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Abstract

The initial condition of a core transient should be consistent with real core state for the simu-
lation of the core transient. The initial xenon distribution, which can not be measured in the core,
has a significant effect on the transient with xenon dynamics. In the simulation of the transient star-
ting from non-equilibrium xenon state, the accurate initialization of the non-equilibrium xenon distri-
bution is essential for the prediction of the core transient behavior. In this study, a xenon initializa-
tion method to predict the core transient more accurately was developed through the equivalent
pre-xenon-oscillation which represents the xenon oscillation before the transient and verified by the

application of the simulation for a startup test of Yonggwang Unit 3.
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1. Introduction ating conditions such as power, control rod position
and moderator temperature. The simulation of the
The purpose of PWR core transient simulation is core transients requires initial core conditions, not
to predict the variation of the core behavior with xen- only measurable parameters (e.g. core burnup, con-
on dynamics time scale due to the change of oper- trol rod position, power distribution, moderator tem-
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perature etc.) but also non-measurable parameters
(e.q. fuel temperature, xenon distributions etc.}. Diffi-
culties in the core transient simulation or prediction
are originated from the uncertainties in the paramet-
ers related with the initial conditions. An adaptive tec
hnique, such as ONED series [1, 2}, had been devel-
oped to remowe the prediction errors due to the
uncertainties of the initjal condition.

The adaptive core simulation requires adjustments

of several parameters which affect the core behavior.
One of the most important and difficult parameters
adjusted for the initialization is the xenon distribution,
since it may affect the core behavior sustainedly. Fur-
thermore, since the reactor may have a xenon oscil-
lation, the exact prediction of the initial xenon distri-
bution is almost impossible. In the indirect initializa-
tion approach tried by S.H. Lee [3], the existence of
xenon oscillation was characterized by axial power
shape variation and it has been found that the initial
xenon distribution has a dominant effect on the pre-
diction of core transient behavior. Lee’s method sol-
ves first order perturbation equation for initial iodine
and xenon distributions with the assumption of a lin-
ear relationship between the axial power shape and
the xenon distribution. The initial iodine and xenon
distributions are linearly adjusted by the least square
method which minimizes the difference between
measured and predicted axial power shape. This met-
hod, however, is a kind of ftrial and error approach
so that much more efforts are required to determine
the initial xenon distribution.

In this study, an equivalent pre-xenon-oscillation
approach, which can determine the initial xenon dis-
tribution more straightforwardly, is discussed for the
core transient analysis. A core transient behavior star-
ting with xenon oscillation depends on the direction

of the xenon distribution change as well as xenon dis-

tribution itself. If the slight pre-xenon-oscillation be-
fore the transient exists in the core without any sig-
nificant change of core condition, the pre-xenon-os-
cillation can be characterized by the variation of the
core axial power shape. This pre-xenon-oscillation

J. Korean Nuclear Society, Vol. 27, No. 6, December 1995

can be represented by an equivalent pre-xenon-oscil-
lation which reproduces the core behavior before the
transient. Determining the equivalent pre-xenon-oscil-
lation using axial power shape variation before the
transient, the simulation of core transient estimates
the core transient behavior with resonable accuracy

as discussed later.

2. Determination of Equivalent Pre-Xenon-
Oscillation

The xenon oscillation is characterized by the axial
power shape variation. For the simple representation
of the axial power shape variation, a parameter ASI
{Axial Shape Index) is defined by

Pg — P
o T Pr m
where Pg and Pr are the power of the bottom and

ASI =

top half of the core, respectively. During the xenon
oscillation, the ASI variation can be represented by

ASKH = C cos(wt) e + ESI, (2)
where C is the initial amplitude, w is the frequency,
B is the damping factor of the ASI oscillation and
ESI is the ASI of the equilibrium state. The fre-

quency can be written as

o= 4 ®

where T is the oscillation period. The period of the
xenon oscillation can be determined from the refer-
ence core calculation or actual core measurement.
The xenon oscillation within any single oscillatory
cycle can be represented by an equivalent oscillation
whose time domain is only on a period. If the equiv-
alent oscillation is the n-th original oscillation, the
equivalent amplitude C. is

Ce = ce®” (4)

where, T, is the starting time of cycle n.

