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Dose Equivalent Rate and Radiation Monitoring Results during
Power Distribution Measurements of HTTR

Eiji TAKADA, Nozomu FUJIMOTO, Naoki NOJIRI,
Masayuki UMEDA, Shigeru KOKUSEN and Yoshinobu ASHIKAGAYA+

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

(Received February 13, 2002)

Dose equivalent rates around the fuel handling machine, the control rod
handling machine, the stand pipe compartment, and the maintenance pit were
measured during power distribution measurements, in which gamma ray was measured
from HTTR fuel. The power distribution measurements were the first time to handle
the fuel blocks and the control rods irradiated in the core. Dose equivalent rate
measurement were performed aiming at the check of shielding performance of
components, and unexpected streaming paths. The radiation monitoring during
operation was carried out. As the results, there was no problem on shielding. The
measured data at operation condition were also obtained, which will be useful to predict

operation circumstance in the future.

Keywords : HTTR, Fuel Block, Gamma Ray, Power Distribution, Shielding, Fuel
Handling Machine, Control Rod Handling Machine, Dose Equivalent Rate,

Radiation Monitoring

+ Office of Operational Safety Administration



JAERI—Data/Code 2002—009

B X
L BRIz - et 1
2 ﬁwgﬁg ....................................................... 3
3 MR BARGGE e e 8
3.1 Zﬁ‘/}"/\"’f 7’5?{]@%%%%%&“% ......................... 8
392 ATV ENRA TEETODDBBYBRBRAIE - 14
3.3 MBI A > T F > Ay FRAIOBRBEBRAE - 17
3.4 %ﬂﬁiﬁmibn @ﬁg%%%ﬁ“ﬁ ......................... 20
35 f‘ﬁ“m‘*ﬁmmib@@ﬁ%%ﬁgwﬁ ........................ 24
3.6 ERMDMEBHRTE S T Y S RER v 27
A LB e 28
%ﬁ ............................................................ 28
%%iﬁk ......................................................... 28
,{;J-ﬁ_ 1 tﬂﬁﬁﬁmﬁ{’ﬁ%:‘:ﬁi ................................. 29
HE—2 ZA¥LRNLTERNHLBIU7E-IROMIEE - 45
HR— 3 BT T TR 47



JAERI—Data/Code 2002—009

Contents
L Introduction *-@c:--rrrerererere et e 1
2. Source Inbensity < " 1Tttt e 3
3. Measurements of Dose Equivalent Rate <« <+ <=1« rrt rmrsremeimracees 8
3.1 Dose Equivalent Rate in Stand Pipe Compartment -~ """ """ Tt 8
3.2 Dose Equivalent Rate around Stand Pipe Compartment™ """ """ """ " " 14
3.3 Dose Equivalent Rate around Fuel Handling Machine Maintenance Pit ~ - 17
3.4 Dose Equivalent Rate around Fuel Handling Machine “ -~ --=-c-cro0 e 20
3.5 Dose Equivalent Rate around Control Rod Handling Machine “~ - "-"-"- """ 24
3.6 Radiation Monitoring during Operation ~ < - - trrcrsrrreror e 27
4, Comclusion <« crerereerere e e e 28
ACKnOWled@ments * <+« <+ c Tttt e 28
RefErEIEE *** '+ “* *t ettt 28
Appendix 1 Time Schedule of Power Distribution Measurements """ """ """ " " 29
Appendix 2 Photos of Detector Setting in Stand Pipe Compartment -~ """ """~ 45
Appendix 3 Radiation Monitoring Records « <« "<t rcrrerroremerenerane e 47



JAERI—Data/Code 2002-—009

1. IC®IC

TR 1248 10 AN S 11 BT T HTTR FOROMAR /R EDT — 4 ZEERGT
B2 EEBEMELT. REHENSOH > <RAIE (CUIT. HAZHRE EBHRT ) M7
bz v, ZORERAFO, 5 REME Z MBI HRBPICI D L. ZO®FLICEENT S
BETREMENSOH O IBREREL. FORNOHNZHEHMET 20D THS. ZOH
TIELTIZ, MEIHEE AW BB ORER & JIEOMIZ, HEEZHRELZHAWTE.OR
SOHEEOROHL,. HEEORNMERLE Y hADKREEZ, ATFFAEY A TO
HlEED SRENTON ., EROTREZME - 11T,

SEORER. REERAE W DREBEIEND, 1F0 TRE S N REHE R U
HHEZ, RSB R OHEECHBTROROI D TORETHS. £IT. REIH
B, FEESHE, XY RN TEEDOVOEREEORE. AT AEY MED
OMBYBBOREZITV. MEADA N —I U TNRADRBRNWI EORER. BaEEOEK
HEERAROVAELEPTOBNBE= Y L/ 2ERTHEE LT,

BEZT-77-EHBIE, UTO@DTHB. ThETNOEEOBRBICDOWVWTELIIRT.

