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HTTR (High Temperature Engineering Test Reactor) loaded the first driver fuel in July 1998 and
reached first criticality state in November 1998. After power-up test, HTTR has been conducting safety
demonstration test and sequentially acquiring basic technical data of high temperature gas cool reactor
(HTGR). In addition, temperature measurement inside the reactor is planed in the next midterm plan to
upgrade the HTTR technology.

This report describes the investigation result of fuel temperature measurement method which is

applicable to critical irradiation test.

Keywords: HTGR, HTTR, Block-type Fuel, Core Temperature Measurement, Temperature

Monitor, Thermo-couple
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BV 1100°CHREE £ CRIARIRE TH B 28, LA EDIRE Tk /L & —bf & OIfEtE o RE
B D,

—J. B2 o C, BNVESTCBEHREF OMIRESRIEM & L TR — mELB S E2FIH
L= AE0NB% Sz 202022 Z DA 41T, %@T»&~m6@h%fméﬁwﬁ%énmﬁ
RO%E IELEKﬂ@W$9L\@bm%%éﬁ%®ﬁéﬁ%%®”b@kAmE#ELé
BE LBV T —IZ K DI DOR BRIV 52 L ThH ﬁﬁ%gkbfﬁmﬁ%
HEDICLTEHDTH B,

i IR EEFEPAAY 1500°CH H49 2300°C TR Shicd B —RELMEELEZE 3.1 IRT, =
NHeRE—IKFLBHEEO’GEEFIAT L2 L CREMNENTETHLEEZLND,

AEl, &R REFLBESHBRM L L TRRLEZERBIZ, 2 THZKDOEBETHY ., KT T
B L L7228, Bl D% ﬁW6\ﬁﬁ%~&~ﬁ&bf@ﬁ?%5&%i%n5 * 3.2

WCERRLZ@ROMMELEE T, £72, MIBEFHAKTHERT 2O T, FHFNOIEYREBEHT 5
ToITAFE L _<wﬁ¢i<\%&3_mTiouﬁﬁ%%ﬁﬁammc RV T HAERIEN 1
SENDOTHEIZZRWEEZ BND2, P didfhoeR X v ZAKESE, £/, PAdIFHT
TRIFDREITHH LB a0 NROWBR FHBREBE=JETH DS i C~DORIEPEE
SNDHDT, HERNWIP dLSDOEREZBIRLESEETZANBVWEEZEZ LN,

FHEFRE T CERESNLOT, PHEFRIETERES/NE < b~ RSERD P HYE

._9_
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ERIUHOTHEMBERER G LI AREOYHRWEEZ D, AHEIERE L&k
M4BT 2 HORPERAL T R ORI i O 7 — 2 2 R 3.4~3.T TR T,

# 3.1 IR TELICERT 2Me BT, BEHERATRICHE U CRISERY K O 72 £
PRI T CHEAT 2 ICH o T BT 620 EE XL,

3.2 B ORI X D IR ERIE &

BEE=Z—L LT, Pd—CHRAE4IIK 3.2 1T TIREER] 20 12 kY, 1500°CH 5 1800°C
FTH—AR U ORE 20~24 FF% TREETH D, ffil& LTk 3.8 12 1500CH 5 1800°C =
TOH—R RIS T ARl R &R T, EROREHR OB L AIRETH 575, RETE
ZIRFEME AL,

R h — CHRAE4ITX 3.3 [Z/RTIRRER 2 (2L V| 1700°CH>H 2000°CREEE TH —HR v D
B 3.56~15 T %DM THFETH B, Hl& LT 3.912 1700CHH 1900CE TD I —R
RS IS T D RLE AR T, Rh — CRiL. ARIOIRMEROARSESL 2O TREE S
ERELLTHIENTE, BREGHKAZILTHIENHKD, £, HHlOBMBHEALFIHATS
Z LT 2000°CHHEDIREE 2RI ERPH & 472 Z N TE 5,

Pt —CHIE, X 3.4 1R TIREER 29 (XY, 1738Ch> b 2000 CRREE £ CTH— R o DARR
e 17~22 FF %DM CTRIEETH D, fHilE LT 3.10 |2 1738°CH 5 2000°CE TDOH—R
RIS B AL A R T, B O AN R O TIREDIREEIGBMAD & 720 | IR
KAV FEHNPLSBRETD2OEFE LV EEDbN S, EROKMEHR EOMETHAMREL B2 b1
BN, BRETE DIRERNH,

