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Investigation on Delayed Neutron Grouping Effect: Numerical Solution and
its Comparison with Experimental Results

N. Zare 2, D. Rezaei Ochablag?* , M. Arkani, A.Pourrostam.
1. Amirkabir University, Atomic Energy Organization, P.0.BOX:1591634311, Tehran, Iran.
2. Reactor and Nuclear Safety Research Institute, Physics and energy engineering.
Abstract:
Delayed neutrons form a small fraction of the neutrons produced in the reactor core, but due to

their effect on the average lifetime of neutrons, they have a significant impact on the reactor
period. Generally, the parameters related to delayed neutrons in light water reactors are divided
into six groups, and in heavy water reactors into 15 groups, in which 9 groups are related to
delayed photo neutrons. In the present study, 4th order Rang-Kutta method has been employed to
solve the kinetic equations of the reactor in the presence of linear reactivity insertion in six groups,
eight groups and without group wise kinetic equations using MATLAB software engineering tool.
This comparison shows that the density of delayed neutrons in the time interval of O to 1 seconds
for different groups of delayed neutrons for small reactivities are in good agreement with the
experiment. Based on this idea, solution of point kinetic equations is evaluated and the results are
explained in text in detail.

Keywords: Point Kinetic Equation, Delayed Neutron, Nuclear Reactor Dynamics,
Kinetics Parameters.
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Group No 2?”—';2‘:3 Decay constant Rek’“"{f Yield Yield Neutron per

/2 Aisec () Fission
1 55.72 .0.0124 0.033 0.00052
2 22.72 0.0305 0.219 0.00346
8 6.22 0.111 0.196 0.0031
4 2.3 0.301 0.395 0.00624
5) 0.61 1.14 0.115 0.00182
6 0.23 3.01 0.042 0.00066
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group No Half life group Avverage
Isotope <1 /2. sec Abandance Half life

1 Br®” 55.6 0.033 55.6

2 137 245 0.178 24.5

3 Bré8 16.3 0.111 16.3
1138

4 Rb%3 6.46 0.046 5.21
Br89
Rb94
1139

5 As®S 5.93 0.024 2.37
Y98m
Kr93

6 Cst#* 4.38 0.101 1.04
1140
91

7 = 276 0.162 0.424
96

8 R 23 0.046 0.195

2 Least Square- Nonlinear Technique
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Relative Yield
GrowpNO  |otope  Half-Life  Decay constant B
Al.sec (E)
1 Br%7 5.56E+01 0.0125 3.39E-02
137 |

2 EI;rSS 2.20E+01 0.0315 2.48E-01
1138

3 Rb%? 4.72E+00 01468 3.89E-01
Br89
Rb94
1139

4 ASS 2.34E+00 0.2062 2.45E-01
Y98m
Kr93
Csl44
1140

5 BroL 4.63E-01 1.4968 7.13E-02
Rb95

6 Rb% 1.92E-01 3.6094 1.29E-02
Rb97
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Group No Isotope Half-life Decay constant Relative Yield
1/, sec Ajsec™? (%)
1 Br®’ 5.56E+01 0.0125 3.39E-02
1137 2.20E+01 0.0315 2.48E-01
2 Br88
[138 3.83E+00 0.1809 6.28E-01
3 Rb*3
Br89
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Rb94
1139
A585
Y98m
Kr93
A Cs*  9.89E-01 0.7009 5.93E-03
1140 552E-01 1.2554 3.49E-02
5 Brgl
6 Rb%S 3.78E-01 1.8333 3.64E-02
, Rb%  2.02E-01 3.4307 8.97E-03
o Rb  169E-01 41006 3.91E-03
il oy 1Y oo Sy
Half life ; ;
Relative yield
group No Isotope T 1/ . Yield  Pn Netron per decay Neutron per fission Decay corlsltant Bi
2 A;sec )
sec B
1 Br’ 5564 é'_%)‘; 253 0.0253 5.40E-04 0.0125 0.000222401
2 p7 o 2as0 30 763 0.0763 2.72€-03 0.0282 0.001121045
3 B 1620 1% 67 0.0672 1.226-03 0.0425 0.00050259
4 pe o 6251 190 53 0.053 7.79E-04 0.1109 0.000320574
5 Rb 585 2o 16 0.016 5.67E-04 0.1185 0.000233212
6 B 4338 220 137 0.137 4.85E-03 0.1598 0.001996874
7 o 2704 120 193 0.1039 155E-03 0.2563 0.000639348
8 pe 228 2% oma 0.0974 5.83E-04 0.3039 0.000239712
9 As®S 2023 é‘_‘(‘)?é 625 0.625 8.93E-04 0.3426 0.000367618
10 yooo232 1% s 0.0344 6.79E-04 0.2987 0.000279504
11 ke 1284 290 199 0.0199 9.87E-05 05397 4.06378E-05
12 Cs*  0.989 g'_g 2.98 0.0298 9.45E-05 0.7007 3.88921E-05
13 140 059 L2l 788 0.0788 9.50E-05 1.1746 3.90952E-05
14 B 0544 %2 304 0.304 4.61E-04 12739 0.000189668
15 RbS 0378 2% 88 0.088 5.79E-04 1.8333 0.000238332
16 RO 02016 SO 141 0.141 1.43E-04 3.4375 5.87732E-05
17 Rb” 0169 220 249 0.249 6.23E-05 4.1006 2.56409E-05
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