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Study on Reactor Power Transient Characteristics (Reactor Training Experiments)
— Control Rod Reactivity Calibration by Positive Period Method and other Experiment —

Yoshihiko Ozaki ' and Takeyoshi Sunagawa '
! Department of Applied Nuclear Technology

In this paper, it is reported about some experiments that have been carried out in the reactor training that targets
sophomore of the department of applied nuclear engineering, FUT. Reactor of Kinki University Atomic Energy
Research Institute (UTR-KINKI) was used for reactor training. When each critical state was achieved at different
reactor output respectively in reactor operating, it was confirmed that the control rod position at that time does not
change. Further, control rod reactivity calibration experiments using positive Period method were carried out for shim
safety rod and regulating rod, respectively. The results were obtained as reasonable values in comparison with the
nominal value of the UTR-KINKI. The measurement of reactor power change after reactor scram was performed, and
the presence of the delayed neutron precursor was confirmed by calculating the half-life. The spatial dose rate
measurement experiment of neutrons and y-rays in the reactor room in a reactor power 1 W operating conditions were

also performed.

Key Words : Rector Trainig Experiment, Reactor Operation Training, Reactor Trasient Characteristics, Control Rod
Reactivity, Positive Period Method, Confirmation of Delayed Neutron
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Fig.1 Structure diagram of UTR-KINKI
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Table 1  Control rod position of the critical state when achieved at each power output

Power output Position of shim Position of Pico ampere Neutron counts(CPS)
safety rod regulating rod meter(A)
=0.01W 80% 33% 6.2x10" 1600
=0.1W 80% 33% 5.9x10” 14300
=1W 80% 33% 5.8x10* 123000

9 A 12 B4 D 11, 13 BIZDWTH Table 1 & FRIEROFERPE LN TEY, 471 TORFIRIERERIREO HI1H
e (v DAk, FEER) MBI T IKE LW D AR S, S RIOFETFE 2 V- &R B0
AR OS2 Fig2 IR LT, EEIZZ 20080 KPR gk ch v, JRAPRITEFEN T ADRZ 9
ANz 72 5.

Fig.2 Photograph of reactor operation training
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THD.
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PEF-7— 2 1E[R U SERIFAFME T 2 LL T O Table 2 Dffia M-,

Table 2 Yield and decay constant of effective delayed neutron in UTR-KINKI

Group Decay constant 4;[1/s] Yield of precursor [
1 1.24x1072 3.05x10~*
2 3.05x1072 1.64x10~°
3 1.11x10~" 1.50x10°
4 3.01x10"" 3.24x107°
5 1.14 1.02x10~°
6 3.01 2.07x10~*
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DO FERED BSOS & FHRIC X - TRz,

Fig.3 129 A 11 AFEMOFRFERZ =T, FRIFEFF T 0.01W TERZ R 72%, FEREZALE 0% 7D
100% 25l & &, SHEORETHREZNE, 77 7MbLizbOThd. 08, 0L I ZeRTE1, #2EiX
FIR, o N AEREIEL 88% TH -T2,

Fig3 D% L > U TOEMEHR OFEEE LT TdZRD L L, 321 LGN, ZOEMER Td 225k
BNDRYA R TIX463 720, ERXOMER R B EHE SN 2 SUGEEE 0.00136 (0.136% Ak, k) &
BFoNiz. 22T, KT ESEERETH D, 2L, ITRFO RR (0-100%) AFME 0.00134 (0.134%
Ak /K P LU T, IRERSARER L VR .
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Fig.3 Output change after pull-out of regulating rod (0—100%)
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Fig.4 Output change after pull-out of regulating rod (0—50%)
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ALE 0% 5 50% ~OB|&HE, 10 EOHYETEARIE L. ZOf58R% Figd IZR LTz, 72721, Fig3, Fig4
E BRI RIS F IR EZEE &V D DU TRV O I LD BAEMRE R 23k 5 L9 T &b,
FEITR A= X9 IR S AR — T b 2 M4BT 720, Figd O% L o P TORMEMOFEHE S LT Td 2Kk 5
L, BABREEONE. ZOENLROENDEYF R TIZ1059 L7220, EXOWEERFRANSHESH
2 RUGEEIE 0.000746 (0.0746% Ak, k) EfR547=. ZAUE, TERIFD RR (0—50%) ZAFRE 0.000718 (0.0718%
Ak k) PLE# LT, IHERSARGERL V5.
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Fig.5 Output change after pull-out of shim safety rod (0—100%)
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Fig.5 O L2 P TORMIFMOFHMEE LCTd 2Rk D L 1876 BN, U4 K T132707 L5
N2, Y I RO W R IV CRUSEZFH5ET 5 &, 0.000339 (0.0339% Ak k) &3k bir-.

L RIORER TR DIV RS, v AREHBOSERIERER A Table 3 12F & 07z

Table 3  Results of reactivity calibration test for regulating rod (RR) and shim safety rod (SSR)

Td(s) T(s) (% Ak K)
RR(0—50%) 734 105.9 0.0746
RR(0 —100%) 32.1 46.3 0.136
SSR(89—99%) 187.6 270.7 0.0339

Table 3 (273 L7245 & AU 7 RSSO FERERE RIT, IR APME L ©xtE L, FEBRDSHTE OFFE T S
NEZLZrRTboThHoT.

