Journal of the Korean Nuclear Society
Volume 18, Number 2, June 1986

Development of One Dimensional Kinetics Program

Chan Bock Lee and Chang Hyun Chung

Seoul National University

Bub Dong Chung
Korea Advanced Energy Research Institute
(Received July 23, 1985)

AzY TEA Zwmady A

of # =2.8 ¥
A& o

b = s
oA QFa
(1985.7.23 A &)

Abstract

A one dimensional neutron kinetics program, B1K which is applicable to the safety analyses of
PWR’s is developed to analyze the reactor core in axial dimension. The B1K employs the finite
difference technique in space and 6-time integration method in time. Detailed models for the
Doppler and moderator feedbacks and control rod motion are included. The benchmark of the
nuclear model is carried out through the ANL benchmark problem and the time dependent nuclear
power change in the rod ejection accident of KNUI] is calculated by B1K code.

The results indicate that the B1K can predict the neutron dynamics with fair accuracy within

the limits of one dimensional analysis and it is useful for the safety analyses of PWR’s.
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353
of a core is essential to the safety analysis of
1. Introduction the reactor. Normally, one point approximation
of a core has been used frequently because of
The knowledge of a transient power behavior its economy in computing time and it is well
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known-? that it leads to more conservative
results than actual. However, as the core power
density increases, it becomes necessary to deter-
mine accurately the true dynamic response of
the reactor in order to reduce the unnecessary
safety margins in the reactor design. Although
higher dimensional analysis gives the most
accurate results, it isn’t used usually in the
analysis of an actual core, because it consumes
a large amount of computing time,

In this work, a one dimensional kinetics pro-
gram BIK is developed which analyzes a core
in axially one dimension and can predict the
control rod motion and the moderator feedback
more efficiently than radially two dimensional
analysis of a core.

To analyze the transient behavior of a core,
both the thermal hydraulic and neutronic beha-
vior should be modelled and the resulting equa-
tions should be solved simultaneously. The driv-
ing terms and coefficients in the thermal hydra-
ulic model are connected to the time dependent
neutron fluxes. The coefficients in neutron equa
tions such as D’s and Y’s are in turn functions
of the local thermal hydraulic condition. This
nonlinear problem in both the thermal hydraulic
and neutron flux parameters can be solved such
that over a sequence of small time intervals a
thermal hydraulic computation is done by using
the local flux at the beginning of the interval,
and then a neutron flux is calculated based upon
the just-calculated thermal hydraulic conditions
such as local temperature and density.

The B1K employs the finite difference techni-
que for the solution of both the two group
neutron diffusion equations and the transient
heat transfer equations. In each mesh, the fuel
temperature and fuel to moderator heat transfer
are calculated by using volume averaged heat
generation rate.

Since Doppler and moderator feedback impose
strong influences upon the transient core behav-
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ior, the detailed fuel-clad-coolant heat transfer
model is included, and the same time step size
is used for both the nuclear and heat transfer
calculations. This program also employs other
features to describe the control rod motion,xenon
concentration change and decay heat generation,

2. Description of the BiK Program

2.1. Nuclear Model
Time dependent two group neutron diffusion
equations are as follows.
Fast Group

L = 1D BT )

A ISAC—podi— Gt E b, 6
i=]

Thermal Group

‘sz“ %¢2=271¢1—V'J2—2a2¢2, @
Precursors

4

dt

Application of the finite difference method to the

Ci= ‘i_ﬁi 12 rii+ve 2 papa] = A€ (3)

space variable and 6-difference method to the
time variable results in finally the following
tridiagonal matrix equation. Detailed derivations
are given in Ref. (3).

Cot Auui1+ Batpn1— =0 @)
where A,, B, C, and a, are 2x2 matrices and
¢« is a vector composed of ¢; and ¢,

The solution procedure for Eq. (4) is as
follows.

