FRTFT—FHEM) ~© SPND RUTIV I ALY
DOEMMNEBZRT. EMIBRFAOTHETROSMERARDL 20D, REAFIICHSEES -6
BEELTWnE 19,

BRETORER. KERAEMCL0EEL TRET 2, Fig.7 i '] BBHZE FRT—F
CHIER) NOBRBNOREEERT. —DOBHIZY MIDOWT, BEORERIL. HITFEIC
6 <. HEBFMNET3IZATHZ W, '

BET)~TRBRCBIZHBRF OB, Z8H5  A2BHI1 -y FAORER L&
CREBLTEREL TAIE TS, BRIy MNIEWE I AT 500CE LOBRERD I &0 5,
147 V2 MI(Mineral Insulator)r— 7V A HWTER THERTRES 5 > 2 5HEIZ
BRLE. COEB T2 BEONEOSEEIEE ISR 100m &L, BT
BREN FCRIADEEMLEMHAL T3 00,
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5. £&O

 FBFCIL. 1998 D 5 BAET RIS ORERZEE LT, HITR % AL TS8R

FREEDTEXTRD, TOHRT, HITR QYD TORBERFE TH S -1 RIS ER HR1E
DEREFE 21T > TEZ. FRFEL HTTR TEBMEIORS T 7 ) TR A2 EMT 5 0RES
NTHH, RBORRFICREL TKERWEEZMNTENE Z &, BEREMEEICENTY
5L ELBEOREEZFLTVS, BT/ U — 7R, S icBRELEER RS kD,
EFNOBRT— 413, BEMNCECH AR A TFRHE(SPNDIC L D EENICHIE L, B8
HEBRBIC NI AEZSICL 0 PHFREEZFIM T2 TFETH S, 11 BEHFREIT
1999 N5 BEEBRLA L. 2002 4 9 BICHEHIIRESHRELZIE L =, -1 HBHEMCLD
HTTR OBHNEH =D THENICHIET 2 ENTEL 05, FITELNET—FIL,
SEROERTAFEMOBEMEHEL TIT<ZDFICKRE<HRT 2 Z TIN5,

i

FREZLDBIHZD. BERIHEZWELEE X U KAFAFRESERBEHRT IV
—7DERER GL ITESBEHWELET., £k, BB esnkEEE ULBRIERAR
PFEFFRRER HTTR WA ZEOFREAERERICE#H VWL ET. 51, XFEFEOEE
KBL T, EM SR TEHBIEFFERTORARENR IR, FEMEREZORAK K
R<ERMLET.
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Table 1 Major specifications of irradiation regions in HTTR 2,

Irradiation region Max. irradiation Max. neutron flux (n/mz/s) Region
volume (mmy) Fast (>0.18MeV) | Thermal (<2.38eV) |temperature (\C
Center column 1 block size (*) 2x10" 7x10"7 400-1100
region
Test fuel 1 block size (*) 2x10" 5x10"7 400-1100
loading region
Replaceable 300(Dia.)x500(L) 2x10* 4x10" 400-800
reflectorregion A | 1 ..
-I-I type equipment | 113(Dia.)x100(L) (**) 2x10' 4x10" 550 and 600
(2 units and 1 guide) (at specimen)
Replaceable 130(Dia.)x500(L) 2x10' 4x10" 400-800
reflecior region B
Permanent 100(Dia.)x3000(L) 8x10" 3x10" 400-600
reflector 1egion .

(*) Hexagonal block with 360(across flat)x580(H)mm

(**) Length at specimen

Table2 Target conditions of in-pile creep test in HTTR.

Specimen
Material 316FR steel(FBR grade type 316ss)
Size(gauge) ¢ 6X30mm

Irradiation Temperature 550 and 600°C

Tensile Stress/Load

343 MPa/9.7 kN at 550C

248 MPa/7.0 kN

at 600°C

Neutron Fluence(E>0.18 MeV)

1.2X101% n/cm?




Table3 In-core instruments for I-I type irradiation equipment.

JAERI-Tech 2002-097

Neutron Flux

SPND(Self-Powered Neutron Detector)
$ 2 X 70mm(Sensor)
Emitter: Rhodium
Collector: Inconel600

Neutron Fluence

Fluence Monitor _
Wire:Al-0.41%Co, Fe, Cu, 86%Cu-12%Mn

Temperature

Thermocouple
K-type

Creep Elongation

Differential Transformer
Coil:Fine MI(Mineral Insulated) Cable

Table 4 Neutron fluence monitors inserted in irradiation rig for HTTR.

Dosimeter Half life | Wire weight | Number of

No. Material Reaction (day) (mg) mOnitors
1 Fe >*Fe (n, p) >*Mn 312.3 8.2 . 26
2 | Al041%Co | ®Co(n, 7)%*Co | 1924.06 2.2 26
3 | 86%Cu-12%Mn | *’Mn (n, 2n) *Mn 312.3 6.3 24
4 Cu Scum, @)®Co | 1924.06 10.8 24
5 Fe **Fe (n, 7)Fe 44.503 8.2 26
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Stand pipe
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2202005
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Fig. 1 Cutaway drawing of HTTR core ¥,
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Fig. 2 Cross-sectional view of irradiation regions in HTTR core
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Fig.3 Cutaway drawing of I-I type irradiation equipment.
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Fig.6 Location of neutron fluence monitors and SPNDs in irradiation rig.
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Upper end of irradiation unit

Hole Temperature
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Fig.7 Temperature profile at irradiation hole in which irradiation unit

1s to be inserted and target specimen temperatures.
Arrows at unit are temperature measuring points by thermocouples.
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