AER Benchmark Specification Sheet

1. Test ID:
AER-BCR-001

2.  Short Description:
Criticality calculations of simple VVER440 pin cell  array 

with fresh and spent fuel of 30 and 40 GWd/tU burnup and 1 and 5 years cooling time

3. Submitted by: (name) (Company)
L. Markova, NRI Rez plc., Czech Republic

    Date:




February 17, 1999
4. Reviewed by: M. Makai (AEKI) and P. Dařilek (VUJE) 

    Date: November 1999

5. Accepted by: M. Makai (AEKI) and P. Dařilek (VUJE)

    Date: February 2000

6. Objective:
To evaluate an ability to describe the spent fuel from the reactivity point of view using selected groups of major isotopes representing the spent fuel inventory.


To intercompare reactor-away criticality codes and libraries for VVER spent fuel system criticality calculations.

7. Rationale for Test Setup: A part of the burnup credit calculational methodology is verified, namely that simple models using established away-from-reactor codes (e.g. KENO, MCNP) can be used to evaluate the criticality safety margins for spent fuel systems. The benchmark was designed to study the effects of various fission products and actinides on safety margins taking the fuel burnup and cooling time as parameters. The present benchmark works with given isotopic compositions.

8. Input:


see Appendix 1


a, Geometry


b, Material Compositions


c, Other

9.  Hardware and Software Requirements:

It strongly depends on the methodology used by the 

individual analyst


10. Output: 





a, Expected Results (primary, secondary)

Data

Contents of the data file

     1

* General Data *

     2

Date

     3

Institute

     4

Participants

     5

Computer Code

     6

Data library identification, origin, description

     7

No. of Energy Groups (NEG), supply 1 for continuous energy

     8

Upper Energy Limit, High -( Low of each energy group (i=1,NEG)

     9

* Result of Case 1*

    10

Multiplication Factor (For Monte Carlo: No. of histories, Std Deviation)

    11

Neutron Spectrum in water (i=1,NEG)

    12

Neutron Spectrum in fuel    (i=1,NEG)

    13

- Reaction rates - (Total of all energy ranges)

    14

U-235

Production,
Absorption,
Neutrons per fission

    15

U-236

Production,
Absorption,
Neutrons per fission

    16

U-238

Production,
Absorption,
Neutrons per fission

    17

Pu-238 

Production,
Absorption,
Neutrons per fission

    18

Pu-239

Production,
Absorption,
Neutrons per fission

    19

Pu-240

Production,
Absorption,
Neutrons per fission

    20

Pu-241

Production,
Absorption,
Neutrons per fission

    21

Pu-242 

Production,
Absorption,
Neutrons per fission

    22

Am-241 
Production,
Absorption,
Neutrons per fission

    23

Am-243 
Production,
Absorption,
Neutrons per fission

    24

Np-237 

Production,
Absorption,
Neutrons per fission

    25

Mo-95



Absorption

    26

Tc-99 



Absorption

    27

Ru-101 



Absorption

    28

Rh-103 



Absorption

    29

Ag-109 



Absorption

    30

Cs-133
 


Absorption

    31

Sm-147 



Absorption


    32

Sm-149 



Absorption

    33

Sm-150 



Absorption

    34

Sm-151 



Absorption


    35

Sm-152 



Absorption


    36

Nd-143 



Absorption

    37

Nd-145 



Absorption

    38

Eu-153 



Absorption

    39

Gd-155 



Absorption

    40

O-16  



Absorption



Repeat Data 9 to 40 for the other benchmark Cases, see Appendix 1.

In each Case, two sets of results are required. The results differ only in the normalisation. In the first set, the total of all the production rate, in the second the absorption rate should be unity. The absorption reaction rate (Ai), the production reaction rate (Pi) and the neutrons per fission (Fi) of nuclide i are defined as follows:




where







where






       






b, Files, Format
ASCII

11. References:  


See Appendix 1  (which is an appendix originally included into ‘Continuation of the VVER Burnup Credit Benchmark: Evaluation of CB1 Results, Overview of CB2 Results to Date, and Specification of CB3’ presented on  the 8th AER SYMPOSIUM on VVER Reactor Physics and Reactor Safety, September 21-25, 1998 Bystrice nad Pernštejnem, Czech Republic ) :
/1/
M. Takano: OECD/NEA Burnup Credit Criticality Benchmark, Result of Phase-I A, Jan 1994, JAERI - M, 94-003, NEA/NSC/DOC(93)22

/2/ L. Markova: Calculational Burnup Credit Benchmark Proposal ( 6th AER Symposium on VVER Reactor Physics and Reactor Safety,  Kirkkonummi, Finland, Sept. 23-26, 1996)

/3/ SCALE: A Modular Code System for Performing Standardized Computer Analyses for Licensing Evaluation, NUREG/CR-0200, Rev.4 (ORNL/NUREG/CSD-2R4), Vols. I,II, and III (April 1995). Version 4.2 , RSIC code package CCC-545.

/4/ Preliminary Safety Report for Dukovany Power Plant, Unit 1, part 4.3.1 Neutron Physics Characteristics of the core and 4.3.2.4.8 Thermomechanical Characteristics of the Fuel Pins (SKODA Nuclear Machinery, Pilsen, Czech Republic, Ae 8281/Dok, 1994

/5/ Castor Licensing Documentation, Personal Communication with Mr. V. Fajman, The State Office of Nuclear Safety, Prague, Czech Republic 

12. Recommended Solution:

a, Method



established away-from-reactor codes

b, Data, Estimated Error

validated libraries
13. Summary of Available Solutions: 

See Appendix 1 for the results, the list of CB1 participants follows:

Name of Participant
Institute
E-Mail
Code
Library

A. Tanskanen 
VTT Energy, Finland
aapo.tanskanen@vtt.fi
SCALE 4.3,

CSAS26
27BURNUPLIB and 44GROUPNDF5 

A. Tanskanen 
VTT Energy, Finland

 MCNP4B                 
endf60+kidman,rmccsa,endf5u 

M.Anttila, S.Luhtala
VTT Energy, Finland
markku.anttila@vtt.fi
CASMO-4, V1.22C
E4LBL40 based on ENDF/B-IV

V.Barshevtzev,  A.Tsiboulia
IPPE Obninsk, Russia
abbn@indigo.

ippe.rssi.ru
TWODANT
ABBN-93

G. M. Jerdev, S.V. Zabrodskaia
IPPE Obninsk, Russia
abbn@indigo.

ippe.rssi.ru
WIMS/ABBN
WIMS/ABBN 

V. Chrapciak
VUJE Trnava, Slovakia


chrapc_v@inst.vujett.sk
SCALE 4.3
44GROUPNDF5

R L Bowden
British Nuclear Fuels plc, Risley, Warrington, UK
russ_bowden@hotmail.com
MONK7B
MONK7B 

based on JEF2.2

E. Tinkova
ENERGOPROJEKT a.s. Praha, Czech Republic
tinkova@egp.

cz
HELIOS version 1.4
HELIOS

based on ENDF/B-VI

P.Mikolas
SKODA Plzen, Czech Republic
pmikolas@jad.

ln.skoda.cz
WIMS7
based on JEF2.2

L. Markova
NRI plc, Rez , Czech Republic
mar@nri.cz
MCNP4B
DLC-189/MCNPXS (‘free gas’ and  S((,() aproaches )

APPENDIX 1
Specification of CB1

Result of CB1 - final evaluation
Introduction

When the safety of a fuel storage or a transport cask is assessed with spent fuel instead of the suggested fresh fuel, the methodology of the criticality calculation need to be checked thoroughly and the safety margins need to be studied. This VVER benchmark as well as that for PWR of the western type described in /1/ answer some questions connected with the issue if, under what conditions, and with what results a simple model using away-from-reactors codes (KENO, MCNP, MONK..) is able to be used for the criticality safety analyses of such systems. The first phase of the both benchmarks evaluates the safety margins resulted from criticality calculations by the away-from-reactors codes if selected actinides and fission products (FPs) describe the spent fuel of different burnups and after different cooling time.

In the following the final result of the CB1 (the first phase of the VVER burnup credit calculational benchmark similar to the Phase-1A of the benchmark conducted by the OECD/NEA/NSC Burnup Credit Criticality Benchmark Working Group (NEACRP-L337, Rev.1, 1992, also /1/)) is described. The VVER burnup credit (BUC) calculational benchmark was proposed /2/ on the 6th Atomic Energy Research (AER) Symposium on VVER Reactor Physics and Reactor Safety, Kirkkonummi, Finland, Sept. 23-26, 1996. The first phase of the benchmark - entitled CB1 - was specified as follows (see Appendix of /2/): 

CB1 Specification

1.
General Specification of Spent Fuel Cell of Hexagonal Section


Fuel Enrichment class

3.6 % wt. 235U

     
Fuel Cell Pitch


1.22 cm


Fuel Radius


0.38 cm


Cladding Inner Radius

0.38 cm



Outer Radius

0.455 cm



Material


1% wt. Nb, 98.97% wt. Zr, 0.03% wt. Hf,






(eff = 6.0881 g/cm3

Moderator


Water


Fuel Length


Infinite


Axial Burnup Distribution

Uniform


Radial Burnup Distribution
Uniform 


Temperature


300 K


Atomic Number Densities

see Table 1.a. 


of Nuclides in Fuel

2.
Parameters

Cooling Time


1 and 5 year(s)


Fuel Burnup


0, 30 and 40 GWd/tU

Fission Products


Selected or Omitted (see Table 1)

Table 1 Reference Case Number

Cooling
Considered
Burnup  (GWd/tU)

Time (year)
FPs
Actinides
Fresh
30
40


Selected *
All **

Case 2
Case 3

1

Major ***

Case 10



No FPs
All
Case 1
Case 4
Case 5


Selected
All

Case 6
Case 7

5

Major

Case 11



No FPs
All

Case 8
Case 9

***
U .......235, 236, 238,  Pu .............239, 240, 241

**
U .......235, 236, 238,  Pu .....238, 239, 240, 241, 242,  Am .....241, 243,
 Np......237

*
Mo-95, Tc-99, Ru-101, Rh-103, Ag-109, Cs-133, Nd-143, Nd-145, Sm-147, Sm-149, Sm-150, Sm-151, Sm-152, Eu-153, Gd-155

3.
Requested Information and Results

If some part of the following set of the requested results is not available as output tallies of your code, please, note it, and omit in the result list.

Please forward the results by electronic mail to NRI (mar@nri.cz), otherwise send a diskette by mail. 

Data

Contents

     1

* General Data *

     2

Date

     3

Institute

     4

Participants

     5

Computer Code

     6

Data library identification, origin, description

     7

No. of Energy Groups (NEG), supply 1 for continuous energy

     8

Upper Energy Limit, High -( Low of each energy group (i=1,NEG)

     9

* Result of Case 1*

    10

Multiplication Factor (For Monte Carlo: No. of histories, Std Deviation)

    11

Neutron Spectrum in water (i=1,NEG)

    12

Neutron Spectrum in fuel    (i=1,NEG)

    13

- Reaction rates - (Total of all energy ranges)

    14

U-235

Production,
Absorption,
Neutrons per fission

    15

U-236

Production,
Absorption,
Neutrons per fission

    16

U-238

Production,
Absorption,
Neutrons per fission

    17

Pu-238 

Production,
Absorption,
Neutrons per fission

    18

Pu-239

Production,
Absorption,
Neutrons per fission

    19

Pu-240

Production,
Absorption,
Neutrons per fission

    20

Pu-241

Production,
Absorption,
Neutrons per fission

    21

Pu-242 

Production,
Absorption,
Neutrons per fission

    22

Am-241 
Production,
Absorption,
Neutrons per fission

    23

Am-243 
Production,
Absorption,
Neutrons per fission

    24

Np-237 

Production,
Absorption,
Neutrons per fission

    25

Mo-95



Absorption

    26

Tc-99 



Absorption

    27

Ru-101 



Absorption

    28

Rh-103 



Absorption

    29

Ag-109 



Absorption

    30

Cs-133
 


Absorption

    31

Sm-147 



Absorption


    32

Sm-149 



Absorption

    33

Sm-150 



Absorption

    34

Sm-151 



Absorption


    35

Sm-152 



Absorption


    36

Nd-143 



Absorption

    37

Nd-145 



Absorption

    38

Eu-153 



Absorption

    39

Gd-155 



Absorption

    40

O-16  



Absorption



Repeat Data 9 to 40 for the other Cases.

In each Case, the total of all the production rates as well as all the absorption rates should be normalized to unity. The absorption reaction rate (Ai), the production reaction rate (Pi) and the neutrons per fission (Fi) of nuclide i are defined as follows:




where







where






       





Atomic Number Densities

(by NRI Rez using SCALE, SAS2H sequence /3/)
--------------------------------------------------------------------------------------------------------------------------------------
Table 1.a. 

Isotopic compositions for different burnup levels and cooling times

Data were derived by ORIGEN-S/SAS2H with 

VVER fuel assembly design description /4/,/5/ 


Parameter






Data

Assembly general data


Lattice





hexagonal, pitch 14.7cm


Water temperature, K



559


Pressure





13.7 MPa


Soluble boron cycle av., ppm (wt)


500


Number of fuel rods



126


Number of instrument tubes


1


Casing 
inner size



14.0 cm



outer size



14.4 cm



Material




2.5% wt. Nb, 97.47% wt. Zr, 








0.03% wt. Hf,









( = 6.44 g/cm3

Fuel rod data


Pellet density (effective)



10.193


Rod pitch, cm




1.22


Rod OD, cm




0.91


Pellet diameter, cm



0.76


Active fuel length, cm



242


Effective fuel temperature, K


732


Clad 
temperature, K



585



material




1% wt. Nb, 98.97% wt. Zr, 








0.03% wt. Hf,








(eff = 6.0881 g/cm3
Instrument tube data


Inner radius, cm




0.440


Outer radius, cm




0.515


Material

  



1% wt. Nb, 98.97% wt. Zr, 








0.03% wt. Hf,








( = 6.44 g/cm3
Operating History Data and Fuel Isotopic Content of VVER Cases

Specific Power





4.143 MW/assembly

Number of cycles




3, 4 (for the 30, 40 MWd/kgU 








burnup cases respectively

Cycle duration (days)


Uptime





300






Downtime (between cycles)


65

Cooling Time (year) 




0, 1, 5 


Uranium Content (wt %)



U-235




3.6



U-238




96.4

--------------------------------------------------------------------------------------------------------------------------------------

Isotopics for Fresh Fuel

U-235



8.2470E-04


U-238



2.2085E-02


O



4.5819E-02

Isotopics for 30 GWd/t case
ORIGEN-S ISOTOPICS RESULTS 30 GWD/T FOR COOLING TIME  (YR) = 0.00


