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1. INTRODUCTION. 

0 

The fast spectrum measurements carried out by the CEA for validating’the data 
for the higher isotopes of plutonium are of three types: 

(a) Effective multiplication measurements: 
koo measurements made for a series of test zones with different plutonium 
vectors, (8%, 18% and 44% Pu-240) by means of cell substitution reactivity 
worth measurements at the core centre. These are: 
the PLUTO programme OPlO, OP4O,OP50, OPll, OP41 
where OP 10 (8% Pu-240), OP40 (18% Pu-240) and OP50 (44% Pu-240) were 
cores without sodium and 
OP 11 (8% Pu-240) and OP41 (18% Pu-240) were cores with sodium, 
Buckling measurements in a series of cores: 
ZOCOl with 8%, 18% and 44% Pu-240 
ZONA2 with 8%, 18% and 44% Pu-240 

(b) Fission ratio measurements made using fission chambers at the central 
position of the cores: 

0 
Fission ratios (relative to U-235 fission) for Pu-240, Pu-241 and Pu-242 in: 
OPlO, OP4O,OP5O,OP11,OP41 and 23 
ZOCOl with 8%, and 18% Pu-240 
ZONA3 with 8%, and 18% Pu-240 
together with the cores Rl, R3,23, HO, 
Measurements have also been made of fission ratios for Pu-238 and Am-24 1 in: 
RONA3, ZONAl, ZONA3 and ZOCAl (all with 8% Pu-240). 

(c) Irradiations of isotopic samples in PHENIX, the PROFILl and PROFIL2 
programmes. These give information about capture and (n,2n) cross-sections 
relative to U-235 fission together with some information on fission cross- 
sections. Measurements have also been made for Np-237, Pu-238, Am-241 and 
Am-243. 
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2. DISCUSSION OF THE RESULTS OF IEF-2.2 ANALYSES OF THE 
MEASUREMENTS. 

The results are presented in the following tables. In some cases the quoted 
uncertainties are perhaps optimistic. For example, the accuracy quoted for the 
U-238/U-235 fission ratio measurement in OP40 is ?0.5% whereas 23% is 
probably more realistic for threshold fission reactions measured in critical 
facilities (taking into account modelling approximations in the representation of 
the detectors in the cell calculation) and +2% for fission ratios in fissile 
isotopes. Similarly, the measurement of U-238 capture is difficult and probably 
has an uncertainty greater than the quoted + 1.5% ( perhaps +3% also). In the 
interpretation of the PROFIL experiments there are probably also modelling 
approximations in the calculations. Discrepancies between measurement and 
calculation could be due to errors in calculation of the core spectra, in particular 
for threshold fission reactions, such as U-238, Pu-240 and Pu-242 fission. 

Effective multiplication. 

The values of k, or the values of k e ff corresponding to a measured buckling 
show no clear trends with the plutonium vector. One must rely on the general 
cross-section adjustment studies to draw conclusions from these (and indeed for 
all of the results). 

U-235 
;’ 

Capture. The measurements of the capture to fission ratio made in PROFILl 
and 2 indicate an underestimation of the ratio by about 7% * 1% for JEF-2.2. 

0 
(n,2n). Th e n, n reaction rate ratio relative to U-235 fission has also been ( 2 ) 
measured, the small underestimation being within the range of the uncertainty, 
4% k4%. 
j, 

! U-238 
f ‘, 

: Capture. Measurements of the ratio C!(U-238)/F&J-235) have been made in 
OPlO, OP50, PROFILl and PROFIL2. For these measurements the JEF-2.2 
calculations underestimate the ratio by about 3% *2% on average. However 
there are many more experiments which give information on this ratio which 

: must be taken into account. 

Fission. The ratio F&J-238)/F(U-235) is sensitive to the accuracy of the 
calculation of the spectrum as well as the data for these cross-sections. The 
ratio is well predicted in the PROFILl measurement but shows a wide range of 
;j 

;,/.:;;/ 4:: 
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:;: discrepancies in the OP series of measurements , with an average 
overestimation of about 4% &2%. 

