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Effects of Nuclear Data Library on BFS and ZPPR Fast
Reactor Core Analysis Results

Partl: ZPPR Analysis Results

Guennadi MANTOUROV ¥

ABSTRACT

This work was fulfilled in the frame of JNC-IPPE Collaboration on Experimental Investigation of
Excess of Weapon Pu Disposition in BN-600 Reactor Using BFS-2 Facility.

The data processing system CONSYST/ABBN coupled with ABBN-93 nuclear data library was
used in analysis of BFS and ZPPR fast reactor cores applying JNC core calculation code
CITATION. FFCP cell code was used for taking into account the spatial cell heterogeneity and
resonance effects based on the first flight collision probability method and subgroup approach.
Especially a converting program was written to transmit the prepared effective cross sections to
JNC standard PDS files. Then the CITATION code was applied for 3-D XYZ neutronics
calculations of BFS and ZPPR JUPITER experiments series cores.

The effects of nuclear data library have been studied by comparing the former resufts based on
JENDL-3.2 nuclear data library. The comparison results using IPPE and JNC nuclear data
libraries for k-effective parameter for ZPPR-9, ZPPR-13A and ZPPR-17A cores are presented.
The calculated correction factor in all cases was less than 1.0%. So the uncertainty in C value
caused by possible errors in calculation of these corrections is expected to be less than 0.3% in
case of ZPPR-13A and ZPPR-17A cores, and rather less for ZPPR-9 core.

The main result of this study is that the effect of applying ABBN-93 nuclear data in JNC
calculation route revealed a large enough discrepancy in k-eff for ZPPR-9 (about 0.6%) and
ZPPR-17A (about 0.5%) cores.

For BFS-62-1 and BFS-62-2 cores such analysis is in progress. Stretch cell models for both
BFS cores were formed and cell calculations using FFCP code have started. Some results of
cell calculations are presented.

KEY WORDS: BFS-62, ZPPR, CONSYST/ABBN system, ABBN-93 nuclear data set, CITATION
code, JENDL-3.2 nuclear data library.

* JNC International Feliow (25/12/2000 - 24/12/2001)
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Center, JNC, Japan. ‘
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AddekT BnusHna Bubnuortekun AnepHbix [JaHHbLIX Ha
Pesynbtarbl AHanu3sa B®C n ZPPR 3kcnepuMeHTOB.

Yacte I: Pesynbrathl AHanu3sa ZPPR 3KcnepuMeHTOB.

lenHaguit MaxTypos,
oan’
AHHOTALWA

3ra paboTa BeINONHEHa B pamkax Poccuiicko-AnoHckoro CoTpyaHUYecTsa Mexay JNC 1 32U
no «JkcnepumeHTanbHbIM WMccneposaHuam Ha Crtexae B®C-2 dusnvecknx ACNeKToB
Yrunuzaumy B Peaxtope BH-600 M3bbiTka OpyxedHoro InyToHus».

CucTtema nogrotosku kowcraHT CONSYST/ABBN BmecTe © 6uonuoTekoit koHctaHT BHAB-93
Goina rpumeHeHa Ans adanusa BOC u ZPPR 3KCMEepUMEHTOB C MCMOnNb3oBaHWEM JNC
CTAHA@PTHOIO PacyeTHOTO WHCTPYMEHTA, OCHOBaHHOIO Ha Nporpamme CITATION. A4yeeuHan
nporpamma FFCP ucrnonbsoeanacb Ana ydyeta NpOCTPAHCTBEHHOA U PE3CHAHCHON
FeTeporeHHocTu ¢ npumereHvem metoga BFIC v noarpynnosoro noAxoAa. CneuunaneHas
uHTepgeiicHaa nporpamma  Geina HanucaHa [Ana  npeobpasoBaHus  PacCHMTAHHLIX
achhekTUBHbIX. ceveHui B copmaT JNC crangapThbix PDS caitnos. 3atem JNC cTaHaapTHbIN
nyTs, OCHOBaHHbIN Ha nporpamme CITATION, 6bin npuMeHeH Ans 3-D XYZ HelATpoHHO-
bU3NMECKUX pacyeToB cepumn kputuqeckux cBopok BOC u ZPPR (JUPITER akcnepvuMeHThl).
OdbhexT pasnuuHbIX GMBNMOTEK AAEPHBIX AaHHBIX U3ydancs.

MpoBeaeHO CpaBHEHWE PE3yNbTaTOB PacveToB, NONYYEHHHbLIX C MCnonb3oBaHWMEM ubnuotex
KOHCTaHT ®3U u JNC, ans napamerpa k-ad ans cbopoxk ZPPR-9, ZPPR-13A u ZPPR-17A.
MonHble RonpaBku B0 BoeX chydasx He npesbicunu 1.0%. TlorpelHocTM B pacieTHbIX
BEnuuMHax, oBYCNOBNEHHbIE BO3MOXHLIMY OWMOKamMy NpU BblMUCNEHW ITUX NONPAaBOK, Kak
oxugaeTcs, paeHsi meHee 0.3% AnA cnyyas cbopok ZPPR-13A u ZPPR-17A, w ropasno
meHblle B criyuae cbopku ZPPR-9.

