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Overview

• Introduction: Some words about OECD/NEA Benchmarks Phase II-C through II-E
• Phase II-C: Description and Results 
• Phase II-E: Description and Results
• Conclusion for different configurations
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Phase II-C: Impact of the asymmetry of axial burnup profiles of spent PWR UO2 fuel assemblies 
on the end effect was studied. 
Results: 
- End effect increases with increasing asymmetry and 
- is significantly dependent on “local asymmetry” of the profiles. 
- Asymmetry decreases with increasing average burnup, 
- but end effect increases with increasing average burnup at given asymmetry. 

Introduction

Phase II-D: Effect of control rod (CR) insertion during irradiation of PWR UO2 fuel assemblies 
on the spent fuel composition.
Results: Due to spectrum hardening, 
- CR insertion results in a change of the spent nuclear fuel (SNF) isotopic inventory: 

At given initial enrichment and given burnup, SNF which was exposed to CR insertion during 
irradiation has a higher reactivity than SNF which has not been exposed to CR insertion.

Phase II-E: Combination of asymmetry effect and CR insertion effect
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Phase II-C

Objective: Impact of the asymmetry of axial profiles on

 end effect

 axial fission density distribution

Objective

Definition of the end effect:

∆k = keff (shape) – keff (uniform)

Fission density in zone i:
Number of fissions by unit volume in 
zone i normalized to one fission by unit 
volume in the whole system
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Vi:= Volume of zone i
Φ:= Scalar flux
Σf:= Macroscopic fission cross section
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 Normalized shapes for 7 burnup groups and the total sample
 Observation: Tendency of decreasing asymmetry with increasing average burnup

Evaluation of a database of 850 axial profiles

Phase II-C

Description of the asymmetry 
of axial burnup profiles:

Top End Parameter Sκ S6
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Evaluation of a database of 850 axial profiles

Phase II-C

Phase II-C Axial Burnup Profiles 
Reference Cases and Cases of Maximum and Minimum Asymmetry
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Description of the cask configuration

Transport cask configuration on the 
analogy of Phase II-B Benchmark: 

• 21 fuel assembly positions in a 5*5 array 
(without corner positions)

• Fuel assemblies centrally positioned 
within the basket regions

• Cask completely flooded with water.

Phase II-C
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Description of the cask configuration

Phase II-C
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Results for the end effect

Phase II-C

The relationship between the end effects at 32 MWd/kg U and 50 MWd/kg U is found to be:
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Phase II-C

Results for the end effect: Impact of local asymmetry
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Phase II-C

Results for the fission densities

    
Evaluation of the Fission Density Distributions for Uniform Axial Burnup Profiles
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Phase II-E

• For a given asymmetry, i.e. for a given axial burnup profile the end effect is studied for different 
CR insertion depths ranging from 0 cm (no insertion) to full insertion.

• Since the asymmetry of the axial profiles and the end effect are dependent on the average 
burnup of the profiles (cf. Phase II-C) two axial profiles are chosen, one related to an average 
burnup of 30 MWd/kg U, the other related to an average burnup of 50 MWd/kg U.

• To be representative and bounding the axial burnup profiles chosen are generated as bounding
profiles from a database of real axial burnup profiles  

Bounding axial burnup shapes
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Phase II-E: ? Results to be expected


Phase II-C and Phase II-D

    
Evaluation of the Fission Density Distributions for Uniform Axial Burnup Profiles
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Phase II-E: Results
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Phase II-E: Results
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Phase II-E: Results
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Phase II-E: Results
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Phase II-E: Results
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Phase II-E: Results
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Phase II-E: Results
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Phase II-E: Results
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Phase II-E: Results
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Phase II-E: Results



25
CSN / IAEA Workshop on Advances in Applications of Burnup Credit for Spent Fuel Storage, Transport, Reprocessing, and Disposition
Cordoba, Spain, 27 – 30 October, 2009

J.C. Neuber, AREVA NP GmbH, NEEA-G

Phase II-C + Phase II-E Results  Conclusions for different configurations ?

Case of jutting-out of fuel zone
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Fission Densities Axial Burnup Profile Average Burnup B=30 MWd/kg U 
(not normalized to unity)
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Phase II-C + Phase II-E Results  Conclusions for different configurations ?
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Phase II-C + Phase II-E Results  Conclusions for different configurations

Case of jutting-out of fuel zone

Top end of fuel zone juts out of absorber channel
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Conclusion

Results of Phase II-C made it possible to predict 
the behavior of 
 kprofile, kuniform and 
 the resulting end effect 

Δk= kprofile – kuniform

qualitatively for the important cases such as 
 CR insertion 
 jutting-out of the fuel zone 
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Recalculation by FANP GmbH: 
Evaluation of the Fission Density Distributions for Uniform Axial Burnup Profiles

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.
0

10
.0

20
.0

30
.0

40
.0

50
.0

60
.0

70
.0

80
.0

90
.0

10
0.

0
11

0.
0

12
0.

0
13

0.
0

14
0.

0
15

0.
0

16
0.

0
17

0.
0

18
0.

0
19

0.
0

20
0.

0
21

0.
0

22
0.

0
23

0.
0

24
0.

0
25

0.
0

26
0.

0
27

0.
0

28
0.

0
29

0.
0

30
0.

0
31

0.
0

32
0.

0
33

0.
0

34
0.

0
35

0.
0

36
0.

0
37

0.
0

38
0.

0
39

0.
0

Active Length / cm

Fi
ss

io
n 

de
ns

ity


	Número de diapositiva 1
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28

