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AN ANALYSIS OF SAMPLE REACTIVITY MEASUREMENTS 
IN ROSSENDORF SEG CONFIGURATIONS USING THE JEF-2 DATA BASE 

K . DIETZE , G . RIMPAULT 

CEA - CEN Cadarache / DRN DER SPRC 
13108 St Paul Lez Durance CEDEX, FRANCE 

The ROSSBNDORF SEG-4 and SEG-5 configurations characterized by energy- 
independent adjoint spectra have been recalculated using the comprehensive 
scheme JEFZ/ECCO/ERANOS . 
C/E-values are given for fission product nuclides and structural materials 
using the results of the sample reactivity measurements at the central po&.icm 
of the RRR/SEG. 

1. Introduction 
---------------- 

According to the recommendations of the NEANSC Working Group on the Inter- 
national Evaluation Cooperation in the OECD countries, the STEK and ROSSEN- 
DORF experiments have been proposed as a joint integral data base for the 
validation and convergence of the latest versions of JEF, BNDF/B and JENDL, 
especially for capture and inelastic scattering data (subgroup 10) of structu- 
ral materials and FP nuclides /l/. In CADARACBB, the reanalysis of the 
ROSSENDORF experiments has started using the comprehensive European 
scheme JEFZ/ECCO/ERANOS . 

The RGSSENDORF experiments include sample reactivity measurements at the 
central position of the fast-thermal coupled system RRR/SEG, well described 
and documented now in /2/. The measurements are based on the pile-oscillator 
method developed to a high perfection. 

Using a precisely defined combination of pellets in unit cells, fast insertion 
lattices (SEG) with specially designed adjoint spectra were arranged to 
check cross-sections and self-shielding data of FP nuclides, structural ma- 
terials and standards /3,4,5/. In the case of an energy-independent adjoint 
spectrum (SEG-4,SEG-5); the slowing-down contribution to the sample reactivity 
worth wiIl disappear and, conversely, in a configuration characterized by 
a strong energy dependence, e.g. a monotonically rising adjoint spectrum as in 
SEG-6, the scattering effect in the sample reactivity will be dominant. 
In this way, it is possible to check capture or scattering data separately 
comparing calculated and measured central reactivity worths (CRW) in the 
different configurations. 

Because of its simplicity, the reanalysis was started with the calculation of 
RRR/SEG-5 /6/. The unit cell of SEG-5 consists only of B-10, B-11, C, Al, 
U-235, and U-238. The samples were located in graphite containers inserted 
in the experimental channel which was then filled by graphite bars. In SEG-4, 
Cadmium (instead of B-10) was used to decrease the adjoint function in the 
low energy range. 



2.1. The calculational scheme 
-----------_---_--__--------- 

The JEF2/ECCO/ERANOS calculations have been performed in a similar way 
to that decrlbed in /‘i’/. At first for each region of the RRR/SEG-facility 
cell calculations with ECCO /8/ were performed using the 1968 or 172 
group libraries of JEF-2.2 condensed then to 33 groups /9/ for the 
ERANOS input. For the outer (subcritical) regions only 33 groups were 
used. ERANOS /lo/ reads the ECCO output files and changes them into 
EDL’s. The calculationsl scheme is given in Table 1. 

The R,Z-geometry was produced in the way described in Fig.1 and Table 2. 
The calculation of the whole reactor was performed using the diffusion 
and/or transport code BISTRO (S4 Pl treatment). 

The reactivity perturbations of the sample materials at the central 
position were calculated by specific modules of ERANOS. For this, all 
sample materials were introduced into the experimental channel as traces 
with an atomic density of E-10. The resulting calculated reactivities 
allow the analysis of the experimental information and lead to the 
C/F.-ratios. 

Special attention has been focussed on the treatment of the thermal 
driver zone, the inserted lattice SEG (represented by the unit cells), 
and the experimental channel. The above described calculational scheme 
ls able to tackle correctly special problems in these regions. 

2.2, The. SEG and experimental channel 
-----------_----_--_------------------- 

The pattern of the SEG loading is shown in Fig.1, the lattice is hexagonal. 
The pellets are inserted into cylindrical holes in the matrix. The central hole 
is the experimental channel. According to its geometry, the unit cell has a 
hexagonal form, filled with cylindrical pellets (Fig. 2). The characteristics 
of the pellets used in the SEG-4 and SEG-5 unit cells are given in Table 3. 

