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Investigation of the Effect of Spacer Grids Modeling on
Reactivity and Power Distribution in PWR Fuel Assembly
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Abstract The neutronic analysis of pressurized water reactors requires extensive knowledge of parameters that influence
the reactor operation; power distributions, control rod worths, shutdown margins, and isotopic depletion rates. The ability to
calculate these parameters depends on the computational models used to predict the neutron density. These models should
simulate the nuclear reactor system accurately so that it operates safely and economically as designed. In the present paper, a
spacer grid is modeled for a PWR fuel assembly taking into account the geometrical details. Two models are simulated using
MCNPX2.7 code; 2D and the full 3D dimensions. In the 2D model the infinite and radial power distribution are calculated
with and without spacer grids, to study the effects of the spacer grid. In the 3D model the effective multiplication factors and
axial power distribution are calculated with and without Pyrex to study the effect of using Pyrex burnable absorber. The data
used are based on VERA core physics benchmark problem. The results obtained showed a good agreement with the reference
values provided for the specified benchmark problem. The results of the present paper investigated that the detailed modeling

for the spacer grid leads to accurate results for both reactivity and power distribution.
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1. Introduction

Ten problems were selected in VERA Core Physics
Benchmark [1] to assist nuclear software and methods
developers and analysts in progressing through capabilities
needed to model U.S. nuclear power reactors and their
operations. The problems provide a prioritization of the
VERA requirements for the virtual reactor, ranging from a
simple 2D fuel pin level and progressing to full core (3D
level), multi-physics, time-dependent problems. Most of the
geometrical and material data is based on actual fuel and
plant data from the initial core loading of Watts Bar Nuclearl
reactor (WBN1). It is a Westinghouse-designed 17x17 PWR
utilizing discrete Pyrex burnable poisons (borosilicate glass,
B,0;-Si0,); the assembly is comprised of fuel rods, 24 guide
tubes and one instrument tube, spacer grids, and top and

presented in the next section.

MCNPX2.7 code is used to calculate the infinite and
effective multiplication factors for assembly with and
without spacer grids. Moreover the radial pin power and
axial power distributions are calculated. For each of the four
problems, two inputs were prepared with libraries
ENDF/B-VILO [3] (Set 1) and ENDF/B-VIL.1 [4] (Set 2).
The results are compared with the reference values provided
for the specified benchmark problems obtained from a
continuous energy Monte Carlo neutron transport solution
(SCALE 6.2 Beta code KENO-VTI and using ENDF/B-VII.0
cross sections).

The radial and axial assembly geometry of the specified
problem is presented in figures 1 and 2 and the detailed
geometrical data are specified in table 1.

Table 1. Fuel Assembly Specification

bottom nozzles. Input Value
The main purpose of the present paper is to accurately Inner guide tube radius 0.561 cm
model a 17x17 PWR fuel assembly with spacer grid using Outer guide tube radius 0.602 cm
MCNPX2.7 code [2]. So particular problems were chosen Inner instrument tube radius 0.559 cm
from VERA core physics benchmark namely; the Outer instrument tube radius 0.605 cm
two—dnpenspn (problems 2A and 2Q) and the Tube materials Zircaloy-4
three-dimension (problems 3A and 3B) models were .
. . : Rod pitch 1.26 cm
simulated. More details for the calculations performed are -
Assembly pitch 21.5cm
* Corresponding author: Inter- assembly ha11‘° gap 0.04 cm
riham_refeat2003@yahoo.com (Riham M. Refeat) Total assembly height 406.337 cm
Published online at http:/journal.sapub.org/jnpp Fuel rod height 385.1 cm
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Figure 1. Radial 17x17 Fuel Rod Assembly
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Figure 2. Axial Assembly Geometry

Fuel Rod Geometry

It contains UQO, fuel stack within Zircaloy-4 cladding with
an upper gas plenum, plenum spring, and upper and lower
end plugs. The available rod data for fuel rod arrangement is
presented in table 2.