OcHOBHOW pe3ynbTaT NPOBEAEHHOMO " mcdné.uosél-lmq COCTOMT. B TOM, u4TO 3dipexr
ucnonbaoeanus SHAB-93 koHcTanT B JNC pacyeTHOM nyTU BhISIBUN AOCTaTodHO Gonblimne
pacxoxzaeHus B k-achc ans cbopok ZPPR-9 (okono 0.6%) n ZPPR-17A (okono 0.5%).

Ons cbopok BOC-62-1 n BPC-62-2 Takoil aHanus ewe He 3aBepLuUeH. CocTaBneHbl Mogeny
NNOCcKKX siueek ans nporpammbl FFCP. HekoTopble pesynbTaTe! pacyeTos NpeAcTaBneHbl.

B O6ydyllem nnaHvpyeTcsl NpOBEeCTW Taloke aHanui Habropaembix pacxoxgeHuh ¢
Mcnonb3oBaHneM  KoaULMEHTOB  YyBCTBUTENLHOCTW  ONS  M3YYEHMA  NPUYMH  3TUX
pacxoxneHum.

KNIOYEBBIE CNOBA: B®C-62, ZPPR, cuctema CONSYST/ABBN, cuctema koHcTaHT BHAB-
93, nporpamma CITATION, 6ubnnoreka saepHsix gaHHbx JENDL-3.2.

*) JNC International Fellow (25/12/2000 - 24/12/2001)
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1. INTRODUCTION

BFS-62 /1/ as well as ZPPR JUPITER series /2-7/ MOX cores are used as “benchmark” cores
for validation of JNC and IPPE codes and nuclear data, which have been used in the study of
loading a significant amount of Pu in BN-600 reactor core.

The BFS-62 experiment is a joint research program between IPPE of the Russian Federation
and JNC of Japan on Experimental Investigation of Excess of Weapon Pu Disposition in BN-600
Reactor Using BFS-2 Facility.

The JUPITER critical experiment /2-7/ was a joint research program between US DOE and PNC
of Japan, using ZPPR facility at ANL-ldaho in 1978 - 1988. The aim of JUPITER experiment
was to study the nuclear physics characteristics of largé LMFBR cores. This is the most
important data sources in FBR core study as the largest experimental core size in FBR history.

It covers wide variety of core concepts and structures, and various kinds of parameters |

measured.

The JUPITER program was consisted of four series of experiments. The first series was
JUPITER-| (ZPPR-9 through 10D/2), a set of critical experiments for conventional two-zone
homogensous cores of 800 to 800 MW(g) class FBRs, including a clean benchmark core and
six engineering mock-up cores /2,3/.

The second set was JUPITER-II (ZPPR-13A through 13C) for studying a radial heterogeneity -
six cores of 650 MW(e) class FBRs with various arrangements of internal ring-shaped blanket

regions /4,5/.

For the third series, half of JUPITER-IIt (ZPPR-17A through 17C) was dedicated to study axial
heterogeneity - three cores of 650 MW(e) class, including one clean benchmark core /6/.

At last, ZPPR-18A through 19B cores, both the later haif of JUPITER-!Il and lo series, five 1,000
MW(e) class homogeneous cores with enriched uranium in the outer core region had the largest
core volume of 8,500 litters in the world /7/.

In this work we considered three representatives of JUPITER experiment, three Pu benchmark
cores: ZPPR-9, ZPPR-13A and ZPPR-17A /8/.
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The nuclear data provides the main uncertainty in calculation of neutronics characteristics of
MOX cores. So it means that a study of influence of different nuclear data libraries on main
neutronics characteristics of MOX cores and estimation of associated uncertainty is necessary

and is being required.

This report presents a comparison of k-effective analysis results for BFS-62 cores as well as for
ZPPR-9, 13A and 17A cores obtained by using two nuclear data libraries ABBN-93 (IPPE) /9/
and JFS-3-JENDL-3.2 (JNC) /8,10/, and applying the one three-dimensional diffusion JNC core
calculation code CITATION /11/. (The full name of the JNC version for the code is CITATION-
FBR but below whenever we will refer to it simply as to CITATION.)

The data processing system CONSYST/ABBN coupled with ABBN-93 nuclear data library /9,12/
was used in analysis of BFS and ZPPR fast reactor cores applying JNC core calculation code
CITATION. The CONSYST code /13/ with ABBN-93 nuclear data library was used for
calculation of effective cross-sections in ABBN standard 28 groups energy structure. FFCP code
{14/ used for taking into account the spatial cell heterogeneity and resonance effects based on
the first flight collision probability method and subgroup approach. Especially, a converting
program was written to transmit the prepared effective cross sections to JNC standard PDS
files.

From this study, as we can expect, the effect of nuclear data library can be easily identified, and

all of the observed discrepancies have to be referred to the nuclear data library effect.

At the next stage a sensitivity analysis of the observed discrepancies is planed in order to
investigate the possible reasons of them.
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2. SHORT CUT TO ABBN-93 SYSTEM

ABBN-93 is the new Russian (IPPE design) group constants set developed for producing
calculations of neutron and photon radiation fields and their functionals. tt has the traditional
neutron 28-group energy structure and extended multi-group (n=299) energy-wise structure as
well (see Table 1). ABBN-93 is founded on FOND-2 evaluated data files library /15/, which
contains selected data from BROND-2, ENDF/B-VI, JENDL-3, JEF-2 evaluated nuclear data
files and some other sources. Calculation resulis by using of the ABBN-93 have been tested in a
wide set of various fast and thermal reactor experiments and radiation shielding benchmarks.

