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AN ANALYSIS OF SAMPLE REACTIVITY MEASUREMENTS
IN ROSSENDORF SEG CONFIGURATIONS USING THE JEF-2 DATA BASE
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The ROSSENDORF SEG-4 and SEG-5 configurations characterized by energy-
independent adjoint spectra have been recalculated using the comprehensive
scheme JEF2/ECCO/ERANOS.

C/E-values are given for fission product nuclides and structural materials
using the resuits of the sample reactivity measurements at the central position
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, ENDF/B and JENDL,
especially for capture and inelastic scattering data (subgroup 10) of structu-
ral materials and FP nuclides /1/. In CADARACHE, the reanalysis of the
ROSSENDORF experiments has started wusing the comprehensive European
scheme JEF2/ECCO/ERANOS.

The ROSSENDORF 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-4,8EG-5), the slowing-down contribution to the sample reactivity
worth will 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 simplieity, 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.
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2. Calculations

-

- —

The JEF2/ECCO/ERANOQS calculations have been performed in a similar way
to that decribed in /7/. 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 /10/ reads the ECCO output files and changes them into
EDL's. The calculational scheme is given in Table 1.

The R,Z-geometry was produced in the way described in Fig.l and Table 2.
The calculation of the whole reactor was performed using the diffusion
and/or transport code BISTRO (54 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 N
with an atomic density of E-10. The resulting calculated reactivities

allow the analysis of the experimental information and lead to the

C/E-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
is able to tackle correctly special problems in these regions.

2.2. The SEG and experimental channel

-y S - S A G e A -

The pattern of the SEG loading is shown in Fig.l, the lattice is hexagonal.

The pellets are inserted into eylindrical holes in the matrix. The central hole

is the experimental channel. According to its geometry, the unit cell has a

hexagonal form, filled with eylindrical 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 eylindrical 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.
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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 allows 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-6,SEG-7). In detail, the
recalculation of SEG-5 is described in /11/.

3. Discussion of the results

e AR AR i i et o -

. 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 speetrum
{groups 1...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 all strong
absorbers (e.g. all 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 seattering 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/.
Diserepancies 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:

- Cd: to decrease the capture cross-section in the energy region
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
will be given after completion the reanalysis of the SEG-4 and SEG-T.
Our results support the recommendations of E.Fort for Fe-56 and Ni-58 /14/.
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he vaiue C/E = 1.084 for U-235 is in agreement with the former C/E = 1.09
sing other codes and ABBN-78 data. QOur result is consistent with the
--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 C/E-values within
the error limits.

The caleulated 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 this 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 ¥e, 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 /18/.

4. Conclusions

A caleulational 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,
upscattering calculation for the thermal driver cell,
- wide resonance treatment with 1968 energy groups,
- anisotropic caleulation using P1 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 adjoint function.than obtained in former calcula-
tions. Consequently, the scattering contributions to the sample reaecti-
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vity are smaller, in the most cases less tham 1%. In the case of SEG-4,
inaccuracies were found for the Cd data in JEF-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. 1 : Geomeirical cross-sections and regions of RRR/SEG-5
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Table 1 : Calculational scheme used for the analysis of the sampie reactivity

measurements in RRR/SEG-S
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ROSSENDORF CELL SEGE for £CCOL USING SLAB GEOMETRY
REFEREN 1 8192

FERENCE DATA
GEOMETRY DATA
LAB
4.47 7
.50000 3.99
.70000 3.99
.50000 3.99
-50000 3.99
.50000 3.299
.70000 3.99
.50000 3.58
REGIDN 1 °C* cone 2 300
REBION 2 °8G* COMP 3 300
REGION 3 *C” COMP 2 300
REGION 4 -u-36" CONP 1 300
REBION & °C* cowe 2 300
REBION 6 ‘BG*  COMP 3 300
REGION 7 °‘C” Caup 2 300
REGION 8 *AL‘ COMP 4 300
REGION 9 *AL°  COMP 4 300
REGIDN 30 ‘AL’ COMP 4 300
REBION 11 “AL* COMP 4 300
REGION 12 AL COMP 4 300
REGION 13 <AL® COMP 4 300
REBIO r}ﬁ ‘AL’ COMP 4 300
SPEC!FY COMPOSITIONS
COMPS

