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Abstract

Stability of a PWR core against xenon-induced axial power oscillation is studied using one-
dimensional xenon transient analysis code, DD1D, that has been developed and verifed at KAERL
Analyzed by DDID utilizing the Kori Unit 1 design and operating data is the sensitivity of axial
stability in a PWR core to the changes in core physical parameters including core power level,
moderator temperature coefficient, core inlet temperature, doppler power coefficient and core ave-
rage burnup. Through the sensitivity study the Kori Unit 1 core is found to be stable against
axial xenon oscillation at the beginning of cycle 1. But, it becomes less stable as burnup progr-
esses, and unstable at the end of the cycle. Such a decrease in stability is mainly due to combined
effect of changes in axial power distribution, moderator temperature coefficient and doppler power
coefficient as core burnup progresses.

It is concluded from the stability analysis of the Kori Unit 1 core that design of a large PWR
with high power density and increased dimension can not avoid xenon-induced axial power insta-

bilities to some extents, especially at the end of cycle.
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Nomenclature

: fast neutron diffusion coefficient

: thermal neutron diffusion coefficicnt
: fast neutron flux

: thermal neutron flux

: macroscopic fast neutron absorption cross-

section

: macroscopic thermal neutron absorption

cross-section

! macroscopic fast neutron fission cross-

section

: macroscopic thermal neutron fission cross-

section

: macroscopic removal cross-section
: effective multiplication factor

: average number of neutrons generated per

fission

: atom number density of I-135 at time ¢

: atom number density of Xe-135 at time
¢ atom number density of Pm-149 at time ¢
¢ atom number density of Sm-149 at time ¢
: decay constant of I-135
: decay constant of Xe-135

: decay constant of Pm-149

: yield fraction of I-135

: yield fraction of Xe-135

: yield fraction of Pm-149

: microscopic absorption cross-section of Xe-

135

! microscopic absorption cross-section of Sm-

149

: neutron flux
: enthalpy dependent water density
: enthalpy

: enthalpy of saturated fluid
: latent heat of vaporization
: specific volume of saturated fluid

: specific volume change during evaporation
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1. Introduction

The need for improved economics and efficie-
ncy of pressurized water reactors(PWRs) leads
to the design of reactor cores with increased
dimensions, high power densities and more un-
iform power distributions. Such improvements,
however, make the cores inherently less stable
against spatial power oscillations so called xenon-
induced spatial power oscillations.

The interaction between xenon fission product
buildup and the change in the neutron flux
distribution that accompanies local changes in
reactivity causes spatial oscillation of power
distribution in a large PWR. Xenon-induced
power oscillations usually occur with power level
changes, but they can also take place with no
corresponding changes in the power level of the
core. The spatial oscillations may by caused by
a power shift in the core which occurs rapidly
in corriparison with the xenon-icdine time con-
stants. Such power oscillations can take place in
both axial and radial direction of the core, ho-
wever, recent design of the PWR cores and
control system lead to the cores inherently stable
against radial xenon oscillations.? Theref&re,
xenon-induced spatial oscillation in axial direc-
tion of the core is treated a major concern in
reactor control and stability analysis. Of course,
it is generally suggested that xenon axial osci-
llations do not cause severe control problems
due to the long period of oscillation relative to
control mechanism or operator reaction time.
But, if they are not detected with ease and
carefully controlled by either control mechanism
or operator, they may cause local power peaking
of the core and eventual fuel damage. That is

why it is necessary to understand xenon trans-
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ient behavior of PWR and to find out the opt-
imum control method of power distribution. It
will be even more important when nuclear power
plants are under load follow operation mode.

This paper deals with the research results on
PWR core stability against xenon-induced axial
oscillation carried out at the Korea Advanced
Energy Research Institute(KAERI). The purp-
oses of such research are

1) to investigate the stability of the Kori Unit
1 reactor core against free-running axial xenon
oscillation,

2) to perform extensive sensitivity study on
stability against axial xenon oscillation to vari-
ous reactor core physical parameters,

3) to found a basis for further improvement
in PWR core stability to xenon oscillation, and

4) to lay a milestone for future research on
reactor power distribution control during base
load and load follow operation.