ABBN-93 contains data for all natural elements, all important nuclides and isotopes, all
impartant fission products and actinides right up to the Cf2*2. The interval of considered neutron
energies is from 10™ to 20 MeV. Amount of neutron groups is 26 and 28 as the fraditional but
optionally can be increased up to 299. 28-group energy structure differs from the 26 by
spreading the upper energy boundary up to 15 MeV (in case when amount of groups is greater
than 28 the upper energy limit is 20 MeV). Amount of groups for description of the thermalization
effects is 73 (below 4.65 eV). Amount of groups for photon source calculation is 15 (plus 4
strongest lines) and amount of groups for gamma-field calculation is 15 too.

CONSYST code of CONSYST/ABBN system /13/ is used for preparing group constants for
different practical applications. CONSYST code fakes into account the resonance self-shielding
effects by using the well-known Bondarenko f- factors. During these calculations the Dancoff
correction can be applied to effective dilution cross section (6g) by using formulae of the
Equivalence Theory. Thermalization effects CONSYST treats by using thermal Py and Py multi-
group scattering matrices in the energy region below 4.65 eV.

CONSYST code produces effective macro and micro group cross sections in different output
formats and allows to adapt ABBN-93 data to such Russian diffusion codes as SYNTES and
TRIGEX, which are used in fast reactor core design calculations, but also to transport codes
such as ANISN, TWODANT and DORT, which are used in shielding calculations.
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Table 1. ABBN Standard Neutron Group Energy Structure.

Amount

of fine

groups
5

4
6
6
6
8
8
9
9
9

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
25

Energy
low
(eV)
13.982+6*
10.5+6
6.5+6
4.0+6
2.5+6
. 1.4+46
0.8+6
0.4+6
0.2+6
100.0+3
46.416+3
21.544+3
10.0+3
4.6416+3
2.1544+3
1000.0
464.1589
215.4434
100.0
46.41589
21.54434
10.0
4.641589
2.154434
1.0
0.464159
0.215443
0.0253

Enerqgy
high
(ev)

15.0+6%**

13.982+6
10.5+6
6.5+6
4.0+6
2.5+6
1.4+6
0.8+6
0.4+6
200.0+3
100.0+3
46.416+3
21.544+3
10.0+3
4.6416+3
2.1544+3
1000.0
464.,1589
215.4434
100.0
46.41589
21.54434
10.0
4.641589
2.154434
1.0
0.464159
0.0253

* -~ must be read as 13.982-10%

Group
lethargy
width
0.07160
0.28638
0.47957
0.48551
0.47000
0.57982
0.55962
0.69315
0.69315
0.69315
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753
0.76753

** - in case of 299 groups the upper energy boundary is 20 MeV

Fine group

lethargy
width

0.071595
0.071585
0.079%29

© 0.080918

0.078334
0.072477
0.069953
0.077017
0.077017
0.077017
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
0.063961
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3. CALCULATION SCHEME WITH CITATION CODE

- The main idea for this work is to use two nuclear data libraries ABBN-93 (IPPE) and JENDL-3.2
(JNC) in the one — the standard JNC route used for fast reactor in-core neutronics calculations
with JNC version of CITATION code.

The CONSYST/ABBN (IPPE) system is used for the treatment of ABBN-93 nuclear data and
calculation of the effective cross sections.

in case of the uSage of JNC nuclear data cell calculations are performed using 70-groups fast
reactor constant set JFS-3 based on JENDL-3.2 and seif-shielding treated by a factor table
interpolation method. All parameters obtained by core calculations are corrected to results
based on the transport theory extrapolated to zero mesh-size in space and angle. The effective
cross sections will be prepared by CASUP /16/ or SLAROM /17/ cell codes. These codes
provide all of their output data in a form of the standard PDS files, which next will be
reprocessed by XMIX and JOINT codes and than read by CITATION code. Next a set of
additional codes (LAGOON, PERKY, SAGEP, etc.) can be applied for post CITATION
calculations of reaction rates, reactivity worths, material perturbations, etc. Left part of Fig.1
presents the scheme of the JNC route. |

in case of the usage of ABBN-93 (IPPE) nuclear data library, the effective cross-sections will be
prepared by CONSYST code in one of the standard ABBN 26 or 28 group energy structure (see
Table 1). In these calculations FFCP one-dimensional cell code /14/ can be used for taking into
account the spatial cell heterogeneity and resonance éﬁects based on the first flight collision
probability method and subgroup approach.

To permit to use FFCP code with the quite identically input stream as for CASUP code a special
translation program TRANS_CASUP was written, which (1) translates the CASUP input data,
(2) makes their print out and (3) creates input data files both for CONSYST and FFCP codes. It
allows to exclude many errors at the stage of creating input data for a specific fast reactor core.

In order to permit o use ABBN-93 data in JNC CITATION calculation route a special converting
program MAKE_CIT was created to transmit the prepared effective cross sections by
CONSYST and FFCP codes to JNG standard PDS files.