(n,2n). The (n,2n) cross-section has been measured in PROFILl, the 
underestimation obtained in the JEF-2.2 calculation being about a factor of 4. 
However the result is regarded with some caution because there is only the one 
measurement. 

Np-237 

Capture. Measurements of the capture ratio C(Np-237)/F&J-235) have been 
made in PROFIL2. These indicate an underestimation of the ratio by about 6% 
+4% for JEF-2.2. 

(n,2n). The (n,2n) reaction rate ratio has also been measured in PROFIL2. The 
JEF-2.2 calculation overestimates the value by 20% & 15%. 

Pu-238 

Fission. The ratio F(Pu-238)/F(U-235) has been measured in RONA and 
ZONAl. In both cores the JEF-2.2 calculations overestimate the ratio by about 
25% k2%. 
2 

Capture. The ratio C(Pu-238)/F&J-235) has been measured in PROFILl and 
PROFIL2. The small underestimation is within the uncertainty of the 
measurement, 3% +3%. 

Pu-239 

0 
Fission. The fission ratio measurements F(Pu-239)/F&I-235) is well predicted 
in the PROFIL2 experiment (to within the *2% accuracy). In the OP series of 
experiments the JEF-2.2 calculations give an average underestimation of the 
ratio by about 3%. 

Capture. For the ratio C(Pu-239)/F&I-235) the PROFIL measurements 
indicate an underestimation by about 4% +2%. The net effect is a small 
underestimation of the alpha value of Pu-239. However, account must be taken 
of the many other experiments which give information on these ratios. 

(n,2n). For the (n,2n) value of Pu-239 the JEF-2.2 data significantly 
underestimate the PROFIL measured values. The cross-section shouldibe 
increased by about 60%. 
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Pu-240 

Capture. The ratio C(Pu-240)/F&J-235) has been measured in PROFILl and 
PROFIL2. The IEF-2.2 calculations overestimate the measured ratio by 11% 
&2%. 

“.-‘-“‘-Fission. The fission ratio measurements F(Pu-240)/F&l-235) made in the OP 
series of cores show a wide range of discrepancies between measurement and 
calculation, ranging from agreement to within the uncertainties of about +3% 
to an overestimation of 7% in OP 10 and 16% in OP40. However there is also 
an overestimation of the F(U-23 8)/F&J-23 5) ratio in OP40 by 6%, suggesting 
that there might be a discrepancy in the high energy spectrum. When the fission 
ratio is considered relative to U-238 fission, F(Pu-240)/F(U-238), the 
discrepancies are less marked and are mostly within the uncertainties of 

0 measurement. 

: (n,2n). The (n,2n) reaction rate ratio has been measured in both PROFILl and 
2, the average underestimation being within the average uncertainty of the 
measurements, 8% f. 14%. 

: ~:I I: : 
:,li!. 

:~ :,: Pu-241 
ij! 

.I Capture. The ratio C(Pu-241)/F&J-235) has been measured in both PROFILl 
j and PROFIL2. The EF-2.2 calculations overestimate the measured ratio by 

~:‘,’ :;, %2% +4%. 
;:j : y;: 
jil’ ‘~::~Fission. The fission ratio has been measured in a large number of cores and the 

values are within the uncertainties on the measurements. 
0 ,;:s. ::::fi: 

:;::~-~&(,&,). Th e n, n reaction rate ratio has been measured in PROFILl, the ( 2 ) 
ill ~::, overestimation being within the uncertainty of the measurement, 4% +4%. 

Capture. The ratio C(Pu-242)/F&J-235) has been measured in both PROFILl 
and 2. The JEF-2.2 calculation overestimates the measured ratio by 15% +4%. 