Xenon transient analysis is performed utilizing
one-dimensional steady-state and transient anal-
ysis computer code, DD1D? that is developed
at KAERI based on two-group, steady-state ne-
utron diffusion theory with time-dependent iod-
ine and xenon depletion equations. The DD1D
code undergoes an extensive verification process
for its application to steady-state and transient
calculations by comparing its calculation results
with either experimental data or/and calculation
results from other reliable computer codes.

Studies on PWR core stability against xenon-
induced spatial oscillation are carried out by
analyzing stability index and oscillation period
of the Kori Unit 1, cycle 1. To be able to in-
crease the accuracy and reliability of calculation
by DDID, parameters related to digital simula-
tion such as spatial mesh size, time-step length
and convergence criterion are investigated aimed
at finding the most appropriate value, if not op-
timum. Finally, the effect of changes in reactor

core physical parameters on axial stability in

PWR is evaluated using the Kori Unit ] reactor
core data. Analyzed is the effect of changes in
such parameters as core power level, moderator
temperature coefficient core inlet temperature,
doppler power coefficient and core average bur-
nup. Through such sensitivity study, the stabi-
lity of the Kori Unit 1 reactor core against

axial xenon oscillation is analyzed.

2. DD1D; One-dimensional Xenon
Transient Analysis Code

The development of the DD1D code at KA-
ERI aims at mainly analyzing axial xenon tra-
nsient behavior of a typical PWR. Development
of the DD1D code is also accompanied by an

extensive code verification process.

2.1 Description of the Code

DD1D is a one-dimensional, two-group, steady-
state neutron diffusion theory code with time-
dependent iodine and xenon depletion equations.
Also, explicitly treated are space dependent fe-
edback effects due to control rod movement,
soluble boron concentration change and the ch-
anges in moderalor density and fuel temperature.

The one-dimensional, two-group, steady-state

neuron diffusion equations modeled in DDID are

written as
— D+ (Tt I =1 5,
v, -1
— 7D+ X2up, =2, 2-2)

The evolution of fission product poisons Xe-
135 and Sm-149 and their precursors I-135 and
Pm-149 are defined by the following equations:

di i’f) =—4I(&) + Y:5s4, (2-3)
ﬂag&:hm + Yy p— X ()

—o% X (t), @2-9
AP 3P0+ Y509, (2-5)
_d%ﬂ_z P () —a$S (). (2-6)
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The neutron diffusion equations are solved for
each axial mesh interval using the variational
finite difference method, while the fission product
poison depletions are solved using 6-differencing
method for each time step. The @-differencing
method is found to be an extremly useful tool
for xénon transient analysis, for it reduces a
significant amount of calculation time without
losing much accuracy.® This method involves a
two phase calculation of xenon depletion during
a time step 4¢. For the phase (1—6) d4t, the
xenon depletion is calculated using the previous
flux distribution. For the remainder of the per-
iod, & 4t, the xenon depletion calculation is
updated each iteration by using the latest flux
distribution. Experiences? say that a theta bet-
ween (.4 and 0.5 gives quite satisfactory resu-
Its.

The feedback calculation models adopted in
DDID are rather simple and are based on the
assumption of thermal hydraulic equilibrium
with no slips and no cross flows between coolant
channels. The interval-wise water density is ca-
lculated using a quadratic fit for density versus

enthalpy, or

p(h)=a+bh+ch?;h<hy @-7
and
R S -
ph)= Py & h>hy (2-8)

where X==(h-hs) /hy,.
The coefficients a,b and ¢ are fitted using stan-
dard steam table interpolation routines.