Right part of Fig.1 presents the scheme of the route using ABBN-93 cross sections library.
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Fig. 1. Scheme of calculations with CITATION code.
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4. VERIFICATION OF CONVERTING PROGRAM

MAKE_CIT Fortran program have been written for translation effective cross-sections calculated
by CONSYST code to CITATION code. It (1) makes a print out of binary data and (2) prepares
data in the PDS files both as for macroscopic cross-sections so for microscopic cross sections

too.

To check the validity of MAKE_CIT program and to test the adaptation route for CITATION code
to the CONSYST/ABBN prepared effective cross-sections three benchmark tasks were
assumed: '

(1) SCHERZO0-5.56 infinite media made of 5.56% U?*® and 94.44% U®*® with k =1;
(2) CSEWG fast reactor benchmark - two region homogeneous core ZPR-6-7 /18/;
(3) ZPPR-9 fast reactor benchmark in RZ homogeneous model /8/.

Only the eigenvalue k-effective (k-eff) for each system was under investigation.

Next codes were used for comparative k-effective calculations:
(1) CONSYST and FFCP for infinite media;
(2) TWODANT /19/ in transport and diffusion options;

(3) CITATION in diffusion option.

4.1. Results for SCHERZO-5.56 and ZPR-6-7

Below the results of calculations for two benchmark tasks SCHERZO-5.56 and ZPR-6-7 are

shown _and compared.
The TWODANT result is used as a reference one.

SCHERZO-5.56:

As it can be seen from Table 2, all k-eff results for SCHERZO-5.56 infinite media are in very
good agreement between each other. Difference between CITATION and other results is
negligible.
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Table 2. SCHERZO-5.56 k-eff results.

Code K-eff
CONSYST 1.00301

FFCP 1.00301
TWODANT 1.00300
CITATION 1.00281 (-0.02%)

ZPR-6-7:

As it can be seen from Table 3 in case of TWODANT code the estimated calculated k -ff value
{C) with ABBN-93 constants is equal to 0.98515. For ZPR-6-7 RZ model the estimated k-eff
experimental value (E) is equal to 0.9854 + 0.0020. It means C/E value is equal to 1.000 &
0.002.1t is in very good agreement with the experiment.

Table 3. ZPR-6-7 calculated k-eff results.

ABBN TWO DANT CITA TION
Geometry L ) o Ratio to
SET Diffusion Dif.S, P,S, Diffusion B
TWODANT
.88903 98753 '
SPHERE 28 group 98727 98768 +0.04%
(+0.18%) | (+0.02%)
98661 - .98515
R-Z 28 group 98300 98431 +0.13%
(+0.37%) | (+0.22%)
98705 .98495
R-Z 26 group .98280 98412 +0.13%
(+0.43%) | (+0.22%)

In case of CITATION code with ABBN-93 constants the calculated k-eff value is by 0.13% less
than the TWODANT one. But this is non-meaningful difference. This value is also in very good
agreement with the experimental one.

Table 3 shows also an effect of spreading the neutron energy boundary from 10.5 MeV to 15
MeV {(comparing 26 and 28 group calcuiation results). This effect is very small (+0.02%). The
transport correction for ZPR-6-7 core was calculated to be equal to +0.22%. It is within the same
range as the difference between CITATION and TWODANT diffusion results. It means in case
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of ZPR-6-7 core there is a compensation of two effects: (1) difference between diffusion and
transport code, and (2) transport correction. As for ZPR-6-7 sphere model these effects are
negligible.

4.2. Resuits for ZPPR-9 RZ model

The verification calculations have been made for k-effective value for ZPPR-9 homogeneous RZ
model and several effects were investigated. For this model the homogenized cross sections
were prepared by CONSYST code using FFCP cell code for correcting material effective cross
sections to spatial and resonance heterogeneous effects.

The following effects were investigated:

» Coincidence of calculation results using either MICRO cross section option or MACRO
one (MACRO - only macroscopic cross sections used in calculations; MICRO — only
microscopic cross sections and nuclide densities used);

* Uncertainty in FFCP code followed by the subgroup method and associated with non-
coincident rebuilding of the homogeneous calculation results.

Five heterogeneous stretch cell models were translated from CASUP to FFCP and used for

calculation of homogenized material region cross sections:
+ SCF - Single Column Fuel — Inner Core Region;
* DCF — Double Column Fuel — Outer Core Region;
* RBL — Lower Radial Blanket — Radial Blanket Region;
* ABL - Lower Axial Blanket — Axial Blanket Region;
» ABU - Upper Axial Blanket — Axial Blanket Region.
The following calculations have been performed:

« HOMO - calculation of self-shielding Bondarenko f-factors using dilution cross sections
00 for each homogeneous region and no FFCP code applied;

+ HETERO - calculation of self-shielding Bondarenko f-factors using dilution cross sections
6o for each homogeneous region followed by FFCP code correction;

*+  SM - same using FFCP code with subgroup approach applied to different isotopes.

* HOMO with SM —rebuilding the homogeneous HOMO case using FFCP code with
subgroup approach.
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For all of these types of calculations MACRO and MICRO optional results have being obtained
in order to be sure in the validity of the converting program MAKE_CIT. Table 4 shows the
results obtaihed. As it can be seen the MACRO and MICRO calculation results differ each other
about 0.01%. Inaccuracy in FFCP code followed by the subgroup method and associated with
non-coincident rebuilding of the homogeneous calculation results in case of ZPPR-9 RZ model
is about -0.27%. Table 4 also shows effects in k-eff as for whole reactor so separately for all of 5
cells. This kind of information presented in Fig.2. The full effect of applying the subgroup
approach to all meaningful isotopes comparing to HOMO case is equal to +1 .25%, but the effect
of the stretch model separately is equal to +0.57%.

