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Verification of the Tables for Control Rods Calibration at NSRR

Yuiko MOTOME, Toshiki AGAKE and Hiroshi YANAGISAWA*

Department of Research Infrastructure Technology Development
Nuclear Science Research Institute
Japan Atomic Energy Agency

Tokai-mura, Naka-gun, Ibaraki-ken

(Received December 23, 2024)

The tables for calibration of control rods were verified, which is used positive
period method and improved rod drop method of periodic inspection at Nuclear Safety
Research Reactor (NSRR).

Those tables are “DOUBLING TIME-REACTIVITY” and “DECAY OF
NEUTRON FLUX AFTER INSTANTANEOUS REDUCTION OF REACTIVITY”. They
are prepared around 1975.

Since those tables do not clearly express source of values and records of data used
in calculations, the authors verified those tables again. For the verification, the tables
were reproduced as follows. For the positive period method, the relationship between the
period and reactivity was analytically evaluated by using the inhour equation with
NSRR’s parameters. For the improved rod drop method, the ratios of neutron flux after
the rod drop with parameters of negative reactivities was calculated using the EUREKA-
2 code.

As aresult, the values described in the tables well agree with those by the present
evaluation because it is confirmed that standard deviations of the differences in the value
by between the present evaluation and the tables are less than 0.035%. For this reason,

it is verified that these tables are valid in the practical use for NSRR operations.

Keywords: NSRR, TRIGA, Calibration of Control Rods, Positive Period Method,
Improved Rod Drop Method, EUREKA-2

+ Nuclear Facility Inspection Office, Nuclear Science Research Institute
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Table 3.1 #/X7 A—% 5

- HAEE S B PP ERIS EPSENES
Ai(sec™) Bi ai(=B/B)
1 0.01244 0.0002409 0.033
2 0.03051 0.0015987 0.219
3 0.11140 0.0014308 0.196
4 0.3013 0.0028835 0.395
5 1.1362 0.0008395 0.115
6 3.0135 0.0003066 0.042

6
SR I T B = Zﬁi ~ 0.0073

i=1

o - PR ] A= 3.0x10"° (sec)
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Table 3.2 Ak/k BT 0D B s B 2 N 2 D brils

Sk ~U AR G B ER O T — & Ape-Apa
Tu(s) T(s) Ap(Ak/k) Apa(Ak/k) (Ak/k)
10.0 14.43 2.45965E-03 2.45966E-03 -1.0E-08
11.0 15.87 2.34630E-03 2.34630E-03 0.0E+00
12.0 17.31 2.24489E-03 2.24489E-03 0.0E+00
13.0 18.76 2.15343E-03 2.15343E-03 0.0E+00
14.0 20.20 2.07037E-03 2.07038E-03 -1.0E-08
15.0 21.64 1.99449E-03 1.99449E-03 0.0E+00
16.0 23.08 1.92479E-03 1.92480E-03 -1.0E-08
17.0 24.53 1.86049E-03 1.86050E-03 -1.0E-08
18.0 25.97 1.80092E-03 1.80092E-03 0.0E+00
19.0 27.41 1.74552E-03 1.74553E-03 -1.0E-08
20.0 28.85 1.69384E-03 1.69384E-03 0.0E+00
21.0 30.30 1.64548E-03 1.64543E-03 5.0E-08
22.0 31.74 1.60010E-03 1.60011E-03 -1.0E-08
23.0 33.18 1.556742E-03 1.55743E-03 -1.0E-08
24.0 34.62 1.51719E-03 1.51720E-03 -1.0E-08
25.0 36.07 1.47917E-03 1.47913E-03 4.0E-08
26.0 37.51 1.44319E-03 1.44320E-03 -1.0E-08
27.0 38.95 1.40907E-03 1.40907E-03 0.0E+00
28.0 40.40 1.37666E-03 1.37660E-03 6.0E-08
29.0 41.84 1.34582E-03 1.34583E-03 -1.0E-08
30.0 43.28 1.31644E-03 1.31645E-03 -1.0E-08
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Table 3.3  F/LVHALD SGEFEA & D ik

fEmke U AR AT IR IER DT — 4 Anv-Aai(@)