Ru— CHi, X35 R TIRAER 24 |[2X Y, 1953°Ch 5 2000°CRREE E T — R DAL
b 16.4~17.8 T %DM CTRIRETH 5, Hdhm & H OISR ZIE LA/ R 72 > T
HZEME, EHLOBMBICESHETH BV, £ 3.11 12 1953CT 5 2000°0CE THOH
— R AR RE S T DR A R T,

SEIOKBRFHZL Y, £3I2ICFTREA®ELEMNT 22 L1128 > T, 1500CH 5 2000C =
TOREET=F—IC X DEENTIXAEELE B X DN D, LHIC X > THEROIREITEVD S
V., BEICLRER LM - BERBRSERTHRHEIN T IEHSbH D b, Ganil
VE% & - B% 2 IR AL, EBRICHBRE F L CRODMENH D, R h OFEFERITE
AL CIRERAZ L ENDFERH DM, 2 A MIICEWZH, Rh—CHRIZE Do
THMA 1,/ 5BEDOP t —~CREMEAL, IREMEREZRET DI ENARETH D,

RN = BHC O W TR FDEE O BEn & O EHEE2 BB T H2MLENH Y | £/, 2000C
UEO@SEEZETHHECES TR bRy, @BRTIET a, WEIETLNL, Ta,
WiL 2000°CHHE Tk & & BELEMIEV BERMiE LTETI2BATERVWEEZLND,
ERFAUNTITET I v 7 REROBHRMPEZ b, W EOEWET Iy 2713, PBN, Zr
O,, ThO,, TiB,BHV, ZORTEMELFENLEVMIZIPBN, ThO,, TiB,
120 T 5, ThO,IKEEE CHEAERORRFSGE L, £72, PBN, T i B,i
EENHLMHEIL, PHEFRINEBTEESKE W OmEZFNTOFERICES 20, ko X9
WIREE=F —ICRFEEEEHERTH 2 EARMRICT D &, AAY —MEIZENI Rl & AR
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FCRERm T 2,

3.3 REE=Z—0fE

BEE =4 —OEIC OV TRE LT,

BREHEERIEABE L, BEtar 7 hodhRICH ANOND L 21T 57, ERIE 10mm
EV/hEIEBEZTWD, Bfa7 vy ZICEMAZHR T TANSZ L HEBEZONHAD ZOHEITD
2P L, BEEEZRELSTHIENTE D,

(1) Béphv 7 —AIREE=4%— (X 3.6)

BENVR A —BRIDOG ARV F —NOBENIEE L 20, BEE =2 — D542k
WA R 2RI b, WA B OB IED -0, EICR P ROELZR T D, HITIILE
IS CIBRAZRIT, HT TR TOFNOFAR (N v a) LR—ET 5, £z, Bk
VB — Db DIERAE B OILRUL G E~0D (R FE OIL A BT 5 72 DI BV ¥ — DN
DRIBRNULETHDHEEZOLND,

(2) BEgARAF—TRET = — (%5 A7) (K 3.7)
BEOREET=F—%2EMTEXHLHICTHZ LT, MELLVMERICTHENTE,
Ty 7 OEGANERS ORI D 7R B EER LIS AT — Bl 5 1 O E L E A 28
RMENRFRTHDHZ & &, XBMTRBET LI Franb XHeR L, —EIcheis
3OHBETELHAY v FbEZXLND,

(3) BEpARNF —DRNKH R
DROCQDEFHFN T —DONKEXKE LT, a—T 4 I BB LD,
=T 4 7T, B E NRENEIC U CHRRL U 72 88 O BER R L A — ~ O PR IE & ONR

EE = —~ORFEOYEEEZSIET 2 BN S 5, BRI 5 S LA O S e SR i3 e

EZAbND, MIRTOHRFEREZEZ L a—T 4 I ME L TRIEMRZRIR LR L &

BExbND, (MM OBEMOE 2 b2 B3 RETFRIEEE A K E VO THRE S E L

V)

AR A —T 4 7 HEE LT N a— b (B RIRFERIE) . 77 ARKRFEa— |,
SiC, TaCRUTIiCa—ro&fEa—7 1 7MOREER 3.13 125 7=,