It should be noted that the fulfiled investigation for ZPPR-9 RZ model was done to prove the
adaptation route for ABBN-93 cross sections library to CITATION code only. Next the k-effective
analysis results will be obtained based on the full scale XYZ madel.

Effects in K-eff due to Stretch Model and Subgroup Method

2.0
%
Reactor
15 B SCF
DCF

Case

Fig. 2. Effects in k-eff applying different approaches.



JNC TN9400 2001-069

Table 4. K-eff values for homogeneous and heterogeneous case,

and under applying subgroup method (SM) for different isotopes.

Case HOMO HETERO SM to All
Reactor MACRO XS (.98448 0.99003 0.99677
MICRO XS 0.98443 0.99000 0.99674
% -0.01 0.00 0.00
HOMO with SM - - 0.98247
Ratio to HOMO, % - - -0.21
Cells SCF 0.29090 0.99990 1.00872
DCF 0.89204 1.0024 1.00314
RBL 0.99577 1.00018 1.00019
ABL 0.99255 1.00300 1.00300
ABU 0.99147 1.00062 1.00062
U2354+238 Pu39 Pu39+40
Reactor MACRO XS 0.99710 0.98850 0.98932
MICRO XS 0.89705 0.88844 0.98927
% -0.01 -0.01 -0.01
HOMO with SM 0.98242 0.88240 0.98204
Ratio to HOMO, % -0.21 -0.21 -0.26
Cells SCF 1.00872 0.99821 0.99911
DCF 1.00314 1.00218 1.00268
RBL 1,13591 1.00019 1.00019
ABL 1.22318 1.00300 1.00300
ABU 1.18337 1.00062 1.00062
U+Pu core U+Pu U+Pu+0O
Reactor MACRO XS 0.99592 0.99675 0.99690
MICRO X5 0.99587 0.99669 0.99685
% -0.01 -0.01 -0.01
HOMO with SM 0.98211 0.98212 0.98203
Ratio to HOMO, % -0.26 -0.26 -0.26
Cells SCF 1.01 1.01 1.00870
DCF 1.00466 1.00466 1.00351
RBL 1.00019 1.13581 1.13716
ABL 1.00300 1.22318 1.22560
ABU 1.00062 1.18337 1.18583
Fe 8S U+Pu+O+8S
Reactor MACRO XS 0.99112 0.99034 0.99721
MICRO XS 0.99106 0.99028 0.99716
% -0.01 -0.01 -0.01
HOMO with SM 0.98242 0.98245 0.98206
Ratio to HOMO, % -0.21 -0.20 -0.26
Cells SCF 0.99938 0.89943 1.00820
DCF 1.00204 1.00212 1.00322
RBL 1.00306 1.00370 1.14123
ABL 1.00460 1.00550 1.22840
ABU 1.00234 1.00339 1.18887
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5. ZPPR JUPITER SERIES ANALYSIS RESULTS

5.1. Cores Analyzed

The k-effective analysis results have been obtained for three core ZPPR-9, ZPPR-13A and
ZPPR-17A of JUPITER experiments series /8/.

ZPPR-9 is the first representative of JUPITER-I series of two-zone homogeneous cores of 600
to 800 MW(e) class (ZPPR-9, ZPPR-10A, B, C and D). This is cylihdrical and the simplest of ali
cores. ‘

ZPPR-13A is the first representative of JUPITER-II series of radial heterogeneous cores of 650
MW(e) class (ZPPR-13A, 13B/1, 13B/2, 13B/3, 13B/4 and 13C).

ZPPR-17A is the first representative of JUPITER-IIl series of axial heterogeneous cores of 650
MW(e) class (ZPPR-17A, B and C).

Full description of composition, geometry of plate cell models and core layout can be find in /8/.

5.2. Calculation Features

For each core XYZ homogenecus benchmark calculaticn models ware used. In all cases the
homogenized cross sections for each material region were prepared by CONSYST code using
FECP cell code. All input data for both CONSYST and FFCP code were prepared by
TRANS_CASUP converting program using corresponding input data files for CASUP and
SLAROM codes. As an example Fig.3 shows neutron flux spectrum calculated by CONSYST
code and used for collapsing cross sections from 299 groups to 28 groups wide structure for a
case of single column fuel (SCF) region. |

CONSYST code treats the resonance self-shielding effects by using the well-known Bondarenko
f- factors. But during these calculations the Dancoff correction can be applied to effective
dilution cross sections (6o) by using formulae of the Equivalence Theory.

In this work that possibility was realized. Two types of calculations have been performed for all
of three ZPPR cores: with Dancoff correction and without one. The Dancoff correction was
applied by using GETER option in CONSYST code.

In all calculations the region dependent neutron fission source energy distribution was used.
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All necessary corrections have been applied to k-effective values using results of work {8/. They

are:

(1) Common correction to mesh effect, multi-drawer, asymmetry, etc.