.z ,, 

~?’ l: Fission. The fission ratio, when related to the U-238 fission rate, F(Pu- 
,:., ,:’ 242)/F&J-238), is within the uncertainty of the measurements, +3%, in the two 
;-.i ? ZONA3 and ZOCOl cores and the PROFILl measurement F(Pu-242)/F&J- 

235), is predicted to within the uncertainty, -6% +9%. However ,the 
“. “:: measurements of F(Pu-242)/F(U-23 5) made in the OP 10 and OP40 cores are ,,i 

i: i.;& :,i up 1 
..:~!.Fi+j.<.:, 



overestimated by 9% +3% and 16% +3%, respectively, results which are 
difficult to reconcile with the others. 

Am-241 

~.~ Capture. The ratio C(Am-241)/F&J-235) has been measured in both PROFILl 
and PROFIL2. The JEF-2.2 calculations overestimate the measured ratio by 3% 
+I%. 

Fission. The fission ratio measurements F(Am-241)iP(U-235) made in 
RONA3, ZONAl, ZONA3(8% Pu-240) and ZOCOl(S% Pu-240) show such a 
wide scatter of results that one must surely discount them. 

Am-243 

0 
Capture. The ratio C(Am-243)/F(U-235) has been measured in PROFILl. The 
JEF-2.2 calculations underestimate the measured ratio by 4% ?5%, that is, 
within the uncertainty. 

Cadarache, 1 December 1994. 
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0P50 E C C/E-l llncertcfhties 
falf5 2.OOOE-02 2.052G02 2.6% 1.0% 
calf5 1.410E-01 1.370E-01 -2.9% 1.4% 
R/f5 9.200E-01 9.04aE-01 -1.6% 1.3% 
f4O/f5 1.630E-01 1.760E-01 7.9% 2.9% 
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I I I I 
Pu241 f /U5f 

1 C/E-l 
CO@ I 

Experiment p ncertaintjCalculatior/ 
E I in% I c-2 I in % 

Rl I 1.31 3.0 1.34 1 2.5 
R3 1.32 3.4 1.34 ( 1.2 
23 
Ho 

I 1.31 I 3.0 1.37 I 0.7 
1.34 2.6 1.34 -0.1 

ZONA3 a% 1.30 3.0 1.32 1.5 
ZONA3 la% i .2a 3.0 1.32 3.0 
ZONA3 44% 1.31 3.0 1.32 0.5 
zocoi a% 1.31 3.5 1.34 2.3 
zocoi 18% 1.32 3.5 1.34 1.4 
ZOCOl 44% 1.33 3.5 1.34 0.6 

I 
Pu242f /uaf 

Experiment JncertaintyCalculatior C/E-l 
Core E in % C In % 

ZONA3 a% 5.53 2.5 5.62 1.6 
ZONA3 44% 5.55 2.5 5.61 1.1 
zocoi a% 5.09 3.0 5.20 2.2 
ZOCOl M% 5.19 3.0 5.17 -CIA 

I I I I I 

.- 
Experiment Jncertain~Calculatior C/E-l 

Core E in % C in % 
RONA Ermine 0.456 2.1 0.58 27.7 i 

ZONAl Ermine 0.530 2.3 0.66 24.9 

Am7Alf IIl5f 

Experiment JncertainbCalculatior C/E-l 
Core E in % C in % 

RONAS Ermlne 0.2180 7.0 0.14 -34.3 
ZONAl Ermine 0.2290 6.4 0.19 -15.3 

ZONA3 a% 0.1200 3.8 0.14 14.5 
zocoi a% 0.2430 7.3 0.26 8.1 

CS 

!i 
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Dans le tableau suivant, on compare les rhltats obtenus pour les deux campagnes 

d’irradiation PROFILl et PROFlL2: 

0.65 + 15.0 % 0 58 rt 15.0 % 0.62 zk 10 6 % 

Tous les taux ont &tB rapport&s aux fissions de l’235U. 
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