(1) A& > RN TENTOH O IRRBRYBRAUE
(2) RF > ENATBED D ORBUBRRAE

(3) BMEIZHIBA > TF Ay NN DOREBYBRIAE
(4) MEIZHBED D ORBYBRAUE

(5) HIEEZHBED D OMBYBRAE

(6) EXPOBHEBRE=F ) T

AHREB T, BB SR DMEHER CHEEDOBERREDOIE & & BT, LELORUE DR
RIIDVWTHDELEDBZHDTH 5,



JAERI—Data/Code 2002009

#1 HEHBELTOBME
HERE B

WMAZ Y RNATETOHIR | A RNATOrO0—-J v ICZY 7 EZ Y 2 RE
R E Y BRAE L. BREHADZ 7 > RS T2 EBT DHRDH <R
2REL. HORGHED-DDT—5 ZWMET 5,
@AY BRI TEEDLDDOR | A5 2 BN TEORME (CV A) TRy w Mgt
BUBRAE EREL. BREHENZY R TR BETHEOH
CRBOEERBZREL. A RN TEDZ K
D=3 DI NRAREANNWRBDOIRNWT L2 HET S,
BVREIZHBA > T F Ay | FLTHRESINHEEZ AT A Y MR
FA DR E Y BERHE WD AT FAEY NANTOH >R EH
FEL. AT AEY FOENWEAEICET 27—

FEWET 5,
DREZHBEDD OREME | 1) BRHRBADICR S v MERET KUY TLD %%
RHIE BLACYROBEREZHE L. REIZHBEIC
ARY—=ITNRA, BANWKENRRNI EER

2735,

2) R4 v MREZ R TLD TORER. BREI3c s
NICREINEREINEZRET, - RTA—F K
KL LA 7 —2RANTREIZHIBICA R —
SRR, BANWRBORWI L EZHET S,
GIHIHEZHEED D OREY | 1) REESHEBEDICRY v MERFTKR D TLD %
BRHE BRELHVROBERBEZRE L., MBI

AR =S TNRA, BEANWRENZNWI &%
RRd 3,

2) MEEZEEN SHEEEZHLANT S, HlH
BB ERASOBMNSDA N —2 7
WZ L ZHERT 5.

OEEPOHNRE=SY T

REIZ BB R IR AW EEET OB
OHEEREOTE=Y Y 72T\, HEBRERLOT
— 7 2WBT 5,




JAERI—Data/Code 2002—009

2. WRIEE

(1) HTTR O;# iz /g B
AN HRIEZEHBL - ST, HTTR OHAEERIE. FR1 2E4 AR5 DA
LRZ2BRON). F6 AN ERARQD 2EERINTVNS, INSOFEKHNZ
B 2.1~K2.31CxRY. £ FRBRTOFLORBEEZLITFITRTY.
1 E R
BfiE e © 49 130MWD
W5z - %9 58MWD
tHh ERaAREQ)
BOMGEE : 49 656MWD
et # 253MWD
(2) REMEDBR IR
2.1~K 2.3 ITRTHEHE/NY — > 2L TRITICEK VR 72 RBHE O R IR 5 EE
(photon/sec) %% 2.1 1277 . P D F1. F2. F3 KU F4 3L OKEEA TONE
2RT. TNENOMBEZH 24 1TRT. £, BREBRE LM SKATZERTHS.
AHOHEIFEFA#EILEE 120 HOTF—FTH . ERICFEFFE/MELL THho S
FRIE (BEHEOH L AN %275 £ TOHMICIFESE LV, SIRIVF—ORERE
DOEEHL. REERBOERAFREHEAZRE E LmBEANVWERFTHOME &L TH 1/300
ERHTNA,
(3) HlEEEORIFERE
ERHS (30MW) BEOEEZAKE 8.3 H. HHAB% 107 HE L TRO=HiEED
RIEREE X 22 1ITR7,