(2) Transport correction to diffusion approximation in solving Bolzm an equation.

(3) Subgroup method correction caused by non-coincident rebuilding of the homogeneous
calculation result.

(4) Total cross section correction associated with the usage of current weighted transport
cross sections in blanket and reflector regions instead of to use flux weighted cross
sections.

The transport correction was evaluated by using IPPE standard route with two-dimensional
discrete ordinates transport code TWODANT /19/. In these calculations only the homogeneous
models for all ZPPR cores were used. All calculations were performed in 28 groups using within
TWODANT code both as the diffusion option so the Py order of scattering anisotropy with Se
angle approximation. The transport correction defined as difference between those two.

For calculation of the total cross section correction the code CONSYST was used which has an

option for total cross section definition - fiux or current weighted one.

ZPPR-8 Single Column Fuel
0.30
------ MVP

0.25 — JFS-3 (70Gr) R -1
_, 020 —— CONSYST (299Gr) |  }  Hitd |- 1_ ______________
=
< 0.5 - R | B R
b
H
L g0 ------eeeeo o LA

! 005 | - B . SO | (NI

0.00 : ; : ‘

1E+2 1E+3 1E+4 1E+45 1E+6 1E+7i
Energy [eV]

Fig. 3. Comparison of neutron flux spectra.
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5.3. Calculation Results

For all of three ZPPR cores the effect of applying the subgroup method for different isotopes
was investigated. Table 5 and Fig.4 show the obtained results.

Table 5. Effects in k-effective by applying the subgroup method (SM), in %.

Case ZPPR-9 ZPPR-13A ZPPR-17A
With Dancoff Correction:
ISM for U-238 in core -0.64 -0.29 -0.72
SM for Pu-239 ' +0.71 +0.56 +0.70
SM for U+Pu in all zones -0.04 +0.30 +0.00
SM for Fe -0.29 -0.30 -0.25
ISM for Na : -0.29 -0.22 -0.29
With Dancoff Correction:
Fult SM Effect Relative to Heter. Case with D.C. -0.57 -0.19 -0.50
Fuli SM Effect Relative to Hom. Case with D.C. +0.05 +0.36 +0.11
Full SM Effect Relative to Hom. Case without D.C. +1.04 +0.83 +0.85
SM Correction +0.21 +0.28 +0.17
Without Dancoff Correction:
Full SM Effect Relative to Heter. Case +0.34 +0.23 +0.28
Full SM Effect Relative to Hom. Case +0.97 +0.7¢ +0.88
SM Correction +0.27 +0.31 +0.22

As it can be seen from Table 5 there is big enough positive effect on Pu®®

ZPPR-9 and ZPPR-17A fully compensated by negative effect on U*®, Effects from structure
material isotopes are negative and 2-3 times smaller. There is also small but positive effect on

. which in case of

oxygen. It can be also seen that in case of ZPPR-8 and ZPPR-17A there is very strong
correlation of all resonance effects — they are very similar for both cores. Effects on structure
material isotopes are similar for all cores. In case of ZPPR-13A effects on Pu®? and U*® are
quite different.

Table 6 presents summarized results of k-effective calculations obtained for all of three ZPPR
cores. Fig.5 shows different effects in k-effective associated with applying the Dancoff
correction, stretch cell model, subgroup approach, et al.
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Effects in K-eff by Applying Subgroup Method, in %
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'Fig. 4. Effects in k-effective by applying subgroup approach for important isotopes, in %.
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Fig. 5. Different effects in k-effective calculation resutlts, in %.
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Table 6. Main results for ZPPB k-effective calculations.

Case ZPPR-9 ZPPR-13A ZPPR-17A
Different Effects:
Homogeneous Case (1) 0.98749 0.98064 0.98285
Homogeneous Case + Dancoff Correction (2) 0.99722 0.88525 0.99113
Plate Heterogeneity Effect (1) 0.99371 0.98612 0.98883
Plate Heterogeneity Effect + Dancoff Correction {2) 1.00349 0.99066 0.99721
SM Approach (1):
Subgroup Method Effect (Full) 0.99708 0.98838 0.99158
SM Correction +0.00268 +0.00307 +0.00221
By Applying Subgroup Method 0.99976 0.99145 0.99379
SM Approach {2):
Subgroup Method Effect with Dancoff Correction (Full) 0.89772 0.98875 0.99222
SM Correction +0.00215 +0.00280 +0.00167
By Applying Subgroup Method 0.99987 0.99155 0.99389
Total Cross Section Correction:
Flux Weighted Transport Cross Section Correction +0.00045 +0.00066 +0.00102
Calculated C Value:
C Value (1) 1.00021 0.89211 0.99481
C Value (2) 1.00032 0.99221 0.99491
Difference 0.01% 0.01% 0.01%
Adopied C Value . 1.00032 0.99221 0.99491
Applied Corrections:
COR A (mesh, asymmetry, etc.) -0.00127 -0.00060 -0.00050
COR B (transport/{JNC) +0.00210 +0.00720 +0.00540
COR B’ (transpori/IPPE) +0.00170 +0.00620 +0.00410
COR A+B (UNC) +0.00083 +0.00660 +0.00490
ICOR A+B’ (IPPE) +0.00043 +0.00560 +0.00360
Estimated C Value:
C Value with JNC Correction 1.00115 0.99881 0.99981
C Value with IPPE Correction 1.00075 0.99781 0.99851
Estimated C/E Value:
C/E Value with JNC Correction 1.00005 0.99831 0.99831
C/E Value with IPPE Correction 0.99965 0.99731 0.99801
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It can be noted that Dancoff correction is big enough {see Fig.5) and defers from core to core,
but the final results obtained with CONSYST+FFCP do not depend on that whether we apply
Dancoff correction in CONSYST code or not. The difference between them is negligible and is
about 0.01%.