S i CIFFREMERIC L > TIRBBRECTOWERES 1 2308 L A4 L RIS T 2 AR5 2
b, TaCRUT i CIIEECTOFEMITEVWOTZORTHEAEEZ b,

NAua— b EOH =Ry a—7 4 73 RSB ORLM LB & L TRV —sh K
WCHERL, NEIIREAGELET IO TTaCEDEIIvIRA—T A TOHFRBNEE
Abhb, L, EEAMEDHEIL, WIZEEE ORIGEFIAT 20T, WIEE I —R
=T 47T H ElINE - MELTHEDOLA I~ DR ETHLENRH L L EZ
biLd,
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4. £L0

HT TROFNERESRMEO T, BREHEE 2000°COBIE 2 BEY & LIZIRERIE FEIZ W
T A TA FHNTIHBEFREREEZFHE L. W/ Re 2HE R LETHTa£/21IMo &
—Z. B e Offifght & Ml B b8 - BB X 2 IREERE DS AHERRIR AT B b RTREME DS
ZEEHLMNI L, £, AT TAVRIEERICBOTH AEBR—REERA AL ERICE
R F =R L, FoEE @R ICTERT 52 & TERELZRESRMTE BIR
EEt=F—X0EEMENAIETHDHZ & 2R LT,

AT
AR, AREERICHTZY . THE, HBSHOomR LERBRIEES g5 AE

ROPFEENR, AL ERREICE 2, BIERXTERKSEOBERT 205 2 ICE# -
Li‘aﬁo
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MER, BPJEER, WA, FEiEER, Julgl IR, FmsE TR TR
BRAFSTAR FRBRBL DR 5 8F. BUEME R O AW E2 T4 JAERI-M 89-161(1989)
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# 2.3 W,/ R e ZVEXIOFELH ©

i DA Rl B o e i R RS FE - 2oft

+ — (C)

W W26%R e 2400°C N

Y W20%R e 2400°C I \;V ljﬂ%g %’;;;

W W10%Re 2400°C } e M, i
W5%Re | W26%Re 2400°C T, BRI
W7%Re | W26%R e 2400°C } BBk 58 2k Tffgﬂ%%
W3%R e W25%Re 2400°C ' J

#24 11 /RhBEGOMEHO

T DA RS S R IR EE R - 2 ofth
+ — A (C)
Ir Rh40%I r 2000°C B2 - RNIEME, E SRR R T oM
Ir Rh50%Ir 2000°C W L CWD, AU VT AZRRIC K BIE
Ir Irt40%Rh 2000°C G b, Moy, EE/HID,

#* 2.5 FEEREES O

i A DA A T v P TR Rk - 2 ofth
(C)

B4C C 2500 FLFE ) 340 u VICRRSE
NbC ZrC 2600 FeHE /) 13 1 VICHREE
C TiC 2500 F2EE ) 65 u VICHRE
C-1.0B C 3000 FLEE ) 35 u VICHREE
C ZrB: 2200 FLEE ) 65 1 VICHRE
C NbC 3000 F2EE ) 25 1 VICHRE

#* 2.6 EHEGEBH OYPES 910

2= B IREREL R
Hofxpt ) (g/em?) ANFHE filik&
BeO 2550 9.5X 106 3.03 YA\ X
MgO 2800 14X 10°6 3.58 © ©
HfO: 2777 6.8x10°6 9.68 A VAN
ThO:2 3300 9.6x10°6 9.69 - -
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#£ 2.7 @EEE— A OYE D
=K | R BN IRIR L B BlAEIR S (ex e E L) HOMEx 72 L)
g/cm3 Kg/mm? (%)
Ta 2996°C 6.5 X 106/°C 16.6 35 40
Nb 2415°C 7.1X106/°C 8.6 35 20
Mo 2625°C 4.9x106/C 10.2 52 55
W 3410°C 4.4x106/C 19.3 49 0
Re@zEs) | 3180°C 4.67X106/°C 21 117.6(#R) 28
# 2.8 ERbE S — A &R O TN 12
= AKF 1B R AR AL
BeO MgO HfO: ThO2
Ta 2000°C % T&E | 1640°CE TLIE - 1900C &£ CTLE
Nb 1800°C £ TZE | 1900°C £ T - 1800°C & TXLE
Mo 1900°CE TRE | 1600°CE TLE - 1900°C ¥ C&RE
W 2000°C £ CTLE | 2000°C £ TLEIE — 2200°C £ CTLIE
Re@aExh) >2000°CZ7E — 2350°C £ CTLE >2000°C&Z7E
— T BRONE T,
3 2.9 ERbE S — 2B RO & BEn o FE 1219
= AR, B AR T
Hofaht
Ta 2200°C £ CZE., 1600°CE TLECKET) | TaC
Nb 870°CE TLIE NbC , Nb2C(~ VU 7 L)
Mo 1200°C £ CLE MoC
% 1400°C ¥ CTLE W2C,WC (k)
Re@@Exh) — —
BeO 2300°C £ CTLE —
MgO 1350°C ¥ TEE —
HfO2 2000°C £ CLE HfC
ThO: 2100°C £ CRE ThC ThC2
— EEET— A BRONDT,