Table 2. Fuel Rod Specification

Input Value
Pellet radius 0.4096 cm
Inner clad radius 0.418 cm
Outer clad radius 0.475 cm
Rod pitch 1.26 cm
Rod height 385.1 cm
Fuel stack height 365.76 cm
Plenum height 16.0 cm
End plug heights (x2) 1.67 cm
Pellet material U0,
Clad/caps material Zircaloy-4
Plenum spring material Stainless Steel
Fill gas material Helium

|~ H0

—— 3tainless Stesl

LCladd (Zirealloy)
I Etainless Steel
——— Pvrax

H20
Helivm

e——H0

Figure 3. Pyrex Rod Arrangement

Table 3. Pyrex Rod Specification

Input Value
Enrichment 12.5 Wt% B,0O;
Inner tube inner radius 0.214 cm
Inner tube outer radius 0.231 cm
Pyrex inner radius 0.241 cm
Pyrex outer radius 0.427 cm
Cladding inner radius 0.437 cm
Cladding outer radius 0.484 cm
Poison height 360.68 cm
Plenum height above poison 222 cm
Axial location of poison 15.761 cm
End plug height 2.54 cm
Inner tube material SS-304
Plenum material Helium
Cladding material SS-304
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Pyrex Geometry

The initial WBNI core loading utilizes Pyrex (borosilicate
glass, B,05-Si0,) discrete burnable neutron absorber located
in the assembly guide tubes. The Pyrex rod arrangement is
shown in figure 3 and the available rod data is presented in
table 3.

Spacer Grids

Each 17x17 assembly in WBNI contains six intermediate
spacer grids and two end grids which provide lateral
structure support, reduction in rod vibration and bow, and in
some cases coolant flow mixing. The intermediate grids are
located in the active fuel region and are made of Zircaloy-4
to limit neutron absorption. However, the end grids are
located at the end or outside of the fuel stack and are
predominately made of Inconel for improved structural
support. The available spacer grid data is presented in
table 4.

Table 4. Spacer Grid Specification

End grids Intermediate grids
Number 2 6
Strap material Inconel-718 Zircaloy-4
Height (cm) 3.866 3.810

Table 5 presents the density of materials used in the
benchmarks; it is based on the data of the initial WBNI1 core.
Two fuel enrichments (3.1% and 2.619%) and two
moderator temperatures (565K and 600K) are used in the
specified benchmark. Detailed materials specifications
(Atomic densities for all the isotopes) are taken from
VERA Core Physics Benchmark Progression Problem
Specifications [1].

Table 5. The Materials Density

Materials Density
Zircaloy-4 6.56 g/cc
Stainless Steel -304 8.00 g/cc
Inconel-718 8.19 g/cc
Pyrex 2.25 g/cc
Moderator at 565K 0.743 g/ce
Moderator at 600K 0.661 g/cc

2. Calculation Results and Discussion

Two-Dimensional Model Calculations

Problems 2A and 2Q in the VERA benchmark represent
two-dimension calculations for 17x17 PWR assemblies. In
problem 2A, the fuel enrichment is 3.1% and the moderator
temperature is 565K. The assembly is specified without
spacer grid and without Pyrex absorbers. Problem 2Q has the
same specification as problem 2A but with Zircaloy spacer
grid. The infinite and radial power distributions are
calculated for the two models to study the effects from spacer
grids. The results for the infinite multiplication factor for the

two assemblies are shown in table 6; they are compared with
the reference values provided for the specified benchmark
problem [1]. The results obtained for the infinite
multiplication factor using ENDF/B-VII release zero or
release one are close to each other. The estimated standard
deviation associated with the results is equal to 0.00018
which is an acceptable value.

Table 6. The Results of Infinite Multiplication FactorS

Problem Set 1 Set 2 Reference Results
2A 1.18087 1.18030 1.182175
2Q 1.17681 1.17683 1.17194

Figures 4 and 5 show the radial pin power distributions for
1/8 assembly for the two models, the assembly without grid
(2A) and the assembly with grid (2Q) respectively. The
results obtained using ENDF/B-VII release zero or release
one are close to each other. The estimated relative error
associated with the value of the maximum difference
between the reference and the present results is within
0.0034. According to MCNP manual [2] this value is
reliable.

Three-Dimensional Model Calculations

Problems 3A and 3B in the VERA benchmark represent
three-dimension calculations; each is a PWR 17x 17
assemblies, specified with six Zircaloy spacer grids and two
Inconel spacer grids. In problem 3A, the fuel enrichment is
3.1%, moderator temperature is 600K and there are no Pyrex
absorbers. While in problem 3B, the fuel enrichment is
2.619%, moderator temperature is 565K and there exist 16
Pyrex rods and thimble plugs in the guide tubes which do not
contain Pyrex rods. The effective multiplication factors and
axial power distribution are calculated for the two models to
study the effect of using Pyrex burnable absorber. The results
for the effective multiplication factor for the two assemblies
are shown in table 7; they are compared with the reference
values provided for the specified benchmark problem [1].
The results obtained using ENDF/B-VII release zero or
release one are close to each other. The estimated standard
deviation associated with the results is equal to 0.00018
which is an acceptable value.

