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I. Introduction 

The need of a new evaluation of ?J arose from the discrepancies encountered analysis of spent 
fuel in power reactors and also in highly epithermal lattices when using JEF2.2 evaluation. The 
isotopic ratio a3?J /?I in spent fuels was consistently underestimate by few per cent. In highly 
epithermal lattices, the mean multiplication factor can be overestimate by 0.5% to 1% depending 
of the 235U enrichment. 
The Leal-Derrien-Larson’s evaluationt” issued in august 1997 ( later called LDL ) was compared 
to JEF2.2 considering the calculations of the average resonance parameters : the level spacing, the 
reduced neutron width, the radiative width and the fiision width and also the strength function. 
Some comparisons on ponctual cross-sections of capture and fusion calculated by NJOY94.66 
nuclear data processing code will be shown. We give some figures concerning thermal values and 
resonance integrals. 
Finally, we wiIl conclude with integral testing using different kind of experiment : fission Westcott 
factor measured in a wide temperature range from 77 K (liquid nitrogen) to 600 K, critical 
experiments in the Spectral Shift Control Reactor which uses a mixture of heavy and light water to 
vary greatly the neutron spectrum from thermal to highly epithemral spectra, isotopic evolution in 
PWR assembly. 

II. Basic comparisons 

11-l Average resonance parameter comparison in resolved range 

l Using the resonances file (ENDF code (MF=2, MT=l51}) for each evaluation, we performed the 
averages discarding the fictitious levels outside the energy range O-2.25 keV. For a given spin and 
parity of a level of the compound nucleus, the resonance parameters are the following : energy, 
neutron width, radiative width, and two fusion widths. For the last ones, the absolute values are 
summed. The average values are given for each spin et parity of compound state within band 
energy of 450 eV. We give now the results for four evaluations in tables 1 to 4 for J” =3- or 4.. 
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upper EF2.2 LDL LD96 LDM97 LD96/EF2.2 LDM97/ JEF2.2 LDL/JFF2.2 
boundary 

450 37.52 42.21 48.82 40.28 1.30 

Table 1 (r,,) U235 J” =3-. 

,-- I 241~3 I - ,- 254,04 248,210 I,04 1,02 1,Ol 
,48 160,97 167,24 164,98 LOO 0,99 0,96 
,94 122,66 120,78 120,78 0,96 0,96 0,97 
nn n-l nn go,51 go,51 1,12 I,12 I,15 

1350 125 
1800 81,b-t , TL,YY 

JEF2.2 LDL LD96 LDM97 LD96l.lEF2.2 LDM97/ JFI2.2 LDLlJEF2.2 

Table 2 ( rf) U235 J” =3-. 

LDL : last evaluation of Leal-Derrien-Larson issued in august 1997 
LD96 : Leal-Derrien issued in 1996 

LDM97 : Leal-Denien-Moxon issued in march1997 
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Table 3(ry) U235 J” =4-. 

450 208,22 223,85 
900 173,57 170,57 1 174, 

l 
1350 117,86 
1800 85,Ol 97,701 

upper JEF2.2 LDL LD96 LDM97 LD96IJEF2.2 LDM97I.lEF2.2 LDLlJEF2.2 
boundary 

226,50 224,55 1,09 1,08 1,08 
01 174,15 1 ,oo 1 ,oo 0,98 

111,53 108,99 108,99 0,92 0,92 0,95 
95,13 1,12 1,12 1,15 

Table 4(r,) U235 J” =4 

LDL : last evaluation of Leal-Derrien-Larson issued in august 1997 
LD96 : Leal-Derrien issued in 1996 

LDM97 : Leal-Derrien-Moxon issued in march1997 

Claude Mounier 12/12/97 page 5 
s Analysis, processing and integral testing of the 235U Leal-Derrien-Larson’s evaluation >> 

J fj :‘: 7 .” C{ C,’ ; 