The geometry of the SEG-5 unit cell is shown in Fig.2. This type of geometry 
is not actually implemented in ECCO but the nearest corresponding type of 
geometry is the slab geometry. It changes the hexagonal shape of the unit 
cell and the cylindrical shape of the inner pellets into square shapes 
preserving the volumes. This 3D cell description is much more accurate 
than an 1D description. 

In order to take into account the fact that the neutrons at the sample 
position are coming from the inserted fast lattice, the ECCO calculation 
of the experimental channel was, performed for a macrocell consisting of 
the experimental channel surrounded by the SEG. 



In this way, the macrocell consists of the inner graphite zone contai- 
ning the trace quantities (atomic density E-10) of the sample materials 
surrounded by the homogenised SEG. The perturbation calculations were 
performed then for the central position. 

This macrocell treatment aBows an accurate consideration of the spatial 
self-shielding interaction between the trace quantity of the sample and 
the presence of the material in the surrounding region, but also of the 
slowing-down effect using the subgroup method and the 1968 group scheme. 
The last point is very important in calculations of SEG-configurations 
with an energy-dependent adjoint function (SEG-G,SEG-7). In detail, the 
recalculation of SEG-5 is described in /ll/. 

3. Discussion of the results 
------_---------------------- 

3.1. SEG-5 
----------- 

I) The calculated neutron spectrum and the adjoint spectrum at the central 
position of the RRR/SEG-5 are shown in Fig.3. The adjoint spectrum is 
nearly energy-independent in the energy range of the neutron spectrum 
(groups l... 23). When using JEF-2/ECCO/ERANOS, a better flatness 
was obtained than in former calculations. Consequently, the ratios for 
the scattering/capture effects are lower, as it is for the individual posi- 
tive or negative scattering/total scattering effects. Thus, for aB strong 
absorbers (e.g. aB FP samples) the slowing-down effect was less than 1% 
of the capture effect. For Fe, Cr, Ni, Co, Mn these ratios are between 
1...8%. but for V it is 30%. The ratios of the positive slowing-down 
contribution to the total scattering effect amount to 2.. .14, in most 
cases they are also smaller than in former calculations. 
The C/E-values of CRW’s in SEG-5 are compiled in Table 4. The experimen- 
tal (extrapolated/infinite dilute) CRW’s are taken from /2,12.13/. 
Discrepancies have been found for Cd, Sm-149, Rh-103, and Mo-95. 
Based on the calculated sensitivities for the energy groups, the following 
recommendations can be given: 

I) 
- Cd: to decrease the cavture cross-section in the enerav retion 

40 eV . . . 40 keV,* 
-- - 

- Sm-149: to decrease the capture cross-section in the energy region 
40 eV . . . 20 keV, 

- Rh-103: to increase the capture cross-section in the energy region 
150 eV . . . 300 keV, 

- Mo-95: to check the capture data of the 26th group ( 40.1 eV . . . 
67.9 eV / 29% of the reactivity effect is coming from the 
resonance in this group) or to decrease the capture cross- 
section in the energy region 300 eV . . . 40 keV. 

For Fe, Ni, W, Ag-109, Nd-143, and Eu-153 the C/E-values are near to the 
error limit. In the case of Fe and Ni, a consistent information about an 
overestimation of the capture cross-sections in JEF-2 has been deduced 
in the preliminary analysis of SEG-4. According to the sensitivities for 
SEG-5, a decrease of about 5% in the energy range 15 keV . . . 800 keV 
(Fe) and 10 keV . . . 10 MeV (Ni) is indicated, but the final recommendations 
wiR be given after completion the reanalysis of the SEG-4 and SEG-7. 
Our results support the recommendations of E.Fort for Fe-56 and Ni-58 /14/. 



The value C/E = 1.084 for U-235 is in agreement with the former C/E = 1.09 
using other codes and ABBN-78 data. Our result is consistent with the 
U-235/B-10 discrepancy in sample reactivity measurements (in many reactor 
configurations the C/E-value of U-235 related to B-10 is overestimated /15/), 
although in our case this is within the uncertainty. 
For U-238 (difficulties in the experimental extrapolation) and V ( 30% of 
the reactivity effect is due to the slowing-down effect), a further analysis 
is needed. All other materials under investigation have WE-values within 
the error limits. 