Table 7. The Results of Effective Multiplication Factors

Problem Set 1 Set 2 Reference Results
3A 1.17539 1.17541 1.175722
3B 0.99945 0.99986 1.000154

The axial pin power distributions for problems 3A and 3B
are shown in figures 6 and 7 respectively. The results
obtained using ENDF/B-VII release zero or release one are
close to each other. For case 3A, the estimated relative error
associated with the value of the maximum difference
between the reference and the present results is within
0.0075; this value is reliable as stated in MCNP manual [2].
Similarly for case 3B this value is within 0.0025 which is
reliable too.
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1.0325
1.0438
1.0364

1.0104
1.0084
1.0089

1.0333 | 1.0189 | 0.9749
1.0392 | 1.0145 | 0.9706
1.0360 | 1.0180 | 0.9736
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1.0111 | 0.9885 [ 0.9846 | 1.0095 | 0.9809 [ 0.9650 [ 0.9495 | 0.9396
1.0112 | 0.9867 | 0.9881 | 1.0097 | 0.9818 | 0.9644 | 0.9496 | 0.9361
1.0122 | 0.9880 | 0.9880 | 1.0115 | 0.9837 | 0.9649 | 0.9483 | 0.9389
0.9832 | 0.9746 | 0.9766 | 0.9728 | 0.9660 | 0.9511 | 0.9390 | 0.9305 | 0.9371
0.9728 | 0.9690 | 0.9674 | 0.9747 | 0.9641 | 0.9522 | 0.9438 | 0.9367 | 0.9425
0.9764 | 0.9721 | 0.9714 | 0.9739 | 0.9645 | 0.9551 | 0.9458 | 0.9418 | 0.9476
Figure 4. The Radial Pin Power Distributions for Problem 2A
1.0426 | 1.0229
1.0486 | 1.0116
1.0368 | 1.0105
1.0413 | 1.0149 | 1.0177
1.0486 | 1.0177 | 1.0131
1.0371 | 1.0113 | 1.0120
1.0432 | 1.0426
1.0374 | 1.0434
1.0375 | 1.0389
1.0409 | 1.0077 | 1.0140
1.0421 | 1.0083 | 1.0109
1.0353 | 1.0098 | 1.0124
1.0357 | 1.0143 | 1.0105
1.0405 | 1.0142 | 1.0106
1.0320 | 1.0069 [ 1.0098
1.0309 | 1.0300 1.0385 | 1.0157 | 0.9687
1.0322 | 1.0228 1.0398 | 1.0191 | 0.9690
1.0258 | 1.0273 1.0357 | 1.0160 | 0.9726
1.0141 | 0.9868 | 0.9872 | 1.0151 | 0.9826 | 0.9597 | 0.9442 | 0.9266
1.0155 | 0.9888 | 0.9892 | 1.0112 | 0.9839 | 0.9634 | 0.9495 | 0.9269
1.0113 | 0.9883 [ 0.9879 | 1.0109 | 0.9828 | 0.9639 | 0.9468 | 0.9369
0.9704 | 0.9674 | 0.9705 | 0.9650 | 0.9563 | 0.9493 | 0.9321 | 0.9267 | 0.9313
0.9710 | 0.9637 | 0.9641 | 0.9672 | 0.9576 | 0.9487 | 0.9428 | 0.9259 | 0.9258
0.9774 | 0.9726 | 0.9723 | 0.9745 | 0.9646 | 0.9548 | 0.9457 | 0.9413 | 0.9479

Figure 5.

The Radial Pin Power Distributions for Problem 2Q
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Figure 6. The Axial Pin Power Distributions for Problem 3A
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Figure 7. The Axial Pin Power Distributions for Problem 3B
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3. Conclusions

Two models 2D and 3D dimensions are simulated for a
PWR fuel assembly using the MCNPX2.7 code. The data
used are based on VERA core physics benchmark problem.
In the 2D model the infinite and radial power distribution are
calculated with and without spacer grids, to study the effects
from spacer grids. In the 3D model the effective
multiplication factors and axial power distribution are
calculated with and without Pyrex to study the effect of using
Pyrex burnable absorber. The results obtained from
MCNPX2.7 code, using ENDF/B-VIIL.0 and ENDF/B-VII.1
cross sections for the two-dimension problems (2A and 2Q)
and three-dimension problems (3A and 3B) are in good
agreement with those obtained from SCALE 6.2 Beta code
KENO-VI and using ENDF/B-VIIL.O cross sections. For all
cases (2D and 3D dimension) the standard division and the
estimated relative error associated with the value of the
maximum difference between the reference and the present
results is reliable as stated in MCNP manual.

This showed that the detailed modeling for the spacer grid
performed in this paper lead to accurate results for both
reactivity and power distribution.
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