Ta(s) Ts) Ap(¢) Apa(¢)

10.0 14.43 33.69 33.69 0.00
11.0 15.87 32.14 32.14 0.00
12.0 17.31 30.75 30.75 0.00
13.0 18.76 29.50 29.50 0.00
14.0 20.20 28.36 28.36 0.00
15.0 21.64 27.32 27.32 0.00
16.0 23.08 26.37 26.37 0.00
17.0 24.53 25.49 25.49 0.00
18.0 25.97 24.67 24.67 0.00
19.0 27.41 23.91 23.91 0.00
20.0 28.85 23.20 23.20 0.00
21.0 30.30 22.54 22.54 0.00
22.0 31.74 21.92 21.92 0.00
23.0 33.18 21.33 21.33 0.00
24.0 34.62 20.78 20.78 0.00
25.0 36.07 20.26 20.26 0.00
26.0 37.51 19.77 19.77 0.00
27.0 38.95 19.30 19.30 0.00
28.0 40.40 18.86 18.86 0.00
29.0 41.84 18.44 18.44 0.00

30.0 43.28 18.03 18.03 0.00
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Table 3.4 fZANEIFRIA 0.5 sec BIDSURER AR & LR L7-fEHR

Ta 7% 0.5 sec HijD

5 INRE ] ~NY AR AT [ ApeApe-0.59)
Tu(s) T(s) Apc(Ak/k) (Ak/k)
Apco.59(Ak/k)

10.5 15.15 2.40134E-03 2.45965E-03 -5.83E-05
11.5 16.59 2.29424E-03 2.34630E-03 -5.21E-05
12.5 18.03 2.19802E-03 2.24489E-03 -4.69E-05
13.5 19.48 2.11093E-03 2.15343E-03 -4.25E-05
14.5 20.92 2.03160E-03 2.07037E-03 -3.88E-05
15.5 22.36 1.95892E-03 1.99449E-03 -3.56E-05
16.5 23.80 1.89201E-03 1.92479E-03 -3.28E-05
17.5 25.25 1.83015E-03 1.86049E-03 -3.03E-05
18.5 26.69 1.77273E-03 1.80092E-03 -2.82E-05
19.5 28.13 1.71924E-03 1.74552E-03 -2.63E-05
20.5 29.58 1.66927E-03 1.69384E-03 -2.46E-05
21.5 31.02 1.62244E-03 1.64548E-03 -2.30E-05
22.5 32.46 1.57844E-03 1.60010E-03 -2.17E-05
23.5 33.90 1.53701E-03 1.55742E-03 -2.04E-05
24.5 35.35 1.49791E-03 1.51719E-03 -1.93E-05
25.5 36.79 1.46094E-03 1.47917E-03 -1.82E-05
26.5 38.23 1.42590E-03 1.44319E-03 -1.73E-05
27.5 39.67 1.39266E-03 1.40907E-03 -1.64E-05
28.5 41.12 1.36105E-03 1.37666E-03 -1.56E-05
29.5 42.56 1.33096E-03 1.34582E-03 -1.49E-05
30.5 44.00 1.30227E-03 1.31644E-03 -1.42E-05
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18k A S/DEFRRMULEOHRE

NSRR T, FAMGEEETT > T 2 EMFEEERA (IBEZREMRA) 1280 T, R/
FLRALE (N 7 BECRE S U 7o AIE) Z0Ea8 LT\ D, S R el Bt BE el
TIZB T DI/ DGR RALE OHERE % Table A.1 KON Fig A1 12, FEEROFER M) & /N
FSALE OB E Fig A2 (2, BRSO EHER O 7 — L KiR % Fig A3 1R,

ks, HIMEERALE X, EEEKE 21T O HEEO X fr—2 K (381 mm) % 100 unit (4
FEAIRAE) ~900 unit (&5[3IKEE) TRARLIEZHBDOTEEHL TWD,