The calculated sensitivities for SEG-5 are given in Table 5. As example, 
the sensitivities for Sm-149 are specified in energy groups and given 
in Table 6. 
In Fig.4 the C/E-values of FP nuclides for JEF-2 are compared with 
former results /12/. The divergence of the C/E-values for Sm-149 
is considerable and obviously due to discrepant capture cross-sections 
in the data sets. 

3.2. SEG-4 
----------- 

The SEG-4 /16,17/ has been recalculated for two versions: with voided (v) 
and graphite filled (g) experimental channel. The differencies in the shapes 
of the spectra are small. But the calculated neutron and adjoint spectra show 
a strange behaviour in the epithermal energy region (Fig. 5), obviously 
due to the lower capture cross-sections of Cd in thfs energy region. 
Consequently, most of the C/E-values in Table 7 are about 10% too low 
due to the high sensitivity of B-10 (reference material) in this .energy 
range. Nevertheless, the overestimation of Fe, Cr, Ni, U-235, and Sm-149 
is evident. A revision of the Cd data in JEF-2 is necessary. The analysis 
of SEG-4 will be repeated then with the corrected data. 
Inaccurate self-shielding data and capture cross-sections of Cd have 
been found in other data sets, too /la/. 

4. Conclusions 

A calculational scheme has been set up with JEF2/ECCO/ERANOS for the 
analysis of sample reactivity measurements in the Rossendorf RRR/SEG 
configurations. 

In comparison to former calculations, this scheme resolves the 
following problems: 

- representation in R,Z-geometry, 
- upscatteriug calculation for the thermal driver cell, 
- wide resonance treatment with 1968 energy groups, 
- anisotropic calculation using Pl matrices, 
- spatial self-shielding treatment with the subgroup method, 
- accurate slowing-down treatment in a 1968 group calculation. 

The new analysis of the RRR/SEG-5 with the full scheme JEF2/ECCO/ERANOS 
has given a flatter adjofnt function. thau obtained in former calcula- 0 

tions. Consequently, the scattering contributions to the sample reacti- 0; 
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mty are smaller, in the most cases less than 1%. In the case of SEG-4, 
inaccuracies were found for the Cd data in JFF-2. The analysis will be 
repeated with revised Cd data. 

Most of the calculated sample reactivities are in good agreement with the 
experimental results. Significant discrepancies have been found only for 
Cd and Sm-149. The overestimation for U-235, natural Fe, Cr and Ni will 
be tested also in SEG-7. 
The analysis of the other SEG-configurations are under work. Especially 
the reanalysis of the experiments in SEG-6 /19,20/ are of interest 
for the validation of the inelastic scattering data of U-238 and for 
other even-even nuclides . 
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Fig. i : Geometrical cross-sections and regions of RRR/SEG5 
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Fig. 3 : Calculated neutmn spectmm and adjoint spectrum 
at the central position of RRRBEGS 
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Table 1: Calculational scheme used for the rnaiysis of the sample reactivity 
measurements in RRR/SEG-5 
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Table 2 : Input data for the R Z-gcometny model of RRRBEG5 



Pellet Thickness Weight Compositions Comment 
Designation mm g E+24/cm3 

u enr.36% 
U36 

Graphite 
C 

Cadmium 
Cd 

Boron-Graphite 
BG 

5.0 148.7 U235 0.016084 
U238 0.028527 

5.0 14.3 c 0.07815 

0.5 6.87 Cd 0.04640 Cd pure 

7.0 22.3 B10 0.001224 
Bll 0.004756 
C 0.08450 
Al 0.006045 

Ni cladding ZOum,O.68g 
U235: 53.3g 

Reactor graphite 

Mixture of graphite 
(17g type M96) and 
boron carbide (1.4g 
grannulation K6), 
pressed into 3.878 
Al rings (AlMgSil) 

Diameter of the pellets: 45.0 + 0.1 mm 

Table 3: 
Characteristics of the pellets used in SEG-4 and SEG-5. 



1. .  

Table 4 : C/E-values of standards, structurai materials and fission product nucfides 

measured in SEG5, related to the C/E-value of boron-10. 
The error consists of the experimental error for the CRW of the material and of the 

accuracy of the C/E-value for boron-IO. 