Q,=B4,,

M,=B,(C,+B,M, ),

Bn=(@—B,Qu 1),
o:Mo:(). (5)
The M, and Q, are calculated by the forward
sweep and then ¢, is calculated by back substit-
ution in the backward sweep as follows.
¢n:Mn+Qn¢n+1.
2.2. Thermal Hydraulic Model
The one dimensional transient energy equation
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Fig. 1. Six Region Fule Model

for each region in six region fuel model as sho-

wn in Fig. 1 is given as follows.
p:,?Th—q’” —p,kp,T=0, Fuel
~p.kp, T=0, Gap
o7k, T, Clad

i 1
5 h+Grh—g
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In each of the eq. (6), application of the finite

difference technique to the space and the time

——P=(. Coolant (6)

results in the following tridiagonal matrix equa-
tion.

CitayTy +6,T,y —a,T,=0, )
where a,, b,, ¢, and a, are coefficients and T, is
the average temperature in the n-mesh.

The solution procedure for Eq. (7) is equal to
that for Eq.(4).

2.3. Feedback and Control Rod Model

From the SHA’s correlation,¥ the resonance
effective temperature for Doppler feedback is
calculated by

Teti=(1—w.) Tooa+w [wp/4 (Tela+ Tek
+ Tl + (1 —3w,/4) Tidd, ®

where the factors w, and w. are the pellet
weighting factor and the core statistical weigh-
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ting factor respectively.
The correction of the fast absorption cross sect-

ion is given by
Ta=Z5b (T~ TiD), )

where the temperatures 7oy and Ty are in
degrees absolute and the factor 4 is a proporti-
onal constant.

The corrections of the macroscopic cross sect-
ions due to the change of moderator density are
given as follows.

Z,=Z 4+ 8NV o¥% 4-5N? of,

2p=25%f+ (BNY o¥w,+NB o5,w,),
D,=D;**/(1+3% Di*'sN¥ o}’ ),

D,=Dj*/(1+3x D*oNV o ),  (10)

where the factor w, is the water advantage
factor and the 6N¥ and 6N® are the number
density changes of the water and boron that are
homogenized over the mesh.®

The corrections of the fast group cross secti-
ons due to the neutron energy spectrum harde-
ning by the decrease of the moderator density

are given by

D,=D,—D¥'x53/(148%),
Za=Za+oEX 2,

v & =y B 03 ) 35, (an

where
82 =a X (Pactuar/ Pres—1. 0)
and « is a proportional constant.

The correction of the removal cross section
due to the change of the fast group absorption
cross section is given by®

=20/ (EXP(Za/2n—1)], (12)
where %, is the moderation cross section and
its correction for the water number density cha-

nge is given by
S =31 1 "Ny w,. 13)

The cross section changes due to the control
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rod insertion are described by”
2a2= 2,02+ ABSCON X FCON,
T a1=>21a1+TCON x ABSCON x FCON,

Dy=D, x (1+SCON(1) x ABSCON x FCON),

J. Korean Nuclear Society, Vol. 18,

REGION1
40cm

p=o0

D,=D,x (1+SCON(2) x ABSCON x FCON),
49

where ABSCON, TCON, SCON(1) and SCON
(2) are the correction factors for the control rod
insertion and FCON is the control rod insertion

fraction in the mesh.

3. Benchmark of Nuclear Model

ANL benchmark problem 7416% tests for the

ition

REGION 2
160 cm

No. 2, June, 1986

REGION 3
40cm

(1):0

Fig. 2. BSS-6 Configuration and Boundary Cond-

one dimensional kinetics solution of infinite slab

reactor model which does not have the feedback

effect.

The reactor has three sections as shown

in

Fig. 2.; a low enrichment central region and

Table 1. Total Power Change vs. Time Step Size (4t)

two identical high enrichment end sections.