Fig. A1 22553025 £ 91T, /RS E L EAMEINICH 5, FEROFER M) & &/
S E TR B 0 . T LKIR & F/ MR R AATEICAHBIIE R S e n 2 Lk
BRI RALE O _ BRI EITRBIOBREEICHE D S OTE EHEE S D, 1975 4EO Y R 5 2024
3 A RS COBREH A OEFITHR 1.6x105 kWh TH Y, Tz S H U2 REEE 1T
0.107% Th 2, £z, F/NEARNEIL EFAERICH D DD, H&KO 257 unit (2021 4
JE R TN 2023 ) L/ 214 unit (1975 4R K OV 1977 4F) O ZE1F 43 unit TH Y |
HilfE R D4R 800 unit D) 5.4% Th 5, F/MEFANLEIZ K E RBLR 2N &b il
IR EROT — X Z 5N T 57O MBI T — X IR E BRER N2 D,

Table A.1 /N SALE OHER(1/2)

il NI i Tk RO
A& (unit) (#5H) (kWh)
1975 214 24.2 1.54E+04
1976 222 30.1 2.25E+04
1977 214 26.8 3.23E+04
1978 228 25.1 4.01E+04
1979 229 25.1 4.51E+04
1980 232 25.4 5.09E+04
1981 230 24.4 5.48E+04
1982 235 24.9 5.82E+04
1983 225 25.2 6.34E+04
1984 229 24.9 7.12E+04
1985 228 22.8 7.53E+04
1986 229 237 7.91E+04
1987 232 25.0 8.20E+04
1988 228 27.3 9.18E+04
1989 — — 9.65E+04
1990 234 24.7 9.97E+04
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Table A.1  fx/Nig R RNLE OHER (2/2)

i S Fenkice) RO
7 & (unit) (85t (kWh)
1991 238 23.1 1.03E+05
1992 235 244 1.07E+05
1993 232 23.2 1.09E+05
1994 237 247 1.12E+05
1995 241 23.9 1.16E+05
1996 240 23.7 1.19E+05
1997 242 242 1.22E+05
1998 238 23.9 1.25E+05
1999 249 22.7 1.27E+05
2000 250 244 1.30E+05
2001 252 259 1.36E+05
2002 249 25.1 1.38E+05
2003 250 19.8 1.40E+05
2004 252 221 1.42E+05
2005 252 17.7 1.44E+05
2006 254 21.5 1.45E+05
2007 254 20.5 1.46E+05
2008 — — 1.48E+05
2009 254 254 1.49E+05
2010 253 22.7 1.50E+05
2011 — — 1.50E+05
2012 — — 1.50E+05
2013 254 224 1.53E+05
2014 — — 1.53E+05
2015 — — 1.53E+05
2016 — — 1.53E+05
2017 — — 1.53E+05
2018 255 22.6 1.54E+05
2019 256 19.1 1.56E+05
2020 — — 1.56E+05
2021 257 222 1.57E+05
2022 256 21.9 1.59E+05
2023 257 22.1 1.60E+05
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18 B ARGERARICHT SHNBEEHRERROREE

WR%E MECOWTL, 1977 FICAARRE - h¥asEa— s/ —hF (BUF TVAR— ]
L)) THE 2SN TERY . ARRERARICKT 2 H R G o E =
— K EXCURS IZ Lo TRDTWD, BRI O SOSERARZFE LI2£] bIFE
RO — RIZL o TROIZEDEBZZ BILDHN, TT — Z 135> T,

T AR DSOS E R AR A G L2 S, ERt LR — b & [RRE O T35 T &
NEbDOTHDLZ EERIET D720, LAR—FO%H 1 X TARSER ARSI 5
R BE ) G U AR OBE & TH I i & SN E R AR & FH R L7123
%z L7,