U-235


2.9048E-04


U-236


9.4030E-05


U-238


2.1559E-02


NP-237


1.0127E-05


PU-238


2.9796E-06


PU-239


1.5002E-04



PU-240


4.3652E-05


PU-241


3.2616E-05


PU-242


7.4607E-06


AM-241


9.5869E-07


AM-243


1.4992E-06


  O


4.5819E-02


MO-95


3.3565E-05


TC-99


4.0934E-05


RU-101


3.7035E-05


RH-103


1.7058E-05


AG-109


2.9037E-06


CS-133


4.2276E-05


ND-143


3.0026E-05


ND-145


2.3103E-05


SM-147


1.3973E-06


SM-149


2.8795E-07


SM-150


1.3141E-05


SM-151


1.5091E-06


SM-152


2.5830E-06


EU-153


3.8847E-06


GD-155


2.1744E-09

ORIGEN-S ISOTOPICS RESULTS 30 GWD/T FOR COOLING TIME  (YR) = 1.00


U-235


2.9048E-04


U-236


9.4035E-05


U-238


2.1559E-02


NP-237


1.0362E-05


PU-238


3.1999E-06


PU-239


1.5195E-04



PU-240


4.3661E-05


PU-241


3.1079E-05


PU-242


7.4611E-06


AM-241


2.4931E-06


AM-243


1.5012E-06


  O


4.5819E-02


MO-95


3.9371E-05


TC-99


4.1138E-05


RU-101


3.7037E-05


RH-103


1.9400E-05


AG-109


2.9118E-06


CS-133


4.2746E-05


ND-143


3.0857E-05


ND-145


2.3113E-05


SM-147


2.2267E-06


SM-149


3.5010E-07


SM-150


1.3141E-05


SM-151


1.5064E-06


SM-152


2.5831E-06


EU-153


3.9237E-06


GD-155


3.0055E-08

ORIGEN-S ISOTOPICS RESULTS 30 GWD/T FOR COOLING TIME  (YR) = 5.00


U-235


2.9050E-04


U-236


9.4053E-05


U-238


2.1559E-02


NP-237


1.0396E-05


PU-238


3.1576E-06


PU-239


1.5193E-04



PU-240


4.3690E-05


PU-241


2.5621E-05


PU-242


7.4612E-06


AM-241


7.9166E-06


AM-243


1.5007E-06


  O


4.5819E-02


MO-95


3.9533E-05


TC-99


4.1137E-05


RU-101


3.7037E-05


RH-103


1.9404E-05


AG-109


2.9118E-06


CS-133


4.2746E-05


ND-143


3.0848E-05


ND-145


2.3113E-05


SM-147


4.0273E-06


SM-149


3.5010E-07


SM-150


1.3141E-05


SM-151


1.4608E-06


SM-152


2.5835E-06


EU-153


3.9237E-06


GD-155


1.0815E-07

Isotopics for 40 GWd/t case
ORIGEN-S ISOTOPICS RESULTS 40 GWD/T FOR COOLING TIME  (YR) = 0.00


U-235


1.9640E-04


U-236


1.0616E-04


U-238


2.1362E-02


NP-237


1.4287E-05


PU-238


5.8179E-06


PU-239


1.5775E-04


PU-240


5.5897E-05


PU-241


4.2060E-05


PU-242


1.3673E-05


AM-241


1.4886E-06


AM-243


3.5964E-06


  O


4.5819E-02


MO-95


4.4252E-05


TC-99


5.3059E-05


RU-101


4.8791E-05


RH-103


2.0112E-05


AG-109


3.9429E-06


CS-133


5.3719E-05


ND-143


3.6112E-05


ND-145


2.8976E-05


SM-147


1.6947E-06


SM-149


2.8078E-07


SM-150


1.7485E-05


SM-151


1.8367E-06


SM-152


3.1879E-06


EU-153


5.4429E-06


GD-155


4.0958E-09

ORIGEN-S ISOTOPICS RESULTS 40 GWD/T FOR COOLING TIME  (YR) = 1.00


U-235


1.9640E-04


U-236


1.0617E-04


U-238


2.1362E-02


NP-237


1.4557E-05


PU-238


6.2225E-06


PU-239


1.5979E-04



PU-240


5.5936E-05


PU-241


4.0078E-05


PU-242


1.3673E-05


AM-241


3.4669E-06


AM-243


3.6001E-06


  O


4.5819E-02


MO-95


4.9778E-05


TC-99


5.3262E-05


RU-101


4.8792E-05


RH-103


2.2606E-05


AG-109


3.9529E-06


CS-133


5.4186E-05


ND-143


3.6912E-05


ND-145


2.8985E-05


SM-147


2.5004E-06


SM-149


3.4513E-07


SM-150


1.7485E-05


SM-151


1.8320E-06


SM-152


3.1881E-06


EU-153


5.4925E-06


GD-155


4.8815E-08

ORIGEN-S ISOTOPICS RESULTS 40 GWD/T FOR COOLING TIME  (YR) = 5.00


U-235


1.9642E-04


U-236


1.0619E-04


U-238


2.1362E-02


NP-237


1.4603E-05


PU-238


6.1371E-06


PU-239


1.5978E-04


PU-240


5.6076E-05


PU-241


3.3040E-05


PU-242


1.3674E-05


AM-241


1.0459E-05


AM-243


3.5988E-06


  O


4.5819E-02


MO-95


4.9933E-05


TC-99


5.3261E-05


RU-101


4.8792E-05


RH-103


2.2610E-05


AG-109


3.9529E-06


CS-133


5.4186E-05


ND-143


3.6904E-05


ND-145


2.8985E-05


SM-147


4.2502E-06


SM-149


3.4513E-07


SM-150


1.7485E-05


SM-151


1.7765E-06


SM-152


3.1885E-06


EU-153


5.4926E-06


GD-155


1.7407E-07

Results of  the CB1 Calculations

In total, 12 sets of the CB1 results were obtained from 7 institutes of 5 countries (Czech Republic, Finland, Slovakia, Russia and United Kingdom), prevalently from researchers coming from countries operating VVERs (Czech Republic, Finland, Slovakia, and Russia) and participating in AER Working Group E („Physical problems on Spent fuel, Radwaste and Decommissioning of Nuclear Power Plant“) activity.

The goal of the CB1 was to study effects of 6 major and 5 minor actinides and 15 major fission products (FPs) upon criticality resulting from criticality calculations of a simple infinite hexagonal lattice of both spent and fresh VVER 440 fuel rods for the fuel burnup of 30 and 40 GWd/tU after 1 and 5 year(s) cooling time. Calculations were performed for 11 cases (see Table 1), each having different spent fuel isotopes (major or minor actinides and major fission products) involved. 

An effect of minor fission products was not investigated (otherwise, about 200 isotopes would have to be entered as data for the spent fuel zone in the calculation). The results of the calculations obtained in OECD (see /1/) for simple PWR pin cell can be used for a comparison (see Table 2, below). All tendencies found there are the same and comparable values are very similar. On the other hand, as far as multiplication factor uncertainties of the VVER results (see Table 4) are concerned, there is a visible shift to lower values because of a progress in the methodology used for the calculations (latest data libraries are mostly used in the case of CB1 calculations).

Multiplication Factors

In spite of the fact that the effect of minor fission products was not investigated in the VVER benchmark, the results from /1/ can be used as an estimation: it results from Table 4.3 in /1/ (see also Table 2) that using the major and minor actinides and major fission products (that is 6+5+15 isotopes, see Table 1) for the spent fuel description covers a little more than 90% of the reactivity loss of the spent fuel system. It is conservative and seems to be acceptable way of taking the fuel burnup into account for the burnup credit calculation by away-from-reactor (mostly 3D Monte Carlo) codes. As far as the contribution of the major actinides only is concerned, it gives about 50% of the reactivity loss. In the following Table 2, there are the reactivity losses by each set of nuclides as resulted from the calculations for PWR /1/ and VVER:

Table 2  Reactivity loss by different sets of selected nuclides


PWR  /1/
VVER-440 (as a result of CB1)


30 GWd/t,1 year
30 GWd/t,5 year
40/1
40/5
30/1
30/5
40/1
40/5


(k
ratio [%]
(k
ratio [%]
(k
(k
(k
(k
(k
(k

Major Actinides
0.1746
53.2
0.1815
50.2
not calculated
0.1630
0.1706
not calculated

Minor Actinides
0.0176
5.3
0.0279
7.7
-
-
0.0207
0.0318
-
-

All Actinides
0.1922
58.5
0.2094
57.9
0.2492
0.2721
0.1837
0.2024
0.2324
0.2558

Major Fission Products
0.1054
32.0
0.1161
32.2
0.1248
0.1417
0.1303
0.1325
0.1462
0.1498

All Actinides+Major FPs
0.2976
90.5
0.3255
90.1
0.3740
0.4138
0.3140
0.3349
0.3786
0.4056

Minor Fission Products
0.0314
9.5
0.0357
9.9
 not calculated

Total
0.3290
100.0
0.3612
100.0
-
-
-
-
-
-

In addition to the BUC evaluation through the averaged values of reactivity losses caused by major and minor actinides and major fission products (Table 5, Table 2) resulted from an evaluation (Table 4) of the results obtained from the participants (Table 3), all the results can be used for an intercomparison of the codes and libraries currently used in this application field. 

The average values and standard deviations of the multiplication factor



, 
where 
k is number of the case, k =1,..,11  ,

and  
n  is the number of the result sets,

are listed in Table 4 (together with relative differences between the calculated and average values) and can be also seen, by the individual cases, in Fig. 1- 11. The differences shown in these figures are expressed in the standard deviation units for each case to provide relative values (related to (k for k- case) for a comparison. Three sets of the results were excluded from the evaluation due to obvious reasons: the KENO VI calculation using the (obsolete) 27-group ENDF/B-IV library within SCALE, the CASMO calculation for 2,3,6,7 Cases (because Mo-95, Tc-99 and Ru-101 could not be taken into consideration) and the MCNP calculation using (improperly) free-gas model instead of the S((,() thermal scattering treatment for H2O moderator. Excluding these sets of the results, the others were evaluated together for each of 11 cases. In addition to the results of the evaluation, in Table 4 and Fig. 1-11 there are also the differences between the average value and the calculated one for the sets (or cases as far as CASMO is concerned) which were excluded from the evaluation (the brighter bars in the figures). 

The reactivity decrease due to burnup between the individual cases and the fresh fuel case calculated as 

(k=

(case n) - 

(case 1)

 is shown in Table 5. The 2( deviation of the multiplication factors resulted from the evaluation of Phase 1 A of the OECD benchmark /1/ for PWR (0.0175 for fresh fuel, 0.0099 - 0.0110 for the cases with actinides, 0.0156 - 0.0170 for those with actinides and FPs) can be compared with the results of this VVER benchmark (see Table 4) : 0.0056 for fresh fuel, 0.0052 - 0.0081 for the cases with actinides and 0.0038 - 0.0081 for those with actinides and FPs.

Neutron Spectrum and Reaction Rates 

Since none of the 12 benchmark participants sent the neutron spectrum (two participants sent multigroup flux and another two participants sent integral values over the energy interval for fuel and water) this item of the results was not compared.

As far as the reaction rates and ( values are concerned, they were included in 7 sets of the results obtained from the participants. The reaction rates obtained from different participants but calculated by the same methodology (the code and data library) are represented in this draft only by one set of the results (e.g. Czech and Finnish results of MCNP calculation ). 

The results obtained from the participants, mean values and standard deviations as well as relative deviations are tabulated (Tables 6 -31) and particularly for the CASE 7 (as probably the most instructive case) also shown in a graphical form in Fig.13-16. Some sets of the results were excluded from the evaluation because they did not meet the all or some of the CB1 specifications, namely CASMO absorption rate results for Cases 2,3,6,7 (because Mo-95, Tc-99 and Ru-101 could not be taken into consideration), these results for O for all the cases (oxygen is not present in the code output but it was taken into consideration as for the normalization) and all the CASMO results for Cases 10 and 11 (because the choice of the major actinides for these cases did not agree with the Table 1). As for the HELIOS results, oxygen absorption rates were omitted in 1,4,5,8,9,10, and 11 cases so they could not be evaluated as well as absorption rates of the other isotopes because the normalization was made without the oxygen contributions. Both of the Russian results were renormalized according to the benchmark specifications. In Tables 21-32 and Fig. 13-16 there are also the differences between the average value and the calculated one for the subsets which were excluded from the evaluation. 
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List of CB1 participants

Name of Participant
Institute
E-Mail
Code
Library

A. Tanskanen 
VTT Energy, Finland
aapo.tanskanen@vtt.fi
SCALE 4.3,

CSAS26
27BURNUPLIB and 44GROUPNDF5 

A. Tanskanen 
VTT Energy, Finland

 MCNP4B                 
endf60+kidman,rmccsa,endf5u 

M.Anttila, S.Luhtala
VTT Energy, Finland
markku.anttila@vtt.fi
CASMO-4, V1.22C
E4LBL40 based on ENDF/B-IV

V.Barshevtzev,  A.Tsiboulia
IPPE Obninsk, Russia
abbn@indigo.

ippe.rssi.ru
TWODANT
ABBN-93

G. M. Jerdev, S.V. Zabrodskaia
IPPE Obninsk, Russia
abbn@indigo.

ippe.rssi.ru
WIMS/ABBN
WIMS/ABBN 

V. Chrapciak
VUJE Trnava, Slovakia


chrapc_v@inst.vujett.sk
SCALE 4.3
44GROUPNDF5

R L Bowden
British Nuclear Fuels plc, Risley, Warrington, UK
russ_bowden@hotmail.com
MONK7B
MONK7B 

based on JEF2.2

E. Tinkova
ENERGOPROJEKT a.s. Praha, Czech Republic
tinkova@egp.

cz
HELIOS version 1.4
HELIOS

based on ENDF/B-VI

P.Mikolas
SKODA Plzen, Czech Republic
pmikolas@jad.