JAERI—Data/Code 2002—009

2.1 HAOSHAER (FELE 120 B) OREMEDRESERITE

photon/sec
MEAN MeV F1* F2* F3* F4*
18 3.00E-01 1.52E+12 1.62E+12 1.56E+12 1.62E+12
6.30E-01 2.60E+13 2.79E+13 2.70E+13 2.80E+13
1.10E+00 1.03E+11 1.10E+11 1.05E+11 1.09E+11
1.55E+00 1.20E+11 1.29E+11 1.25E+11 1.30E+11
1.99E+00 4.68E+10 5.01E+10 4 84E+10 5.03E+10
2.38E+00 4.04E+09 4.29E+09 4.12E+09 4.28E+09
2.75E+00 5.60E+07 5.72E+07 5.25E+07 5.42E+07
3.25E+00 1.71E+06 1.74E+06 1.59E+06 1.64E+06
it 2.78E+13 2.98E+13 2.88E+13 2.99E+13
2ExH 3.00E-01 1.88E+12 9.27E+11 1.95E+12 2.00E+12
6.30E-01 3.20E+13 1.63E+13 3.35E+13 3.44E+13
1.10E+00 1.33E+11 6.41E+10 1.34E+11 1.37E+11
1.55E+00 1.48E+11 1.17E+11 1.55E+11 1.59E+11
1.99E+00 5.75E+10 2.68E+10 6.02E+10 6.18E+10
2.38E+00 5.10E+09 3.85E+09 5.22E+09 5.32E+09
2.75E+00 8.15E+07 2.93E+07 7.33E+07 7.30E+07
3.25E+00 2.50E+06 8.89E+05 2.24E+06 2.22E+06
8t 3.42E+13 1.74E+13 3.59E+13 3.68E+13
3B 3.00E-01 1.50E+12 7.34E+11 1.58E+12 1.56E+12
6.30E-01 2.54E+13 1.29E+13 2.71E+13 2.67E+13
1.10E+00 1.07E+11 5.09E+10 1.09E+11 1.07E+11
1.55E+00 1.18E+11 9.37E+10 1.25E+11 1.23E+11
1.99E+00 457E+10 2.11E+10 4 86E+10 4.80E+10
2.38E+00 4.10E+09 3.08E+09 4.24E+09 4.16E+09
2.75E+00 6.82E+07 2.36E+07 6.19E+07 5.91E+07
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=1 2.72E+13 1.38E+13 2.89E+13 2.85E+13
4ExH 3.00E-01 9.05E+11 4.20E+11 9.20E+11 9.65E+11
6.30E-01 1.54E+13 7.39E+12 1.57E+13 1.65E+13
1.10E+00 6.40E+10 2.91E+10 6.36E+10 6.62E+10
1.55E+00 7.10E+10 5.50E+10 7.27E+10 7.64E+10
1.99E+00 2.76E+10 1.20E+10 2.82E+10 2.97E+10
2.38E+00 2.47E+09 1.81E+09 2.48E+09 2.59E+09
2.75E+00 4.12E+07 1.36E+07 3.72E+07 3.75E+07
3.25E+00 1.27E+06 4.13E+05 1.14E+06 1.15E+06
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6.30E-01 1.06E+13 7.99E+12 1.08E+13 1.12E+13
1.10E+00 4.31E+10 3.22E+10 4.26E+10 441E+10
1.55E+00 491E+10 4.27E+10 497E+10 5.18E+10
1.99E+00 1.91E+10 1.45E+10 1.93E+10 2.01E+10
2.38E+00 1.68E+09 1.42E+09 1.67E+09 1.74E+09
2.75E+00 2.58E+07 1.71E+07 2.35E+07 2.37E+07
3.25E+00 7.91E+05 5.20E+05 7.18E+05 7.23E+05
&5t 1.14E+13 8.55E+12 1.15E+13 1.20E+13

DRLVKERTE TOME. FLNTOMEBEZR 2.4 1IRT,




JAERI—Data/Code 2002—009

%9292 30MWEiz 8.3 H., %H 107 B OHIEEORRIEME

FlEE T wmH >0 IRt RS BRREE AT RE
(cm) (cm) (ph/sec/cm) (Bq/region)
0~5 50 4.3E+11 1.1E+12
5~63 58.0 3.7E+10 1.1E+12

63~179 116.0 3.1E+10 1.8E+12
179~194 15.0 1.5E+09 1.1E+10
194~199 50 6.7E+08 1.7E+09
199~209 100 5.2E+08 2.6E+09
209~231.5 22.5 3.1E+08 3.5E+09
231.5~266.5 35.0 1.1E+08 2.0E+09
266.5~284 17.7 5.4E+07 4 8E+08
284~306.5 22.5 4.0E+07 4 4E+08
306.5~315 8.5 2.9E+07 1.2E+08