LR — MO 1K TSRS 2 o & FH R IXFR ) ORITN 0.6 R~
3.0 RF/LOFIPH T, 0.5 RV Z EIZHENR S LTV D, HIEO HIE N(20)/N(1), N(10)/N(1),
N(5)/N(1), N(25)/N(5), N(15)/N(5), NAO)/NG)D 6 > Th 5, £i-. HEEE FREO TH
DI O BOSE R A B ZFHE L7312, 1.01 K235 10.00 KVET0.01 KvZ
& DRISERANREIT ST 5 Ao (NGD/NG)., i=0,1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35,
40, 45, 50, j=0, 1, 2, 3,4, 5) Nt IHh T\ 5,

bz Nt LAR—MOHE 1 ROBREEOENS 0.01 Kv3 5 L7z 1.01 K, 1.51
R/b, 2.01, 2.51 Kb, 3.01 R/, 3.51 F/b, 4.01 F/L, 451 FAKKE01L RAZoON
. N(20)/N(1), N(10)/N(1), N(5)/N(1), N(25)/N(5), N(15)/N(5), N(10)/N(5)D H J1fEd
LDl el U7,

LR— b O 1 X Z BT U726 B4 Fig.B.1 ISR d, & ifRic oW T, Al i/ Ml
(#10.5 L), 1 Kby 1.5 Kby 2 Kb, 2.5 RO & & OREOME %2 S0 . Z O
a7y b5 e bR ae #R Uiz, rRaiagEk s Lz, LR— o
WTIE, BT — 2R o oo, B STV TEREURZ X % v o LTe b O % B fRAT
L7z, BRI a =SSN/ bDTHY | BHHEATW2H, B, #thh, t=10 sec, 5
sec AT TN TNDN, BEth—&HLTW\5s,

1.01 F/L, 1.51 F/b, 2,01 K4, 251 R, 3.01 R/, 3.51 Kb, 4.01 Kb, 451 K
JVRNE.01 RV O SO EE A B kI3 2 H1E o ke (N(20)/N(1), N(10)/N (1), N(5)/N(1),
N(25)/N(5), N(15)/N(5), N(10)/N(5)) (22T, LR OHE LN HMEE TH EEh
BRI O SUSE RN R A FHR U723 O % il L 72 /55 % Table B.1 12777,

IR BN DM & THAEEER O ISERARZFHE L-E] O
0.98+0.04 £ 720, BBLR—HLTNDEWVWZ 5, BHTOEWITEGMEITOREIZL D b
DEZERBIND,
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Table C.1 & EEHNIHIZN R DOHER

QT

Ak

R

S1

S2

R1

R2

R3 R4

R5

R6

TA

TB

TC

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2009
2010
2013
2019
2021
2022
2023

0.0129
0.0145
0.0138
0.0137
0.0143
0.0143
0.0136
0.0137
0.0143
0.0144
0.0136
0.0146
0.0137
0.0135
0.0146
0.0149
0.0137
0.0141
0.0138
0.0134
0.0136
0.0146
0.0143
0.0144
0.0148
0.0140

0.0129
0.0134
0.0144
0.0134
0.0149
0.0138
0.0131
0.0138
0.0143
0.0133
0.0130
0.0145
0.0141
0.0140
0.0139
0.0130
0.0140
0.0135
0.0140
0.0132
0.0139
0.0135
0.0135
0.0135
0.0131
0.0142

0.0191
0.0218
0.0198
0.0204
0.0212
0.0221
0.0209
0.0209
0.0203
0.0202
0.0195
0.0221
0.0198
0.0220
0.0215
0.0204
0.0204
0.0198
0.0206
0.0209
0.0200
0.0225
0.0227
0.0225
0.0197
0.0208

0.0154
0.0174
0.0166
0.0160
0.0163
0.0163
0.0161
0.0162
0.0167
0.0149
0.0153
0.0170
0.0157
0.0165
0.0164
0.0166
0.0159
0.0157
0.0163
0.0156
0.0157
0.0172
0.0150
0.0154
0.0165
0.0170