The interval-wise resonance effective fuel te-
mperature can be determined by solving general
steady-state heat transfer equations in radial
direction of fuel pellet, once the interval-wise
power is given. From the radial temperature
distribution, the resonance effective fuel tempe-
rature is obtained through

Tr=wT+(1-w)T, (2-9)
where

T: pellet everage temperature,
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T,: pellet surface temperature,

w: statistical pellet weighting factor.®

The feedback effects obtained by solving fee-
dback calculation models are accounted for in
DDI1D by correcting neutron cross sections as
inputs to neutron equations. Such corrections
are as follows:

1) boron and water density correction,

2) spectrum hardening correction,

3) fuel temperature correction,

4) control rod movement correction, and

5) xenon and samarium correction.

2.2. Verification of the Code

The verification of a code is actually a mea-
sure of how well the code can analyze problems
of interest, and it involves comparisons of the
calculation results with either experimental data
or/and calculation results from other reliable
computer codes. The DDID code undergoes an
extensive veirfication process for its application
to steady-state and transient calculations.

For the verification of DDID for its applicat-
ion to steady-state calculation, several.parame-
ters from Kori Unit 1 reactor core are calcula-
ted using the DDID code and compared with
those from either Kori Unit 1 FSAR (Final
Safety Analysis Report) or calculations by
other computer codes. The parameters stud-

FSAR
X X X DDID

1000

]
|
|
|
|

Critical Boron Concentration {ppm)

i L — :
5000 D000 15500
Burnup (MWC/MTU}

o

Fig. 1. Kori Unit 1, Cycle 1 Critical Boron Con
centration vs. Burnup.
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Fig. 2. Axial Power Peaking Factor vs. Burnup
for Kori Unit 1, Cycle 1, HFP. ARO, EQ.
Xenon.
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Fig. 3. Moderator Temperature Coefficient vs.
Burnup for Kori Unit 1, Cycle 1, HFP,
ARO, EQ. Xenon.

ied are critical boron concentration, axial power

peaking factor, moderator, temperature coeffici-

ent, doppler only power coefficient and total

power coefficient.

Shown in Figure 1 is the comparison bet-
ween FSAR and DDID predicted critical boron
concentration vs burnup for the Kori Unit 1,
cycle 1. Predicted values are in excellent agr-
eement with those of FSAR. Also, shown in
Figure 2 are the axial power peaking factors
vs burnup calculated by DDID and a three, di-
mensional steady-state neutronics code, DD3D,®
for the Kori Unit 1, Cycle 1 at HFP and ARO,

equilibrium xenon condition. Agreement between

-4

— :DD1ID
—=—~— ! FSAR

EOL

BOL
-

Loppier Only Power Coefficient {pem/ % power]

Ny T 1 1 ! i

e} 20 40 €0 80 100

Power Level { % of Full Power )

Fig. 4. Doppler Only Power Coeflicient vs. Power
Level for Kori Unit 1, Cycle 1 at BOL
and EOQL.

two values is also excellent. Figure 3 shows

the comparison between FSAR and DD1D calc-

ulated moderator temperature coefficient vs
burnup for Kori Unit 1, Cycle 1 at HFP and

ARO, equilibrium xenon condition. Doppler

only power coefficient and tota Ipower coefficient

vs reactor power level calculated through D-

D1D are compared with those from Kori Unit

1 FSAR in Figure 4 and 5, respectively. Again

good agreements are noted from these Figures.

Verification of the DDID code for xenon tr-
ansient calculation is performed by comparing
the calculation results with the measured values
obtained during xenon transient experiment of
the Kori Unit 1, cycle 1 at burnup 4000 MWD/

MTU and 87% power. The purpose of the ex-

periment was to study the xenon transient beh-

avior of the Kori Unit 1 reactor core at BOL,
and to assure the stability of the core against
xenon oscillation. Simulation of the xenon tra-
nsient test using DD1D is preceded by the close

follow-up of core load history before the expe-
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Fig. 5. Total Power Coefficient vs. Power Level
for Kori Unit 1, Cycle 1 at BOL.