JAEA-Technology 2009-026

# 210 T—AMOERKIEEK 19

e HEE (Pa)
1.33X 10 | 1.33X10% | 1.33X102 | 1.33X10" 1.33 13.3 133
»Ta 2234°C 2402°C 2589°C 2804°C 3056°C 3352°C 3705°C
Nb 1977°C 2127°C 2287°C 2477°C 2707°C 2977°C 3297°C
Mo 1817°C 1955C 2113C 2299°C 2524°C 2773C —
" 2394°C 2564°C 2756°C 2974°C 3229°C 3455°C 3868°C
Re 2207°C 2376°C 2571°C 2796°C 3060°C 3375C 3763C
— ARRET—ZRRONLT,
# 211 HiEM ORKIER 19
WE AEE (P a)
1.33% 10 1.33x 102 1.33X 101 1.33 13.3 133
BeO 1797°C 1934°C 2092°C 2273°C 2484°C 2734°C
MgO 1234°C 1322°C 1421°C 1533°C 1660°C 1807°C
HfO- — - - - - -
ThO: 1822°C 1971°C 2143°C 2343C 2579°C 2862°C

ARRET—EBRONPBT,
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# 2,12 BEXERSAMEI ORI TR E LTHT —4 15

A AR AT D
180T 8.152h 183Re 70.0d
182Tq 114.4d 186Re 90.64h
90Nb 14.60h 188Re 17.005h
93mNb 16.13y "Be 53.29d
94Nb 2.03 X 104y 27Mg 9.462m
20.91h
95mNb 86.6h 26Mg
A 28A1
95Nb 34.98d 1T5HE 70d
5.5h
97mNb 52.Ts 180mH f
AL 180T
97Nb 72.1m 181Hf 42.39d
65.94h 1.912y
99Mo 228Th
I 99mTe i 224Ra
181\ 121.2d 230Th 7.538 X 104y
25.52h
185\ 75.1d 231Th
1 231Pa
1.40 X 1010y
187TW 23.72h 232Th
B 228Ra
188V 69.4d — 22.3m
B 188Re i1 233Pa

# 2,13 BRI R AR O SRR AL T 38 O WX Wr i s 1)

S WA A A HR -l 2 T e
(barn) o c(barn)

73Ta 20.7 20.56

7aW 18.3 18.4£0.3
7eHf 105 104.1£0.5
7sRe - 89.7+1.4
90Th 7.4 7.37£0.06
1Be 7.6(mbarn) 7.6(mbarn)
12Mg 63(mbarn) 63+ 3(mbarn)
41Nb 1.15 1.15£0.05
42Mo 2.58 2.55+0.05