0.0139 0.0147
0.0166 0.0177
0.0152 0.0166
0.0142 0.0161
0.0150 0.0167
0.0154 0.0162
0.0151 0.0155
0.0160 0.0160
0.0160 0.0167
0.0151 0.0169
0.0153 0.0178
0.0165 0.0186
0.0157 0.0169
0.0161 0.0185
0.0163 0.0201
0.0146 0.0164
0.0149 0.0174
0.0152 0.0180
0.0160 0.0181
0.0167 0.0183
0.0153 0.0164
0.0178 0.0196
0.0147 0.0170
0.0167 0.0174
0.0159 0.0177
0.0168 0.0183

0.0139
0.0172
0.0160
0.0157
0.0157
0.0162
0.0165
0.0154
0.0165
0.0158
0.0163
0.0170
0.0164
0.0168
0.0172
0.0163
0.0156
0.0160
0.0162
0.0159
0.0162
0.0162
0.0154
0.0168
0.0170
0.0158

0.0161
0.0192
0.0185
0.0174
0.0181
0.0191
0.0172
0.0168
0.0181
0.0178
0.0176
0.0181
0.0178
0.0186
0.0189
0.0175
0.0170
0.0180
0.0180
0.0192
0.0181
0.0181
0.0182
0.0176
0.0182
0.0197

0.0123
0.0126
0.0127
0.0119
0.0127
0.0129
0.0126
0.0126
0.0126
0.0124
0.0125
0.0135
0.0129
0.0121
0.0135
0.0125
0.0130
0.0142
0.0127
0.0121
0.0127
0.0133
0.0121
0.0133
0.0118
0.0130

0.0128
0.0140
0.0134
0.0142
0.0138
0.0132
0.0129
0.0127
0.0131
0.0128
0.0127
0.0135
0.0126
0.0126
0.0139
0.0122
0.0125
0.0124
0.0129
0.0124
0.0131
0.0138
0.0126
0.0132
0.0128
0.0129

0.0134
0.0134
0.0134
0.0134
0.0139
0.0129
0.0126
0.0136
0.0135
0.0135
0.0142
0.0142
0.0132
0.0134
0.0138
0.0126
0.0129
0.0130
0.0134
0.0133
0.0133
0.0136
0.0138
0.0135
0.0136
0.0130
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Table C.2 JSSEZELROHERS
HAT : Ak/min

—

R S1 S2 R1 TA BANK
1989 0.00415 — 0.00563 0.00550 0.01060
1990 — 0.00425 0.00545 0.00538 0.01070
1991 — 0.00430 0.00570 0.00540 0.01070
1992 0.00430 — 0.00570 0.00550 0.01080
1993 — 0.00416 0.00561 0.00549 0.01076
1994 0.00420 — 0.00549 0.00562 0.01081
1995 — 0.00421 0.00563 0.00561 0.01081
1996 0.00430 — 0.00580 0.00560 0.01120
1997 — 0.00430 0.00570 0.00580 0.01120
1998 0.00430 — 0.00550 0.00560 0.01120
1999 — 0.00420 0.00570 0.00570 0.01120
2000 0.00430 — 0.00560 0.00550 0.01190
2001 — 0.00410 0.00550 0.00550 0.01160
2002 0.00430 — 0.00570 0.00560 0.01160
2003 0.00440 0.00430 0.00590 0.00550 0.01150
2004 0.00440 0.00440 0.00580 0.00570 0.01160
2005 0.00444 0.00431 0.00576 0.00576 0.01160
2006 0.00441 0.00426 0.00580 0.00587 0.01170
2007 0.00428 0.00410 0.00572 0.00576 0.01180
2009 0.00430 0.00429 0.00565 0.00565 0.01250
2010 0.00428 0.00436 0.00572 0.00565 0.01213
2013 0.00431 0.00416 0.00560 0.00556 0.01179
2019 0.00437 0.00437 0.00550 0.00555 0.01200
2021 0.00441 0.00416 0.00562 0.00573 0.01129
2022 0.00448 0.00426 0.00562 0.00555 0.01147

2023 0.00419 0.00405 0.00555 0.00570 0.01192
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