T wwd

— s

AD I
- o

= 70 TS
TOTIMEA)

: . : . .
5 10 W45 20 25 /S E
A\ 7
\ /
/
\ /
/
//
D /

o N

Fig. 6. Axial Offset vs Time at Xenon Oscillation
for Kori Unit 1, Cycle-1, Burnup-4000,
87% Power.
riment. Experimental procedure should also be
closely simulated. Shown in Figure 6 is the
comparison between time dependent axial offset
predicted by DD1D and experimental value ob-
tained from xenon oscillation test for Kori Unit
1, cycle 1. As shown in this Figure reasonab-
1y good agreement is obtained.

From the above mentioned verification test re-
sults, the DDID code is evaluated to be highly
reliable not only for steady-steate mneutronics
calculation but also for xenon transient calcula-

tion.
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3. Analysis of Reactor Core Sability
Against Axial Xenon Oscillatilon

Studies on PWR core stability to axial xenon
oscillation are proceeded in three steps. First
of all, a parameter called stability index is de-
fined that is usud as a measure of axial stabil-
ity. Then various parameters related to DD1D
digital simulation such as spatial mesh size,
time-step length and convergence criterion are
investigated to get optimal values for the pur-
pose of improving the accuracy and reliability
of calculation results. Finally, extensive studies
on PWR core stability to axial xenon oscillation
are performed through sensitivity analyses of
the stability to reactor core physical parameters
including core power level, moderator tempera-
ture coefficient, core inlet temperature, doppler

power coefficient and core average burnup.

- 3.1. Definition of Stability Index

Whether a reactor core is stable or not agai-
nst axial xenon oscillation is often undertood
by inspecting the parameter called stability
index. Usually, axial offset (AQO) is used to re-
present the axial power distribution of the core

and is defined as

X100(%) 3-D
where

Pr: average power of the upper core,

Pp: average power of the lower core.
When an axial offset changes in time as shown
in Figure 7, it can be written as

AO(t)=A EXP (pt)+ A0,

where

(3-2)

p=b-+jw,
i=v-1
A: amplitude constant,
AOQ,: equilibrium axial offset,

b: stability index,
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Fig. 7. Axial Offset vs Time at Typical Stable
Xenon Oscillation.

w: oscillation frequency.
From the figure
AO,=AO0(t,)=A EXP(pt,) -+ AO,, (3-3)
AO,=AO0(t)=A EXP (pty) + AO,. 3-0
Then

(AQ,—AO0y)
(A0, — A0y

=EXP{6(t,—¢t;)Jcos[w(t,—t) 7.
(3-5)
When (¢,—¢,) is defined as oscillation period and

=EXPlp(t,—t1)]

noted as T, stability index & is expressed as

b= Ins S50 (3-6)

When b is negative as in Figure 7, the reactor
core is stable, but the core becomes unstable

when b turns to positive value.

3.2. Effect of Digital Simulation Parameters
On Calculation Accuracy

Although simulation of a reactor core using a
computer mathematical model is the most real-
istic method, errors are unavoidably introduced
due to the descrete nature of the difference eq-

uations representing the system. Apart from the

finiteness of the spatial and temporal mesh le-
ngths, errors are incurred from the finite conv-
ergence criteria for the eigenvalue and flux sh-
ape. Sensitivity of the calculation accuracy to
the above mentioned parameters is studied to
find out the optimum or most appropriate values..

3.2.1. Spatial Mesh Size

To study the effect of spatial mesh size on
the stability index calculated using the DDID
code, three different mesh sizes(23,6 and 4.5
cm) are tried and their calculation results are
shown in Table 1. From the Table it is ob-
served that the accuracy of the calculation res-
ults(stability indices) is relatively insensitive to.
the variation of spatial mesh sizes within the
range of investigation. However, mesh sizes of
6 and 4.5cm lead to better agreement and slight
improvement in accuracy compared with 23cm
long mesh size. The mesh size of 6cm is eval-
uated to be an appropriate value for the stabi-
lity analysis of PWR core by the DDID code.