U238 0.016084
2 u23s 0.02852
3 c 0.0781%

¢ 0.08450

810 0.001224

B11 0.004756

Al 0.006045%
4

Al 0,0803
ENO OF CELL OESCRIPTION
END OF GEOMETRY DATA

fetc:u(gﬂsgglvz -uw =t‘ggnuecce.eranos. . archive.seys’

PARA
ETEK05532 HfRKlIOOD BUF=80000
cat << EUF::BATA

GEQMETRIE RZ b
- pn“r .e cueu:-§E---.----- .
PROE ~>TOTD
CREATION GEOWETRIE RECTANIULAIRE =>GED
CDUEEAG ECYLIN 0 E¥ 2.26 3 20.0 15 23.35 18 30.0 22
36.21 30 46.0 32 90.3
COORDOMNEE 2 0. 1 320, 8 23.15 11 B7.18 43
107.0 53 115.C¢ 58 115.05 GO
SECT!UN
RAL* i 40- 1 69
‘SSVZA 1 22 g 1
‘UPPERAL ‘ 3 22 43 53
*PE* 3 22 53 &8
‘g’ 3 22 58 &0
TEXPCHARN® 1 3 1 60
*SEG5* 3 15 11 43
*ALRING’ 15 18 11 43
*CONVERTE® 18 22 11 43
*THERMOR® 22 30 11 43
‘ALC 3o 32 11 43
‘RADREFL® 32 40 1 60
“H2OLOW’ 22 a2 . |
“H2OuP " 22 32 43 60
LINITE .
RINF DERIVEE_NULLE
RSUP YIDE
ZINF VIDE
ZSUP VIOE
LAPLACIER 0.0

ARCHIVE REHPLACER {GED)
GEORZ SEGS

Table 2 : Input data for the R. Z-geometry model of RRR/SEG-5
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Pellet Thickness Weight Compositions Comment

Designation mm g E+24/cm3

U enr.36% 5.0 148.7 U235 0.016084 Ni cladding 20um,0.68g

U36 U238 ¢.028527 0235: 53.3g

Graphite 5.0 14.3 C 0.07815 Reactor graphite

e

Cadmium 0.5 6.87 Cd 0.04640 Cd pure

cd

Boron-Graphite 7.0 22.3 B10 0.001224  Mixture of graphite

BG Bii 0.004756 {17g type M96) and
C 0.08450 boron carbide (1.4g
Al 0.006045 grannulation K6),

pressed into 3.87g
Al rings (AlMgSil)

Diameter of the pellets:

Table 3:

5.0 + 0.1 mm

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

2
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Tabled: C/E-values of standards, structural materials and fission product nuclides
measured in SEG-5, 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-10.

MAT CRW (mcent/g) C/E (JEF-2) Error (%)
B-10 - 1230 £20 1.000 2
Ta -31.5+1.0 0.956 7
U-235 +312+20 1.084 10
® Mo -7.4£05 0.964 10
Mn -12.0£0.5 0.952 7
cd -100£0.5 1215 9
Nb -100+0.6 1.022 9
Cu -4.5+0.5 1.119 14
Zr -1.05+0.1 1.032 13
w -100£0.5 1.085 8
Fe -0.7+0.06 1.084 11
Cr -0.8+0.06 1.032 10
Ni -13+01 1.073 10
Co -200+1.5 0.992 10
B-10 - 1174 £20 1.000 2
. Mo-95 -145+10 1.133 10
Mo-97 -14.0£10 0.954 10
Mo-98 -5.0+06 1.061 15
Mo-100 -4.1£05 0.838 16
Rh-103 -27.0%1.0 0.901 7
Pd-105 -302+1.0 1.064 7
© Ag-109 -315+15 0.929 8
Cs-133 -19.5+20 0.926 13
Nd-143 -160%1.0 0.896 9
Nd-145 -18.0+£1.0 1.066 9
Sm-149 -8345 1.191 9
Eu-153 -75+5 1.091 10
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SENSIBILITE