II-2 Overview of JEF2.2 and LDL evaluations 

We show the thermal values at 2200 m/s for these two evaluations. They are close together except 
for fission cross-section where the values differ by 0.4%. The resonance integrals for fission and 
capture (infiite dilution) are given in table 5. We can see the differences are significant. In 
particular, the capture to fusion ratio is lower by 7% in LDL evaluation. 

evaluation 0, y a 
58;.:2 

Vt 71 If F I, I If 

JEF2.2 98.85 2.4374 2.08385 260 43 128,21 0,492 
LDL 98.69 585.03 2.4367 2.08497 257169 136,07 0,528 

Table 5 Thermal values and resonance integrals in the resolved range 0.5-2.25 keV 
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Figure 1 Fission cross section for JEF2.2 and LDL evaluations 
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Figure 2 Capture cross section for JEF2.2 and LDL evaluations 
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Figure 3 Capture to fission ratio between 0.5 and 2250 eV 
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III. Experimental validations 

ill-1 Wesfcoft factors 

The Westcott factors are useful to check the shape of the cross-section in the thermal range. The 
fission Westcott factor was measured in the Canadian heavy water reactor ZED-2tz1 with 
temperatures ranging from 77 K (liquid nitrogen) to 600 K. For fusion cross section, the two 
evaluations give an equal agreement with experiment and are both within the experimental 
uncertainties. For capture cross-section, we only compare the calculated values of the Westcott 

a 
factor (fig. l), they show a good agreement on shape except for the highest temperatures where 
the LDL evaluation gives a lower decreasing slope with temperature. 
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Figure 4 Capture Westcott factor 
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Figure 5 Fission Westcott factor. 
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Ill-2 Critical experiment lJO2/D20-H20 

We study here a group of critical experiments made in the Spectral Shift Control Reactort3] where 
the spectrum can be shifted by varying the molar proportion of heavy water in light water. This 
experiment permits to highlight potential deficiencies in epithetmal cross section. The analysis was 
conducted with Apollo2 code and its library CEA93V3 with 172 energy groups. We performed 
the analysis of 12 lattices with 4% ‘?J enrichment and 8 lattices with 2.46% *?J enrichment. We 
employed cylindrical core description calculated with Sn method (PlS16). The summarised of the 
keff results are given in table 10 but we have also results on spectral indices 625 and pzs. 

Core 2.46% fuel 4% fuel 
number 

keff keff keff keff 
(JEP2.2) (LDL) (JEP2.2) (LDL) 

1 0,99941 0,99634 1,00018 0,99548 
2 0,99797 0,99178 0,99972 0,99382 
3 0,99863 0,99397 1,00827 0,99835 
4 1,00233 0,99565 1,00858 0,99927 
5 1,00259 0,99709 1,01231 1,00266 
6 1,00322 0,99948 LOO842 0,99978 
7 1,00806 1,00113 1,00932 0,99978 
8 1,OOOOl 0,99561 1,00724 0,99912 
9 1,00514 0,99835 
10 0,99829 0,99301 
11 1,00694 0,997 12 
1.7 1 nn??? n nnr*r 
IL I,““> / I “,YYO‘Lt 

mean 1,00153 0,99638 1.00568 0.99775 
dispersion 0.00306 0.00276 0.00416 0.00263 

Table 6 keff for 2.46% fuel and for 4% fuel 
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Table 7 a25 SSCW 

Core 
number 

pdexp) o(p&exp)) pzs(JEF2.2) pzs(LDL) (C-EN 
(IEF2.2) 

(C-E)/0 
WL) 

1 2,28 0,03 2,390 1 2,391 I 3,661 I 3,700 
2 I I I I I 1 xnn I 1751 

Table 8 pz8 SSCR2 
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, , “A-  “ , I  I  I  

