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= The reactor kinetics equations based on one-point reactor approximation with one-
energy-group theory are as follows:

dn(ty P—Py S (1a)
- n(t)+;/1iCl.(t),

dC(t) B =12 6).  — (1b)
=== ()= 2C(0) (=1,2,,6)

where n(?) = neutron density or total neutron population,
C(?) = i-th group delayed neutron precursor density,
A. = decay constant of the i-th group delayed neutron precursor,
A = prompt neutron generation time, which is the prompt neutron lifetime /
divided by £,
b= effective delayed neutron fraction

b, . = effective delayed neutron fraction of i-th delayed neutron precursor
group

3 SNU Monte Carlo Lab.



McCARD

= All of the coefficients in Eq. (1) are physical constants, in practice, except the
reactivity, which can be changed by variation of a operation parameter.

= In the case where reactivity does not vary, the system is a “constant coefficient”
differential equation system, and its solution can be found by merely seeking
exponential solutions of the form

n(t) = a-exp(wt),
C.(t)=b -exp(awt) (i=1,2,---,6),

where @, a, and b, are constants.
= Insertion of Eq. (2) into Eq. (1) gives

wa xptan) :p_—AﬂeffaW +Z6‘,/1ib,- esptal), (a)
wb, € 7 :ﬂxﬂ GW—/@QW (=126 (3b)
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By substituting b, derived from Eq. (3b) into Eq. (3a), we can obtain a characteristic
equation as

,0=C<{Aeﬁr +i 'Bi,eﬁ‘ } ____________________ (4a)

oA +o

Because A, =1 / k,; where [ denote the neutron lifetime is Eq. (4a) can be

expressed as
6 .
D= a)[—l(l—kij+l+z Py ]

o o At

6 .
= p= ol n (0 Z ﬁz,eff ____________________ (4b)

Col+l wl+145 A+

Eq. (4) is called the “inhour equation” because it gives a quantity that can be
expressed in hour'! (inverse hour).



When a step-wise reactivity change from critical state happen as p, the neutron level
n(¢) after the change of reactivity can be expressed as a summation of exponential
functions as follows:

7
n(t) _ ZA] exp(a)jt) .................... (5)
j=1
where @, should satisfy Eq. (4).
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" When o, is the largest value among all the seven @), from the figure of <Relation
between reactivity p and @>, one can see that only o, 1s positive when p>0 and
every @, 1s negative when p<0.

= Then, one can imagine that the time-dependent behavior of neutron population due
to the reactivity change from the critical state will follow the function of €Xp(@?)
after contributions of the other components decay out as

n(t)= 4 exp(ot) t>>0 (6)
= Here, the inverse of @, T, 1s defined as the stable reactor period (or, merely, the
period): i
T=— (7)
a)l

= Because o, should satisfy Eq. (4b), replacing of @by 1/T in Eq. (4b) gives

__Wwn W 26: B,
(/TY+1 (/T)+15 4 +(1/T)

l T & By
j— = + e — 8
P [+T l+TlZ=:‘/1iT+1 ®)
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Period Measurement
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Experiment Worksheet

1) Make a reactor critical at a low power level and SR el
stay more than 2 minutes. S S s
2) Prepare stop watches & record sheets. i o — l? e
| neutron | In/Out } / | Digital Room
3) Read and write an initial counts from your i Ea—— ——
. Time # |
detector Ch01ce. CR FR Channel # Channel # Channel #
ﬂﬁal 8:5. A 5
4) Move up coarse CR by Icm in one push action Lo [ o
10sec 1
and read and write detector counts at every 10 e 2 e T
seconds during at least 200 seconds. J—
5) After reading, make the reactor critical at the T S
new power level and stay more than 2 minutes. Mo 7 2
80sec 8
90sec| 9 =
_100 sec| 10 i e
Exchange the roles of each person and do the same 10see) 11 |
. . 120 sec| 12
procedures with different control rod (fine CR) or 180 sec. 13 = o ]
different reactivity insertions (rod move down) e
mOde. 160 sec| 16
170 sec| 17
180 sec| 18
190 sec| 19
200 sec 20 V ip |
Reference Data: (from Digital Consol‘e) Period: ‘ Reactivity A

(from DDRCS) Reactivity
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(1) The Use of Least Square Fitting

Josile
Power ¥ 1n( 'EE j )
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P::) 1 4 . Least Square Fitting
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Myung Hyun Kim, Reactor Experiment, Reactor Research &
Education Center, Kyung Hee University (2018).
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(2) The Use of the Simple Math

A At/IT
gzplefofzﬁef

Arbitrary two points
_In(R,/R)
== P(t) P, +
At % :
i ++ :
T e Po "+-+‘é+ +++ i
0] — :
1 1L 3 )
e time
At

Myung Hyun Kim, Reactor Experiment, Reactor Research &
Education Center, Kyung Hee University (2018).
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(3) Statistical Approach

In reality

Ideal Case

time

time

Slopes are different at

all intervals.