T R IS T — A E#ie L,
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#2.14 WGBSR RO FEEH ©
¥ = o # F
AR F BER Y —F A U(TE), HArA—#(TC),
EERT
oy TR F KB JEE, HETEHEPE) ,
PbS,Ge,InSh(PC) Si,InAs,InSh, Hg,Cd, Te(PV)
B (8 TR B 3 R | AR, LR
2 GIR AL E A2 | Si,Ge, FE 5 HE
A2 | PbS
A R F HewERE | A A —# InSb,Ge(Au),Hg,Cd, Te
(1%&Je, 2&it) BEIAER | vy, CCD
Bk R R 7 P A, S
# 3.1 ®BE—IKFEILHAE L FN 202022
A4 s (b))
Pd—C 1492°C
Rh—C 1657°C
Pt—C 1738°C
Ru—C 1953°C
*® 3.2 DB oYY
Pd R h Pt Ru
Al (°C) 1554 1960 1769 2310
e (°C) 3140 3727 3827 3900
HE (glem3@20°C) 12.02 12.41 21.45 12.45
HIE3RER452(0-100°C) 11.1X 106 8.3X10°6 9.1x10°6 9.6X 106
513E50 & (N/mm?) 172 688 125 496
# 3.3 EET=F—IIBROLBORIER 19
W'E ZKEE (Pa)
1.33X10-4 | 1.33X10-3 | 1.33X10-2 | 1.33X10-1 | 1.33 13.3 133
P d(C) 1063 1157 1266 1394 1574 1738 1973
R h (C) 1462 1574 1703 1851 2030 2256 2521
P t (C) 1471 1585 1715 1867 2043 2267 2531
R u (C) 1778 1907 2055 2223 2419 2656 2940
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# 3.4 HEBHM (cE) (TR ITEOT —4 15
FLFE -3 KEAE T3
373.6d
105Rh 35.36h 106Ru
i 106Rh
106Rh 298 s 99Rh 16.1d
16.99d ‘
103Pd 103mR h 56.11m
R 103mRK
13.70h 40s
109Pd 105mR h
ffL 100mA g fift 105Rh
39.26d
108Ru 197P¢ 19.89h
ﬁﬁ 103m Rh
4.44h 30.8m
105Ru 199P¢
i 105m Rh, 105 Rh yﬁ 199A 4
# 3.5 AEREEFE L AR E 1
A iR fafnfri ARk
dps u Ci
103Ru 0.000725 2 X105 5
106Ru 0.14 1X108 3 X103
103Pd 0.00170 4 X105 10
109Pd 0.0497 8X 108 2X 104
11pd 0.850 1X108 3 X103
186Re 0.000780 1.1 X109 3 X104
188Re 0.0406 5.7X109 1.5X105
193m Pt 0.0066 1x107 4% 102
197P¢ 0.038 2.6 X107 7 X102
199P¢ 0.753 7X108 2X 104
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% 3.6 BN XA B LS HT O E 10

HeHE Btk % SR Al —1fE & 4T DB EOG
iR (1 g) (n, ) (n,p) (n,2n)
Ru 102Ru 0.09 104Ru
Ru 104Ru 0.03
Rh 108Rh 0.0003
Pd 108Pd 0.001 109A g
Pt 192p¢ 0.02 194P¢
Pt 196 Pt 0.03 200Hg 198Pt
Pt 198P¢ 0.02 202Hg
® 3T HEBH GiR) OPrEFITEE 10
JL# WS e A ohPE -4 A I
(barn) o c(barn)
44Ru 2.75 2.56+0.13
4sRh 147 145+2
46Pd — 6.9+0.4
78Pt — 10.3+0.3

— R IR T — Z R L,

#38 Pd—CAHAEOMEI—R VBT (%) Lz

MR — R RF (%)

ket (°C)

19.5 1492 (L)
20.0 1550
20.6 1600
21.2 1650
22.1 1700
23.0 1750
24.0 1800
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#39 Rh—CAEOMEI—RUBEF (%) Efhh2e

A — R JFHF (%) s (°C)
15.0 16573 A0
13.2 1720
11.9 1740
11.2 1760
9.8 1780
8.5 1800
7.3 1820
6.8 1840
6.0 1860
4.4 1880
3.5 1900

#3.10 Pt —CALOMEH—R AT (%) &@hb 2

MR — R (%) AR (0)
16.6 17383t 5h,5)
18.3 1800
19.0 1850
19.8 1900
20.3 1920
20.8 1950
21.8 2000

# 311 Ru—CALOMEI—R VBT (%) &Rk 29

MR — R FHF (%) s (°C)
18.3 19533 fh 250
17.7 1960
17.2 1980
16.4 2000
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7 3.12  1400°C~2000°C % BRI & T 5 RE T =4 —

e | faRE C) | AV —AVET% | 8 E | A —FY FT1+%

Pd-C 1492 (584 570) 19.5% -~ —

Pd-C 1550 20.0% — -

Pd-C 1600 20.6% — -

Rh-C 16573t d 10) 15.0% - —

Rh-C 1720 13.2% — —

Pt-C 17383 A5) 16.6% - -

Rh-C 1760 11.2% - -

Rh-C 1780 9.8% - -

Rh-C 1800 8.5% Pt-C 18.3%
Rh-C 1820 7.3% - —

Rh-C 1840 6.8% Pt-C 19.0%(1850°C)
Rh-C 1860 6.0% — —

Rh-C 1880 4.4% — -

Rh-C 1900 3.5% Pt-C 19.8%
Pt-C 1920 20.3% —- -

Ru-C 195334 £9) 18.3% Pt-C 20.8%
Ru-C 1960 17.7% - —
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