8 0,535 0,009 0,563 0,561 3,111 2,889 
9 0,478 0,007 0,48 1 0,479 0,429 0,143 
10 0,307 0,002 0,312 0,311 2,500 2,000 
11 0.893 0.008 0.928 0.926 4.375 4.125 
ii 0,575 0,007 0,588 1 0,586 ~‘~ 1 1,857 1 11571 

mean I ) 2,316 ) 2,075 

Table 9 825 SSCR4 

11 
12 

mean 

5,08 
14,9 
9,80 

0,lO 5,111 5,125 0,310 0,450 
0,20 14,875 14,860 -0,125 -0,200 
0,29 9,458 9,448 -1,179 -1,214 

-0,774 -0,798 

Table 10 PZS SSCR4 
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Figure 6 keff SSCR2 versus 625. 
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Figure 7 keff SSCR4 versus &s. 
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Ill-3 Isotopic evolution in PWR assembly 

We give a comparison on Uranium isotopic ratios calculated with Apollo2 code for a pin 
irradiated in PWR assembly of the EDF reactor Gravelines to a bumup of 27000 MWjk The main 
interesting conclusion is that the underestimation of the 236U/238U and a3*Pu/*39Pu ratios obtained 
with JEF2.2 evaluation is now reduced by 3% using the LDL’s evaluation. 

IV- Conclusions 

The Lea&Derrien-Larson evaluation improves the agreement between calculation and experiment 
for lattices with epithennal spectra and high ?J enrichment. The prediction of the ratio 236U/z’8U 
in spent fuel with this new evaluation is significantly improved compare to IEF2.2. The validation 
of this evaluation with experiment is still under study to give a definite conclusion but these fvst 
tests are interesting. 
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V-ANNEXE 

0 Table 11 U235 LDL r =3-. 

31.52 ’ 
\ I ”  “ , ,  

I  

244.25 ) 0.896 
43.00 167.48 1 1.043 

Table 12 U235 IEF2.2 J” =3-. 

N : Number of resonances in range [Emin,Emaxl 

137.12 1 1.016 1 
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Emill ) Emax 1 N 

Table 13 U235 LDL J” =4- 

Emin Emax N 04 (ev) (r:) (WeV) (rT) (10”eV) (ri) (10”eV) soJ(1o-4) 

1.136 449.78 444 1.010 0.101 37.19 208.22 1.001 
451.61 899.8 299 1.499 0.171 44.08 173.57 1.141 
900.97 1349.3 298 1.504 0.170 44.34 117.86 1.113 
1350.3 1799.6 277 1.622 0.180 I 3X.62 xs.01 1.110 

1801.9 2250.0 333 1.346 
1.136 2250.0 165 1 1.1 

__._- ___. 
0.158 35.03 66.55 ) 1.178 

___- ( -.J& ( 0.163 39.53 136.39 1 1.109 

Table 14 U235 JEF2.2 J” =4 
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(rj) (10.3eV) 

,121 
,178 
,180 
.185 
.153 
,161 

Table 15 U235 Leal-Derrien 1996 J” =3 

Table 16 U235 Leal-Derrien 1996 J” =4- 
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(r-J (10”eV) 

248.210 

164.98 
120.78 
90.51 
72.02 

141.75 

Table 17 U235 Leal-Derrien-Moxon 1997 J” =3 

h 

(rf) (lO%v) (ry) (Wev) (q) (lo-%v) sd104) 

,000 449.82 496 ,907 ,095 40.18 224.55 1.032 
451.31 899.87 322 1.393 ,165 45.31 174.15 1.186 
901.03 1349.52 298 1.505 .162 49.06 108.99 1.077 
1350.53 1799.49 276 1.627 ,172 44.68 95.13 1.057 
1801.22 2247.93 331 1.350 ,168 48.97 70.55 1.244 

.ooo 2247.93 1723 1.305 ,146 45.08 144.83 1.119 

Table 18 U235 Leal-Derrien-Moxon 1997 J” =4‘ 
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