ln.skoda.cz
WIMS7
based on JEF2.2

L. Markova
NRI plc, Rez , Czech Republic
mar@nri.cz
MCNP4B
DLC-189/MCNPXS (‘free gas’ and  S((,() aproaches )

Table 3 Results of  CB1 calculations: k(   

Name

Affiliation Country
G.Jerdev,

S.Zabrods-kaja, IPPE

Russia
V. Chrapciak

VUJE Trnava Slovakia
A.Tanskanen

VTT Energy

 Finland
M.Anttila, S.Luhtala

VTT Energy Finland
A.Tanskanen

VTT Energy

 Finland
R.L. Bowden

British Nuclear Fuels plc, Risley, Warrington, UK
L. Markova

NRI Rez

CZ
E.Tinkova

EGP Praha

CZ
P.Mikolas

SKODA Plzen, CZ
V.Barshevtzev

A.Tsiboulia
IPPE
Russia

Code/

Library


WIMS/

ABBN


KENO VI 

44groupndf5
KENO VI

44groupndf5/

27burnlib
CASMO4 

E4LBL40
MCNP4B endf60,kidman,rmccsa and endf5u, (S((,())
MONK7B

MONK7B 13193 Point Energy Library, Based on JEF2.2 Evaluations
MCNP4B

DLC-189/MCNPXS

(free gas / S((,())
HELIOS 1.4 ENBF/B-VI based lib.
WIMS7

JEF2.2

based lib.
TWODANT
ABBN-93

Energy Groups
69
44
44/27
40
continuous energy
continuous energy
continuous energy
190
69
299


k(
k(
(
k(
(
k(
k(
(
k(
(
k(
(
k(
k(
k(

Case 1
1.389093
1.38867
0.00122
1.3886

1.3741
0.0010

0.0009 
1.39061
1.38878
0.00086
1.3979   
0.0010
1.39250

1.39044
0.00081

0.00084
1.38850
1.39155
1.3913

Case 2
1.077066
1.07678
0.00103
1.0759

1.0729
0.0016

0.0015
1.09190*
1.07789
0.00128
1.0768    
0.0010
1.08391

1.07630
0.00096

0.00091
1.07975
1.07283
1.0752

Case 3
1.007111
1.01457
0.00097
1.0152

1.0071
0.0016

0.0014
1.02988*
1.01333
0.00138
1.0142    
0.0010
1.01547

1.01242
0.00102

0.00087
1.01699
1.00758
1.0053

Case 4
1.208282
1.20421
0.00103
1.2060

1.1991
0.0017

0.0016
1.21068
1.20354
0.00146
1.2106   
0.0010
1.21142

1.20456
0.00062

0.00092
1.20860
1.20569
1.2058

Case 5
1.15476
1.15624
0.00109
1.1580

1.1496
0.0019

0.0018
1.16399
1.15589
0.00114
1.1637    
0.0010
1.16590

1.15577
0.00099

0.00089
1.16299
1.15803
1.1520

Case 6
1.051679
1.05875
0.00094
1.0562

1.0512
0.0015

0.0015
1.07122*
1.05742
0.00127
1.0597   
0.0010
1.06088

1.05587
0.00098

0.00087
1.05927
1.05215
1.0498

Case 7
0.981970
0.98684
0.00098
0.9878

0.9808
0.0014

0.0016
1.00188*
0.98447
0.00136
0.9869   
0.0010
0.98857

0.98716
0.00100

0.00091
0.98934
0.97974
0.9802

Case 8
1.184553
1.18567
0.00148
1.1863

1.1795
0.0018

0.0018
1.19280
1.18919
0.00134
1.1925   
0.0010
1.19397

1.18926
0.00104

0.00087
1.19092
1.18774
1.1822

Case 9
1.131456
1.13367
0.00120
1.1345

1.1306
0.0016

0.0016
1.14010
1.13317
0.00124
1.1390   
0.0010
1.14238

1.13230
0.00099

0.00087
1.13929
1.13402
1.1290

Case 10
1.228444
1.22726
0.00122
1.2282

1.2174
0.0017

0.0015
1.23189
1.22471
0.00145
1.2333   
0.0010
1.23271

1.22574
0.00095

0.00086
1.22902
1.22684
1.2195

Case 11
1.215641
1.22030
0.00122
1.2195

1.2119
0.0017

0.0017
1.22541
1.21886
0.00146
1.2248   
0.0010
1.22481

1.21823
0.00092

0.00088
1.22255
1.22033
1.2131

* CASMO code cannot take Mo-95, Tc-99 and Ru-101 into account

Table 4 Relative Differences Between the Calculated and Average Values of  k( [%] for All Participants, Average Value and Standard Deviation for Each Case

Name

Affiliation Country
G.Jerdev,

S.Zabrods-kaja, IPPE

Russia
V. Chrapciak

VUJE Trnava Slovakia
A.Tanskanen

VTT Energy

 Finland
M.Anttila, S.Luhtala

VTT Energy Finland
A.Tanskanen

VTT Energy

 Finland
R.L.

Bowden

BNF

UK
L. Markova

NRI Rez

CZ

free gas/S((,()
E.Tinkova

EGP Praha

CZ
P.Mikolas

SKODA Plzen

 CZ
V.Barshevtzev

A.Tsiboulia
IPPE
Russia
All cases of KENO VI+27g, MCNP for free gas  and 2,3,6,7 cases of CASMO were not taken into evaluation:





Code

Library


WIMS/

ABBN


KENO VI 

44g
KENO VI

44g
KENO VI

27g
CASMO4 

E4LBL40
MCNP4B

endf60,kidman,

rmccsa, endf5u
MONK7B

MONK7B JEF2.2 based library 
MCNP4B

DLC-189/ MCNPXS
HELIOS 1.4

ENDF/B-VI based lib.
WIMS7

JEF2.2

based lib.
TWODANT
ABBN-93
Average Value




Standard

Deviation

(





Case 1
-0.104
-0.135
-0.140
-1.183
0.005
-0.127
0.529
0.141/-0.008
-0.147
0.072
0.054
1.3905
0.0028

Case 2
0.056
0.029
-0.081
-0.331
1.434*
0.132
0.031
0. 691/-0.016
0.305
-0.338
-0.118
1.0765
0.0019

Case 3
-0.469
0.268
0.331
-0.470
1.781*
0.146
0.232
0.357/0.056
0.507
-0.423
-0.648
1.0119
0.0041

Case 4
0.123
-0.214
-0.066
-0.638
0.322
-0.270
0.315
0.383/-0.185
0.149
-0.092
-0.083
1.2068
0.0026

Case 5
-0.292
-0.164
-0.012
-0.737
0.505
-0.194
0.480
0.670/-0.204
0.419
-0.009
-0.530
1.1581
0.0041

Case 6
-0.376
0.294
0.052
-0.421
1.475*
0.168
0.384
0.496/0.021
0.343
-0.331
-0.554
1.0556
0.0036

Case 7
-0.301
0.193
0.291
-0.420
1.720*
-0.047
0.199
0.369/0.226
0.447
-0.528
-0.481
0.9849
0.0035

Case 8
-0.300
-0.206
-0.153
-0.725
0.394
0.091
0.369
0.493/0.097
0.236
-0.031
-0.498
1.1881
0.0035

Case 9
-0.282
-0.086
-0.013
-0.357
0.480
-0.130
0.383
0.681/-0.207
0.409
-0.056
-0.498
1.1347
0.0037

Case 10
0.078
-0.019
0.058
-0.822
0.358
-0.227
0.473
0.425/-0.143
0.125
-0.053
-0.651
1.2275
0.0038

Case 11
-0.347
0.035
-0.031
-0.654
0.454
-0.083
0.404
0.405/-0.135
0.220
0.038
-0.555
1.2199
0.0038

Table 5 Reactivity Decrease (k Due to Burnup 


CASE 2
CASE 3
CASE 4
CASE 5
CASE 6
CASE 7
CASE 8
CASE 9
CASE 10
CASE 11

(k=

(case n)-

(case 1)
-0.3140
-0.3786
-0.1837
-0.2324
-0.3349
-0.4056
-0.2024
-0.2558
-0.1630
-0.1706

Table 6 Results of  CB1 calculations: reaction rates and ( averaged for CASE 1


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
9,434E-01
6,930E-01
2,434
9,335E-01
6,489E-01
2,421
9,427E-01
6,923E-01
2,439
9,417E-01
6,900E-01
2,434
9,352E-01
6,863E-01
2,436
9,418E-01
6,888E-01
2,434

U-238
5,657E-02
3,024E-01
2,820
6,651E-02
2,926E-01
2,798
5,729E-02
3,053E-01
2,790
5,832E-02
3,076E-01
2,786
6,478E-02
3,137E-01
2,784
5,818E-02
3,063E-01
2,828

O-16

4,554E-03
 




2,361E-03


2,351E-03





4,848E-03


Table 7 Results of  CB1 calculations: reaction rates and ( averaged for CASE 2


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
3,745E-01
2,133E-01
2,434
3,687E-01
2,035E-01
2,422
3,760E-01
2,126E-01
2,439
3,732E-01
2,117E-01
2,434
3,731E-01
2,138E-01
2,436
3,747E-01
2,118E-01
2,434

U-236
1,575E-04
2,592E-03
2,679
8,487E-04
8,566E-03
2,571
8,485E-04
9,265E-03
2,535
8,592E-04
8,667E-03
2,568
8,045E-04
6,453E-03
2,589
2,980E-04
2,566E-03
2,529

U-238
7,417E-02
2,857E-01
2,826
7,829E-02
2,727E-01
2,805
7,404E-02
2,879E-01
2,791
7,587E-02
2,921E-01
2,791
7,629E-02
2,911E-01
2,792
7,542E-02
2,908E-01
2,832

Pu-238
3,066E-04
1,628E-03
2,967
1,172E-04
1,637E-03
2,750
2,874E-04
1,777E-03
3,036
2,882E-04
1,662E-03
2,991
2,892E-04
1,664E-03
2,991
3,050E-04
1,774E-03
2,982

Pu-239
4,424E-01
2,661E-01
2,864
4,436E-01
2,549E-01
2,865
4,393E-01
2,619E-01
2,873
4,415E-01
2,632E-01
2,872
4,409E-01
2,641E-01
2,872
4,412E-01
2,641E-01
2,864

Pu-240
9,354E-04
6,540E-02
3,188
9,941E-04
6,287E-02
3,051
9,466E-04
6,324E-02
3,011
9,681E-04
6,409E-02
3,100
9,755E-04
6,435E-02
3,100
9,390E-04
6,644E-02
3,154

Pu-241
1,071E-01
5,597E-02
2,924
1,070E-01
5,356E-02
2,918
1,081E-01
5,611E-02
2,934
1,069E-01
5,498E-02
2,947
1,071E-01
5,537E-02
2,947
1,067E-01
5,493E-02
2,939

Pu-242
1,168E-04
2,968E-03
3,137
1,261E-04
2,928E-03
3,108
1,352E-04
3,222E-03
3,077
1,262E-04
3,361E-03
3,150
1,273E-04
2,580E-03
3,149
1,190E-04
3,057E-03
3,139

Am-241
1,020E-04
3,263E-03
3,402
1,163E-04
3,186E-03
3,499
1,386E-04
3,402E-03
3,417
1,065E-04
3,237E-03
3,396
1,079E-04
3,260E-03
3,383
1,010E-04
3,191E-03
3,291

Am-243
2,823E-05
1,045E-03
3,535
1,955E-05
9,378E-04
3,000
3,381E-05
1,055E-03
3,333
3,163E-05
1,073E-03
3,672
3,190E-05
1,071E-03
3,673
2,900E-05
1,012E-03
3,737

Np-237
1,960E-04
4,628E-03
3,011
1,711E-04
4,745E-03
2,610
1,386E-04
5,034E-03
2,929
1,959E-04
4,981E-03
2,956
1,976E-04
4,980E-03
2,956
1,970E-04
4,576E-03
3,012

Mo-95

2,361E-03
 




2,098E-03


2,194E-03


1,840E-03


2,381E-03


Tc-99

4,978E-03
 




4,713E-03


4,472E-03


4,270E-03


4,631E-03


Ru-101

1,666E-03
 




1,884E-03


1,585E-03


1,830E-03


1,632E-03


Rh-103

9,280E-03
 

8,630E-03


9,192E-03


9,257E-03


9,205E-03


9,120E-03


Ag-109

1,604E-03
 

1,519E-03


1,666E-03


1,586E-03


1,494E-03


1,620E-03


Cs-133

6,779E-03
 

6,078E-03


6,566E-03


5,995E-03


4,855E-03


6,243E-03


Sm-147

7,772E-04
 

9,203E-03


7,530E-04


7,814E-04


1,026E-02


7,866E-04


Sm-149

2,536E-02
 

2,982E-03


2,562E-02


2,502E-02


2,810E-03


2,505E-02


Sm-150

2,826E-03
 

5,950E-04


1,972E-03


1,799E-03


7,779E-04


2,200E-03


Sm-151

1,695E-02
 

2,357E-02


1,687E-02


1,548E-02


2,485E-02


1,694E-02


Sm-152

2,776E-03
 

2,358E-03


3,268E-03


3,107E-03


2,411E-03


2,863E-03


Nd-143

1,033E-02
 

1,567E-02


1,014E-02


1,030E-02


1,702E-02


1,033E-02


Nd-145

2,600E-03
 

3,088E-03


2,863E-03


2,764E-03


2,823E-03


2,685E-03


Eu-153

3,111E-03
 

3,422E-03


3,272E-03


3,104E-03


3,163E-03


3,095E-03


Gd-155

1,133E-03
 

1,072E-03


1,135E-03


1,127E-03


1,129E-03


1,133E-03


O-16

4,869E-03
 




2,530E-03


2,506E-03


2,544E-03


5,037E-03


Table 8 Results of  CB1 calculations: reaction rates and ( averaged for CASE 3


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT














production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
2,736E-01
1,456E-01
2,434
2,695E-01
1,403E-01
2,422
2,751E-01
1,459E-01
2,439
2,726E-01
1,457E-01
2,434
2,732E-01
1,476E-01
2,436
2,735E-01
1,445E-01
2,434

U-236
7,450E-04
8,878E-03
2,679
9,988E-04
9,387E-03
2,573
8,586E-04
9,599E-03
2,549
1,014E-03
9,156E-03
2,575
9,457E-04
7,076E-03
2,591
1,357E-03
9,239E-03
2,536

U-238
7,873E-02
2,836E-01
2,826
8,143E-02
2,708E-01
2,806
8,018E-02
2,877E-01
2,798
8,027E-02
2,914E-01
2,793
7,908E-02
2,894E-01
2,793
8,039E-02
2,889E-01
2,832

Pu-238
6,414E-04
3,207E-03
2,965
2,379E-04
3,239E-03
2,750
5,514E-04
3,032E-03
2,980
5,990E-04
3,288E-03
2,991
5,983E-04
3,313E-03
2,990
6,370E-04
3,487E-03
2,982

Pu-239
4,962E-01
2,785E-01
2,864
4,977E-01
2,694E-01
2,865
4,923E-01
2,766E-01
2,873
4,954E-01
2,776E-01
2,872
4,955E-01
2,794E-01
2,872
4,946E-01
2,763E-01
2,864

Pu-240
1,278E-03
7,556E-02
3,189
1,328E-03
7,338E-02
3,053
1,428E-03
7,392E-02
3,088
1,318E-03
7,456E-02
3,101
1,300E-03
7,498E-02
3,102
1,287E-03
7,665E-02
3,156

Pu-241
1,481E-01
7,237E-02
2,924
1,482E-01
6,999E-02
2,918
1,489E-01
7,250E-02
2,934
1,480E-01
7,166E-02
2,947
1,486E-01
7,241E-02
2,947
1,475E-01
7,099E-02
2,939

Pu-242
2,293E-04
5,037E-03
3,141
2,415E-04
5,104E-03
3,109
1,813E-04
5,189E-03
3,267
2,464E-04
5,667E-03
3,150
2,434E-04
4,122E-03
3,151
2,330E-04
5,293E-03
3,140

Am-241
1,511E-04
4,493E-03
3,403
1,699E-04
4,427E-03
3,499
1,924E-04
4,496E-03
3,467
1,569E-04
4,488E-03
3,397
1,576E-04
4,535E-03
3,383
1,490E-04
4,389E-03
3,293

Am-243
7,241E-05
2,458E-03
3,556
4,901E-05
2,227E-03
3,000
8,141E-05
2,551E-03
3,667
8,072E-05
2,527E-03
3,674
7,988E-05
2,534E-03
3,674
7,400E-05
2,362E-03
3,738