REACTEUR
TOTAL SUR LES GRDUPES SCATTERING 5 --I-': g
1= 3 =gs

CORPS CAPTUR £ TRAMSPORT g=g*2,3,.. E&°E U TOTAL
U238 -4.:394%35-13 sf§§§g§35-14 2.332466E-17 3.851863E~16 1.443316E-16 0.000000E+00 -3.&432?55-!3
u23s ~6_499369E~13 2.454169E-12 2.148613E-17 4 194056E~16 8.067102E-17 4 12B67OE-12 €, 033423E~12
81g -2_84645QE~12 @.Q0QGAGE+QC &.623108E~18 -2 .02313AE~17 J.E99146E-16 0.000D00E+Q0 -2.9 Ew{2
811 -2.774735E~17 0.D00GO0E+D0 4.210294E-18 ~7.976642E-18 2.3B3BB3IBE- 0.000C0DE+00 2, ,073812E-16
ir -2.3737153E~-14 Q.0Q0C00E+00 §.561162E=-17 «1 J7637068E~16 2.251058E~16 O.0CO000E+00 ~2. ARTIIQE-14
Mo - 31E~11 0.000000C+00 1.522811E=-17 =4 314065E~17 -1.728531E-16 0.000000E€+00 ~1,63E539E-13
My -{.457499E=13 0.000000E+00 3.J332034E-18 «G A70174E~17 -4 .520830E-15 0O_000000E+00 ~%. GOIRG1E~-33
Febb -4.9186395E=15 0.000000E+00 %.060487E-19 -8.2606%1E~17 -2.26Z17ZE~ 0. 000000E«00 9,224 717E~16
Febd- -2.44%90GE~14 0.0QQ0QQE-DQ 1.51%3595'1 =1.826281E~16 1.673350E-15 Q.DOO000E+QC =2, 29KRTQE=14
Feb} - BE82E~-14 O, OQE+ 1. 47398BE~1 2. 0D7736E~15 2.229463E-1%  §_OO0CO0OE+OD -3, 272K14E~-14
Fe58 -1.454076E~14 0.CO0000E«00 +.327803E-18 -17139861E~16 9.933691E-16 0,0C0000E+00 -1, IEBOONE=14
crso ~-3.301TZ8E~14 O, GaOE JBI8211E-18 -2, 002175E~17 4.830937E- 0. 0DD000E+0D =2, 8, - 14
cr&2 -G AI8EE1E~1S Q.000000E+Q0 1.054901E~18 -2.173329E~16 1.944420E-17 0. 000000E+00 =7.Q2238BE=15
crsd .EEZTOSE~14 0.COD0ODE+00 1.5Z53IT6E-18 =1.7438E0E~16 4. 19489BE-15 Q.000000E~QC¢ -3, 288 -14
Crad -1.801699E~15 0.000000E+00 §.493734E-19 -8.G0IEIEE~17 4.08B184E-17 0 _QO000OCE+Q0 -1,B4BQ13E~15
N158 -2 L3TEBLE~ 4 O.QQCOOOE+00 4.547243E-19 -1.983107E~16 1.79D425E=15 0. ODODDDE«OD ~2 353387E~14
N1B0 -1.275710E~-14 0.0000D0E+0QD 1.3D2B8AE-1B -2.ERVG7BE~15 1.252164E-18 0.0 E+O0 =Y, V78! =14
Nig} -4_105745E-Y4 0.000000E+00 B§.54766BE=19 3.104933E-17 2.9B4979E-16 0.000000E+00 =4.072704E
Nib2 -2.1407226-14 0Q.000000E+00 7.44832EE~i8 =-2.3G0DI0E-16 J.S5E4700E-16 0O, 0000QODE+00 ~1.AOTJERE~14
Hibd «~3.379483E~15 O0.000000€+00 1.57E¥62E-18 «2_402266E=16 2.28D076E-15 0.000DOOE«0D -§. 3Z0DEBE=1%
Ag109 «§.009447E~13 0.000000E+0C 5.203330£-19 3.33I6352E-16 -9.2BB717E-17 0.000000E+0D «8.607034E~-13