at 1073(sec) 10~2(sec) 103 (sec)
Time IZQ I‘;;AII%M BiK % &I%M B1K RAUM- BIK

9=0.5 9=1.0 0=0.5 0=1.0 ZEIT 9=0.5 9=1.0

0.0 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000 1. 0000

0.1 0. 9299 0. 9296 0. 9299 0. 9299 0. 9268 0. 9299 0.9321 0. 8637 0. 9301

0.2 0. 8733 0. 8732 0.8734 0.8733 0. 8709 0.8734 0.8718 0. 8803 0.8736

0.5 0. 7597 0. 7598 0. 7599 0. 7597 0. 7585 0. 7599 0. 7608 0. 7205 0. 7600

1.0 0. 6588 0. 6590 0. 6591 0. 6588 0. 6584 0. 6591 0. 6584 0.6712 0. 6592

1.5 0. 6432 0.6435 0.6435 0.6432 0.6434 0.6435 0.6435 0.6311 0. 6436

2.0 0.6307 0.6310 0.6310 0.6307 0. 6309 0.6310 0.6305 0. 6388 0.6310

Table 2. Region and Total Power Change (4:=10% sec)
Wigle I QX1 BIK
Time| ggs:;; Region Power gggg; Region Power gg::g; Region Power
1 | o2 | 3 1 | 2 | 3 1 2 3
0.0 { 1.0000/ 1.0000( 1.0000; 1.0000| 1.0000( 1.0000{ 1.0000| 1.0000{ 1.0000[ 1.0000; 1.0000; 1.0000
0.1 0.9298| 0.8621] 0.9339] 0.9910| 0.9298 0.8621} 0.9340] 0.9910| 0.9299| 0.8622| 0.9341 0.9911
0.2 1 0.8732 0.7520] 0.8804] 0.9830] 0.8733| 0.7521] 0.8805 0.9831 0.8734] 0.7522| 0.8806{ 0.9832
0.5 | 0.7596| 0.5336| 0.7724] 0.9655| 0.7597, 0.5336] .0.7724] 0.9655( 0.7599( 0.5339] 0.7726( 0.9658
1.0 0.6588 0.3452| 0.6753| 0.9462] 0.6583 0.3452 0.6753| 0.9463] 0.6591| 0.3454] 0.6756; 0.9467
1.5 1 0.6432] 0.3235 0.6587| 0.9381] 0.6433| 0.3235 0.6588| 0.9383 0.6435 0.3237| 0.6591] 0.9386
2.0 | 0.6306| 0.3066] 0.6455 0.9311] 0.6307, 0.3066] 0.6454; 0.9312 0.6310[ 0.3068 0.6458 0.9317
Initia Region Power Initial Region Power Initial Region Power
1 2 3 1| 2 | 3 1| o2 | 3

0.2790, 0.4421] 0.2790 0. 2790[ 0. 4421[ 0. 2790 0. 2791[ 0. 4419' 0.2791
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The perturbation is that 3., in region 1 inc
reases linearly by 3% in 1 second. The calcul-
ated results and reference solutions for this sub-
critical transient problem are given in Tables
and 2. The comparisons are made for the region
power changes and the sensitivity of the time
step size change. The latter as given in Table ]
is compared with the RAUMZEIT®
the time integration method and the former as
given in Table 2 is compared with the WIGLE
19 and QX1' that uses quasi-static method.

As can be seen in Table 1, the time difference

that wuses

parameter, #—=]1. 0 is more stable than =0. 5 in
the change of the time step size. The present
results are in general agreements with the refe-
rence solutions within 0.5% difference.

The verification of the feedback model is
carried out by the calculation of the reactivity
coefficients and the comparison with the results
of KNU]1 design report. This is shown in Ref.

15)
4. Calculation of Rod Ejection Accident

By using the nuclear data of KNU1 obtained
from the KIDD'? output and the thermal hyd-
raulic data from the TOODEE2*® and FACTR-
AN codes, Doppler and moderator reactivity
coefficient and control rod worth in normal
operational condition are calculated. The results
which are in good agreement with Westinghouse
design values, are given in Ref. (i5). Using
these reactivity coefficients and the initial cond-
in FSAR 15.4, KNU],
power change in the rod ejection accident is
calculated by B1K code.

Tables 3 and 4 show the sensitivity of both
the time step size and §-value at the HZP con-

itions given nuclear

dition. Comparisons are made of the peak power
levels reached in the HZP and HFP rod ejection.
Since the peak power is sensitive to both the

calculational model and thermal hydraulic feed-

Table 3. Peak Power vs. Time Step Size at HFP
Rod Ejection Accident

§=0.5 6=1.0

Peak | Peak ’Energfr Peak‘ Peak fEnergy
Time |Power| Release | T ime[Power | Release

0.05 0.1 [1.5681
0.01 |0.11 [1.4796
0.005 |0.105 1. 4783
0.002 (0.106 (1.4781
0.001 [0.106 [1.4780
0. 00050. 106 |1. 4780
0. 0002/0. 106 1. 4780
0. 0001/0. 1059]1. 4780