3.2.2. Time-Step Length

Three different time-step lengths are tried to.
study the effect of time-step length variation
and to find out an appropriate value in running
the DDID code. Table 2 and Figure 8 show
changes in stability index vs time-step length,
while Figure 9 shows time dependent axial offsets
calculated using two different time-step lengths;
3 hour and 1 hour. Three is a significant cha-
nge in stability index as the time-step length
changes from 3 hour to 1 hour, but no signifi-
cant improvement in accuracy from 1 hour to
0.5 hour. Therefore, a time-step length of 1

hour is selected for the rest of stability index

Table 1. Effect of Spatial Mesh Size (4Z) on Stability for Kori Unit 1, Cycle i

BU POWER 4z

[

MWDMTUY| | %6 oz, AO, A0 40, bhr) | T(ho)
6000 100 23 —5.53 0.41 —2.80 —0.01944 40
6000 100 6 ~5.68 | — .25 —3.48 | —0.02177 41
6000 100 4.5 —5.65 | — .11 —3.37 | —0.02165 4l
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Table 2. Effect of Time-Step Length (4T) on Stability for Kori Unit 1, Cycle 1

BU POWER
6000 100 —5.68 .59 —2.33 —0. 02089 30
6000 100 1 —b. 68 .76 -1.20 —0.01210 30
6000 100 0.5 —5.68 .80 - .99 —0. 01060 30.5
PP — _—
- —30 =
- ‘ z
‘; -3 oi—- "::
'{2 i * 200
. 20~ 2
K \\ -0
:._‘E o 0.0 ! ! L
4 3 2 ] ¢}
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4 3 2 § o}
Time-Step Length {(Hour)

Fig. 8. Stability Index vs. Time-Step Length for
Kori Unit 1, Cycle 1.
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Fig. 9. Axial Offset vs. Time for Kori Unit 1,
Cycle 1 at Burnup 6000 MWD/MTU Calc-
ulated Varying Time-Step Length.

-calculations in this paper.

3.2.3. Convergence Criterion
Flux and eigenvalue convergence criteria are

.also important parameters that determine the

accuracy of neutron flux and xenon distribution.

In the DDID code that utilizes EQUIPOISE

method”, the inner and outer iterations are acc-

-omplished at the same time, and the eigenvalue

.converges faster than the flux. Therefore, the

flux convergence criterion is more limitng than

the eigenvalue criterion.

FLUX CONVERGENCE CRITERION (x1074)

Fig. 10. Stability Index vs. Flux Convergence
Criterion for Kori Unit 1, Cycle 1 at
Burnup 6000 MWD/MTU.
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Fig. 11. Axial Offset vs. Time for Kori Unit 1,
Cycle 1 at Burnup 6000 MWD/MTU Cal-
culated with ¢=1x10"* and 4x10~%

To study the effect of flux convergence crit-
erion variation on stability, DDID calculations
with 4 different values are tried, and their res-
ults are depicted in Table 3 and Figure 10.
Also, shown in Figure 11 are changes in axial
offset vs time for e(convergence criterion)=
1xX10* and 4x107% It is concluded from
the above results that for too large a converg-
ence condition xenon oscillation tends to die out
faster and stability index is quite sensitive to

the convergence criterion. For the rest of DDID



understanding that the underestimate of true
stability index at this convergence condition is
‘within the acceptable level.

3.3. Sensitivity of Core Axial Stability to Core
Physical Parameters

The effect of changes in core physical para-
‘meters on axial stability in PWR is evaluated
using the Kori Unit 1 reactor core data. Anal-
yzed is the effect of changes in such parameters
as core power level, moderator temperature
coefficient, core inlet temperature, doppler power
«coefficient and core average burnup.

