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' INTRODUCTION

Many large reactors may be subject to spatial oscillations
in the power distribution caused by redistribution of xenon
| poison. To enable a power reactor to operate, the susceptibility
| of the reactor core to xenon oscillations must be determined, and,
| if the core is susceptible to undamped oscillations, a control

l : mechanism and strategy must be available.

Susceptibility and control strategy can be determined by
calculation. Precise calculaticon of a reactor core requires a
three-dimensional (3-D) representation. A 3-D calculation is very
expensive in computer time, and this expense is multiplied by
] several orders of magnitude to follow a xenon oscillation. If a
) one-dimensional (1-D) calculation could be used, the computer time
saving would be great and in many cases oscillation characteristics,
determined without calculating the actual flux oscillations, would

be useful.

: In 1958, Randall and St. John! derived equations in one dimen-
i sion that yield the flux at which sustained oscillations occur

| with flat flux shapes over the central region of the reactor.

These equations were expanded in DPST-68-3722 to include growing
and damped oscillations and flux shapes, which are "dished" or
"humped." The results are presented as a series of curves de-
pendent upon the neutron flux level and the flux shape factor as
well as a number of reactor parameters that account for material
composition and reactor size. It is desired to determine the de-

gree to which these curves are applicable.

A series of xenon oscillation experiments3 were designed and
conducted at the Savannah River Plant (SRP) to determine the

accuracy of various calculational techniques. The results of the




axial experiments were found to be adequately reproduced with

3-D calculations.” The starting equilibrium axial flux shape,
during the experiments, differed appreciably with radius and ex-
emplified the problem of finding a single axial flux shape for a
1-D calculation. Although specific spatial detail may be obtained
with 3-D xenon oscillation calculations, it is often desirable to
obtain approximate results quickly with 1-D calculations. Because
the shape is very important to the 1-D calculations, a study was
initiated to determine if some simple scheme could be found to
reduce the 3-D nonseparable flux to a single 1-D flux for assessing

susceptibility to xenon oscillations,

Although xenon oscillations can occur in any dimension of
space, this discussion will be limited to the first harmonic in

the axial dimension of cylindrical reactors.




SUMMARY

A series of axial xenon oscillation calculations were made
using similar 3-D and 1-D models; Cases were chosen to include
| a variety of 3-D flux shapes where the axial shape changed as a
| function of radius. 1-D axial flux shapes were obtained by averag-
' ing the flux at each axial layer by two methods, volume weighting

and flux-volume weighting.

For H:;0 reactors, the siﬁple volume‘weighting (W=1) gave
slightly more accurate results than the flux-volume weighting
(W = ¢). For the shapes considered, the 1-D calculations with
either weighting indicated a greater degree of instability than

: the 3-D calculations.

l For D0 reactors, the two weightings ére_equally good, although

4 the W = ¢ weighting gave a better result for a very unstable system.

These results can be used to apply the xenon oscillation cal-
| culations graphed parametrically in Reference 2 by following the

procedure on page 9.




DISCUSSION

3-D xenon oscillation calculations adequately reproduce ex-
perimental results.® In this report, 3-D calculations are the
standard against which 1-D calculations are compared. XHERC, a
Savannah River Laboratory (SRL) code described in Appendix A for
calculating xenon oscillations in 1, 2, or 3 dimensions, was used
for the study. The calculational procedure involved obtaining a
3-D equilibrium flux shape assumed to exist before a perturbation
is applied. A 3-D xenon oscillation was calculated with XHERC to
obtain the flux behavior with time and the associated damping
factor. The 3-D equilibrium flux shape was then reduced to the
1-D fluxes with two weighting functions. A xenon oscillation was
calculated for each of the 1-D shapes, and the damping factor was

compared with the 3-D results.

The damping factor is defined as the ratio of the change in
flux from equilibrium at the peak of an oscillation to the change
in flux from equilibrium at the peak one cycle later. Oscillations
with damping factors less than 1.0 grow with time, and damping

factors greater than 1.0 represent damped oscillations.

To reduce the 3-D flux shape to a 1-D shape, the flux at each

axial layer ¢(z) was obtained from the equation:

IV¢(r,z)-W(r)dv
J W(r)dv

$(z) =

where ¢ is the pointwise 3-D flux, and W is the weighting function.

Since the volume element can be expressed in terms of Az«27mr-+dr,

Spe(r,z)*W(r) rdr

$(z) =
JpW () rdr




Two functions were chosen for evaluation. The simple volume

weighted flux is obtained when all W(ir) =1

Sro(r,z) *rdr
Jprdr

¢y (2) =

and the flux-volume weighted flux is obtained when each W(r) = ¢(z,r)

(2) = Spd?(z,r) rdr

¢
v IR¢(z,r)°rdr

The study was made by repeating the above procedure with
several radial power shapes chosen to accentuate the worth of the
weighting functions, for two reactor types. Figure 1 shows the
relative powers for each of five cases. The first three cases
have material properties and dimensions that represent a D,0-
moderated reactor; the power level was constant among the three
cases. The last two cases have material properties, dimensions,
and power level, which are appropriate to a present generation
PWR. Figure 2 shows the plots of the 1-D equilibrium axial fluxes

using the two weighting functions.

A sixth case was calculated using the same flux shape as Case
5 but with the total feactor power (and therefore the flux level
at every point) reduced 5/8 to produce an oscillation nearer the
threshold. |

Table 1 contains the results, a comparison of the damping
factors from the 3-D calculation and 1-D calculations using volume
weighted fluxes (W = 1), and flux-volume weighted fluxes (W = ¢).