+Integrated Power by 0.25 s;é.(Full Power S;conds)

4

0.2 ]1.4828 0.3603
0.12 |1.4790! 0.3506
0.35030.115 [1.4785 0.3493
0. 3489'0. 108 |1.4782) 0.3485
0. 3484'0. 107 {1.4781] 0.3482
1
1

0. 3703

!
0. 3525:

0. 34820. 1065|1. 4781, 0. 3481
0. 3481/0. 1062/1. 4781} 0. 3480
0. 3480(0. 106 |1. 4780] 0. 3480

Table 4. Peak Power vs. Time Step Size at HZP
Rod Ejection Accident

6=0.5 6=1.0

Peak | Peak |[Energy *| Peak | Peak ! Energy
Time [Power | Release | Time |P ower] Release

0.01 |div** div div  |div div div

0.005 [0.155 [112.28] 1.8647/div  |div div

0.002 [0.162 |105.03| 1.85290.14 [125.83 2.0465
0.001 [0.163 |104.16; 1.85170.153 |113.3b] 1.9398
0. 0005/0. 1635/103. 99; 1.8516/0. 158 |108. 44| 1.8941
0. 0002(0. 1632/103. 98| 1. 8517|0. 1612(105. 69 1. 8684
0. 0001/0. 1632|103. 98| 1. 8518]0. 1622|104. 83] 1.8601

4t

+Integrated Power by 0.25 se.(Full Power Seconds)
+Diverge
back model, it is an indicator of the accuracy of
the calculation. It is seen from Tables 3 and 4
that the time difference paramcter 6=0.5 is a
more desirable choice over 6=1.0 and from
Table 3 that once a suitable time step size is
selected, a further reduction in the time step
size does not improve the results significantly.
As shown in Table 4, if a time step size, 4t,
is greater than a specified value, the solutions
diverge. The reason is that as the time step size
increases, the solutions are overestimated due to
the overshooting phenomenon, and the overesti-
mated power results in the more negative feed-
back effect enough to make the solutions diverge.
Since, as generally known !, the degree of
overestimation in case 6=1.0, is greater 'than
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Fig. 3. Nuclear Power Transient BOL, HZP rod
Ejection Accident

in case 6==0.5, the divergence comes earlier in

case 6=1.0. From Tables 3 and 4,

deduce the optimum time difference parameter

we can

and the optimum time step size, that is, 6=0.5
and 4t=]10"% sec. at the HFP and HZP rod
ejection accident. Fig. 3 shows the nuclear power
transient in the HFP rod ejection accident,which
is compared with FSAR values!®,

The calculated results of Fig. 3 are lower than
the FSAR values. This is due to the difference
that the calculation is done with the actual rea-
tivity coefficient at the BOL and the equilibrium

wu

<
TTTITmT )

el -
LN owN
IBLRRALL)

NUCLEAR POWER
Noon
TTTTTI

T T

| S OO VU U NN O TN [ O O O |
10 20
TIME( SECONDS )

30

Fig. 4. Nuclear Power Transient BOL, HZP rod
Ejection Accident

xenon distribution, while the analysis in the
FSAR was made with all the conservatisms such
as the conservative reactivity coefficient that is
less negative than actual, and the worst xenon
distribution, etc. Fig. 4 shows the nuclear power
transient in the HZP rod ejection.

5. Conclusion

The objective of this work is to develop the
kinetics program that analyze a core axially and
be applicable to the safety analyses of PWR’s.
The program BIK employs the finite difference
method for the solutions of both the two group
neutron diffusion equations and the transient
heat transfer equations. The results of the ben-
chmark of the nuclear model are satisfactory
within 0.5% deviation.

The developed program BIK is applied to the
rod ejection accident at the HZP -and HFP con-
dition. There is a little difference between the
calculated results and FSAR values. This arises
from the fact that the analysis of the FSAR
employs conservative reactivity coefficients. The-
refore, the improvement in the selection of
appropriate reactivity parameters is required for
the safety analysis. In conclusion, it is proved
that the axially one dimensional kinetics program
BI1K can predict the neutron dynamics with fair
accuracy within limits of one dimensional anal-
ysis and may be useful for the safety analysis.
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