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1. Introduction

In 3-dimensional core transient calculations, the cross
sections are required for various reactor conditions,
which are continuously changed during event. However,
it is not easy to numerically generate cross sections for
thermal-hydraulic conditions with fuel and moderator
temperatures, density, boron, void, etc. The approximate
formula that cross sections are linearly varied for these
feedback variables is generally used in the 3-
dimensional core dynamics code.

For example of PARCS code using macroscopic
nodal cross sections, a set of macroscopic cross sections
generated at a reference thermal-hydraulic condition is
assigned for each fuel composition, and the sets of
derivative cross sections are provided to describe the
feedback variables as follows [1]:

Y(B.T,,T,.a,&)=2, +a(B-B)+a,(JT, -T,)+a T, ~T,)
+a,(D,-D,)+a(D,—D, ) +aa+aac’ +EAL,

where a;~a, and ag are 1% order derivative constant, and
as and a; are 2™ order derivative constant. Also, & is the
effective rodded fraction. These constants can be
obtained from their derivatives for two reference values
of the feedback variable to the corresponding
macroscopic cross sections; e.g., a;=(2;-2,)/(B;-By).

The previous studies indicate that the above linear
approximation may be uncertain for the broad transients
such as the rod ejection accident(REA) or steam line
break(SLB) [2,3]. These studies show that nodal powers
during REA and SLB may be largely dependent on how
to select two reference values of these feedback
variables for determination of the 1% and 2™ derivative
constants.

This study clarifies the uncertainties of macroscopic
cross sections as the selection of two reference values of
boron concentration.

2. Uncertainty Analysis

Three types of fuel compositions of the following are
selected for their analysis:
(1) Fuel Type 1 : Burnup 0, 3.798 w/o U**
(2) Fuel Type 2 : Burnup 18200MWD/MTU,
3.798 w/o U**
(3) Fuel Type 3 : Burnup 39500MWD/MTU,
3.798 w/o U™
For case studies to examine the effect of two
reference boron concentrations on cross sections, the 3
sets are selected as follows:
(1) Case1: (B;=1000ppm, 2000ppm)
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(2) Case 2 : (By=500ppm, 1000ppm)

(3) Case 3 : (By=1400ppm, 2000ppm)

Also, their uncertainties for fuel temperature in this
study are examined, and thus other feedback variables
except Ty and B are fixed to a base condition;
(Tp=596.85C, Tw=T=301.85°C, Dy=D,y=
0.7225g/cm’, a=0).

This study calculates the relative uncertainties of each
macroscopic cross section for Case 2 and 3, compared
with a basis value of Case 1. Two group macroscopic
cross sections are calculated by CASMO-3.

2.1 Example Results for Transport Cross Section of
Group 1 (Z},")

Fuel Type 1

Transport cross sections for fuel type 1 are calculated
for three cases of boron concentration. The following
equations are obtained for each case, as shown in Figure
1z

(1) Case 1

¥.=0.230543-0.822286x10 ([T, —|T,)
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¥ 1 =0.230540-0.822296x10° (T, -|/T,,)
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Figure 1 Relative Error of . for Fuel Temperature
(Fuel Type 1)

Fuel Type 2

Transport cross sections for fuel type 2 are obtained
in the same way as fuel type 1 before. Figure 2 shows
their relative errors in Case 2 and Case 3 to Case 1.
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Figure 2 Relative Error of 5, for Fuel Temperature
(Fuel Type 2)
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Fuel Type 3
Transport cross sections for fuel type 3 are obtained

in the same way as fuel type 1 before. Figure 3 shows
their relative errors in Case 2 and Case 3 to Case 1.
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Figure 3 Relative Error of 5’ for Fuel Temperature
(Fuel Type 3)

2.2 Uncertainty Results

In the case of two energy groups, macroscopic cross
sections considered in PARCS are transport, absorption,
fission, down scattering. Their uncertainties are verified
in the same way as Section 2.1, for 9 macroscopic cross
sections of the following:

-Group 1: 5, !, v/, x5/, %'

-Group2: 5% 57, v&, k%

Table 1 shows the uncertainties for these cross
sections. For the sake of convenience, the relative errors
for only 7/=0°C and T/=1500°C are given in Table 1.

Table 1 Relative Errors of Macroscopic Cross
Sections for Fuel Temperature
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3. Conclusion

The uncertainties of macroscopic cross sections in the
linear cross section model used in the 3-dimensional
core dynamics methodology were examined for some
cases. This study shows that relative errors become
large for fuel type 3 and energy group 2, where fuel type
3 represents high-burnup fuels. As a result, it is
concluded that absorption and fission cross sections of
thermal neutron of the high-burnup fuels were relatively
sensitive to the selection of two reference values of
boron concentration.

Various uncertainty analyses can give the guideline to
select reference values of feedback variables. Moreover,
it is possible to find out the best way to select these
values.
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