The 1-D damping factors agree reasonably”well with the 3-D damping

i

factors except for Case 3, W= 1. W = ¢ gave the better agreement

for D,0-moderated reactors whereas W = 1 gave better agreement for

H,0-moderated reactors.



—

A comparison of the damping factors does not necessarily
convey a meaningful understanding of the accuracy of the 1-D
calculations. To examine the accuracy further, changes in two
parameters, the reactor power and the flux shape factor ()} that
would produce agreement of the 1-D with the 3-D calculations were
determined. The changes were evaluated from the curves in Reference
2 and are listed in Table 1. For the weightings cited in the pre-
ceding paragraph as giving better results, the changes are £10%.
In an operating core, the precision with which the power is known
and the flux can be determined from the power is smaller than this
change. However, in the case of the flux shape factor, the 10%
change is smaller than the precision with thch the parameter is

known for an operating reactor core.

TABLE 1
CALCULATED DAMPING FACTORS

3-D 1-D; W = 1 1-D; W= ¢

Reactor Radia? Damping® Damping® _% Changeb DampingZ % Changeb
Case _Type Power Shape _Factor Factor  Power A Factor Power A

1 SRP Flat 0.88 1.01 +7 -3 0.78 -6 +3
2 SRP Dished z2.12 1.85 -8 43 1.98 -5+
3 SRP Humped 0.15 0.44 +73 -15 0.12 -7 +2
4 PWR Humped 0.42 6.30 -7 +#7 _  0.13 -26 +24
5 PR Flat 0.32 0.18 -1 +12 0.09 -21 +28
6 PWR Flat 1.54 1.03 =10 +11 0.63 -19 +24

2. Damping factor is the ratio of the change in flux from equilibrium at the peak
of an oscillation to the change in flux from equilibrium at the peak one cycle
later.

b. Percent change in the indicated parameter required to make the 1-D damping
factor agree with the 3-D damping factor.

* ] 1s the factor that multiplies the geometric buckling to obtain
the added buckling for the first harmonic of the fundamental flux
shape (see Reference 2).



To utilize the curves of Reference 2 to estimate the xenon
stability of a reactor core, the following procedure will give a

conservative result:

Determine the expected 3-D equilibrium flux shape and reduce
it to the corresponding 1-D flux shape with the appropriate
weighting function.

From the power and the 1-D shape determine the flux as per
Reference 2.

From the 1-D shape determine A per Reference 2. Arbitrarily
reduce A by 10%.

Determine the necessary parameters and enter the curves of

Reference 2 to cobtain the damping factor.
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FIGURE 1 Radial Power Shapes
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FIGURE 1 (Continued)
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APPENDIX A

XHERC is a code that calculates three-dimensional xenon
oscillations iﬁ SRP reactors. HERC {Appendix B) is used as a
subroutine to calculate the neutron flux distribution. The code
first calculates the equilibrium neutron flux and the 135¥e and
1351 concentrations. This initial reactor state is perturbed by
changing the material properties in any number of regions, and a
new neutron flux distribution is calculated. The code then steps
through time calculating xenon and icdine with constant flux dur-
ing a time interval and, using the revised concentrations, cal-

culates a new flux shape for each time step.

A second perturbation may be introduced after some number of
time steps. For the present set of calculations, this perturba-
tion was applied after six time steps (each time step was 0.25 hr)
for the purpose of returning all material properties to their
initial value. The first perturbation changed the material prop-
erties to be axially nonsymmetric, and the second perturbation

returned the properties to the initial symmetric distribution.

The number of iterations required for the flux to converge
during a HERC calculation is dependent upon the accuracy of the
flux guess for the first iteration. XHERC contains a subroutine
which examines the flux after successive time steps and uses, as
a guess for the next time step, an extrapolated shape based on
the relative change in flux at an arbitrary poin£ for the last
three time steps. The total running time was significantly re-

duced by using this procedure.

In the present version, HERC has been modified to accept
feedback through the thermal absorptioﬁ cross section, which

changes at every mesh point proporticnal to the changing xenon
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concentration. The prompt temperature coefficient is simulated
by a change in thermal absorption cross section proportional to

the change in neutron flux from the initial value.

Total reactor power was held constant during each set of
calculations, and the radial power shape was observed to stay
constant (within 0.1%) throughout an oscillation. The eigenvalue
was held constant at unity by a uniform poison search for all

calculations.




APPENDIX B

HERC is a three-dimensional, few-group neutron diffusion
code in hexagonal geometry which calculates the space dependent,
steady state neutron flux in a reactor. The code assumes a hexa-
gonal mesh in the X-Y plane with constant mesh spacing and a
single mesh point at the center of each hex. The axial dimension
assumes a number of such layers, one precisely below the other,

separated by a constant distance.

The solution may be either an eigenvalue problem or a poison
search, If a poison search is desired, it is made on the thermal
absorption cross section of either a selected material or all

materials uniformly.

The geometric model allows the calculation to be perforﬁed
over only those azimuthal sectors and those axial layers of in-
terest when azimuthal or axial symmetry exists. If, for instance,
it is desired to calculate a case which has 60° azimuthal symmetry,
only one sector need be calculated and the running time is reduced
accordingly. The scheme allows flexibility in the amount of de-
tail one may calculate for a given problem. If fine detail in
the axial flux shape is desired (many axial layers), it may be
obtained at the sacrifice of the number of sectors (and/or energy
groups) used. The size limitation of the version being discussed
here is that the product of the number of layers times the number
of sectors times the number of energy groups must be less than

49.

The calculations discussed in this report all used 24 axial
layers, 1 sector, and Z energy groups. The material properties
were initially placed axially symmetric with respect to the mid-
plane (between layers 12 and 13) to yield axially symmetric

equilibrium flux shapes.
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