3.3.1. Core Power Level

One of the known major influences affecting
:spatial stability is the core flux or power level.
Three different power levels(100%, 80% and
60%) are selected to investigate the effect of
-core power level variation on axial core stability
-at burnup 6000MWD/MTU for Kori Unit 1,
Cycle 1. Table 4 shows the effect of core
power level variation on stability index and
period, while Figure 12 shows axial offset vs
time for 1009 and 609 power level condition.

As shown in the Table an increase in power
level leads to a decrease in core stability against

xenon oscillation. Such a decrease in stability
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Table 3. Effect of Convergence Criterion on Stability for Kori Unit 1, Cycle 1
QwhTU T | x40, ! 40 l A0 il e
6000 100 4 —5.68 i —.25 : —3.48 —0.02177 41
6000 100 1 —5.68 | .76 —1.20 —0.01210 30
' |
6000 100 E 0.65 —5.68 1 .88 ; — .9 —0. 01102 29.5
6000 100 ‘f 0. 35 —b5.68 | 1.02 : — .73 —0. 01044 29
Table 4. Effect of Core Power Level on Stability for Kori Unit 1, Cycle 1
|
BU POWER ' -1
(MWD/MTU)! (%) 40, ! 40, 40, I T(hr)
6000 100 —5.68 | .76 ~1.20 —0.01210 30
6000 80 —2.39 3.68 1.09 —0.01661 33.5
6000 I 60 1. 86 6.64 3.91 —0.02171 39
-calculations, e=6.5% 1075 is utilized with the 8y —— —

Power Level : 60 %

|
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! b ]
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Time {Hour}

Fig. 12. Axial Offset vs. Time for Kori Unit 1,
Cycle 1 at Burnup 6000 MWD/MTU Cal-
culated Varying Power Level.

is due to the increased reactivity contribution

by xenon poison resulting from the higher xenon

concentration at increased power level.

3.3.2. Moderator Temperature Coefficient

The effect of moderator temperature coefficient
is studied indirectly by changing the correspon-
ding moderator density coefficient as input to
the DDID code. Two different cases are studied;
one for converging oscillation and the other for
diverging oscillation. The power level is fixed
at 100%, but burnups of 6000 MWD/MTU and

10000 MWD/MTU are selected for converging

and diverging oscillation cases, respectively. The

in Table 5; 3

calculations for converging oscillation and 2 for

calculation results are shown
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Table 5. Effect of Modertor Temperature Coefficient on Stability for Kori Unit 1, Cycle 1
BU POWER 4p/4T .
(MWD/MIU) (%) (pcm/"F) AOo AO1 AOz b(hr 1) T(hr)
6000 100 —17.48 —5.57 1.02 —.89 —0.01122 30.5
6000 100 —17.90 —5.68 .76 —1.20 —0. 01210 30
6000 100 —18.53 —5.77 .75 —1.32 —0.01273 30
10000 100 —25.80 —3.38 4.84 8.89 0.01369 28
10000 100 —26.64 —3.97 5.63 10.25 0. 01403 23

Table 6. Effect of Core Inlet Temperature

on Stability for Kori Unit 1, Cycle 1

BU POWER INLET - .
(MWD/MTU) (%) T(OF) AOQ AO]_ AOz b(hr 1) 1 (hr)

10000 100 541. 34 —3.83 4.84 8.89 0.01369 28

10000 100 540 —3.77 4.65 8.58 0.01368 28

diverging oscillation.

