AER Benchmark Specification Sheet

1. Test ID: AER-FCM-102
Classification: mathematical test, intercomparison
2. Short description: 
The test is a mathematical type test for solving the two-group diffusion problem without feed back. It is developed for determination of 
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, 2D- and 3D power distributions in a 30o sector of the WWER-1000 reactor core [1]. Five fictive assemblies with corresponding properties present the real radial reflector (RR). In axial direction the core is divided into 12 slices with thickness of 35.5 cm each. The first and the last slice are the top (TR) and the bottom (BR) reflector correspondingly. Fresh fuel core and equilibrium poisoning of Xenon and Samarium are considered in the test. Two variants of the test are presented (A and B), corresponding to different material composition of the core. Nine material types are considered in the sector loading. The necessary libraries of 4-group effective macroscopic cross sections have been generated by the codes NESSEL [2] and PREPAR [3]. Furthermore, by reduction of energy group and, if necessary, additional spatial homogenisation they are transferred by the code RADMAGRU [4] to prepare for each of the mentioned materials, files of 2-group effective neutron cross sections.
3. Submitted by:

G. Alekova, R. Prodanova – IAE
4. Reviewed by: J. Kyncl (UJV), M. Makai(AEKI)
           Date: October 1999
5. Accepted by: J. Kyncl, M. Makai
           Date: October 1999
6. Objective: 

          Judge the accuracy of 
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and the power distribution of diffusion codes.

7. Rationale for Test Setup:

The test is similar to the benchmark [5], known as Schultz benchmark. In contrast to it, the geometry and the material composition, including the axial, the top and the bottom reflectors are described, taking into consideration a real WWER-1000 reactor core. 

8. Input:

a, Geometry:  Fig.1 and Fig.2.

b, Material Composition: Tab.1 and Tab.2.

c, Other: Mirror boundary conditions are recommended at the internal boundaries and vacuum boundary conditions – at the external ones. 

9. Hardware and Software Requirements memory, files appr. comp. time

10. Output:

a, Expected results (primary, secondary): 
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, 2D- and 3D power distributions
b, Files, Format: 

Normalized nodal power values is recommended to be calculated as: 

3D: 
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2D: 
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11. 
The output formats are given at Tab.3. and Tab.4.

Benchmark solutions have to be compared to a reference solution (in presence): 

12. 
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 - For each node 
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 - For each fuel assembly 
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 - Standard deviation of n compared values:

16. References:

1. In-Core Fuel Management Code Package Validation for VVERs. IAEA-TECDOC-847, November 1995.
2. G. Schulz, NESSEL-4 Version 6, K.A.B. AG, 1994
3. K.A.B. AG. Berlin, “Programme PREPAR - code manual”, 1996.
17. R. Prodanova. RADMAGRU - a code for transformation of libraries of effective constants of MAGRU type intended to assembly-wise and pin-wise calculations. BgNS Transactions, 1998 (in print).
4. G. Schulz. Solutions of a 3D VVER-1000 Benchmark. VI AER Symposium on VVER Reactor Physics and Reactor Safety, Sept. 1996.

18. Recommended Solution

a, The reference solution is recommended to be extrapolated from fine-mesh solutions for mesh size equal to zero for homogenized nodes

b, Data, Estimated Results: 

19. No reference solution is available. 
20. Fig.1. Geometry in horizontal plane
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Fig.2. Geometry in axial direction 
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Tab.1. Material composition

Ass.

N
Var.
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TR
1
2
3
4
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1
A
8
1
1
1
1
1
1
1
1
1
1
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5
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1
1
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5
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5
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1
1
1
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B
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Tab. 2. Two - group cross sections 

Mat.

type
g
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1

2%
1
0.137548E+01
0.250712E-01
0.493520E-02
0.162592E-01


2
0.374814E+00
0.731924E-01
0.869902E-01




2

3%
1
0.136728E+01
0.246493E-01
0.621558E-02
0.152926E-01


2
0.370974E+00
0.918704E-01
0.124168E+00




3

3.3%
1
0.136584E+01
0.245760E-01
0.658119E-02
0.150565E-01


2
0.369780E+00
0.971739E-01
0.134719E+00




4

3.3%Pr.
1
0.136617E+01
0.245930E-01
0.649002E-02
0.151146E-01


2
0.370057E+00
0.957659E-01
0.131943E+00




5

2%+
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B

4


1
0.141251E+01
0.263676E-01
0.487306E-02
0.142969E-01


2
0.376739E+00
0.884552E-01
0.882770E-01




6

3%+
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B

4


1
0.139989E+01
0.259329E-01
0.611836E-02
0.134504E-01


2
0.372386E+00
0.108141E+00
0.126183E+00




7

RR
1
0.100426E+01
0.136992E-01
0.0
0.102042E-01


2
0.260804E+00
0.337120E-01
0.0




8

TR
1
0.206691E+01
0.204454E-01
0.0
0.194403E-01


2
0.375726E+00
0.222740E-01
0.0




9

BR
1
0.125866E+01
0.240558E-01
0.0
0.217226E-01


2
0.291049E+00
0.616684E-01
0.0


Tab.3 Output format for solution

Ass. N i
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Tab.4 Output format for comparison

Ass. N i
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Summary:
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