Since the time span to be considered is only a per
jod of the oscillation, the equilivalent amplitude C. is
approximately a constant in the period for the rela-
tively small amplitude. Let the difference between



Equivalent Pre-Xenon-Oscillation Method for Core Transient Simulation - -

ASI and ESI be D at time t after an impulse pertur-
bation which leads to a pre-xenon-oscillation is then
D = C,cos(EE D). )
Now, assume that a transient starts time ¢ after the
impulse perturbation which leads to an equivalent
oscillation. Eq.(5) is in a time domain that the im-
pulse perturbation occurs at t=0. Transforming Eq.
(5) into a time domain that the transient starts at
t=0 and the impulse perturbation is given at -¢
introduces

DX = C,eosl 2E (¢ +9).

This pre-xenon-osciallation before the transient can
be determined by the estimation of equivalent ampli-
tude C. and pre-oscillation time ¢ using least square
fitting from the core measurement data, ie, ASI
measurements before the transient.

If N measurement data points are given before a

certain transient, C. and ¢ can be determined to min-

imize the sum of the squares of errors, e,,

Zlfvl{D.- - C, cos[ 2—17-'(t;+¢)] ]2. 7

e, =

so that

de,
ac, ~ aC.

2':'{0.-— s cosl 2E(t+9)] ]2 =0 @

f=1
and
de, F ]

3¢ T 3¢

N 2

2 (Di—Cocosl ZE(t+e)] | = 0. ©
Equations (8) and (9) can be rewritten as ’

2 3 cosl LE(4+4)]
=1

[D,-—c,cos[ 2—775(t,-+¢)] } -0 (10)
and
L 8 sinl ZE(t+9)

[ —C. cos[ -——(:+¢)1 ] 0, (11
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respectively. Equations (10) and (11) can be solved
with conditions of C.>0 and 0<¢<T. The Elem-
ination of C. in equations (10) and (11} introduces

ZI:VIDCOS[ M(l‘;‘f'fﬁ)]
2 cos?l 2 (1,+9)]

ﬁ:v D; sin [ ﬁ (t+8)]

El cos [ 2” (t;+#)]. sin[ 2z (t+¢)] (12)
Let

a; = cos(z—;f 1), b = sm( t,)

and

a= cs(ZE9), 8= sn(ZE9

then Equation (12) can be rewsitten as a third order
B

polinomial equation for o

Ay + BLy + ad) + B =
where

0.(3)

N N
A= igl (D,-b.‘) gl(af)

N N

;2-:1 (Diap lz;ll (a;b)
and

N N
B = ‘Z_:I(Diai) 'gl(b?)

N N
‘_2_:1 (D; b) 'Z_:l (a:b)
Equation (13) can be factorized by
(£y +1}a€ + 5 =0 (14)
and we can get

B - _B
= -a (15)

a
Since -%=tan (_2_x. @), ¢ is then
_ tan ! B
¢ = 2” ( ) (16)
and C. can directly be obtained from Equation (10)

as
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3 Dicosl 2X(t+9)]
C. = (17)

2
3 cos?l ZE(t+9)]

Note that, however, ¢ solved by Equation (16) always
has two roots within the range of 0<¢<T, and that
one leads to positive C. and the other leads to nega-
tive C. by Equation (17). It is obvious that we should
select only positive C. and relevant ¢.

Thus, obtaining C. and ¢ means that we can re-
construct an equivalent pre-xenon-oscillation which
represents the core behavior before the transient.
Any initial impulse perturbation which leads to posi-
tive ASI perturbation can be used for the reconstruc-

tion.

3. Application for Unit Load Transient Test in
YGN-3 Cycle 1

A core transient had been tested in Yonggwang
Unit 3 Cycle 1 startup to verify the core power chan-
ge capability to concur with turbine power change.
The test was performed at 1900 MWD/MTU and
started from ARO 95% power level with a step pow-
er change to 85%. About two and half hour later the
core power was decreased to 70% by the ramp rate
of —5% per minute. Then, three hours after, the
core power increased to 70% by the ramp rate of 5%

per minute. After another three hours core power ret-

urned to 95% by step change. Figure 1 shows the
core power change in the transient. The boron con-
centration duriég the test was kept between 745 to
78 PPM. The: major power control was performed
by lead bank insertion and withdrawal. The boron
concentration and the lead bank movement during
the test are shown in Figures 2 and 3. ASI variation

was measured for the Whole transient from the on-lin-

e monitoring system COLSS {4].