0 

(Ir 

MAT 

B-10 

Ta 

U-235 

MO 

Mn 

Cd 

Nb 

cu 
Zr 

W 

Fe 

C’ 
Ni 

CO 

B-10 

MO-95 

MO-97 

MO-98 

MO-100 

Rh-103 

Pd-105 

AS-109 

cs-133 

Nd-143 
Nd-145 

Sm-149 

Eu-153 

CRW (mcentk) c/E (IEF-2) 

- 1230f20 1.000 

-3l.Sfl.O 0.956 
+31.2f2.0 1.084 

- 7.4 f 0.5 0.964 

- 12.0 f 0.5 0.952 

- 10.0f0.5 1.215 

- 10.0 f 0.6 1.022 

- 4.5 f 0.5 1.119 

- 1.05 zko.1 1.032 
- 10.0 f 0.5 1.085 
- 0.7 + 0.06 1.084 
- 0.8 f 0.06 1.032 
- 1.3 fO.l 1.073 
- 20.0 * 1.5 0.992 

- 1174+20 1.000 
-14.5fl.O 1.133 
- 14.0 f 1.0 0.954 

- 5.0 f 0.6 1.061 

- 4.1 f0.5 0.888 

- 27.0 f 1.0 0.901 

- 30.2 f 1.0 1.064 

-31.5f1.5 0.929 

- 19.5 f 2.0 0.926 

- 16.Of 1.0 0.896 

- l&Of 1.0 1.066 
-a3*5 1.191 
-75f5 1.091 

Error (%) 

2 

7 

10 

10 

7 

9 

9 

14 

13 

8 

11 

10 

10 

10 

2 
10 

10 

15 

16 

7 

7 

8 

13 
~9 

9 

9 
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Table 5 : Sensitivities of sample materials (traces of atomic density E-10) in the centraf 

position of SEC-5 

Table 6 : Sensitivities of Sm-149 (trace of E-10) in the ceatmk p&ion ofSEc-5 



Preliminary results of the analysis for SEG-4 using JEF-Z/ECCO/ERANOS 
-------____----_________________________----------------------------- 

, 
Ci El0 10 SEG-4g: Graphite filled exp. channel 

C/E = SEG-4~: Voided experimental channel 
Ei Cl0 Ai 

dcrit= 7.14 cm, keff= 0.99999 

-___-----_--_____---____________________--------------------------------------- 
MAT Ai Ei(mcent/g) C/E ERROR COMMENT Capt/tot 
--__---____-------------------------------------------------------------------- 

MO-95 
Ma-97 
MO-98 
MO-100 
F&-103 
Pd-105 
Ag-109 
cs-133 
Sm-149 
Eu-153 
Ta 
MO 
Nh 
Mn 
Fe 
Cr 

10 -1326 +- 20 1.000 2% 
235 + 31.2 42 0.965 10% 
238 -7.2 +-0.5 1.056 10% 
95 -18 +- 1 0.913 10% 
97 -11 +- 0.5 0.952 9% 
98 -5.3 +- 0.4 0.773 12% 
100 -3.5 +- 0.3 0.803 13% 
103 -35 +- 3 1.056 12% 
105 -30.5 +- 5 0.882 19% 
109 -65 +- 5 0.809 12% 
133 -22 +- 2 1.038 13% 
149 -105 +- 5 1.094 9% 
153 -93 +- 5 1.108 10% 
180.95 -37 +- 2 0.851 8% 
95.95 -6.2 +- 0.5 0.906 12% 
92.91 -8.5 -I-- 0.5 0.889 10% 
54.94 -8.3 +- 0.6 0.957 11% 
55.85 -0.52 +- 0.07 1.086 12% 
52.01 -0.50 +- 0.03 1.076 10% 
58.71 -1.00 i- 0.08 1.091 11% 
112.4 -7.5 +- 0.5 1.046 10% 
63.54 -4.2 +- 0.3 0.878 11% 
91.22 -0.90 +- 0.08 0.911 12% 
183.86 -15 +- 1 0.896 10% 

ClO: 0.5% diff.to ABBN-78 1.0003 
Rossendorf analysis: C/E= 1.25 

present in SEG-4 

1.0024 
1.0009 
1.0007 
0.9885 
1.0002 
1.0002 
1.0001 
1.0001 
1.0002 
1.0000 
0.9996 
0.9950 
0.9972 
1.0480 
1.2014 
1.5925 
1.2464 
0.9967 
1.0458 
0.9980 
0.9986 

Table 7: As Table 4, for SEG-4. 
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