As shown in the Table, for a converging os-
cillation at the lower burnup axial stability in-
creases as moderator temperature coefficient(ab-
solute value) increases, that is, the absolute
value of stability index increases as the absol-
ute value for moderator temperator coefficient
increases. However, for a diverging oscillation
at the higher burnup the axial stability decre-
ases as the moderator temperature coefficient
(absolute value) increases. Such a decrease in
stability for diverging oscillation with increased
moderator temperature coefficient is due to the
more negative slope of the coefficient that has
a destabilizing effect on the first flux harmonic
of the neutron flux shape.®

3.3.3. Core Inlet Temperature

Considering the fact that there exists a poss-
ibility of the increase in load-follow capability
of PWR by reducing the core inlet temperature,
it is of interest to study the effect of core inlet
temperature change on core stability. However,
the core inlet temperature change is directly
related to the moderator temperature coefficient.
Table 6 shows the stability index vs core
inlet temperature (541.34°F and 540°F) for
Kori Unit 1, Cycle 1 at burnup 10000 MWD/
MTU and 100% power. In this Table it is noted

that increase in inlet femperature results in
decrease in stability. Such results are relevant
to those from the sensitivity study of moderator
temperature coefficient in previous section.

3.3.4. Doppler Power Coefficient

Doppler power coefficient of a typical PWR
is negative and the negative doppler power co-
efficient around full power tends to decrease in
magnitude as burnup progresses. To study the
sensitivity of the core stability to doppler power
coefficients (—9. 587
pem/% power and —10.016 pcm/9% power) are
selected, and the calculation results are in Table

coefficient, two different

~10.016 pem/ % power o~ }
81 ——— -9.587 pem/ % power /N

Axial Offset (%)

Time (Hour)

Fig. 13. Axial Offset vs. Time for Kori Unit 1,
Cycle 1 at Burnup 10600 MWD/MTU Ca-
Iculated Varying Doppler Power Coeffic-
ient.
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Table 7. Effect of Doppler Power Coeflicient on Stability for Kori Unit 1, Cycle 1

BU POWER dp/4P -1
(MWD/MTU)\ (%) t(pcm/% power) | A0 40, 40, [ b(hr™ ' Tchr)
10000 100 —9.587 ! —-3.83 4.84 8.89 0.01369 28
10000 100 —10.016 : —3.81 3.49 4.94 0. 00647 28
| 4.0
1 20
§ J / ‘ ? © B 53(‘30 7600 mo@o 50100
3 I ’/ 150 MWD/ MTU \ H BURNUP (MWD / MTU )
4506 {/ — — — 6COCMWD/ MTU \\ | L
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Fig. 14. Burnup Dependent Axial Power Profile
for Kori Unit 1 Reactor Core.

7 and Figure 13. As expected a less negative
coefficient leads to more unstable xenon oscilla-
tion.

3.3.5. Burnup

For a typical PWR, as fuel burnup progresses
-doppler coefficient becomes less negative, mod-
erator temperature coefficient becomes more ne-
gative and axial power distribution becomes more
flattened. Figure 14 shows a comparison among
axial power distributions at BOL, MOL and
EOL. The flattening of the power distribution
reduces the coupling between upper and lower
cores, and leads to less stable core against axial
xenon oscillation. Combined effects of the above
parameters affect the axial stable core against
axial xenon oscillation. Combined effects of the
above parameters affect the axial sitability as
the burnup progresses. Shown Figure 15 is
the change in stability index of the Kori Unit
1, Cycle 1 at 100% power and all rods out

condition as fuel burnup increases. As shown in

~0

Fig. 15. Stability Index vs. Burnup for Kori Unit
1, Cycle 1 at HFP, ARO.

the Figure stability index becomes zero at the

burnup of 7600 MWD/MTU beyond which the

core becomes unstable against axial xenon osc-

illation.

At this point, it is of interest to compare the
calculation results as shown in Figure 15 to
the results depicted in Chapter 4 of the Kori
Unit ] FSAR. The FSAR says that the axial
stability index is essentially zero at 12000 MWD/
MTU. Here, it should be noted that the values
in FSAR are not from the actual calculation for
Kori Unit 1 reactor core, but they are indeed
taken from the calculated or experimental results
for the RGE reactor of the United States.®
The RGE reactor with design power of 490
MWe has the same core height (12ft) as the
Kori Unit 1 reactor, but its power density is
74. 35w/cc at full power while it is 107.9w/cc
for Kori Unit 1. From the analysis results in
previous section concerning sensitivity of power
level variation, lower power level equivalent to
lower power density in this case is found to
lead to more stable core. Therefore, it is und-

