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Introduction: Some words about OECD/NEA Benchmarks Phase 11-C through 11-E
Phase I1-C: Description and Results

Phase I1-E: Description and Results

Conclusion for different configurations
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Phase 11-C: Impact of the asymmetry of axial burnup profiles of spent PWR UO, 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.

Phase 11-D: Effect of control rod (CR) insertion during irradiation of PWR UQO, fuel assemblies
on the spent fuel composition.
Results: Due to spectrum hardening,
- CRinsertion 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 I1-E: Combination of asymmetry effect and CR insertion effect
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Phase 11-C

Objective

Objective: Impact of the asymmetry of axial profiles on

= end effect Definition of the end effect:

= axial fission density distribution Ak = ket (shape) — Kegr (uniform)

Axial Profile Database Ref. /5/ Fission density in zonei:
Typical Axial Burnup Profile (Fuel Assembly 401) Number of fissions by unit volume in
60 zone i normalized to one fission by unit
volume in the whole system
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Phase 11-C

Evaluation of a database of 850 axial profiles

= Normalized shapes for 7 burnup groups and the total sample
= Observation: Tendency of decreasing asymmetry with increasing average burnup

Evaluation of the Axial Bu_rnup Profile Database Ref. /5/ Description of the asymmetry
Averaged Axial Burnup Shapes: Mean Values (2.4) and (2.5) of the Ratios Alpha(v,p) . : .

- of axial burnup profiles:
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Phase 11-C

Evaluation of a database of 850 axial profiles

Phase II-C Axial Burnup Profiles
Reference Cases and Cases of Maximum and Minimum Asymmetry
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Transport cask configuration on the
analogy of Phase 11-B Benchmark:

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

e Fuel assemblies centrally positioned
within the basket regions

e Cask completely flooded with water.
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Phase 11-C

Results for the end effect
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End Effect Ak as a Function of the Top End Parameter S6
Average Burnup: 32 MWd/kg U

0.025 4

0.020

0.015

0.010

Ak

0.005

0.000

-0.005

o~

-0.010

0.140

0145 0150 0.165

0.170

End Effect Ak as a Function of the Top End Parameter 56
Average Burnup: 50 MWdlkg U

0.055
ale S ENFL
a
o] T ° WCEA
0.050 = = 'y
] ‘0 J & EMS (MCNP)
0.045 n T . 4 EMS (SCALE)
' t BFANP GmbH
0.040 e [ ®IRSN
" }
; &JAERI
0035 = o r *KFKI
-
< ! * NUPEC
0.030 -
>\ & ORNL
4
0.025 » 4 u Mean +- 5
y = -2 0535¢ + 0.3504 ]\ .
0.020 R =0.8326 s \i
0.015 -
0.010 T T T T T T T T T
0.148 0.150 0.152 0.154 0.156 0.158 0.160 0.162 0.164 0.166 0.168
56

and

AK(B30) = rgs, - £+ 8k

AK(B32) ~ (ry,, — 8k)-

with

' I

50 MWd/kg U
32 MWd/ke U

ok = 0.02

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 11-C

Results for the end effect: Impact of local asymmetry
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Phase 11-C

Results for the fission densities

Normalized fission density model distributions for the 50 MWd/kg U axial bumup profiles Tap End Content C a3 a Function of the Top End Paramster 5§
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Phase 11-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 11-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 —4—Bu=30MWd/kg
—=#— Bu=50MWd/kg
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Phase 11-E: Results

k. as a function of CR insertion depth
Bounding profile, average burnup = 30 MWd/kg U
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Phase 11-E: Results

16

k. as a function of CR insertion depth
Bounding profile, average burnup = 50 MWd/kg U
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Phase 11-E: Results

k. as a function of CR insertion depth
Uniform burnup distribution, burnup =30 MWd/kg U
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Phase 11-E: Results

k. as a function of CR insertion depth
Uniform burnup distribution, burnup =50 MWd/kg U
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Phase 11-E: Results

End effect Ak as a function of CR insertion depth
Average burnup = 30 MWd/kg U
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Phase 11-E: Results

End effect Ak as a function of CR insertion depth
Average burnup = 50 MWd/kg U
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Phase 11-E: Results

Fissicrn density distr!bution for CR insertion depth 0.0 cm Fission density distribution for CR insertion depth 41.80 cm
Axial burnup profile, average burnup = 30 MWd/kg U Axial burnup profile, average burnup = 30 MWd/kg U
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Phase 11-E: Results

Approximation of the end effect Ak as a function of the CR insertion depth
Axial burnup profile, average burnup = 30 MWd/kg U
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Phase 11-E: Results

Approximation of the end effect Ak as a function of the CR insertion depth
Axial burnup profile, average burnup = 50 MWd/kg U

0.085
0.060 A
0.085 il \ AK =B-(dg) - 1 +a.(dCR)2+b.dCR+C
0050 +—ff exp(r-deg)—&
[\
0.045

0.040 Zf i
0.035 [ \i

0.030

0.025 \

Ak
"

0.020 \
NN +— factor 0.6 = 30/50
- \
0.010
_-—-.-"""'""""--.._,
0.005 —
DDDD T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
oo o o o o Qo Qo Qo o oo Qoo oo oo oo o O
A e o T e T o T T S o o e« v L I e A ¢ o
e i T I R o I o I ot ot TR o (o N N o O [ (L T .o T T o SO . B v SN < S o

CR insertion depth / cm

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



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

Phase 11-E: Results

Approximation of the end effect Ak as a function of the CR insertion depth
CR insertion depth / cm
(Profile 50 MWdikg U)
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. Phase 11-C + Phase 11-E rResults =» Conclusions 1or difrerent conrtiqurations 2|

Fission Densities Axial Burnup Profile Average Burnup B=30 MWd/kg U
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Case of jutting-out of fuel zone

Top end of fuel zone juts out of absorber channel
1.25 , 0.10
i + 0.09
1.20 : ° - d
! F +0.08
5 +0.07
1.15 ;
! =—&— Axial burnup profile Bav.=30 MWd/kg U
! —8— Uniform burnup distribution B=30 MWd/ kg U 1006 =
- i y § =—Resulting end effect g
$ 110 . 0.05 &
' ()
| o
: 5
! \\ 1004
1.05 i
E + 0.03
E + 0.02
1.00 ;
i ; ! - 0.01
0.95 T T :\ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0.00
O O O O O O O O O 0O O O O 0O OO0 O O 0O 0O OO0 0O O OO0 O 0O OO0 OO0 OO o oo o o o o o
™M N N M T O O N~ 00O O 1 N M ITTLWH O 00 O 4N MO IFT I O© N~ 000 O d N M I 1 O N~
' ' ' I A A A A NN NN NN NN ANNOO OO0 OO Om
non-coverage / cm
» .
CSN/ IAEA Workshop on Advances in Applications of Burnup Credit for Spent Fuel Storage, Transport, Reprocessing, and Disposition AREVA

27 Cordoba, Spain, 27 — 30 October, 2009



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

Conclusion

Results of Phase 11-C made it possible to predict
. | the behavior of
- / \; ¢ kprofile1 kuniform and
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/ | || ® the resulting end effect
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on £ qualitatively for the important cases such as
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Recalculation by FANP GmbH:
Evaluation of the Fission Density Distributions for Uniform Axial Burnup Profiles
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