Myung Hyun Kim, Reactor Experiment, Reactor Research &

Education Center, Kyung Hee University (2018).
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@ = (

ne == Af Ax:| (Ay,)
t (Amp.) i P:‘~l AL ) Zz AZ:
0 2.8x10711 | —24.29882 0 0
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Myung Hyun Kim, Reactor Experiment, Reactor Research &
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1.CR lecm A&

Time
Initial S.S.

10 sec
20 sec
30 sec
40 sec
50 sec
60 sec
70 sec
80 sec
90 sec
100 sec
110 sec
120 sec
130 sec
140 sec
150 sec
160 sec
170 sec
180 sec
190 sec
200 sec

Reference
Data

0

from DDRCS

19.57
20.57

from Digital Console

15.64
15.64

1.4
1.78
22
2.4
2.66
3.03
3.4
391
4.41
5.01
5.65
6.23
7.03
7.94
8.96
10
11.1
12.5
14.2
16
17.9
203

Reactivity

66.2 pcm

2=
A%

1.34
1.78
2.2
235
2.66
2.968
3.408
3.86
4415
5.01
5.65
6.23
7.07
7.94
8.96
10.007
11.15
12.44
14.2
16
17.88
20.18

1.38
1.8
2.04
241
2.75
3.03
3.5
3.93
441
5.01
5.59
6.27
7.03
7.94
9.01
10.1
11.4
12.5
14.2
16
17.9
20.3

3

1.373333
1.786667
2.146667
2.386667
2.69
3.009333
3.436
3.9
4.411667
5.01

5.63
6.243333
7.043333
7.94
8.976667
10.03567
11.21667
12.48
14.2

16
17.89333
20.26

Ch#3 [%]

9.5
12.9
15.7

18.05
20.25
22
26.1
28.8
32.65
37.1
41.85
46.75
52
58.65
65.8
73.05
81.7
90.25
99.14
111.79
125.07
141.35

TAE

9.75
13.2
15.7
17.85
20.25
22
26.1
28.8
32.95
37.1
42.05
46.75
52
58.65
65.8
71.75
80.9
90.25
99.15
111.8
125.1
141.35

273

9.4
12.9
15.7

17.85
20.25
22
26.1
28.8
32.95
37.1
41.85
46.75
52
58.85
65.8
71.75
80.9
90.25
104.5
111.79
125.07
141.83

B3

9.55

13

15.7
17.91667
20.25

22

26.1
28.8
32.85
37.1
41.91667
46.75

52
58.71667
65.8
72.18333
81.16667
90.25
100.93
111.7933
125.08
141.51

shd

3.46
3.86
4.64
53
5.97
6.69
7.49
8.33
9.31
10.37
11.51
12.82
14.24
15.87
17.6
19.63
22
24.23
27

30
33.34
37.13

aha)

3.45
3.74
4.64
53

6
6.69
7.46
8.33
9.31
10.3
11.57
12.82
14.24
15.87
17.6
19.63
219
24.27
27
30.07
33.43
37.13

w2

3.475
3.76
4.64

5.3
5.97
6.69
7.46
8.33
9.31

10.37

11.51

12.78

14.24

15.87
17.6

19.63

21.91
242
26.9

30.77

33.34

37.13

3

3.461667
3.786667
4.64

53

5.98
6.69

7.47

8.33

9.31
10.34667
11.53
12.80667
14.24
15.87
17.6
19.63
21.93667
24.23333
26.96667
30.28
33.37
37.13
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* Control rod 1em in:

Lesst square method : ChEdin

w = 0.01191
T = 83.9631

Ch#2

60 a0 100 120 140 160 130 200
x

*» Control rod 1em out :

L=3st square method : ChaZ out

L

w = —0.0072

138.8889

a 0

40

60 a0 100 120 140 160 180 200
x

Lesstsquam method : ChEdin

w = 0.01162

) T — 86.0585

Ch#3

i} 40 60 a0 100 120 140 160 180 200

x

Lesst square method | Chd put

w = —0.0072

=l T =—138.8889

20 40 €0 &0 100 120 140 1680 180 200
X

16

Lesstsquas method : Ced in

w
F

= 0.01099
—90.9918

Ch#4

40 60 80 100 120 140 160 180 200
x

L=ast square method | Chd out

w = —0.0067
- T

- e

Ch#4

= —149.2537

40 60 a0 100 10 140 160 180 200
x
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. What is the most reliable method for period measurement among three based on
your experience?

. If you want to apply for the nuclear power plant, which method will be adaptable to
a real world?

. Did you find any differences from different detectors in use?

. Did you find the expected results from different experimental runs done by other
groups?
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