HEHE T E X Cr-51, Fe-59, Co-60, Co-58, Ta-182
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1 SIRFRE L L UG F2 SIELHAHINDHA &5 SIEsAE
fit E c 5 % I i B 8| BEE | &£ B
& - B m %, ¥, H| min, h, d 0% = 2 4 E
" B(¥o075 2 kg B, 2, B| ., . 1008 ~ K4 P
By fal » s " v b il L 107 7 7 T
B w7 v ~7 A b Vit 10° | ¥ # G
MhFEEE ¥ v & v K BEBFHEALL | eV 10: A # M
L/ S w mol ETEREN | u 10 * o k
X Elr» v 7 35 cd 100 ~ 7 ¢t h
£ @ M|5 v 7 v | rad 1eV=1.60218x 10"'*J 0] 7 #| da
Nk A|RFIVTV sr 1 u=1.66054% 10~ kg 10 F v d
1072 + v F c
_ 107° | 3 Y m
%3 BEROEHRE D ST HA 0| w42a u
x4 SIEHICEERNIIC _
o | D STHiGT 107° |+ / n
7 % B s CE3%E *ﬁﬁéh%%ﬁ 107 & a p
A 4 ¥~ v v| Hz| s! & B 7 B 107" 7x4b f
V)| =a-+Fv| N | mkeg/s AVIRANO— A A 107 7 b a
T AHh . B A2 AH v Pa| Nm’ ~ - y b
i HE MR Y 2 — | J | Nm ~ = | bar ()
T®, mE &7 » b W Js . v cal L &1—5( TEMELIR] H5 R, Eex
EX @R, /|7 -0 v C | As ¥ 2 ) —-| G BERER 1985 FHITICL 5, 12750, 16V
B|AL, EE, ZBH |F v bV W/A N N 2 R BLU 1 udifiiz CODATA D 1986 £F#i3%
E? % E E 7 7 7 K F C/V 3 ¥ rad ‘E'C*’Jf’
3 ﬁ *E ﬁi #* - 4 Q V/A v N rem ?
vy s s vR|Uv—sva s A/V 2. XACBHE, /9, T—n, ~2 %
B Flw = — | Wb| V.s 1A=0.1 nm=10"""m —VHEBTHTVWHLBEORULDOTT
4 1 = 2 = 2 -
i f # ‘ |7 ) ZI 7 :1 xg;r‘: 1 b=100 fm?=10-2* m? LTREBLI,
4 v : 7 _/,; ~ / ) 1 bar=0.1 MPa=10°Pa 3. barid, JISTREHEDENEKROT 5
:L‘.w i ﬁﬁ P ;C d 1 Gal=1cm/s*=10"2m/s? BRBOR2007 7Y — AT AT
y, " VI S m cd-sr
60
12 v R Im/m?* 1 Ci=3.7x10'°Bq
= x| wm ~ g 4. ECPUREHLIS4 T bar, barnkk
4 i |~ 2 v | Bqg | s 1 R=2.58x10"'C/kg ] n®
inez U TMEDHE ] mmHg 2%2045 3
w® X &K B[/ L 4| Gy | Jke 1 rad=1cGy=10""Gy CARTLE
g B %4 Blv—~n1rir| Sy J/kg 1rem=1¢cSv=10"2Sv °
# - ®
71| N(=10°dyn) kgf Ibf £ | MPa(=10 bar) kgf/cm?® atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 h 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa-s(N-s/m*)=10P(#7 X)(g/(cms)) 1.33322 x 107* | 1.35951 x 107* | 1.31579 x 1073 1 1.93368 x 1077
ISE 1 m¥/s=10'St(R b — 27 2) (cm?/s) 6.89476 x 107 | 7.03070 x 107? | 6.80460 x 1072 51.7149 1
x| J(=10"erg) kgfem kW+h cal Gti#:) Btu ft « 1bf eV 1cal = 4.18605 J (G @)
3
» 1 0.101972 277778 x 1077 0.238889 9.47813 x 107* 0.737562 6.24150 x 10'® =4.184J (M{L¥)
¥
1 9.80665 1 2.72407 x 10°¢ 2.34270 929487 x 107* 7.23301 6.12082x 10" =4.1855J (15°C)
g 3.6 x 10° 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° 2.24694 x 10%® =4,1868 J (RBERSE)
’-“ 4.18605 0.426858 1.16279 x 107 1 3.96759x 107* 3.08747 26127210 HHEg 1 PS ULEH)
] 1055.06 107.586 293072 x 107 | 252.042 1 778.172 6.58515 x 102! =75 kef-m/s
1.35582 0138255 | 376616x 1077 | 0323890 | 1.28506 x 10~° 1 846233 x 10'® = 735.499 W
1.60218 x 1071 | 1.63377 x 107%°| 4.45050 x 1072%| 3.82743 x 10°%° 1.51857 x 10722 1.18171 x 107" 1
i 4 Bq Ci % Gy rad g C/kg R g Sv rem
M 1 2.70270 x 107! 8 1 100 ] 1 3876 4 1 100
14 & - L
3.7 x 10" 1 0.01 1 258 x 107* 1 0.01 1
(864 12 A 26 BBIE)
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