Np-237
2,948E-04
6,464E-03
3,010
2,511E-04
6,679E-03
2,610
2,405E-04
7,099E-03
2,955
2,932E-04
6,939E-03
2,957
2,895E-04
7,016E-03
2,957
2,970E-04
6,379E-03
3,013

Mo-95

2,989E-03
 




2,532E-03


2,704E-03


2,268E-03


2,988E-03


Tc-99

6,383E-03
 




5,973E-03


5,725E-03


5,413E-03


5,883E-03


Ru-101

2,198E-03
 




2,173E-03


2,070E-03


2,409E-03


2,150E-03


Rh-103

1,056E-02
 

9,899E-03


1,077E-02


1,055E-02


1,057E-02


1,042E-02


Ag-109

2,152E-03
 

2,064E-03


2,079E-03


2,164E-03


2,008E-03


2,151E-03


Cs-133

8,516E-03
 

7,721E-03


8,303E-03


7,600E-03


6,119E-03


7,747E-03


Sm-147

8,730E-04
 

1,123E-02


9,449E-04


8,804E-04


1,253E-02


8,832E-04


Sm-149

2,520E-02
 

3,757E-03


2,617E-02


2,503E-02


3,536E-03


2,488E-02


Sm-150

3,781E-03
 

6,705E-04


2,732E-03


2,446E-03


8,781E-04


2,942E-03


Sm-151

2,093E-02
 

2,372E-02


2,128E-02


1,930E-02


2,501E-02


2,090E-02


Sm-152

3,385E-03
 

3,172E-03


3,854E-03


3,763E-03


3,242E-03


3,470E-03


Nd-143

1,247E-02
 

1,954E-02


1,232E-02


1,254E-02


2,127E-02


1,246E-02


Nd-145

3,255E-03
 

3,817E-03


3,559E-03


3,483E-03


3,488E-03


3,357E-03


Eu-153

4,349E-03
 

4,829E-03


4,185E-03


4,387E-03


4,454E-03


4,327E-03


Gd-155

1,877E-03
 

1,798E-03


1,886E-03


1,882E-03


1,895E-03


1,876E-03


O-16

4,876E-03
 




2,599E-03


2,535E-03


2,531E-03


5,086E-03


Table 9 Results of  CB1 calculations: reaction rates and ( averaged for CASE 4


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT














production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
3,823E-01
2,446E-01
2,434
3,751E-01
2,281E-01
2,421
3,821E-01
2,430E-01
2,439
3,804E-01
2,414E-01
2,434
3,796E-01
2,438E-01
2,436
3,824E-01
2,428E-01
2,434

U-236
1,410E-04
2,719E-03
2,679
7,941E-04
8,875E-03
2,570
6,489E-04
9,869E-03
2,570
7,789E-04
9,198E-03
2,565
7,484E-04
6,768E-03
2,589
2,790E-04
2,684E-03
2,521

U-238
6,624E-02
3,005E-01
2,826
7,318E-02
2,855E-01
2,803
6,802E-02
3,025E-01
2,791
6,795E-02
3,047E-01
2,791
7,098E-02
3,078E-01
2,791
6,737E-02
3,046E-01
2,832

Pu-238
2,912E-04
1,889E-03
2,961
1,098E-04
1,843E-03
2,750
2,399E-04
1,892E-03
2,969
2,748E-04
1,921E-03
2,985
2,801E-04
1,922E-03
2,987
2,910E-04
2,058E-03
2,976

Pu-239
4,417E-01
2,983E-01
2,864
4,417E-01
2,796E-01
2,865
4,415E-01
2,956E-01
2,873
4,413E-01
2,942E-01
2,872
4,392E-01
2,947E-01
2,873
4,406E-01
2,961E-01
2,864

Pu-240
8,373E-04
7,051E-02
3,187
9,307E-04
6,680E-02
3,051
9,620E-04
6,922E-02
3,073
8,688E-04
7,006E-02
3,099
9,092E-04
6,941E-02
3,099
8,410E-04
7,137E-02
3,153

Pu-241
1,081E-01
6,375E-02
2,924
1,077E-01
5,963E-02
2,918
1,061E-01
6,232E-02
2,934
1,080E-01
6,239E-02
2,947
1,078E-01
6,274E-02
2,947
1,078E-01
6,261E-02
2,939

Pu-242
1,044E-04
3,089E-03
3,145
1,182E-04
3,009E-03
3,107
1,263E-04
2,964E-03
3,125
1,129E-04
3,541E-03
3,150
1,187E-04
2,707E-03
3,149
1,060E-04
3,179E-03
3,139

Am-241
9,535E-05
3,598E-03
3,398
1,112E-04
3,450E-03
3,495
8,838E-05
3,525E-03
3,500
9,963E-05
3,558E-03
3,389
1,030E-04
3,593E-03
3,379
9,400E-05
3,510E-03
3,282

Am-243
2,533E-05
1,115E-03
3,558
1,833E-05
1,002E-03
3,000
2,525E-05
1,107E-03
3,333
2,845E-05
1,150E-03
3,671
2,975E-05
1,149E-03
3,671
2,600E-05
1,077E-03
3,737

Np-237
1,751E-04
5,016E-03
3,013
1,605E-04
5,056E-03
2,610
1,237E-04
5,443E-03
2,882
1,754E-04
5,396E-03
2,956
1,842E-04
5,405E-03
2,955
1,760E-04
4,969E-03
3,012

O-16

4,911E-03
 




2,525E-03


2,504E-03





5,080E-03


Table10 Results of  CB1 calculations: reaction rates and ( averaged for CASE 5


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT














production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
2,811E-01
1,719E-01
2,434
2,757E-01
1,611E-01
2,421
2,809E-01
1,718E-01
2,439
2,799E-01
1,711E-01
2,434
2,796E-01
1,731E-01
2,436
2,810E-01
1,706E-01
2,434

U-236
6,538E-04
9,418E-03
2,678
9,225E-04
9,809E-03
2,572
9,002E-04
1,091E-02
2,519
9,100E-04
9,929E-03
2,570
8,654E-04
7,503E-03
2,591
1,257E-03
9,704E-03
2,526

U-238
6,882E-02
3,019E-01
2,826
7,506E-02
2,863E-01
2,805
6,848E-02
3,028E-01
2,791
7,078E-02
3,076E-01
2,794
7,226E-02
3,095E-01
2,792
7,030E-02
3,059E-01
2,833

Pu-238
6,048E-04
3,840E-03
2,960
2,199E-04
3,738E-03
2,750
7,578E-04
3,971E-03
2,968
5,696E-04
3,932E-03
2,984
5,767E-04
3,945E-03
2,985
6,050E-04
4,173E-03
2,975

Pu-239
4,968E-01
3,201E-01
2,865
4,966E-01
3,015E-01
2,865
4,973E-01
3,208E-01
2,873
4,958E-01
3,176E-01
2,873
4,947E-01
3,194E-01
2,873
4,953E-01
3,174E-01
2,865

Pu-240
1,120E-03
8,297E-02
3,188
1,227E-03
7,909E-02
3,052
1,279E-03
8,135E-02
3,051
1,162E-03
8,206E-02
3,101
1,192E-03
8,232E-02
3,100
1,128E-03
8,378E-02
3,155

Pu-241
1,503E-01
8,477E-02
2,923
1,497E-01
7,974E-02
2,918
1,498E-01
8,440E-02
2,934
1,502E-01
8,362E-02
2,947
1,501E-01
8,428E-02
2,947
1,498E-01
8,323E-02
2,939

Pu-242
2,004E-04
5,299E-03
3,143
2,234E-04
5,288E-03
3,108
1,800E-04
5,495E-03
3,045
2,167E-04
6,086E-03
3,151
2,230E-04
4,376E-03
3,150
2,040E-04
5,559E-03
3,140

Am-241
1,396E-04
5,063E-03
3,392
1,613E-04
4,879E-03
3,494
1,908E-04
5,296E-03
3,381
1,455E-04
5,042E-03
3,389
1,490E-04
5,106E-03
3,377
1,370E-04
4,931E-03
3,282

Am-243
6,376E-05
2,660E-03
3,556
4,535E-05
2,416E-03
3,000
4,837E-05
2,596E-03
3,600
7,153E-05
2,747E-03
3,672
7,330E-05
2,755E-03
3,672
6,500E-05
2,545E-03
3,738

Np-237
2,577E-04
7,137E-03
3,011
2,324E-04
7,220E-03
2,610
2,365E-04
8,051E-03
2,839
2,580E-04
7,698E-03
2,958
2,654E-04
7,756E-03
2,956
2,590E-04
7,057E-03
3,013

O-16

4,928E-03
 




2,576E-03


2,589E-03





5,140E-03


Table11 Results of  CB1 calculations: reaction rates and ( averaged for CASE 6


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT














production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
3,815E-01
2,120E-01
2,434
3,761E-01
2,037E-01
2,422
3,793E-01
2,115E-01
2,439
3,798E-01
2,114E-01
2,434
3,806E-01
2,140E-01
2,436
3,814E-01
2,104E-01
2,434

U-236
6,305E-04
8,013E-03
2,679
8,607E-04
8,565E-03
2,571
8,144E-04
9,154E-03
2,539
8,770E-04
8,602E-03
2,570
8,160E-04
6,447E-03
2,589
1,148E-03
8,371E-03
2,535

U-238
7,592E-02
2,847E-01
2,826
7,927E-02
2,723E-01
2,805
7,710E-02
2,863E-01
2,794
7,797E-02
2,911E-01
2,791
7,730E-02
2,906E-01
2,792
7,715E-02
2,896E-01
2,832

Pu-238
3,091E-04
1,597E-03
2,965
1,170E-04
1,617E-03
2,750
3,135E-04
1,461E-03
3,000
2,894E-04
1,632E-03
2,992
2,902E-04
1,643E-03
2,991
3,070E-04
1,740E-03
2,982

Pu-239
4,501E-01
2,642E-01
2,864
4,519E-01
2,548E-01
2,865
4,496E-01
2,643E-01
2,872
4,496E-01
2,629E-01
2,872
4,492E-01
2,640E-01
2,872
4,488E-01
2,622E-01
2,864

Pu-240
9,579E-04
6,492E-02
3,188
1,007E-03
6,281E-02
3,051
1,085E-03
6,381E-02
3,135
9,946E-04
6,535E-02
3,099
9,890E-04
6,428E-02
3,100
9,620E-04
6,592E-02
3,154

Pu-241
8,988E-02
4,586E-02
2,924
9,004E-02
4,420E-02
2,918
9,109E-02
4,640E-02
2,934
8,973E-02
4,525E-02
2,947
9,012E-02
4,570E-02
2,947
8,955E-02
4,499E-02
2,939

Pu-242
1,197E-04
2,949E-03
3,145
1,277E-04
2,927E-03
3,108
2,090E-04
3,062E-03
3,053
1,292E-04
3,279E-03
3,150
1,290E-04
2,577E-03
3,149
1,210E-04
3,036E-03
3,139

Am-241
3,303E-04
1,026E-02
3,405
3,746E-04
1,010E-02
3,499
3,351E-04
1,024E-02
3,444
3,453E-04
1,026E-02
3,397
3,476E-04
1,032E-02
3,383
3,250E-04
1,001E-02
3,292

Am-243
2,891E-05
1,037E-03
3,576
1,977E-05
9,349E-04
3,000
3,604E-05
1,115E-03
3,333
3,239E-05
1,068E-03
3,673
3,231E-05
1,068E-03
3,672
3,000E-05
1,004E-03
3,737

Np-237
2,013E-04
4,610E-03
3,010
1,738E-04
4,755E-03
2,610
1,874E-04
5,086E-03
2,889
2,014E-04
4,966E-03
2,957
2,008E-04
4,989E-03
2,956
2,020E-04
4,557E-03
3,012

Mo-95

2,359E-03
 




2,020E-03


2,207E-03


1,845E-03


2,381E-03


Tc-99

4,936E-03
 




4,333E-03


4,508E-03


4,270E-03


4,578E-03


Ru-101

1,662E-03
 




1,714E-03


1,565E-03


1,827E-03


1,627E-03


Rh-103

9,192E-03
 

8,602E-03


9,298E-03


9,208E-03


9,171E-03


9,044E-03


Ag-109

1,589E-03
 

1,520E-03


1,448E-03


1,575E-03


1,493E-03


1,599E-03


Cs-133

6,723E-03
 

6,080E-03


6,820E-03


6,051E-03


4,856E-03


6,183E-03


Sm-147

1,399E-03
 

9,212E-03


1,457E-03


1,406E-03


1,027E-02


1,414E-03


Sm-149

2,521E-02
 

2,982E-03


2,611E-02


2,512E-02


2,811E-03


2,490E-02


Sm-150

2,813E-03
 

1,075E-03


2,040E-03


1,803E-03


1,405E-03


2,189E-03


Sm-151

1,634E-02
 

2,362E-02


1,655E-02


1,493E-02


2,490E-02


1,632E-02


Sm-152

2,749E-03
 

2,358E-03


3,078E-03


3,118E-03


2,411E-03


2,826E-03


Nd-143

1,027E-02
 

1,522E-02


1,030E-02


1,030E-02


1,653E-02


1,026E-02


Nd-145

2,583E-03
 

3,090E-03


2,740E-03


2,800E-03


2,824E-03


2,671E-03


Eu-153

3,092E-03
 

3,422E-03


3,066E-03


3,128E-03


3,162E-03


3,075E-03


Gd-155

4,053E-03
 

3,865E-03


4,124E-03


4,039E-03


4,071E-03


4,050E-03


O-16

4,864E-03
 




2,507E-03


2,505E-03


2,531E-03


5,027E-03


Table12 Results of  CB1 calculations: reaction rates and ( averaged for CASE 7


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
2,809E-01
1,458E-01
2,434
2,769E-01
1,403E-01
2,422
2,820E-01
1,468E-01
2,439
2,800E-01
1,454E-01
2,434
2,807E-01
1,476E-01
2,436
2,808E-01
1,447E-01
2,434

U-236
7,643E-04
8,913E-03
2,680
1,019E-03
9,384E-03
2,573
9,017E-04
1,011E-02
2,547
1,047E-03
9,265E-03
2,574
9,656E-04
7,066E-03
2,591
1,393E-03
9,264E-03
2,536

U-238
8,075E-02
2,840E-01
2,826
8,292E-02
2,701E-01
2,807
8,288E-02
2,884E-01
2,791
8,254E-02
2,914E-01
2,793
8,066E-02
2,887E-01
2,794
8,241E-02
2,892E-01
2,832

Pu-238
6,493E-04
3,167E-03
2,965
2,388E-04
3,194E-03
2,750
6,711E-04
3,219E-03
2,964
6,091E-04
3,242E-03
2,990
6,042E-04
3,267E-03
2,989
6,450E-04
3,444E-03
2,982

Pu-239
5,090E-01
2,785E-01
2,864
5,109E-01
2,691E-01
2,865
5,041E-01
2,755E-01
2,873
5,080E-01
2,767E-01
2,872
5,087E-01
2,790E-01
2,872
5,074E-01
2,764E-01
2,864

Pu-240
1,314E-03
7,565E-02
3,189
1,357E-03
7,335E-02
3,053
1,519E-03
7,342E-02
3,050
1,359E-03
7,473E-02
3,101
1,329E-03
7,494E-02
3,102
1,323E-03
7,671E-02
3,156

