
COMMISSARIAT A L'ENERGIE ATOMIQUE 

CENTRE D'ETUDES NUCLEAIRES DE SACLAY 
Service de Documentation 

F91191 GIF SUR YVETTE CEDEX 

f fl.*?©oVT* 

CEA-CONF— 8719 

R5 

JOINT EVALUATED FILE QUALIFICATION FOR THERMAL NEUTRON REACTORS 

TELLIER, H.; VAN DER GUCHT, C ; VANUXEEM, J. 
CEA CEN Saclay, 91-Gif-sur-Yvette iFrancej. IRDI 

Communication présentée à Meeting on advances reactor physics and safety 
Saratoga Springs, NY IUSAJ 
17-19 Sep 1986 



JOINT EVALUATED FILE QUALIFICATION 
FOR THERMAL NEUlrtON REACTORS 

H. TELL1ER, C. VAN DER GUCHT and J. VANUXEEM 
Service d'Etudes de Réacteurs ?t de Mathématiques Appliquées 

Centre d'Etudes Nucléaires de SACLAY - 91191 - FRANCE 

ABSTRACT 

The neutron and nuclear data which are needed by reactor physicists 
to perform core calculations are brought together in the evaluated files. 
The files are processed to provide multigroup cross sections. The accu
racy of the core calculations depends on the initial data, which is some
times not accurate enough. Therefore the reactor physicists carry out 
integral experiments. We show, in this paper, how the use of these 
integral experiments and the application of a tendency research method 
can improve the accuracy of the neutron data. This technique was applied 
to the validation of tne Joint evaluated file. For this purpose, 56 
buckling measurements and 42 isotopic analysis of irradiated fuel were 
used. Small modifications of the initial data are proposed. The final 
values are compared with recent recommended values or microscopic data. 

1. INTRODUCTION 
Nowadays, the calculation of a nuclear reactor core is generally performed 

by solving the Boltzmann equation. According to the computer code we solve 
the integral form or the integrodifferential form of the transport equation. 
But in any case we need numerous numerical data : the geometrical and chemical 
data, and the neutron and nuclear data. The former data represent the dimensions 
of the cell and the core, the chemical and isotopic composition of the fuel, 
the structure and the moderator. They are generally known with a good accuracy. 
The latter data represent the neutron cross sections and the nuclear properties 
of the various nuclides. They are not always known with an accuracy as good as 
the reactor physicist wishes. The neutron data are generally deduced from direct 
nuclear measurements. These measurements give the variation of the nuclear 
properties of the nuclides versus the incoming neutron energy : they are the 
differential experiments, ^ery often, it is difficult to measure the cross sec
tions with a yery good accuracy. Consequently some of the best estimated values 
of the evaluated files have an uncertainty which 1s too large. To improve the 
knowledge of the neutron parameters,the reactor physicist must use another 
type of measurement : the integral experiments. In these experiments we use a 
mock-up of a reactor or the reactor itself and we measure some synthetic para
meters which are representative of the neutron properties of the cell or 
of the reactor for the actual neutron spectrum. For example, we can measure 
crlticality factor, buckling, reaction rates or irradiated fuel composition. 



If we choose integral experiments with a very simple geometry and an asymtotic 
neutron spectrum, such as uniform lattices or homogeneous media, we can 
perform the calculation of these experiments without numerical approximation. 
Therefore if we observe a difference between the computed value of a neutron 
parameter and the experimental value, this difference can be attributed to 
the uncertainties of the input neutron data. If we have at our disposal several 
integral experiments with different nuclear data sensitivities we can obtain 
informations or tendencies about the basic data. It is the tendency research 
method. In the French Atomic Energy Commission,_the thermal neutron reactor 
calculation are performed with the APOLLO Code Q ] • This code solves the 
integral Boltzmann equation by the collision probability method and in the 
multigroup approximation. Ninety nine groups are used. Obviously it is not 
possible to obtain tendencies for all the cross sections and all the groups 
because the number of unknown quantities is too large. But we can choose a 
small number of synthetic parameters which represent the general trend of the 
cross sections versus energy. For the most part, it is sufficient for reactor 
physics. In the following sections we will briefly describe the tendency 
research method f2] and apply it to the validation of the joint evaluated 
file [3] . 

II. THE TENDENCY RESEARCH METHOD 
For each integral experiment (criticality factor, reaction rate ...) 

we know the experimental result Ŷ  and the measurement uncertainty Ef. In 
any case we can compute the same quantity which is a function of the neutron 
parameters xj<. The result of this calculation is F^ (.... x^, . . . ) . If we 
change the value of the neutron parameter k, which becomes x^ + Ax k, the 
result of the computation is now Fi(..., x|< + Ax^,...). 

The principle of the tendency research method is to choose the modification 
Ax k of the neutron parameters in such a way that the quantity 

Q = I \ [ Y. - F i ( .... x k + Ax k, ... ) ] 2 

1 Ei 
for all the set of integral experiments becomes minimum. Nowadays the magnitude 
of the main neutron cross sections are more or less well known. So, the 
modifications Ax k are expected to be small and we can make a first order 
expansion of the computed value 

9F 
F̂  (..., x k + Ax k, ...) = F i (..., x k, ...) + E Ax k j£-

We can also replace the partial derivatives by the sensibility coefficients 

ik Ax 

These sensibility coefficients (variation of the integral quantity F̂  
for a one per cent change of the parameter * k ) can be computed by the 
perturbation theory or a variationnal method. 