To simulate the tested core transient, ONED94
was used. ONED94 is an updated version of
ONED90 developed by KAERI (1, 2]. This code sol-
ves two group one-dimensional diffusion equation by
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Fig. 2. PPM Change in Transient
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Fig. 3. Lead Bank Position in Transient

the ANM/NEM with adapted parameters which adjus

ts the steady state ONED94 model [5] to be consist-
ent with those of three-dimensional nuclear design
code ROCS [6].

Figure 4 shows the comparison of measured ASI’s
with the ONED94 simulation results assuming the
transient starts from the equilibrium xenon state i.e.,
it was assumed that there is no pre-xenon-oscillation
before the transient. As shown in this figure, the sim-
ulation neglect ASI variation before the transient and
thus, the difference between measured ASI and

* ONED94 results increases as the transient proceeds

with RMS difference of 1.8% in ASI predictions ver-
sus measurements. It can be seen that the four ASI
measurement data before the transient of which pow
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Fig. 4. ASI Simulation of Transient with Eq. Xenon

er level is greater than 99%, were increasing slightly.
It implies that the core has the xenon oscillation be-
fore the transient and the effect on transient core
behavior appears by the difference between meas-
ured and simulated ASI's in Figure 4.

In order to consider the xenon oscillation before
the transient, an equivalent pre-xenon-oscillation dis-
cussed in Section 2 was determined from four ASI
measurement data before the transient. As a result of
least square fitting, the equivalent pre-xenon-oscil-

lation was characterized by

DD = 0.0177 cos( 3%75 (t+2.18)] .

where 30.5 is the free xenon oscillation period estim-
ated by the equilibrium ONED94 simulation and ¢ is
the time in hour from the start of transient. Figure 5
shows the equivalent pre-xenon-oscillation deter-

mined using the four ASI measurement data before
the transient. 7

The equivalent pre-xenon-oscillation can be gen-
erated by one hour impulse lead bank movement of
which insertion step leads to the amplitude of
0.0177. The insertion step can easily be determined
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Fig. 5. Cosine Fitting of Equivalent Pre-Xenon-
Oscillation
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Fig. 6. ASI Simulation of Transient with Pre-Xenon-
Oscillation
by a few simulations of the impulse perturbation fol-
lowed by free xenon oscillation. In this case, the in-
sertion step was determined by 28% core height. The
result of the transient simulation preceeded by the
22.18 hours xenon oscillation after one hour lead
bank insertion of 28%, is shown in Figure 6. It can
be seen that the simulated ASI variation well agrees
with measured data. The RMS difference in ASI pred.

ictions versus measurements is 0.7%.
4. Conclusions

A straightforward xenon initialization method was
discussed in this study, which is based on the core
behavior before the transient. The core behavior rep-
resents the xenon status in the core as AS] variation.
Though the xenon distribution itself can not directly
be reproduced, the equivalent pre-xenon-oscillation,
which represents the core behavior, provides an im-
plicit initial xenon distribution for the core transient
simulation. The efficiency of the equivalent pre-xeno-
n-oscillation depends on the confidence of the core
measurement data before the transient. Since the
equivalent pre-xenon-oscillation considers only a sin-
gle period of oscillation, the core AS] variation data
which covers a quarter of single period of xenon os-
cillation (about 8 hours for typical PWR) is sufficient
to determine the pre-xenon-oscillation. In the appli-
cation of this study, only 4 hours data give a good
prediction of the core transient simulation. It should
be noted that, however, all of the ASI variation data

in this case are within a quarter of an oscillation per-
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iod. Therefore, it is concluded that the necessary ASI
variation data required to generate the equivalent
pre-xenon-oscillation is at least 4 hours of data of
which the ASI's are between ESI and any one peak
value in the positive or negative direction.

In conclusion, the equivalent pre-xenon-oscillation
approach to initialize the xenon distribution in the
core using pre-measurement core data enables accu-
rate estimation of the core transient. Because the
equivalent pre-xenon-oscillation can be generated
straightfowardly by the least square fitting, this met-
hod can easily be programmed and applicable to the
core simulator.
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