Pu-241
1,255E-01
5,978E-02
2,924
1,256E-01
5,773E-02
2,918
1,268E-01
5,986E-02
2,934
1,253E-01
5,895E-02
2,947
1,259E-01
5,973E-02
2,947
1,250E-01
5,863E-02
2,939

Pu-242
2,352E-04
5,045E-03
3,141
2,459E-04
5,105E-03
3,109
1,729E-04
5,148E-03
3,231
2,534E-04
5,701E-03
3,150
2,481E-04
4,115E-03
3,151
2,390E-04
5,298E-03
3,140

Am-241
4,669E-04
1,352E-02
3,405
5,234E-04
1,332E-02
3,499
5,764E-04
1,397E-02
3,500
4,839E-04
1,337E-02
3,398
4,855E-04
1,363E-02
3,382
4,610E-04
1,318E-02
3,293

Am-243
7,426E-05
2,456E-03
3,556
4,985E-05
2,219E-03
3,000
5,352E-05
2,529E-03
3,250
8,288E-05
2,464E-03
3,675
8,144E-05
2,523E-03
3,674
7,600E-05
2,359E-03
3,738

Np-237
3,034E-04
6,482E-03
3,011
2,564E-04
6,687E-03
2,610
2,964E-04
6,657E-03
2,880
3,025E-04
7,008E-03
2,957
2,960E-04
7,022E-03
2,958
3,050E-04
6,398E-03
3,013

Mo-95

2,999E-03
 




2,658E-03


2,685E-03


2,271E-03


2,998E-03


Tc-99

4,244E-03
 




5,487E-03


5,821E-03


5,411E-03


3,945E-03


Ru-101

2,199E-03
 




2,229E-03


2,059E-03


2,404E-03


2,151E-03


Rh-103

1,053E-02
 

9,856E-03


1,021E-02


1,041E-02


1,052E-02


1,041E-02


Ag-109

2,162E-03
 

2,066E-03


1,972E-03


2,084E-03


2,006E-03


2,167E-03


Cs-133

8,550E-03
 

7,722E-03


8,706E-03


7,637E-03


6,118E-03


7,770E-03


Sm-147

1,485E-03
 

1,123E-02


1,470E-03


1,482E-03


1,252E-02


1,501E-03


Sm-149

2,526E-02
 

3,755E-03


2,595E-02


2,506E-02


3,535E-03


2,493E-02


Sm-150

3,784E-03
 

1,139E-03


2,491E-03


2,418E-03


1,489E-03


2,946E-03


Sm-151

2,033E-02
 

2,375E-02


2,037E-02


1,865E-02


2,505E-02


2,029E-02


Sm-152

3,402E-03
 

3,169E-03


3,665E-03


3,800E-03


3,240E-03


3,473E-03


Nd-143

1,248E-02
 

1,895E-02


1,229E-02


1,252E-02


2,063E-02


1,247E-02


Nd-145

3,262E-03
 

3,820E-03


3,211E-03


3,440E-03


3,488E-03


3,365E-03


Eu-153

4,355E-03
 

4,827E-03


4,261E-03


4,382E-03


4,450E-03


4,331E-03


Gd-155

6,704E-03
 

6,414E-03


6,923E-03


6,695E-03


6,760E-03


6,696E-03


O-16

4,877E-03
 




2,572E-03


2,526E-03


2,516E-03


5,082E-03


Table13 Results of  CB1 calculations: reaction rates and ( averaged for CASE 8


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
3,899E-01
2,444E-01
2,434
3,831E-01
2,295E-01
2,421
3,903E-01
2,459E-01
2,439
3,883E-01
2,429E-01
2,434
3,876E-01
2,454E-01
2,436
3,899E-01
2,426E-01
2,434

U-236
5,627E-04
8,406E-03
2,678
8,027E-04
8,881E-03
2,570
7,543E-04
9,474E-03
2,545
7,844E-04
8,937E-03
2,567
7,564E-04
6,769E-03
2,589
1,072E-03
8,720E-03
2,527

U-238
6,753E-02
2,999E-01
2,826
7,385E-02
2,856E-01
2,803
6,853E-02
3,039E-01
2,794
6,887E-02
3,062E-01
2,792
7,167E-02
3,079E-01
2,790
6,863E-02
3,037E-01
2,832

Pu-238
2,931E-04
1,865E-03
2,962
1,093E-04
1,829E-03
2,750
2,223E-04
1,865E-03
3,000
2,759E-04
1,904E-03
2,985
2,807E-04
1,910E-03
2,987
2,930E-04
2,031E-03
2,976

Pu-239
4,494E-01
2,974E-01
2,864
4,500E-01
2,805E-01
2,865
4,488E-01
2,948E-01
2,873
4,493E-01
2,951E-01
2,872
4,474E-01
2,959E-01
2,873
4,482E-01
2,951E-01
2,864

Pu-240
8,540E-04
7,010E-02
3,186
9,403E-04
6,682E-02
3,051
8,019E-04
6,854E-02
3,061
8,850E-04
6,954E-02
3,098
9,187E-04
6,945E-02
3,099
8,570E-04
7,093E-02
3,153

Pu-241
9,081E-02
5,248E-02
2,923
9,064E-02
4,945E-02
2,918
8,984E-02
5,192E-02
2,934
9,087E-02
5,176E-02
2,947
9,070E-02
5,205E-02
2,947
9,051E-02
5,154E-02
2,939

Pu-242
1,064E-04
3,073E-03
3,142
1,193E-04
3,011E-03
3,107
1,138E-04
3,024E-03
3,071
1,148E-04
3,417E-03
3,149
1,198E-04
2,707E-03
3,149
1,080E-04
3,161E-03
3,139

Am-241
3,078E-04
1,135E-02
3,397
3,575E-04
1,096E-02
3,495
4,129E-04
1,169E-02
3,545
3,210E-04
1,130E-02
3,389
3,309E-04
1,141E-02
3,378
3,020E-04
1,105E-02
3,283

Am-243
2,584E-05
1,107E-03
3,558
1,848E-05
1,001E-03
3,000
4,764E-05
1,113E-03
3,600
2,886E-05
1,125E-03
3,671
3,003E-05
1,146E-03
3,671
2,600E-05
1,068E-03
3,737

Np-237
1,790E-04
5,010E-03
3,011
1,624E-04
5,078E-03
2,610
1,826E-04
5,411E-03
2,875
1,789E-04
5,403E-03
2,956
1,865E-04
5,431E-03
2,955
1,800E-04
4,963E-03
3,012

O-16

4,907E-03
 




2,393E-03


2,517E-03





5,070E-03


Table14 Results of  CB1 calculations: reaction rates and ( averaged for CASE 9


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
2,892E-01
1,734E-01
2,434
2,839E-01
1,625E-01
2,421
2,880E-01
1,729E-01
2,439
2,878E-01
1,726E-01
2,434
2,879E-01
1,746E-01
2,436
2,892E-01
1,720E-01
2,434

U-236
6,676E-04
9,440E-03
2,678
9,365E-04
9,817E-03
2,572
7,811E-04
1,026E-02
2,533
9,237E-04
9,891E-03
2,571
8,785E-04
7,504E-03
2,590
1,287E-03
9,720E-03
2,526

U-238
7,024E-02
3,027E-01
2,826
7,603E-02
2,864E-01
2,805
7,095E-02
3,050E-01
2,792
7,195E-02
3,081E-01
2,795
7,326E-02
3,097E-01
2,792
7,169E-02
3,066E-01
2,832

Pu-238
6,113E-04
3,824E-03
2,959
2,197E-04
3,718E-03
2,750
6,082E-04
3,685E-03
2,931
5,748E-04
3,910E-03
2,983
5,815E-04
3,930E-03
2,984
6,120E-04
4,154E-03
2,975

Pu-239
5,097E-01
3,217E-01
2,865
5,097E-01
3,031E-01
2,865
5,102E-01
3,230E-01
2,873
5,093E-01
3,200E-01
2,873
5,079E-01
3,213E-01
2,873
5,082E-01
3,192E-01
2,865

Pu-240
1,146E-03
8,315E-02
3,188
1,247E-03
7,923E-02
3,052
1,242E-03
8,117E-02
3,057
1,183E-03
8,166E-02
3,102
1,212E-03
8,251E-02
3,100
1,153E-03
8,394E-02
3,155

Pu-241
1,274E-01
7,044E-02
2,923
1,270E-01
6,628E-02
2,918
1,271E-01
6,967E-02
2,934
1,272E-01
6,955E-02
2,946
1,273E-01
7,010E-02
2,947
1,269E-01
6,916E-02
2,939

Pu-242
2,046E-04
5,306E-03
3,144
2,264E-04
5,291E-03
3,108
2,767E-04
5,108E-03
3,097
2,201E-04
5,936E-03
3,152
2,260E-04
4,378E-03
3,150
2,080E-04
5,564E-03
3,140

Am-241
4,298E-04
1,529E-02
3,395
4,950E-04
1,475E-02
3,493
4,727E-04
1,607E-02
3,489
4,474E-04
1,526E-02
3,389
4,572E-04
1,543E-02
3,376
4,230E-04
1,487E-02
3,282

Am-243
6,507E-05
2,657E-03
3,556
4,590E-05
2,412E-03
3,000
5,188E-05
2,809E-03
3,600
7,254E-05
2,715E-03
3,674
7,431E-05
2,748E-03
3,671
6,600E-05
2,542E-03
3,738

Np-237
2,639E-04
7,177E-03
3,012
2,361E-04
7,256E-03
2,610
2,594E-04
7,799E-03
2,903
2,630E-04
7,723E-03
2,958
2,698E-04
7,799E-03
2,956
2,650E-04
7,099E-03
3,013

O-16

4,930E-03
 




2,498E-03


2,600E-03





5,136E-03


Table15 Results of  CB1 calculations: reaction rates and ( averaged for CASE 10


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
3,832E-01
2,493E-01
2,434
3,758E-01
2,323E-01
2,421
3,826E-01
2,486E-01
2,439
3,815E-01
2,470E-01
2,434
3,804E-01
2,484E-01
2,436
3,830E-01
2,460E-01
2,434

U-236
1,389E-04
2,732E-03
2,678
7,854E-04
8,920E-03
2,570
7,510E-04
9,430E-03
2,529
7,640E-04
9,140E-03
2,564
7,410E-04
6,812E-03
2,589
1,045E-03
8,749E-03
2,526

U-238
6,517E-02
3,026E-01
2,826
7,240E-02
2,877E-01
2,803
6,504E-02
3,040E-01
2,793
6,674E-02
3,062E-01
2,790
7,030E-02
3,104E-01
2,790
6,657E-02
3,053E-01
2,832

Pu-239
4,424E-01
3,040E-01
2,864
4,423E-01
2,846E-01
2,865
4,432E-01
3,024E-01
2,873
4,420E-01
3,006E-01
2,872
4,398E-01
3,002E-01
2,873
4,408E-01
2,996E-01
2,864

Pu-240
8,242E-04
7,149E-02
3,187



9,179E-04
6,931E-02
3,066
8,552E-04
7,062E-02
3,098
9,006E-04
7,035E-02
3,099
8,310E-04
7,195E-02
3,153

Pu-241
1,082E-01
6,496E-02
2,923



1,074E-01
6,389E-02
2,934
1,082E-01
6,382E-02
2,947
1,079E-01
6,390E-02
2,947
1,078E-01
6,338E-02
2,939

O-16

4,918E-03
 




2,471E-03


2,517E-03





5,080E-03


Table16 Results of  CB1 calculations: reaction rates and ( averaged for CASE 11


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
3,911E-01
2,518E-01
2,434
3,840E-01
2,360E-01
2,421
3,920E-01
2,527E-01
2,439
3,896E-01
2,509E-01
2,434
3,886E-01
2,525E-01
2,436
3,912E-01
2,500E-01
2,434

U-236
5,490E-04
8,464E-03
2,677
7,889E-04
8,945E-03
2,570
7,163E-04
9,772E-03
2,579
7,639E-04
8,827E-03
2,568
7,445E-04
6,837E-03
2,589
1,056E-03
8,777E-03
2,525

U-238
6,582E-02
3,030E-01
2,826
7,262E-02
2,889E-01
2,803
6,602E-02
3,055E-01
2,792
6,756E-02
3,087E-01
2,791
7,057E-02
3,118E-01
2,790
6,690E-02
3,068E-01
2,832

Pu-239
4,507E-01
3,063E-01
2,864
4,509E-01
2,885E-01
2,865
4,494E-01
3,060E-01
2,873
4,502E-01
3,045E-01
2,872
4,484E-01
3,045E-01
2,873
4,493E-01
3,038E-01
2,864

Pu-240
8,331E-04
7,149E-02
3,187



9,058E-04
6,964E-02
3,088
8,645E-04
7,112E-02
3,098
9,048E-04
7,080E-02
3,099
8,360E-04
7,239E-02
3,153

Pu-241
9,098E-02
5,404E-02
2,923



9,094E-02
5,383E-02
2,934
9,093E-02
5,338E-02
2,946
9,082E-02
5,355E-02
2,947
9,072E-02
5,309E-02
2,939

O-16

4,916E-03
 




2,641E-03


2,537E-03





5,079E-03


Table17 Results of  CB1 calculations: mean values and standard deviations related to the reaction rates and ( averaged for CASE 1,2 and 3


CASE 1
CASE 2
CASE 3


mean value
standard deviation
mean value
standard deviation
mean value
standard deviation


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
9,397E-01
6,826E-01
2,433
0,0042
0,0189
0,006
3,734E-01
2,126E-01
2,433
3E-03
9E-04
0,006
2,729E-01
1,459E-01
2,433
2E-03
1E-03
0,006

U-236






6,361E-04
5,908E-03
2,579
3E-04
3E-03
0,054
9,865E-04
8,789E-03
2,584
2E-04
1E-03
0,051

U-238
6,027E-02
3,029E-01
2,801
0,0042
0,0060
0,019
7,568E-02
2,895E-01
2,806
2E-03
3E-03
0,019
8,001E-02
2,882E-01
2,808
1E-03
3E-03
0,017