5. EBRPMFEITSREEER
U oI5y 20 5 11T 24 HOFHEF A SIS, ZOFHETFD 9% FIZAZER (107 “/%) 12
W SN BEFREET-TH B, T & ITRNTHRD T REIS 0.65% DRI HPET- & T B ST RN Tk
a5, BRI Z D EBERIH SN2, BRI R T & TR 2l it ans. flz
IE, BAYEUC K BHS < ORI D— I VB 38 573, = OREREIEED 55 B I B e LTk
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RHED FTKE ~ L5 % 8251 & o THE DAV BNERIRREIC & AR, 05 v 1 U CHECIRIEDRE & 72 528,
— 10 K 13y BER P R AT A, C olfee TR L.

. Neutron %
B~ (Halflife : 55s) —  » gy
¥Br » SR or

Y > 87Kr

YBr o & 9 727 ORI FIHE I 2 5 B 2 DA A BRI TS TS & U S L B £ T 200 FELL o
BEREATEND LN TWDDS, —EIICIE Table 4 12T X 912 6 BEICE L O TR b 5.

Table 4 Precursor of delaved neutron

Precursor f_lli?eis)
1 & gr 55.6
¥ 245
2 “pr 16.5
134 Sb. 136-|-e‘ 141 g
128 6.49
3 8By 4.40
#As, “se, ?Rb, ®Rb, ' La
139 2.29
. DBr 1.92
Ga, As, Se, Br, Kr, Rb, Y, In,
Sb, Te, |, Xe, Cs
Ga, As, Se, Br, Kr, Sr, Y, In, Sn,
5 (~0.5)
Sh, |, Xe, Cs, Ba
6 Ga, Se, Br, Kr, Rb, In, Cs (~0.2)

2 TCOFERIY, JFFEEHIERRICE Y R 7 T AIETHOPHETHECEZRIE L, A7 T 5%K) 300 B
TOFPETEEALH B = 2 R, BRI T-SeA TR O eI s 55.6 B &b BV YBr O1FEE F&T
HZEEREMEL. 9A 1L H, 12H, 13 HbLEMRAE% %, Fig6 , Fig7, Fig8lIrL7.
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Fig.6 Output change after reactor scram
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Fig.7 Output change after reactor scram
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Fig.8 Output change after reactor scram
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Measurement point 3 0.8m above the top floor stairs
Measurement point 4,5,6,7,9  -------------—-—--- 0.8m above the floor
Measurement point 8 Surface of the neutron vault
Fig.9 Dose rate measurement points of the reactor room
Table 5 Air dose rate in the reactor room during reactor operation of 1W
Measurement v doserate (u Sv,/h) Neutron dose rate (x Sv,/'h)
point Sep. 11 i Sep. 12 i Sep. 13 Sep. 11 ' Sep. 12 i Sep.- 13
1 530 o | 500 360 . 330 : 340
2 35 L2933 90 70 ! 70
3 90 ! 14 1 1 27 1 40 ! 32
4 3.0 : 3.0 2.5 021 0.30 : 0.35
5 59 1 65 1 50 047 | 030 ! 045
6 3.1 ' 3.0 2.5 045 035 0.42
7 50 ! 65 I 60 035 | 050 ! 0.54
8 15 ' 55 ' 45 69 | 70 52
9 05 ' 05 ! 02 023 | 035 ! 0.3

ENOIXFLE ETHLRER 1LITy 2, FHET & BITMORERIZECIEFIZEVIEREZRL, I HIZ
SDE_EASEORES 2 TO v, THEARERLEVREREZ R LTS, £, THEAREBETORES 8
WZOWT G A EOERESENE STV DD, ZR LS OSGET I3t y #, T & HITERWVEREETH
Stz B A OERREIRE 100 Sv./ 1 0E2 &2 5 L, ERFOE EMTICEES 2 LRk
AU, IW IR T > TH %4 EREE L 70 D ESRITIE S 7.

1. #

AREETIE, IR IOZEETETA OJE75F ( UTR - KINKI ) & VT30 L 72 AR 5 - A 8ds A T
R AR AR L LIRFIFEEERICOW TG L, ERIT, K& SLUFO 4 OERIZ SV TES
L7z, —0lF, BUFHERRsEE o %k & - F-rEiis T o 4 570 2 [P D CEgpll S - B SR B IC BT %
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HIZ—20%, ERU A FEIZ L DHIBERENSE ORI EEBRCTH 5. WIEFERRIT, v AL & RS 2 1220
T L7z, EBRRESIT,  WHEREEIC% LT UTR - KINKI OAFROGEE & Feig: U CiRed T4 R RS EE A
BHZENTE . WERIS, TP A T DGO TIFEHAECOREEITY, BT HATEORE, &0
DRI ORWIATE YBr OfFE %2 27 T LS ERIRGESE O HAZ OB HHEET 2 FEBRTH 0, A
HOFEREED Z ENTE.
%I, SRlORFIEEEBRICSIN LIRS R 2 FAFZARRORA — B2 L FICi#T 5. k324 Th
0, KL 21 B TIEDERICSIN LT,
20144E9 A 11 A
RHEE B, FKEF MK, WH KRS, FE My, B mE, P8 sokd, 1T W, 2l g,
AT FOEB, (LA K
20144E9 H 12 H
SR, K& B, INfE ERE, BE gl &6 B, 7T RS, BB s, % e,
Wk A, R R, R fRE
201449 A 13 A
HHE RS, EEOE, EN L, B K, R OOE, FORE, B EE Bl BRE,
B OKEE, LE &K, HE

# 5
ARSEBRIT, KRECRZETAERR D #8000 TR ZEIR - R SERIE ] OFSiZ O TER S h
T2bDTHY, FERICHIZYZIT AN, THHWEEE E LI OET BAEEERILT
OMFFEFTIRE AL, W ONZKIRFR TR TR SRt 23 C O BRI IREOHE 2K T 5.
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