The calculated transport correction using discrete ordinates transport code TWODANT was
appeared to be less about 0.1% then JNC estimated one.

The estimated C/E value for all of three ZPPR cores is in very good agreement to 1. |

5.4. Comparison of JNC and IPPE Results

The comparison results using IPPE and JNC nuclear data libraries for k-effective parameter for
three ZPPR cores are presented in Table 7. Table 7 also shows results obtained by ERANOS
code with ERALIB1 nuclear data library /20/ and obtained by MVP Monte-Carlo code with
JENDL-3.2 files.

It can be seen that in case of ZPPR-13A core we have very good agreement between both
IPPE and JNC results. In case of two other cores agreement is not so good: for ZPPR-17A we
observe the difference about 0.36% but in case of ZPPR-9 the difference is bigger and is equal
to 0.6%. Moreover, if we apply the same transport corrections to both IPPE and JNC resuits, the
differences will be increased: for ZPPR-13A — up to 0.49%, for ZPPR-9 —to 0.63%. |

Table 7. Comparison of k-eff C/E different resuits.

Case ZPPR-9 ZPPR-13A ZPPR-17A

C/E Value with IPPE Transport Correction /this waork/ 0.99965 0.99731 0.99801
Total Corrections Applied 0.26% 0.84% 0.53%
C/E JNC Value /8/ 0.99371 0.99600 0.99440
Total Corrections Applied 0.08% 0.66% 0.49%
Difference between IPPE and JNC Results +0.60% +0.13% +0.36%
C/E ERANOS/ERALIB1 /20/ 0.99726 - 0.99546 0.99464
C/E MVP/JENDL-3.2 0.99431 0.99270 -

Table 6 also shows the meaningful corrections applied to calculation results. Table 7 also shows
the total correction applied.
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The total correction in all cases does not exceed 0.84%. So we can expect that the uncertainty
in C value caused by possible errors in calculation of these corrections is less than 0.3% (as 1/4
- 1/3 of the value) in case of ZPPR-13A core, but rather less for ZPPR-17A and ZPPR-9 cores.

Table 7 and Fig. 6 show a comparison of different k-eff C/E values for all of three ZPPR cores.

It is important to note that the frend of 3 results, namely, obtained (1) by CITATION with ABBN-
93 nuclear data library (this work), (2) by ERANOS with ERALIB1 data library, and (3) by MVP
Monte-Carlo code with JENDL-3.2 files, is very similar. And only the results of JNC, obtained by
CITATION with JFS-3 data library, have quite different behavior.

We can expect the following reasons only the observed discrepancies to be caused:
(1) Differences in nuclear data libraries.
(2) Difference in effective cross sections calcuiations (in cell codes).
(3) Not all corrections have been applied.

(4) Possible errors in the applied corrections.

C/E Values (with bars +0.3% dk/k)

Difference between MAX and MIN
results is equal to 0.63% for ZPPR-Q
10050 J. 8nd 0.49% for ZPPR-17A core

1.0075

e CfE CITATION/AJENDL-3.2

— 0 = (EERANOS/ERALBI

--- A - - GEMVPUJENDL-3.2
e C/E CITATION/ABBN/UNC COR
o025 4 - - W o ____._ -3 = GECTATONABENABBN COR

C/E

09975 f---- oo LT

------
Ttea
L.

0.9900

ZPPR-9 ZPPR-13A | ZPPRTA

Fig. 6. Comparison of k-eff C/E values for ZPPR cores (all results corrected to transport effect).
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As for the last two reasons there is no evidence for them because ali visible physics corrections

have been identified and applied.

To split effect of nuclear data library and effect of cell code several additional calculations have

been made using JNC nuclear data library:
(1) Homogeneous calculations without applying any cell code.

(2) Heterogeneous calculations with and without using of R-parameter treatment in CASUP
cell code (a special version of CASUP code was created for such type of calculations).

Below in Table 8 the results of these calculations are presented (noted accordingly as HOM and
HET). Table 8 also shows an effect of applying 1-D cell stretch model and an effect of R-
parameter treatment in the JNC calculation route. Fig.7 below presents a comparison for k-eff

JNC and IPPE calculation results.

The main result of this comparison is that the JNC and !PPE k-eff calculation results for
homogeneous case for all ZPPR cores are appeared to be very close each other. Maximal
difference between them is about 0.1%. As for the comparison of another effects — they are
quite different in case of JNC or IPPE route. It means that an effect of cell code it seems to be

very significant.

it is important to note that for ail ZPPR cores the calcuiated effects are appeared o be very
close and practically do not differ from core to core. This fact is very surprising because these
three investigated ZPPR cores are very different as in composition so in geometry too.