Pu-238






2,656E-04
1,701E-03
2,953
7E-05
7E-05
0,102
5,442E-04
3,265E-03
2,943
2E-04
2E-04
0,095

Pu-239






4,415E-01
2,639E-01
2,868
1E-03
2E-03
0,005
4,953E-01
2,777E-01
2,869
2E-03
1E-03
0,004

Pu-240






9,598E-04
6,470E-02
3,101
2E-05
1E-03
0,065
1,323E-03
7,513E-02
3,115
5E-05
1E-03
0,049

Pu-241






1,072E-01
5,547E-02
2,935
5E-04
5E-04
0,012
1,482E-01
7,199E-02
2,935
5E-04
7E-04
0,012

Pu-242






1,251E-04
3,037E-03
3,127
7E-06
3E-04
0,029
2,292E-04
5,062E-03
3,160
2E-05
6E-04
0,055

Am-241






1,121E-04
3,271E-03
3,398
1E-05
8E-05
0,067
1,628E-04
4,480E-03
3,407
2E-05
5E-05
0,072

Am-243






2,902E-05
1,051E-03
3,492
5E-06
2E-05
0,281
7,290E-05
2,486E-03
3,551
1E-05
8E-05
0,276

Np-237






1,827E-04
4,839E-03
2,912
2E-05
2E-04
0,152
2,777E-04
6,779E-03
2,917
3E-05
3E-04
0,153

Mo-95







2,175E-03


2E-04


2,696E-03


3E-04


Tc-99







4,613E-03


3E-04


5,876E-03


4E-04


Ru-101







1,719E-03


1E-04


2,200E-03


1E-04


Rh-103







9,211E-03


6E-05


1,058E-02


1E-04


Ag-109







1,594E-03


6E-05


2,111E-03


7E-05


Cs-133







6,088E-03


8E-04


7,657E-03


9E-04


Sm-147







2,672E-03


4E-03


3,221E-03


5E-03


Sm-149







2,077E-02


1E-02


2,096E-02


1E-02


Sm-150







1,915E-03


7E-04


2,556E-03


1E-03


Sm-151







1,822E-02


4E-03


2,149E-02


2E-03


Sm-152







2,885E-03


3E-04


3,543E-03


3E-04


Nd-143







1,162E-02


3E-03


1,421E-02


4E-03


Nd-145







2,747E-03


1E-04


3,429E-03


1E-04


Eu-153







3,149E-03


7E-05


4,340E-03


1E-04


Gd-155







1,132E-03


3E-06


1,883E-03


8E-06


O-16

3,529E-03


0,0014


3,497E-03


1E-03


3,525E-03


1E-03


Table18 Results of  CB1 calculations: mean values and standard deviations related to the reaction rates and ( averaged for CASE 4,5 and 6


CASE 4
CASE 5
CASE 6


mean value
standard deviation
mean value
standard deviation
mean value
standard deviation


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
3,803E-01
2,400E-01
2,433
3E-03
7E-03
0,006
2,797E-01
1,693E-01
2,433
2E-03
5E-03
0,006
3,798E-01
2,119E-01
2,433
2E-03
1E-03
0,006

U-236
5,651E-04
6,669E-03
2,582
3E-04
4E-03
0,053
9,182E-04
9,954E-03
2,576
2E-04
6E-04
0,057
8,578E-04
8,117E-03
2,580
2E-04
1E-03
0,053

U-238
6,896E-02
2,995E-01
2,806
3E-03
8E-03
0,019
7,095E-02
3,009E-01
2,807
2E-03
8E-03
0,018
7,745E-02
2,885E-01
2,807
1E-03
3E-03
0,018

Pu-238
2,478E-04
1,920E-03
2,938
7E-05
8E-05
0,093
5,556E-04
3,931E-03
2,937
2E-04
2E-04
0,092
2,710E-04
1,615E-03
2,947
8E-05
1E-04
0,097

Pu-239
4,410E-01
2,928E-01
2,869
1E-03
8E-03
0,004
4,961E-01
3,155E-01
2,869
1E-03
8E-03
0,004
4,499E-01
2,635E-01
2,868
1E-03
9E-04
0,004

Pu-240
8,915E-04
6,959E-02
3,110
5E-05
2E-03
0,051
1,185E-03
8,185E-02
3,108
6E-05
2E-03
0,055
9,993E-04
6,486E-02
3,121
5E-05
8E-04
0,048

Pu-241
1,076E-01
6,214E-02
2,935
7E-04
2E-03
0,012
1,500E-01
8,315E-02
2,935
2E-04
2E-03
0,012
9,007E-02
4,564E-02
2,935
5E-04
5E-04
0,012

Pu-242
1,144E-04
3,156E-03
3,136
8E-06
2E-04
0,017
2,079E-04
5,545E-03
3,123
2E-05
3E-04
0,041
1,393E-04
2,981E-03
3,124
3E-05
3E-04
0,038

Am-241
9,859E-05
3,528E-03
3,407
8E-06
6E-05
0,081
1,539E-04
5,042E-03
3,386
2E-05
2E-04
0,067
3,430E-04
1,022E-02
3,403
2E-05
1E-04
0,069

Am-243
2,552E-05
1,090E-03
3,495
4E-06
6E-05
0,281
6,122E-05
2,593E-03
3,540
1E-05
1E-04
0,272
2,990E-05
1,058E-03
3,499
6E-06
4E-05
0,283

Np-237
1,658E-04
5,176E-03
2,905
2E-05
2E-04
0,152
2,515E-04
7,433E-03
2,898
1E-05
4E-04
0,154
1,944E-04
4,842E-03
2,906
1E-05
2E-04
0,152

Mo-95













2,162E-03


2E-04


Tc-99













4,525E-03


3E-04


Ru-101













1,679E-03


1E-04


Rh-103













9,183E-03


9E-05


Ag-109













1,541E-03


7E-05


Cs-133













6,126E-03


8E-04


Sm-147













3,189E-03


4E-03


Sm-149













2,083E-02


1E-02


Sm-150













2,050E-03


5E-04


Sm-151













1,781E-02


4E-03


Sm-152













2,836E-03


3E-04


Nd-143













1,153E-02


3E-03


Nd-145













2,723E-03


1E-04


Eu-153













3,105E-03


4E-05


Gd-155













4,067E-03


3E-05


O-16

3,755E-03


1E-03


3,808E-03


1E-03


3,487E-03


1E-03


Table19 Results of  CB1 calculations: mean values and standard deviations related to the reaction rates and ( averaged for CASE 7,8 and 9


CASE 7
CASE 8
CASE 9


mean value
standard deviation
mean value
standard deviation
mean value
standard deviation


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
2,802E-01
1,461E-01
2,433
2E-03
1E-03
0,006
3,882E-01
2,411E-01
2,433
3E-03
7E-03
0,006
2,877E-01
1,707E-01
2,433
2E-03
5E-03
0,006

U-236
1,015E-03
8,923E-03
2,583
2E-04
1E-03
0,051
7,888E-04
8,883E-03
2,579
2E-04
4E-04
0,053
9,124E-04
9,826E-03
2,578
2E-04
3E-04
0,055

U-238
8,203E-02
2,883E-01
2,807
1E-03
3E-03
0,018
6,984E-02
2,998E-01
2,806
2E-03
8E-03
0,018
7,235E-02
3,018E-01
2,807
2E-03
9E-03
0,018

Pu-238
5,696E-04
3,268E-03
2,940
2E-04
1E-04
0,094
2,457E-04
1,899E-03
2,943
7E-05
8E-05
0,095
5,346E-04
3,858E-03
2,930
2E-04
2E-04
0,090

Pu-239
5,080E-01
2,772E-01
2,869
2E-03
1E-03
0,004
4,488E-01
2,926E-01
2,869
9E-04
7E-03
0,004
5,092E-01
3,174E-01
2,869
9E-04
8E-03
0,004

Pu-240
1,367E-03
7,509E-02
3,108
8E-05
1E-03
0,055
8,761E-04
6,919E-02
3,108
5E-05
2E-03
0,053
1,197E-03
8,183E-02
3,109
4E-05
2E-03
0,054

Pu-241
1,257E-01
5,939E-02
2,935
6E-04
6E-04
0,012
9,056E-02
5,143E-02
2,935
4E-04
1E-03
0,012
1,272E-01
6,902E-02
2,935
2E-04
2E-03
0,012

Pu-242
2,324E-04
5,062E-03
3,154
3E-05
6E-04
0,041
1,137E-04
3,137E-03
3,126
6E-06
2E-04
0,031
2,270E-04
5,441E-03
3,132
3E-05
3E-04
0,023

Am-241
4,995E-04
1,353E-02
3,413
4E-05
3E-04
0,078
3,387E-04
1,127E-02
3,414
4E-05
3E-04
0,093
4,542E-04
1,525E-02
3,404
3E-05
5E-04
0,079

Am-243
6,966E-05
2,466E-03
3,482
1E-05
7E-05
0,294
2,948E-05
1,083E-03
3,539
1E-05
5E-05
0,271
6,262E-05
2,627E-03
3,540
1E-05
2E-04
0,272

Np-237
2,933E-04
6,714E-03
2,905
2E-05
3E-04
0,152
1,783E-04
5,173E-03
2,903
8E-06
2E-04
0,152
2,595E-04
7,411E-03
2,909
1E-05
3E-04
0,152

Mo-95

2,722E-03


3E-04














Tc-99

4,982E-03


8E-04














Ru-101

2,208E-03


1E-04














Rh-103

1,042E-02


1E-04














Ag-109

2,078E-03


9E-05














Cs-133

7,756E-03


1E-03














Sm-147

3,692E-03


5E-03














Sm-149

2,095E-02


1E-02














Sm-150

2,626E-03


8E-04














Sm-151

2,094E-02


2E-03














Sm-152

3,516E-03


2E-04














Nd-143

1,408E-02


4E-03














Nd-145

3,353E-03


1E-04














Eu-153

4,356E-03


7E-05














Gd-155

6,756E-03


1E-04














O-16

3,514E-03


1E-03


3,722E-03


1E-03


3,791E-03


1E-03


Table 20 Results of  CB1 calculations: mean values and standard deviations related to the reaction rates and ( averaged for CASE 10 and 11


CASE 10
CASE 11



mean value
standard deviation
mean value
standard deviation



production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(


U-235
3,821E-01
2,477E-01
2,435
3E-03
2E-03
0,002
3,905E-01
2,514E-01
2,435
3E-03
1E-03
0,002


U-236
6,880E-04
7,513E-03
2,577
3E-04
3E-03
0,062
7,659E-04
8,960E-03
2,588
2E-04
6E-04
0,056


U-238
6,677E-02
3,045E-01
2,806
3E-03
2E-03
0,021
6,738E-02
3,060E-01
2,806
3E-03
2E-03
0,021


Pu-239
4,416E-01
3,016E-01
2,869
1E-03
2E-03
0,005
4,496E-01
3,052E-01
2,869
1E-03
1E-03
0,005


Pu-240
8,658E-04
7,084E-02
3,120
4E-05
1E-03
0,048
8,688E-04
7,116E-02
3,125
4E-05
1E-03
0,043


Pu-241
1,079E-01
6,401E-02
2,938
3E-04
7E-04
0,010
9,088E-02
5,359E-02
2,938
1E-04
4E-04
0,010


O-16

3,746E-03


1E-03


3,793E-03


1E-03



Table 21 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%],   CASE  1


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,39 
1,52 
0,03 
-0,66 
-4,94 
-0,48 
0,32 
1,42 
0,25 
0,21 
1,09 
0,04 
-0,48 
0,54 
0,12 
0,22 
0,91 
0,04 

U-238
-6,14 
-0,14 
0,69 
10,34 
-3,38 
-0,09 
-4,95 
0,80 
-0,39 
-3,24 
1,56 
-0,55 
7,47 
3,57 
-0,62 
-3,47 
1,15 
0,96 

O-16

29,07 





-33,09 


-33,37 





37,39 


Table 22 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 2


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,32 
0,31 
0,04 
-1,24 
-4,31 
-0,48 
0,70 
-0,01 
0,24 
-0,05 
-0,45 
0,04 
-0,07 
0,55 
0,12 
0,34 
-0,40 
0,04 

U-236
-75,24 
-56,14 
3,91 
33,43 
44,98 
-0,30 
33,40 
56,81 
-1,69 
35,08 
46,68 
-0,41 
26,48 
9,22 
0,42 
-53,15 
-56,58 
-1,94 

U-238
-1,99 
-1,31 
0,72 
3,45 
-5,81 
-0,05 
-2,17 
-0,56 
-0,53 
0,25 
0,88 
-0,53 
0,80 
0,55 
-0,52 
-0,34 
0,44 
0,91 

Pu-238
15,44 
-4,30 
0,47 
-55,89 
-3,77 
-6,87 
8,21 
4,48 
2,82 
8,51 
-2,27 
1,28 
8,89 
-2,19 
1,30 
14,84 
4,28 
0,99 

Pu-239
0,20 
0,84 
-0,15 
0,47 
-3,40 
-0,12 
-0,49 
-0,75 
0,16 
0,00 
-0,27 
0,14 
-0,13 
0,08 
0,14 
-0,05 
0,10 
-0,16 

Pu-240
-2,54 
1,07 
2,82 
3,58 
-2,83 
-1,59 
-1,37 
-2,26 
-2,89 
0,86 
-0,95 
-0,03 
1,63 
-0,54 
-0,03 
-2,16 
2,68 
1,72 

Pu-241
-0,09 
0,90 
-0,37 
-0,11 
-3,45 
-0,56 
0,88 
1,15 
-0,02 
-0,21 
-0,88 
0,41 
-0,02 
-0,19 
0,41 
-0,43 
-0,98 
0,14 

Pu-242
-6,64 
-2,30 
0,34 
0,81 
-3,59 
-0,61 
8,06 
6,07 
-1,59 
0,89 
10,65 
0,73 
1,78 
-15,06 
0,72 
-4,89 
0,64 
0,40 

Am-241
-8,94 
-0,24 
0,13 
3,78 
-2,59 
2,98 
23,68 
4,02 
0,55 
-4,96 
-1,02 
-0,06 
-3,70 
-0,33 
-0,45 
-9,87 
-2,42 
-3,15 

Am-243
-2,73 
-0,61 
1,24 
-32,65 
-10,80 
-14,08 
16,51 
0,35 
-4,54 
9,01 
2,07 
5,18 
9,91 
1,91 
5,18 
-0,06 
-3,71 
7,02 

Np-237
7,28 
-4,38 
3,40 
-6,33 
-1,95 
-10,39 
-24,14 
4,02 
0,57 
7,23 
2,91 
1,51 
8,14 
2,90 
1,50 
7,82 
-5,45 
3,42 

Mo-95

8,57 





-3,52 


0,88 


-15,41 


9,48 


Tc-99

7,92 





2,17 


-3,06 


-7,43 


0,40 


Ru-101

-3,11 





9,57 


-7,81 


6,43 


-5,09 


Rh-103

0,76 


-6,31 


-0,20 


0,50 


-0,06 


-0,99 


Ag-109

0,64 


-4,74 


4,50 


-0,50 


-6,28 


1,64 


Cs-133

11,35 


-0,16 


7,86 


-1,53 


-20,24 


2,56 


Sm-147

-70,91 


244,41 


-71,82 


-70,76 


284,05 


-70,56 


Sm-149

22,07 


-85,64 


23,34 


20,44 


-86,47 


20,62 


Sm-150

47,56 


-68,93 


2,98 


-6,06 


-59,38 


14,89 


Sm-151

-6,94 


29,40 


-7,40 


-15,05 


36,41 


-7,02 


Sm-152

-3,78 


-18,26 


13,28 


7,69 


-16,43 


-0,77 


Nd-143

-11,12 


34,79 


-12,76 


-11,40 


46,41 


-11,13 


Nd-145

-5,35 


12,42 


4,22 


0,60 


2,77 


-2,25 


Eu-153

-1,21 


8,67 


3,91 


-1,43 


0,45 


-1,72 


Gd-155

0,13 


-5,27 


0,30 


-0,36 


-0,21 


0,14 


O-16

39,23 





-27,66 


-28,33 


-27,26 


44,02 


Table 23 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 3


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,24 
-0,17 
0,04 
-1,27 
-3,83 
-0,48 
0,80 
0,02 
0,24 
-0,10 
-0,11 
0,04 
0,11 
1,20 
0,12 
0,21 
-0,94 
0,04 