Cas4 -2.7420825~13 0.Q000QQE+00 -3. 1SS574E=-18 ~3.074143E-16 ~5.6IB12RE~15 0.J00000E+00 -2,E01EBRE~-12
Cu -7.708756E~14 0.000000E+00 9.682033E~-19 -1.842101E~16 &.531270E-16 Q _ Q0QQ0OE+Q0 ~7.E52387€-
Hbgd -3.276205E~13 O0.0D0000E+00 &.JA7644€~19 =1 128748E=16 2.335915E-1E 0.000000E+QD ~2.275740E~1
Taigt -1,.308764€~12 0.000000€+00 Z.8Y272&E- §,049864E~-16 ~2.648238E~15 O.GO0OCCE+0Q ~1. 30K58 18E:
Ty 9.528809E~15 0.000000E«0DD .SVAEZTE~18 ~2 200047E-16 3.16331E-15 O0.D0000CE+0D ~6.5EAg08E-1
LI =1, 340277E~1 0.000000E+00 1.657019E-18 -1.7191582E~16 4.116492E~15 0 _Q00000E+0D -9.467839E="
w142 -4 .821758E~11 (.0DODQOE+00 1.098419¢-18 =2 6YBT9EE=15 -1.44B823E-16 0.000000E+Q0 ~4.82ER21E~ 13
wig3 - R910E-12 0. E+QD «1.D24540E~15 4. E372EEE~16 ~3.88V181E-16 0. 0000Q0E«0Q « 654
w4 =2 .580893E~13 D0.0O00Q0DR00 »2. SA4E-19 -t JF2ROSE-16 -1.520Q36E-15 O.O00ODOE«U0 «2.B87T¥27E~1;
with -4 10726 1E~ 0.000J00E+Q0 ~2.071284E~18 ~1.007996E~16 -5.154B00E-17 0.CG00000E+00 -4, 108YAEE~1;
21708 ~7.371744€»16 0.0D0DOQE<00 S.883473E~19 -3, 2ROSATE~15 1.443336E=-16 0.000D0QE+00 =7.554880E= 1t
gL -5.8010185E-13 0. DDE+0D «6.E04575E" 1.3151370E-16 ~2.634619E«15 0. 000D00E+00 ~3.917715E=1:
Meq? -3.28474GE-13 D.000000E«Q0 7.943690E~ 2.806779E=16 1. 1385084E~-16 0.000000E+00 ~3.250748E=13
Wo98 ~1,304885E£~13 0.000000E+00 235400~ 3. BSBI0SE~17 -4.692409E-17 0,000000E+00 ~1.304FBTE=1:
Ca -3.276588E~13 0.000000E+00 6.649673E- 3.829446E~16 5.858998E=17 0.000CO0E+Q0 -3.271166E~1
Eq183 -3.140B36E~12 0.000000E+00 3.560533E- 2.374504E~16 ~7.10664BE-17 Q. DODDOOQE«0D ~3. 140 -
Mo 100 -5 (47832E~14 CG.QQUOOOEs00 &.435601€- 2.55T1TIE-16 =1.4344560E-16 G O0COQOE+GO ~-3. (3654 TE-14
Cst33 -6.026825E-13 0.0000C0E+Q0 &.912882£-15 5.40Q)B48%-17 1. 196641E-16 0. 00D000E«00 ~b.0Z4BBBE~1
®hi03 -6.290636E~13 0.0D0000E«Q0 8.130383E~ 3.163093E~16 1.0674G96E-16 0 00DCAOE+00 =-5.2B8387E~1
Su149 -1.896496E~12 0.00000QE+QD -7.748082E~ 1.031738E-16 =1.635466E-15 0.000000E+00 =3.597101E=12
Ng143 -5 . 0Q4479E~33  0.DOODDDE+DD -1.770123E~18 -5 6EB207E~16 -4.640119E-15 0 O0DOOOE+0D =5, 14E58BE=13
L & R e R R R R DR R T