Table 8. Additional calculations with JNC JFS-3-J3 70-groups nuclear data library,

Case ZPPR-9 ZPPR-13A ZPPR-17A
HOM 0.98581 0.98056 £.98096
HET without R-parameters 0.99533 0.99025 0.99149
HET with R-parameters 0.99338 0.98863 - 0.98954
Effects:
Ratio HET without R-parameters to HOM +0.97% +0.89% +1.07%
Ratio HET with R-parameters to HOM +0.77% +0.82% +0.87%
Ratio HET with to HET without R-parameters -0.20% -0.16% -0.20%
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Calculated K-eff Values
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Fig. 7. Comparison of different effects in k-eff for JNC and {PPE calculation results.
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6. CELL CALCULATIONS FOR BFS-62 CORES

For BFS-62-1 and BFS-62-2 cores /1/ one-dimensiona! stretch cell models have formed. Both
BFS cores have the same cell structure.

Below there is a list of cells applied to CASUP cell calculations and which has to be used for
calculations of homogenized effective cross sections with help of FFCP cell code:

- In low enriched core:

LEZOLD LEZNEW
- In middie enriched core:

MEZOLD MEZNEW
- In high enriched core:

HEZOLD  HEZOLDBRIG HEZNEW  HEZNEWBRIG
- In blanket regions: |

RDB UBDBOL UBDBOU UBDBNE  UAS000
- In safety rod regions:

ABSOLB  ABSOLC ABSNEB ABSNEC ABSMIB
- In control rod regions:

B4CCOR  B4CBLA B4CPW1  B4CPW2
- In the reflector and follower regions:

FOLOLD FOLNEW  FOLMIX

SUPCRT CUPELL SUROND  SSREFL.

Table 9 below presents a comparison of critical buckling calculation results obtained by FFCP
and CASUP codes. Here: HOM is a result obtained with uniform homogeneous “cell” model;
HET — applying the heterogeneous plate cell structure; RES — applying the heterogeneous plate
cell structure and the subgroup approach for fuel and structure material nuclides.

—21-
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Fig.8 presents an example of cell calculation using FFCP code for LEZOLD zone. It presents
cell region plate-wised correction factors for U and U?* fission and capture rate, which have
to be applied to 3-D CITATION homogeneous calculation results.

Table 9. Comparison of critical buckling calculation results.

Cell FFCP CASUP Ratio to CASUP
HOM HET RES HET RES

LEZOLD 8.33E-04 847E-04 8.24E-04 8.30E-04 {29 0.993
LEZNEW 748E-04 7.66E-04 7.45E-04 7.65E04 1 of 0.973
MEZOLD 1.24E03 1.25E-03| 1.20E-08 1.22E-08 4 qpg 0.089
MEZNEW 1.16E-03 1.19E-03 1.15E-03 1.17E-08 444 0.980
HEZOLD 1.78E-03 1.81E-03 1.81E-03 1.80E-03 {005 1.007
HEZOLDBRIG | 1.77E-03 1.80E-03 1.81E-03 1.79E03 10g5 1.007
HEZNEW 1.70E-03 1.74E-03| 1.74E-03 1.73E03 1 g7 1.004
HEZNEWBRIG | 1.70E-03 1.74E-03 1.74E-03 1.73E-03 4 gg7 1.005
RDB -6.69E-03) -6.59E-03 -6.46E-03 -6.32E-03 4043 1.022
UBDOLD -5.22E-03 -5.22E-03 -4.88E-03 -4.94E-03 1057 0.989
UBDNEW -5.07E-03 -5.07E-03] -4.73E-03 4.76E-03 4 ggs 0.994

115

rission and Capture Rate Distribution

;
+
+
1.1 - T A R | B R T Uty sy | PO Ao
1
‘. L -6 !
105 f-----F . - - FaMBeA R - Am e
:
i
J

0.95 ¢

—e— Fis U-235
—&—Fis U-238

0.9

—A—Cap U-238
085 ----- - S B —s ——
i 1
| Radius, em
0.8 ) '
0

i6 18 20

Fig. 8. Correction factors for U*** and U** fission and capture rate for applying
to homogeneous calculation results
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7. CONCLUSIONS

For ZPPR-9, ZPPR-13A and ZPPR-17A JUPITER experiments series cores the k-effective
analysis results using JNC CITATION code and using IPPE ABBN-93 nuclear data library have
been obtained.

In these calculations different effects in k-eff have been investigated (as heterogeneous spatial
and resonance effects, subgroup method effects, Dancoff correction, transport correction, etc.).

The main result of this study is that the effect of applying ABBN-93 nuclear data in JNC
calculation route revealed a large enough discrepancy in k-eff for ZPPR-9 (about 0.6%) and for
ZPPR-17A (0.5%) cores.

Fulfilled additional calculations with JNGC nuclear data library have shown the very good
agreement between results based on JNC and IPPE nuclear data for a case of homogeneous
effective cross sections calculation without applying any cell code. it gives a thought that
perhaps the reason of the observed discrepancies caused by the difference in the applied cell

codes.

For BFS-62 cores such analysis is still finished. For BFS-62-1 and BFS-62-2 cores such
analysis is still not finished. Stretch cell models for both BFS cores have been formed and some
results of cell calculations using FFCP code presented.

Next the sensitivity analysis of the observed discrepancies is planed to investigate the possible

reasons of them.
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