U-236
-24,47 
1,00 
3,68 
1,25 
6,79 
-0,41 
-12,96 
9,21 
-1,35 
2,75 
4,17 
-0,36 
-4,14 
-19,50 
0,30 
37,56 
5,11 
-1,86 

U-238
-1,61 
-1,59 
0,64 
1,77 
-6,05 
-0,07 
0,21 
-0,18 
-0,36 
0,32 
1,10 
-0,55 
-1,16 
0,41 
-0,53 
0,47 
0,25 
0,87 

Pu-238
17,88 
-1,80 
0,76 
-56,29 
-0,80 
-6,55 
1,33 
-7,15 
1,26 
10,08 
0,70 
1,62 
9,95 
1,46 
1,59 
17,06 
6,78 
1,33 

Pu-239
0,18 
0,30 
-0,15 
0,48 
-2,96 
-0,13 
-0,60 
-0,38 
0,16 
0,02 
-0,03 
0,14 
0,05 
0,61 
0,14 
-0,15 
-0,50 
-0,15 

Pu-240
-3,40 
0,57 
2,38 
0,38 
-2,34 
-1,98 
7,91 
-1,62 
-0,86 
-0,41 
-0,76 
-0,44 
-1,73 
-0,20 
-0,42 
-2,75 
2,02 
1,33 

Pu-241
-0,07 
0,54 
-0,37 
-0,03 
-2,77 
-0,56 
0,47 
0,71 
-0,02 
-0,15 
-0,46 
0,41 
0,24 
0,59 
0,41 
-0,45 
-1,38 
0,14 

Pu-242
0,08 
-0,49 
-0,58 
5,41 
0,84 
-1,61 
-20,88 
2,52 
3,39 
7,51 
11,97 
-0,29 
6,20 
-18,57 
-0,29 
1,68 
4,57 
-0,62 

Am-241
-7,21 
0,28 
-0,13 
4,35 
-1,18 
2,71 
18,17 
0,36 
1,76 
-3,61 
0,17 
-0,28 
-3,22 
1,23 
-0,72 
-8,48 
-2,04 
-3,35 

Am-243
-0,68 
-1,14 
0,13 
-32,78 
-10,42 
-15,53 
11,67 
2,60 
3,25 
10,72 
1,62 
3,46 
9,57 
1,93 
3,45 
1,51 
-5,01 
5,24 

Np-237
6,16 
-4,65 
3,19 
-9,56 
-1,49 
-10,53 
-13,39 
4,71 
1,30 
5,59 
2,35 
1,37 
4,26 
3,49 
1,38 
6,95 
-5,91 
3,28 

Mo-95

10,86 





-6,10 


0,30 


-15,87 


10,81 


Tc-99

8,65 





1,66 


-2,57 


-7,87 


0,13 


Ru-101

-0,07 





-1,23 


-5,93 


9,51 


-2,28 


Rh-103

-0,11 


-6,40 


1,84 


-0,22 


-0,05 


-1,46 


Ag-109

1,95 


-2,20 


-1,50 


2,53 


-4,88 


1,90 


Cs-133

11,22 


0,83 


8,44 


-0,75 


-20,09 


1,18 


Sm-147

-72,90 


248,71 


-70,67 


-72,67 


288,82 


-72,58 


Sm-149

20,21 


-82,08 


24,84 


19,38 


-83,13 


18,69 


Sm-150

47,94 


-73,76 


6,89 


-4,28 


-65,65 


15,09 


Sm-151

-2,57 


10,39 


-0,96 


-10,17 


16,42 


-2,72 


Sm-152

-4,46 


-10,48 


8,79 


6,21 


-8,48 


-2,06 


Nd-143

-12,27 


37,47 


-13,31 


-11,76 


49,69 


-12,35 


Nd-145

-5,05 


11,34 


3,80 


1,58 


1,75 


-2,07 


Eu-153

0,20 


11,26 


-3,58 


1,08 


2,62 


-0,31 


Gd-155

-0,33 


-4,55 


0,14 


-0,04 


0,63 


-0,41 


O-16

38,31 





-26,28 


-28,10 


-28,20 


44,27 


Table 24 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 4


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT














production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,51 
1,91 
0,04 
-1,37 
-4,96 
-0,48 
0,46 
1,26 
0,24 
0,02 
0,60 
0,04 
-0,18 
1,60 
0,12 
0,55 
1,19 
0,04 

U-236
-75,04 
-59,22 
3,75 
40,53 
33,08 
-0,47 
14,84 
47,99 
-0,48 
37,85 
37,92 
-0,67 
32,45 
1,48 
0,26 
-50,62 
-59,76 
-2,38 

U-238
-3,94 
0,33 
0,73 
6,13 
-4,69 
-0,08 
-1,36 
0,99 
-0,52 
-1,46 
1,70 
-0,51 
2,94 
2,74 
-0,54 
-2,31 
1,67 
0,92 

Pu-238
17,51 
-1,63 
0,79 
-55,70 
-4,06 
-6,40 
-3,18 
-1,48 
1,05 
10,90 
0,00 
1,59 
13,02 
0,07 
1,68 
17,44 
7,17 
1,30 

Pu-239
0,16 
1,90 
-0,15 
0,16 
-4,50 
-0,13 
0,11 
0,97 
0,15 
0,07 
0,50 
0,13 
-0,41 
0,68 
0,14 
-0,10 
1,13 
-0,15 

Pu-240
-6,08 
1,32 
2,47 
4,40 
-4,01 
-1,92 
7,91 
-0,53 
-1,20 
-2,54 
0,67 
-0,37 
1,99 
-0,26 
-0,36 
-5,67 
2,56 
1,37 

Pu-241
0,49 
2,58 
-0,38 
0,13 
-4,04 
-0,56 
-1,37 
0,29 
-0,02 
0,35 
0,40 
0,41 
0,21 
0,96 
0,41 
0,20 
0,76 
0,13 

Pu-242
-8,78 
-2,15 
0,29 
3,34 
-4,66 
-0,93 
10,39 
-6,09 
-0,34 
-1,33 
12,19 
0,45 
3,73 
-14,24 
0,41 
-7,35 
0,72 
0,11 

Am-241
-3,29 
1,97 
-0,26 
12,82 
-2,22 
2,58 
-10,36 
-0,08 
2,72 
1,05 
0,85 
-0,53 
4,44 
1,83 
-0,84 
-4,66 
-0,52 
-3,67 

Am-243
-0,74 
2,26 
1,81 
-28,18 
-8,07 
-14,16 
-1,04 
1,54 
-4,63 
11,48 
5,52 
5,03 
16,58 
5,36 
5,04 
1,90 
-1,25 
6,92 

Np-237
5,59 
-3,09 
3,72 
-3,22 
-2,32 
-10,15 
-25,39 
5,16 
-0,78 
5,78 
4,25 
1,78 
11,08 
4,44 
1,74 
6,16 
-4,00 
3,69 

O-16

30,78 





-32,76 


-33,30 





35,28 


Table 25 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 5


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT














production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,49 
1,54 
0,04 
-1,44 
-4,85 
-0,48 
0,43 
1,48 
0,25 
0,07 
1,06 
0,04 
-0,03 
2,24 
0,12 
0,48 
0,76 
0,04 

U-236
-28,79 
-5,38 
3,95 
0,47 
-1,46 
-0,14 
-1,96 
9,60 
-2,21 
-0,89 
-0,25 
-0,24 
-5,74 
-24,62 
0,57 
36,90 
-2,51 
-1,93 

U-238
-3,00 
0,33 
0,70 
5,79 
-4,85 
-0,08 
-3,48 
0,63 
-0,56 
-0,24 
2,24 
-0,46 
1,85 
2,86 
-0,52 
-0,92 
1,65 
0,92 

Pu-238
8,85 
-2,30 
0,78 
-60,42 
-4,91 
-6,36 
36,38 
1,03 
1,06 
2,52 
0,03 
1,59 
3,79 
0,35 
1,63 
8,88 
6,16 
1,30 

Pu-239
0,15 
1,46 
-0,15 
0,10 
-4,43 
-0,13 
0,24 
1,68 
0,15 
-0,05 
0,66 
0,14 
-0,27 
1,23 
0,14 
-0,17 
0,62 
-0,15 

Pu-240
-5,44 
1,37 
2,58 
3,58 
-3,38 
-1,79 
7,95 
-0,61 
-1,83 
-1,93 
0,26 
-0,22 
0,64 
0,57 
-0,24 
-4,80 
2,36 
1,51 

Pu-241
0,20 
1,94 
-0,38 
-0,19 
-4,10 
-0,56 
-0,10 
1,50 
-0,02 
0,14 
0,56 
0,41 
0,07 
1,36 
0,41 
-0,13 
0,09 
0,14 

Pu-242
-3,63 
-4,45 
0,64 
7,47 
-4,63 
-0,48 
-13,43 
-0,91 
-2,49 
4,21 
9,75 
0,91 
7,26 
-21,09 
0,86 
-1,88 
0,24 
0,56 

Am-241
-9,30 
0,41 
0,17 
4,83 
-3,24 
3,20 
24,02 
5,03 
-0,14 
-5,44 
0,00 
0,10 
-3,16 
1,26 
-0,26 
-10,95 
-2,20 
-3,07 

Am-243
4,15 
2,59 
0,45 
-25,92 
-6,81 
-15,24 
-20,98 
0,13 
1,71 
16,84 
5,95 
3,75 
19,74 
6,28 
3,73 
6,18 
-1,85 
5,60 

Np-237
2,47 
-3,97 
3,91 
-7,60 
-2,87 
-9,93 
-5,97 
8,32 
-2,03 
2,60 
3,57 
2,07 
5,52 
4,35 
2,01 
2,98 
-5,05 
3,97 

O-16

29,41 





-32,36 


-32,02 





34,97 


Table 26 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 6


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,46 
0,08 
0,04 
-0,97 
-3,88 
-0,48 
-0,13 
-0,18 
0,24 
0,01 
-0,23 
0,04 
0,20 
0,99 
0,12 
0,43 
-0,68 
0,04 

U-236
-26,49 
-1,29 
3,84 
0,34 
5,51 
-0,38 
-5,06 
12,77 
-1,61 
2,25 
5,97 
-0,41 
-4,87 
-20,57 
0,33 
33,84 
3,13 
-1,77 

U-238
-1,98 
-1,31 
0,70 
2,34 
-5,60 
-0,06 
-0,45 
-0,75 
-0,45 
0,67 
0,91 
-0,54 
-0,20 
0,76 
-0,53 
-0,39 
0,39 
0,89 

Pu-238
14,05 
-1,07 
0,63 
-56,82 
0,12 
-6,67 
15,67 
-9,52 
1,81 
6,77 
1,07 
1,52 
7,06 
1,78 
1,50 
13,27 
7,74 
1,21 

Pu-239
0,05 
0,25 
-0,15 
0,45 
-3,30 
-0,12 
-0,06 
0,30 
0,13 
-0,06 
-0,24 
0,14 
-0,15 
0,18 
0,14 
-0,24 
-0,49 
-0,15 

Pu-240
-4,15 
0,10 
2,14 
0,81 
-3,16 
-2,25 
8,58 
-1,61 
0,44 
-0,47 
0,77 
-0,70 
-1,04 
-0,88 
-0,69 
-3,73 
1,63 
1,05 

Pu-241
-0,20 
0,48 
-0,37 
-0,03 
-3,15 
-0,56 
1,14 
1,66 
-0,02 
-0,38 
-0,85 
0,41 
0,06 
0,14 
0,41 
-0,58 
-1,43 
0,14 

Pu-242
-14,08 
-1,06 
0,67 
-8,31 
-1,80 
-0,53 
50,08 
2,72 
-2,27 
-7,19 
10,02 
0,84 
-7,38 
-13,55 
0,81 
-13,11 
1,86 
0,48 

Am-241
-3,69 
0,44 
0,05 
9,22 
-1,22 
2,81 
-2,30 
0,20 
1,20 
0,66 
0,36 
-0,19 
1,35 
1,01 
-0,60 
-5,24 
-2,02 
-3,27 

Am-243
-3,31 
-2,04 
2,22 
-33,88 
-11,65 
-14,25 
20,52 
5,37 
-4,73 
8,31 
0,94 
5,00 
8,05 
0,88 
4,97 
0,32 
-5,15 
6,80 

Np-237
3,51 
-4,79 
3,59 
-10,63 
-1,80 
-10,18 
-3,62 
5,05 
-0,57 
3,56 
2,57 
1,77 
3,27 
3,04 
1,74 
3,89 
-5,87 
3,66 

Mo-95

9,10 





-6,59 


2,07 


-14,69 


10,11 


Tc-99

9,09 





-4,25 


-0,38 


-5,64 


1,18 


Ru-101

-1,05 





2,08 


-6,77 


8,82 


-3,09 


Rh-103

0,10 


-6,33 


1,26 


0,27 


-0,13 


-1,51 


Ag-109

3,14 


-1,38 


-6,02 


2,20 


-3,09 


3,77 


Cs-133

9,73 


-0,76 


11,32 


-1,23 


-20,74 


0,92 


Sm-147

-56,12 


188,84 


-54,31 


-55,91 


222,00 


-55,66 


Sm-149

21,04 


-85,69 


25,35 


20,58 


-86,50 


19,53 


Sm-150

37,23 


-47,55 


-0,48 


-12,06 


-31,47 


6,78 


Sm-151

-8,24 


32,65 


-7,06 


-16,18 


39,84 


-8,36 


Sm-152

-3,07 


-16,87 


8,52 


9,91 


-15,01 


-0,36 


Nd-143

-10,96 


31,98 


-10,66 


-10,69 


43,33 


-11,02 


Nd-145

-5,16 


13,47 


0,61 


2,81 


3,68 


-1,93 


Eu-153

-0,39 


10,22 


-1,25 


0,75 


1,85 


-0,96 


Gd-155

-0,36 


-4,97 


1,40 


-0,70 


0,08 


-0,42 


O-16

39,49 





-28,10 


-28,15 


-27,41 


44,17 


Table 27 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 7


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,26 
-0,16 
0,04 
-1,19 
-3,96 
-0,48 
0,63 
0,50 
0,24 
-0,07 
-0,43 
0,04 
0,17 
1,04 
0,12 
0,20 
-0,96 
0,04 

U-236
-24,71 
-0,12 
3,73 
0,42 
5,16 
-0,41 
-11,18 
13,30 
-1,41 
3,13 
3,82 
-0,36 
-4,88 
-20,82 
0,30 
37,22 
3,82 
-1,85 

U-238
-1,56 
-1,50 
0,68 
1,09 
-6,32 
-0,02 
1,04 
0,02 
-0,57 
0,62 
1,07 
-0,51 
-1,67 
0,12 
-0,48 
0,47 
0,29 
0,90 

Pu-238
14,00 
-3,08 
0,84 
-58,07 
-2,25 
-6,46 
17,82 
-1,50 
0,82 
6,94 
-0,78 
1,71 
6,07 
-0,02 
1,67 
13,24 
5,38 
1,43 

