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Abstract — To insure nuclear reactor safety, the reactivity of control rods should be calculated by measuring
the criticality of reactor core and it is regularly performed during the annual physics test period. Also, the
core criticality should be monitored during the start-up operation to avoid reactivity induced accidents. Many
research works on control rod reactivity measurement and subcriticality measurement have been accom-
plished throughout the world for decades and recently a new method named “Modified Neutron Source Mui-
tiplication Method (MNSM)” was proposed in Japan which is known to be improved overcoming limitations
of traditional Neutron Source Multiplication Method (NSM). In this study, MNSM was tested in calculation
of subcriticalities and in evaluation of application validity using the educational reactor in Kyung Hee Uni-
versity, AGN-201. For this study, a revised nuclear data library and a neutron transport code system
TRANSX - PARTISN were established. Correction factors for various control rod positions wete produced
using the k-effective values and the corresponding flux distributions and adjoint flux distributions. Experi-
mental values of the core criticality were obtained using the neutron count rates of the BF3 proportional
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counters. The results showed that the expected reactivity worth of control rods by MNSM agreed well with
the theoretical values and the correction factors contributed much for this purpose.

Key words : Subcriticality, Research reactor, Source multiplication method, Correction factors
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Fig. 2. Cross-sectional view for AGN-201 reactor.
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Table 1. Control rod positions for subcriticality meas-
urement.

Control rod position

Number Case name
Coarse rod Fine rod
0 C12F00 12 cm 0 cm
1 CO9F00 9 cm 0 cm
2 CO6F00 6 cm 0 cm
3 CO3F00 3 cm 0 cm
4 CO0F00 0 cm 0 cm

% Safety rod #1, #2= 2F ARE Aduld.
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_Table 2. Definition rules of parameter for various

control rod position.

Neutron fluxes

Control rod - - Neutron

position " Forward Adjoint Fixed count rate
source

CI2F00  p, o or A M,
CO9F00  p, ¢ of o M,
CO6F00  p, @3 95 oY M,
CO3F00  p, ¢ o5 05 M;
COOF00  p, @ oF N M,
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Fig. 3. Source and detector location.
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Table 4. Definition rules of correction factors for MNSM.

Table 3. Measured neutron count rates by reactor
experiments.

Control rod Neutron Neutron multiplication
position count rate My/M))
C12F00 214 (M) 1.0000  (My/M,)
CO9F00 168 (M,) 1.27381 (My/M))
CO6F00 145 (M,) 1.47251 (MyM,)
CO3F00 132 (M) 1.61315 (My/M;)
COOF00 126 (M,) 1.69841 (My/M,)

i 24E A% W02 AYS Wzl
*Jf‘ﬁ A2 7}2ks) Avspd, WA Ra-Be(10 mCi) A
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e 7 —r%JC(M yo= Ao, FAEE 4om¥ A
Ashe ZF Ade] F4A AFEME 5% qsh:]’ Table
3 AR ARS T8 I AR AlelE #A
W FAR ASES vehd Aol olg o] SAH
A AP o83l MSNMel| M-85 7zt
ndA e g FAA Sk TE 5 U

5-3. OlHIE BIt

MNSME o]-g-8 u]§ 7| == PARTISN ZE2 Ak
2 ol 24 v|AE g V1EeR wlT Bk,
ok A AlA) Az AYE B 54D FYAAS
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Case name Theoretical reactivity (%Ak/k) Neutron count rate Correction factors Estimated reactivity (%Ak/k)
C12F00 Py M, 1 1 1
CO9F00 pit M, TN O o o}t
CO6F00 ph M, oo oo o
CO3F00 plh M, oo o e
COO0F00 it M, ctoorocf Py

¥ $)3 A} th=theoretical, ext=extraction, im=important field, sp=spatial, est=estimated

Table 5. Factors for evaluating correction factors.

Case
Factors CI2F00 CO9F00 CO6F00 CO3F00 CO0F00

(97, 1.7101E-02 1.6590E-02 1.6574E-02 1.6192E-02 1.5860E-02
A, 3.2542E+00 3.0974E+00 3.0562E+00 2.9647E+00 2.9160E+00
M 2.7098E+02 2.6145E+02 2.6012E+02 2.5231E+02 2.4642E+02
M, 2.2857E+02 2.1847E+02 2.1618E+02 2.0986E+02 2.0686E+02
C, 8.4349E-01 8.3561E-01 8.3109E-01 8.3174E-01 8.3946E-01
(¢f, Fo) 1.4680E-04 1.4218E-04 1.4077E-04 1.3725E-04 1.3497E-04
J‘adr 7.0240E+01 7.0531E+01 7.0736E+01 7.0786E+01 7.0939E+01

v
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Fig. 4. Variation of correction factors vs. control rod
position.
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Table 6. Correction factors for various control rod positions.

) Case CI12F00 CO9F00 CO6F00 CO3F00 COOF00
Correction factors

c™ 1 1.1094 1.1149 1.1141 1.1048

c" 1 0.9701 0.9692 0.9468 0.9274

c” 1 0.9868 0.9863 0.9820 0.9843

All 1 1.0620 1.0658 1.0358 1.0056

Table 7. Subcriticality of various rod positions estimated by NSM and MNSM.

Case k-eff  Theoretical p (%Ak/k) M, /M, NSM p (%Ak/k) Error (%) MNSM p (%Ak/k) Error (%)
C12F00 0.99933 0.06705 1 0.06705 0 0.06705 0
CO9F00 0.99905 0.09510 1.27381 0.08541 10.19 0.09071 4.62
CO6F00  0.99890 0.11012 1.47251 0.09873 10.34 0.10522 4.45
CO3F00 0.99882 0.11814 1.61315 0.10816 8.45 0.11204 5.16
CO0F00 0.99879 0.12115 1.69841 0.11388 6.00 0.11485 5.20
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Table 8. Comparison of differential reactivity worth
for control rod positions.

Case Theoretical NSM MNSM
C12F00 0 0 0
CO9F00 0.028 0.018 0.024
CO6F00 0.043 0.032 0.038
CO03F00 0.051 0.041 0.045
CO0F00 0.054 0.047 0.048
0.06

— B Theoretical vaiue
— ®— Convetional NSM

0054 _ 4 unsm / .
_—
"

0061 g

0.02

delat rho

Q.01+

0.00 ~

T T T T T Al T
C12F00 CO9F00 COBFO0 CO3F00 COOFQ0
Control Rod Position

Fig. 5. Variation of differential reactivity worth for
control rod positions.
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