-8 - N pe . - . - . - . - -8, 1 -

-6,.657049E~-08 O0.00D0C0DE<0Q 2.3488B5E~0§ =3.T762112E~09 3.3E23GDE=-0T7 0.000Q00E+00 2.5697431E-D7
PARTIE >0 (.000000F-00 2.%1T890E~12 2.848868E~08 7.3I5T024E~15 J.382381E-07 4. 12867QE-12 3.300974E-07
PARTIE «0 =§.560029E-08 O.0COOCOE+CO »9.58605ZE-18 =3 762116E~09 =2.771868E~14 0.QO00000E«0D «6.9386743E-08
TOTAL ~6.660029E~08 2.5176S0E~-12 2.B48656E-09 -3.752109E~09 3.3623G60E-D7 4. 12BGTRE-12 2.E9TZBEE=D7

TableS: Sensitivities of sampile materials (traces of atomic density E-10) in the central

L¥E )
position of SEG-5
CORPS Sm1d
bt I I SCATTERING g --> £’
il

GROUPE CAPTURE FISSION TRANSMORT g'2g+2,3,.. g'=gvi " AL
Y - -4.BI3TEGE~19 0.DDODOJESD0 3.6531284E-21 -9.265231E-18 =3.508038E-1G 0.00COQOE+Q0 =1,011058E=17
2 =3.715583E-18 0Q.00D0DDE~+Q0 2.580160E-20 ~3,6370B2E~17 =1.824710E-18 (0.000000£+00 ~4. '84828E-17
El -1.882025€~-16 Q.0Q000Q0E+Q0 4. 43647RE~20 2.9681119E~17 V1.644107E~-17 0.0CO00UN0QE+Q0 -1,421059E~%6
4 ~-1.8732156~18 0.0000QQES00 1.44813EE=19 ~8.704842E<16 =5.87407AE-17 0.000000E+00 -2.802298E- 15

5 -6.614120E=15 0.0000G0E+00 1.5086851E~19 J210551E~-17 -3.784161€-17 0.000000QE+00 -§.619705E=
6 -1.2349286-14 0.0 €+00 §.0720776-20 1.724TITE-15 4.82413GE-17 0.0000CUEQQ -1, 207823E-14
7 -2.286837E-14 0.0000UCE00 8.087120E-20 3.303326E+16 3.05GSWOE-~17 0.0000QQE+0Q -2, 28142 1E-14
8 -2.921188E-14 0.0D0CODESD0 4.671072E-30 ~2.5{ARIGE~17 6.564229E-19 O.0OODOOEQD -7, 72382814
g =3.584816E~14 0.000000E~00 2.GI8ST7TE~20 LABIIBIE=17 =8 G2BEGRE=1 0.000000E ~3.5637R8E=-4
i) =3.8521603E-34 O.000000E+00 2. 3771485=20 -8 TTTIVAE=18 ~1.03443RE~1T7 0. 000 E+QQ «3 632701E-14
13 -4 AQCO8T7E~14 D ODODOOE+00 3.5S133GE-20 =-E.62TABOE-19 =4 . 0463IG1E-19 (.00000CE-00Q ~4.401 E=14
12 -§.743084E-14 0.DDOCOOESO0 2.BOTATBE-20 B.407246E-17 2.9279236-17 0.000000E+00 =5, 7317 18E~14
13 -3 907814E~14 D.DCO00DES00 2.71820BE=20 2.62420BE~16 §.6630215-17 0,000000E+00 ~6. BTESIBE~T4
2 -1.037463E-13 0.0Q0000E+00 2.0777K7£-20 1.645538E=17 1.2476106=16 0.000000E+Q0 =1, 038041611
15 -1 . 1217T¥6E-11 9.0 QQE+Q0 3.TT404E-2G O0.000000E<0T 1.038998E~16 ©.00 GE+(0 =1. 120737E-13
16 «1.369526E~ 0.003%30!‘00 3.471825E=-20 0.000000E«G0 1.246153E~ 0.00000QE+00 = I%BUE- 3
17 =% . 927152k~ 0,00 DE+D0 -2. 122194230 0.00000GE«DD 4.55035)E~- 0.0000NDE+HD -1, S28712E-13
t8 -1 .5T0TAQE~ 0.000000E+00 4.6318R1BE~Z0 O.000000E+«D0 4.5832470E-17 0.000000E«00 ~1,5T0331E=13
1§ -2.3TS991E-13 0.00UO00E.00 -7.89SECIE-Z1 01000000Ew00 &.Z1TGIRE-17 0.00000UE.00 -2.ETRIBEE- IS
20 «3.1%7973E~ 9.00 DE+DQ «4.7623AB3E=Z0 O.000000E+00 1.973212E-17 0.000000E+00 =3, 11YTTEE=1]
71 -3.284213E-13 0.0ODDOOESD0 -2.374503E~1% O.000000E+0s -3.018861E-16 0.C00000E+00 -3, 267233F~13
52 3433448E-11 0.000000E+0D -1.38475AE~19 0.000000E+00 ~1.578520E-18 0.G000GUE00 -2, 4Z5028E=13
23 -4. 278948~ 0.000000E+ 25 0.000D00E+00 -3.774375E~ 0.00DOOGE~DD -4, 2B2724E-13
2t -3.8183476-13 D0.000GOOE+CO0 ~2.032040E=Yd 0.0 Es00 -2.531862E~16 O.000000E+D0 =3.5209308~13
28 -T.BBEIROE-13 0.0900COE+00 -4.0S3GIBE~18 0.0CO0C0ESO) ~4 47EEZIE~16 O O00OCOE+G0 ~1. ASSTSIE-13
56 -3.170832£-13 0.000000E+00 -3.909284E=13 0.00D000E<Q0 -5.9E4821E=16 0.0000D0E+00 3. 176791E=13
37  -5.0B76Z1E-14 0.QD0OD0E00 -1.067531E-33 0.CODOODE+DD -3.331582E~18 0.00C0DDEQD -6.06T95%E~14
38 -3 ABEAKEE-14 0.000000E+00 ~4.4BS4SEE-31 C.0U0000E~QD -5 GEGRZAE~18 O 0OCOGOESGD (. 4EA06 1E-14
29 -1.919BEAE-14 0.000000ES00 -5.11014ZE~20 0O.O0CDODOESQQ -1 013G13E-16 0.00000UE+00 1. B3I005GE=14
an -4 .092753E~1S  0.000000€+~00 -2.27148085-27 0.0Q000QE+Q0 1. 199398E~ 0.000000E+00 ~4.092844E=15
oG Sl iy Clomn coginn sl e