Pu-239
0,20 
0,47 
-0,15 
0,56 
-2,92 
-0,13 
-0,77 
-0,62 
0,15 
0,00 
-0,18 
0,14 
0,13 
0,65 
0,14 
-0,12 
-0,31 
-0,15 

Pu-240
-3,84 
0,74 
2,60 
-0,76 
-2,32 
-1,79 
11,12 
-2,22 
-1,88 
-0,56 
-0,48 
-0,24 
-2,76 
-0,20 
-0,22 
-3,21 
2,16 
1,53 

Pu-241
-0,16 
0,66 
-0,37 
-0,05 
-2,80 
-0,56 
0,90 
0,79 
-0,02 
-0,32 
-0,74 
0,41 
0,20 
0,58 
0,41 
-0,57 
-1,29 
0,14 

Pu-242
1,20 
-0,32 
-0,39 
5,82 
0,85 
-1,42 
-25,61 
1,71 
2,45 
9,03 
12,63 
-0,11 
6,73 
-18,69 
-0,10 
2,83 
4,68 
-0,44 

Am-241
-6,53 
-0,09 
-0,24 
4,78 
-1,62 
2,52 
15,39 
3,22 
2,55 
-3,12 
-1,22 
-0,43 
-2,81 
0,68 
-0,90 
-7,71 
-2,60 
-3,51 

Am-243
6,61 
-0,41 
2,13 
-28,44 
-10,01 
-13,84 
-23,17 
2,55 
-6,66 
18,98 
-0,10 
5,54 
16,91 
2,30 
5,51 
9,10 
-4,35 
7,34 

Np-237
3,44 
-3,44 
3,66 
-12,58 
-0,40 
-10,15 
1,06 
-0,84 
-0,85 
3,15 
4,39 
1,80 
0,94 
4,59 
1,82 
3,99 
-4,70 
3,72 

Mo-95

10,17 





-2,36 


-1,39 


-16,57 


10,14 


Tc-99

-14,81 





10,15 


16,86 


8,62 


-20,81 


Ru-101

-0,41 





0,93 


-6,77 


8,86 


-2,61 


Rh-103

1,12 


-5,38 


-1,99 


-0,03 


0,95 


-0,05 


Ag-109

4,05 


-0,61 


-5,11 


0,27 


-3,47 


4,26 


Cs-133

10,24 


-0,44 


12,25 


-1,54 


-21,12 


0,18 


Sm-147

-59,78 


204,27 


-60,18 


-59,85 


239,16 


-59,35 


Sm-149

20,57 


-82,07 


23,89 


19,64 


-83,12 


19,01 


Sm-150

44,12 


-56,64 


-5,13 


-7,90 


-43,28 


12,19 


Sm-151

-2,91 


13,43 


-2,71 


-10,91 


19,63 


-3,09 


Sm-152

-3,23 


-9,86 


4,24 


8,07 


-7,86 


-1,22 


Nd-143

-11,34 


34,59 


-12,70 


-11,06 


46,55 


-11,45 


Nd-145

-2,71 


13,91 


-4,24 


2,58 


4,03 


0,35 


Eu-153

-0,01 


10,82 


-2,18 


0,61 


2,16 


-0,57 


Gd-155

-0,77 


-5,06 


2,48 


-0,89 


0,07 


-0,88 


O-16

38,76 





-26,82 


-28,13 


-28,42 


44,60 


Table 28 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 8


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT














production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,44 
1,40 
0,04 
-1,32 
-4,81 
-0,48 
0,55 
2,01 
0,25 
0,04 
0,75 
0,04 
-0,14 
1,79 
0,12 
0,43 
0,65 
0,04 

U-236
-28,66 
-5,38 
3,85 
1,76 
-0,03 
-0,36 
-4,37 
6,65 
-1,33 
-0,55 
0,60 
-0,49 
-4,10 
-23,80 
0,37 
35,91 
-1,84 
-2,03 

U-238
-3,32 
0,02 
0,71 
5,74 
-4,77 
-0,10 
-1,88 
1,35 
-0,43 
-1,40 
2,11 
-0,52 
2,61 
2,67 
-0,56 
-1,75 
1,29 
0,90 

Pu-238
19,28 
-1,79 
0,63 
-55,51 
-3,68 
-6,56 
-9,53 
-1,79 
1,93 
12,29 
0,28 
1,41 
14,23 
0,59 
1,48 
19,24 
6,97 
1,12 

Pu-239
0,13 
1,64 
-0,15 
0,25 
-4,11 
-0,13 
-0,01 
0,76 
0,15 
0,11 
0,85 
0,13 
-0,32 
1,13 
0,14 
-0,15 
0,87 
-0,15 

Pu-240
-2,53 
1,32 
2,52 
7,32 
-3,42 
-1,85 
-8,47 
-0,93 
-1,51 
1,01 
0,52 
-0,32 
4,86 
0,39 
-0,29 
-2,18 
2,52 
1,45 

Pu-241
0,27 
2,05 
-0,38 
0,09 
-3,85 
-0,56 
-0,80 
0,95 
-0,02 
0,34 
0,64 
0,41 
0,15 
1,20 
0,41 
-0,06 
0,21 
0,13 

Pu-242
-6,41 
-2,05 
0,51 
4,96 
-4,03 
-0,62 
0,11 
-3,60 
-1,76 
0,95 
8,92 
0,74 
5,38 
-13,69 
0,72 
-5,00 
0,75 
0,41 

Am-241
-9,12 
0,73 
-0,51 
5,55 
-2,73 
2,35 
21,92 
3,72 
3,82 
-5,21 
0,26 
-0,75 
-2,30 
1,27 
-1,06 
-10,83 
-1,97 
-3,85 

Am-243
-12,34 
2,25 
0,53 
-37,29 
-7,57 
-15,24 
61,62 
2,80 
1,71 
-2,09 
3,87 
3,71 
1,89 
5,84 
3,72 
-11,79 
-1,35 
5,57 

Np-237
0,43 
-3,16 
3,72 
-8,88 
-1,84 
-10,10 
2,44 
4,60 
-0,97 
0,39 
4,45 
1,81 
4,63 
4,98 
1,80 
0,98 
-4,06 
3,74 

O-16

31,84 





-35,70 


-32,36 





36,22 


Table 29 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 9


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT














production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,55 
1,57 
0,04 
-1,32 
-4,81 
-0,48 
0,12 
1,31 
0,25 
0,05 
1,13 
0,04 
0,07 
2,33 
0,12 
0,52 
0,80 
0,04 

U-236
-26,83 
-3,92 
3,86 
2,64 
-0,09 
-0,25 
-14,39 
4,42 
-1,75 
1,24 
0,66 
-0,30 
-3,71 
-23,63 
0,47 
41,06 
-1,07 
-2,04 

U-238
-2,92 
0,30 
0,68 
5,08 
-5,09 
-0,08 
-1,94 
1,07 
-0,54 
-0,55 
2,11 
-0,43 
1,25 
2,63 
-0,54 
-0,91 
1,61 
0,90 

Pu-238
14,36 
-0,89 
0,98 
-58,91 
-3,63 
-6,15 
13,77 
-4,49 
0,03 
7,52 
1,34 
1,80 
8,77 
1,87 
1,83 
14,48 
7,67 
1,52 

Pu-239
0,11 
1,36 
-0,14 
0,11 
-4,50 
-0,13 
0,20 
1,76 
0,14 
0,03 
0,82 
0,14 
-0,26 
1,21 
0,14 
-0,19 
0,55 
-0,14 

Pu-240
-4,25 
1,61 
2,54 
4,14 
-3,17 
-1,83 
3,74 
-0,81 
-1,67 
-1,18 
-0,21 
-0,23 
1,23 
0,84 
-0,28 
-3,69 
2,58 
1,47 

Pu-241
0,18 
2,05 
-0,38 
-0,14 
-3,97 
-0,56 
-0,04 
0,94 
-0,02 
0,06 
0,77 
0,41 
0,11 
1,56 
0,41 
-0,17 
0,21 
0,14 

Pu-242
-9,86 
-2,47 
0,39 
-0,27 
-2,76 
-0,77 
21,91 
-6,12 
-1,11 
-3,02 
9,09 
0,65 
-0,41 
-19,54 
0,57 
-8,35 
2,26 
0,26 

Am-241
-5,36 
0,29 
-0,26 
8,98 
-3,29 
2,62 
4,07 
5,39 
2,49 
-1,49 
0,11 
-0,44 
0,67 
1,18 
-0,82 
-6,87 
-2,50 
-3,59 

Am-243
3,92 
1,16 
0,45 
-26,70 
-8,19 
-15,25 
-17,14 
6,93 
1,70 
15,84 
3,34 
3,79 
18,68 
4,59 
3,72 
5,41 
-3,23 
5,59 

Np-237
1,68 
-3,16 
3,55 
-9,05 
-2,09 
-10,27 
-0,05 
5,24 
-0,20 
1,34 
4,22 
1,71 
3,97 
5,23 
1,63 
2,11 
-4,21 
3,57 

O-16

30,05 





-34,11 


-31,43 





35,49 


Table 30 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 10


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,28 
0,64 
-0,06 
-1,66 
-6,24 
-0,58 
0,13 
0,35 
0,15 
-0,16 
-0,27 
-0,06 
-0,46 
0,27 
0,02 
0,22 
-0,72 
-0,06 

U-236
-79,81 
-63,63 
3,91 
14,16 
18,73 
-0,27 
9,16 
25,52 
-1,88 
11,05 
21,66 
-0,50 
7,71 
-9,32 
0,46 
51,89 
16,45 
-1,99 

U-238
-2,38 
-0,63 
0,71 
8,43 
-5,52 
-0,11 
-2,59 
-0,17 
-0,47 
-0,03 
0,56 
-0,58 
5,29 
1,91 
-0,56 
-0,29 
0,24 
0,90 

Pu-239
0,18 
0,77 
-0,18 
0,15 
-5,65 
-0,15 
0,35 
0,25 
0,13 
0,08 
-0,34 
0,11 
-0,42 
-0,49 
0,11 
-0,19 
-0,67 
-0,17 

Pu-240
-4,80 
0,91 
2,12 



6,02 
-2,16 
-1,74 
-1,22 
-0,31 
-0,73 
4,02 
-0,70 
-0,69 
-4,02 
1,56 
1,03 

Pu-241
0,32 
1,48 
-0,49 



-0,47 
-0,19 
-0,13 
0,24 
-0,30 
0,30 
0,00 
-0,18 
0,30 
-0,09 
-0,99 
0,02 

O-16

31,26 





-34,04 


-32,81 





35,59 


Table 31 Results of  CB1 calculations: relative differences from mean values, (value/mean value - 1)*100 [%], CASE 11


WIMS/ABBN
CASMO4 
MONK7B 
MCNP4B (CZ)
HELIOS 1.4
TWODANT


production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(
production
absorption
(

U-235
0,16 
0,17 
-0,06 
-1,67 
-6,12 
-0,58 
0,38 
0,53 
0,15 
-0,23 
-0,17 
-0,06 
-0,49 
0,46 
0,02 
0,18 
-0,54 
-0,06 

U-236
-28,33 
-5,53 
3,47 
2,99 
-0,17 
-0,69 
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Fig. 1 -  4
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Fig. 5 - 8
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Fig. 9 - 11
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Fig. 12
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Fig.13  Relative differences from the average absoption rates - CASE 7 (CASMO: not included into evaluation)
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Fig.14  Relative differences from the average absoption rates - CASE 7 (continued)
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Fig.15  Relative differences from the average production rates - CASE 7
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Fig.16  Relative differences from the average numbers  of neutrons per fission  - CASE 7

Supplement of CB1 :  case12 and case 13

Using the VVER fuel assembly and operating history descriptions made in specification of CB1 (/1/, /2/), the isotopic inventory for the specified spent fuel was calculated by SAS2 (SCALE) and the resulting number densities for the specified benchmark isotopes (according to Cases 1-11) were given to the participants as input data. To complete the CB1, two additional cases (12 and 13) were calculated by the SCALE, MCNP /4/ and HELIOS /3/ methodologies using all the inventory isotopes available in the libraries. The results of these calculations are shown Table 1, below. About 200 isotopes in the KENO VI library and about 150 isotopes in the HELIOS 1.5 library were available for the calculations but only 95 of them were found in the MCNP library (which is understandable as the code was not designed for the spent fuel calculations). 

Multiplication factor resulting from 
library /

number of groups
case12:

30 GWd/tU, one-year cooling time,

 ‘all’ isotopes in library
case13:

30 GWd/tU, five-year cooling time,

‘all’ isotopes in library

HELIOS 1.5
190 groups

90 groups

35 groups
1.05055

1.04824

 1.04853
1.03436

1.03233

1.03297

KENO VI (under SCALE4.3)
44groupndf5
1.0498(0.0010
1.0329(0.0009

MCNP4B
DLC-189
1.05387(0.00098
1.03762(0.00096






‘reasonable’ average 
only HELIOS 90g, 35g and KENO 44g
1.0489
1.0327

Table 1. Multiplication factors resulting from the supplementary CB1 calculations using all inventory isotopes available in the selected code library

Based on the results written in the last row of Table 1, the following, Table 2, /2/, could be completed in the VVER columns with the ‘total’ (k  (resulting from cases 12-13) and the ratio [%] of (k resulting from cases 2-11, /2/, to the total (k. (Note:  (ki=kcase 1 - kcase i , where case 1 is the case of fresh fuel, see /2/). 

The results above indicate that if using the BUC calculational methodology proposed for the VVER in CB1, the reactivity decrease resulting from the calculations seems to reach up to 92 -93 % of the ‘real’ (calculated) value for the given spent fuel system.

Table 2  Reactivity loss according to different sets of selected nuclides


PWR 
VVER-440 (as the result of CB1)


30 GWd/t,1 year
30 GWd/t,5 year
40/1
40/5
30/1
30/5
40/1
40/5


(k
Ratio [%]
(k
ratio [%]
(k
(k
(k
ratio [%]
(k
ratio [%]
(k
(k

Major Actinides
0.1746
53.2
0.1815
50.2
not calculated
0.1630
47.7
0.1706
47.7
not calculated

Minor Actinides
0.0176
5.3
0.0279
7.7

0.0207
6.1
0.0318
8.9


All Actinides
0.1922
58.5
0.2094
57.9
0.2492
0.2721
0.1837
53.8
0.2024
56.6
0.2324
0.2558

Major Fission Products
0.1054
32.0
0.1161
32.2
0.1248
0.1417
0.1303
38.1
0.1325
37.0
0.1462
0.1498

All Actinides+MajorFPs
0.2976
90.5
0.3255
90.1
0.3740
0.4138
0.3140
91.9
0.3349
93.6
0.3786
0.4056

Minor Fission Products
0.0314
9.5
0.0357
9.9
 not calculated
-
-
-
-
 not calculated

Total
0.3290
100.0
0.3612
100.0

0.3416
100.0
35.78
100.0
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