erstandable for the RGE core to be more stable
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than the Kori Unit 1 core throughout the cycle.
To validate the above arguement, a calculation
of stability index is performed for the Kori Unit
1, first cycle at the burnup of 8, 000MWD/MTU
with the power density at 74. 35w/cc and with
the part length control rods at the core center.
Such a condition is assumed to simulate the
corresponding experiment performed at RGE
reactor at the burnup of 7700MWD/MTU. The
calculated stability index at this condition is
—0. 02hr1(still negative) whileitis —0Q. 014hr!
for RGE reactor (this value is also quoted in
the Kori Unit 1 FSAR, Chapter 4). Such a
quantitative comparison supports the claim that
the stability index in FSAR overestimates the
axial stability of the Kori Unit 1 reactor core,
and that the stability index of the Kori Unit 1
core is expected to become zero at the burnup
of 7,600MWD/MTU rather than at 12,000
MWD/MTU.

4. Summary and Conclusions

Study on PWR core stability against axial
xenon oscillation starts with the development of
a one-dimensional xenon transient analysis
computer code, DD1D. The DDI1D code is pro-
ven to be highly reliable not only for xenon
transient analysis but also for steady state
analysis following extentive verification tests.

Investigated are the various digital simulation
related parameters such as spatial mesh size,
time-step length and convergence criterion for
the purpose of selecting optimum values to assure
the accuracy and reliability of calculation results.
The calculated stability index is found to be
insensitive to the variation of spatial mesh size
between 4 and 23cm, but to be sensitive to
time-step length and convergence oriterion.
The time-step length shorter than 1 hour and
flux convergence criterion less than 0.0001 are
found to be acceptable.
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Studied are the effects of changes in core
physical parameters including core power level,
moderator temperature coefficient, core inlet
temperature, doppler power coefficient and core
average burnup on the core stability against
axial xenon oscillation. The Kori Unit 1 reactor
core is found to be stable to axial xenon
oscillation at the beginning of cycle, but
becomes less stable as burnup progresses. Such
a decrease in stability is due to the combination
of the following reasons:

1) As burnup progresses, core axial power
becomes flattened, and the coupling between
upper and lower core is reduced leading to less
stable core against xenon oscillation.

2) Moderator temperature coefficient becomes
more negative as the burnup increases. This
causes unstable core to be more unstable against
axial xenon oscillation.

3) Doppler power coefficient becomes Iess
negative that makes the core less stable against
xenon oscillation.

It is calculated that the stability index for
the Kori Unit 1 reactor core becomes zero at
the burnup of 7,600MWD/MTU. This number
does not match with that of FSAR of the Kori.
Unit 1. FSAR overestimates the axial stability
of the core, and predicts that the stability index
will be zero at the burnup of 12,000 MWD/
MTU. Such a disagreement may be due to the
fact that the cited value in FSAR does not come
from the calculation for Kori Unit 1 but is in-
deed a calculated stability index for other rea-
ctor core with lower operating power density.

Through the researches on PWR core stability
against axial xenon oscillation, it is concluded.
that design of a large PWR with high power
density and increased dimensions can not avoid
xenon—induced axial instabilities at EOL to.
some extents. Therefore, it is necessary to easily
detect and carefully control such power oscilla-

tions that core local power peaking and eventual
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fuel damage may not occur. That is why it is
most fundamental to understand xenon transient
behavior of PWR, and to find out the optimum
control method of power distribution.

A significant amount of insight into the xenon
transient behavior and axial xenon stability of
a PWR core has been gained through the rese-
arches performed for this paper. The results
obtained in this work, however, are not to be
considered as final ones, but they do provide
the basis of future research for the establishm-
ent of an optimum power distribution control
method of PWR.
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