-2 » : : -39 0 v 583439E-18 O, 0D 7. .
33 -l.ﬂuagﬂﬁ-‘a 0.CO0000E+0C 5.041243E~20 O0.000000E+00 8.041243E-20 0.0CO00DE+Q0 -1.014318E-13

PARTIE >0 0.000000£+00 0.000000E+00 ‘9. 7BOBEIE-19 1.98338AF-15 7.320457E-16 0.D000DOESOD 2.736412E-9

PARTIE <0 =3 E9G49GE~12 D:H‘WMEOM ~1.752574E~18 ~9 K 1B505E-16 '2:35?53’5'15 :gDWDOE¢EU -3:5’96'75-!
I0TAL <3 Z00ARE-12 O-GODDGOES00 -7.748088E-10 1.031398E-1c -5:23504Ec1F 3. BR00R9E«00 -a.sn'.'me-ig

Table 6 : Sensitivitics of Sm-149 (trace of E-10) in the central position of SEG-5
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Preliminary results of the analysis for SEG-4

SEG-4g:
SEG-4v:

using JEF-2/ECCO/ERANOS

. 4 U A Y U Sy e e e R G W e TR R A W AR EE AR A A A e e e A e e e e ek A e e e -

Graphite filled exp. channel
Voided experimental channel

derit= 7.14 cm, keff= 0.99999

C10: 0.5% diff.to ABBN-78 1.0003
Rossendorf analysis: C/E= 1.25

Ci E10 10
C/E =

Ei €10 Ai
MAT Al Ei{mcent/g)
B-10 10 -1326 +- 20
U-235 235 + 31.2 +=2
U-238 238 -7.2 +-0.5
Mo-95 95 -18 +- 1
Mo-97 97 =11 +=- 0.5
Mo-98 98 -5.3 +~ 0.4
Mo-100 100 -3.5 +- 0.3
Rh-103 103 =35 4= 3
Pd-105 105 -30.5 +- 5§
Ag-109 109 -65 +- 5
Cs~133 133 -22 +- 2
Sm-149 149 -105 +- 5
Eu-153 153 -93 += 5
Ta 180.95 =37 +- 2
Mo 95.95 -6.2 +~ 0.5
Nb 92.91 -8.5 +~ 0.5
Mn 54.94 =-8.3 +- 0.6
Fe 55.85 =0.52 +- 0.07
Cr 52.01 =-0.50 +- 0.03
Ni 58.71 -1.00 +- 0.08
cd 112.4 =-7.5 +- 0.5
Cu 63.54 -4.2 +- 0.3
Zr 91.22 -0.90 +- 0.08
W 183.86 -15 4- 1

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
0.5986

o o e O ke i D D el ki B Ao P A o e P T T T Y A e T A S S A

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