With these assumptions we must now minimize the quantity 

Q- I £ [Y . - F . ( . . . .x k . . . . ) - I S i k A X | ( ]
2 

or if AY^ represents the difference between the experimental result and the 
computed value for the integral experiment i 

Q = ? H C ' V < " ï ***** ̂  

The minimization is done with the least square method. That is why, if 
we want to determine the modification Ax^ with a good accuracy, it is absolutely 
necessary to use a set of integral experiments for which the sensitivity coeffi
cients are as different as possible. An illustration of this necessity is 
displayed on figure 1, in the case of a two parameter tendency research. When 
the sensibility coefficients are not very different, the slope of the curves 
which represent each integral experiment are almost the same. As in reality, 
these slopes are known with an uncertainty which depends on the integral expe
rimental error bar Ei, the coordinates of the mean intersection point are not 
known with a very good accuracy. On the contrary if we use integral experiments 
with different sensitivity coefficients we can improve the accuracy of the 
intersection point coordinates. We can obtain different sensibility coefficients 
by using integral experiments corresponding to various types of reactors. (Fig. 1). 
As an example figure 2 shows the uranium 235 senribility profile for a typical 
pressurized water reactor and an advanced tight pitch water reactor. The impor
tance of the thermal range is significantly different. 

From the mathematical point of view, the least square calculation leads 
to the Ax|( values which minimize the quantity Q. But we must take two remarks 
into account. First, the Axk are assumed to be small (don't forget that we 
have made a first order expansion of Fi).Secondly the cross sections are measured 
by differential experiments with an experimental uncertainty e|<. The Ax|< must be 
lower or of the same order than e|<. This is why, instead of minimizing the 
Q value, we prefer minimize the following quantity : 

1 9 Û X L ^ 

Q' = i i [AY - ï s AX y +xi ( -*) 
i E, ' k u K k c k 

In this expression, \ is the weighting coefficient of the microscopic data 
in the tendency research. 

III. INTEGRAL EXPERIMENTS AND SENSITIVE PARAMETERS 

Two essential conditions must be satisfied to obtain accurate tendencies : 
different sensibility coefficients and very simple experiments with an asymp
totic neutron spectrum. For these two reasons we have carefully cr.osen critical 
facilities with uniform lattices for which the buckling was measured with a very 
good accuracy. To obtain various sensibility coefficients and various neutron 
spectra, we used three types of moderator (light water, heavy water and graphite) 
and for each moderator several moderating ratios overlapping a wide range of 
neutron spectra (from the very well thermalized lattices to the tight pitch 
lattices). Uranium fuels and plutonium fuels are disconnected. 



Fifty six buckling measurements were used in this tendency research. An 
important part of them are international published results. French experiments 
constitute the remainder. The distribution is the following one : 

a) Uranium fuel ; 

- 2 homogeneous media (Oak Ridge experiments) 
- 4 graphite lattices, representative of the French gas cooled 
reactor programm 

- 4 heavy water lattices from French origin 
- 18 light water lattices from American, English, Swedish and French 
origin (including TRX benchmarks) 

- 6 tight pitch lattices (Argonne experiments) 

b) Plutonium fuel : 

- 5 homogeneous media (French experiments) 
- 6 heavy water lattices (French experiments performed in a European 

Communities program) 
- 10 light water lattices performed in France and Japan 
- 1 tight pitch lattice carried out for the new french advanced reactor 
program. 

To these buckling measurements we added fourty two isotopic analysis of 
irradiated fuel in a light water power reactor. The burn up varies from 5 to 38MWd/kg. 

Sensibility calculations allow us to define twenty four synthetic neutron 
parameters : 

- v values for 2 3 5 U , 2 3 8 U , 2 3 9 P u and 2 4 1 P u 
235 

- thermal and epithermal capture and fission cross sections for U and 
239 P u 

- high energy fission cross section and effective capture integral of 
2 3 8 U 240 241 - thermal absorption cross section of Pu and Pu 

240 
- first resonance parameters for Pu 
- thermal capture cross section and migration area of the moderators. 

IV. RESULTS AND ANALYSIS 

From the mathematical point of view, the smallest value of the Q' sum 
is obtained when the degree of freedom number is maximal. That is to say, in 
the present case, the minimum is obtained when we accept to modify all the 
24 synthetic pardmeters. A detailed analysis of these modifications shows that 
some of them are both small and unaccurate. Therefore, they do not have any 
physical meaning, and there is no objection to agree not to modify these para
meters. It is easy to understand that the modifications of only some parameters 
can give a very good solution to our problem. 

In the case of the "joint evaluated file" we have obtained meaningful 
modifications for the following parameters of the heavy nuclei and moderators : 



235 239 
- the neutron per fission yield of U and Pu 

235 239 
- the thermal fission cross section of Pu and Pu 

240 
- the radiative width of tHe first Pu resonance 
- the effective integral of U 
- migration and capture of the light water. 
With these modifications the agreement between the computed values of the 

criticality factor and the experimental ones is better, on average, and the 
dispersion is smaller. The table I gives the average value and the dispersion 
of k | f f - 1 in unit 10~5 , separately for uranium experiments and plutonium 
experiments, before and after tendency research. 

TABLE I 

Uranium fuel 
Plutonium fuel 

Before 
tendency research 

After 
tendency research 

Uranium fuel 
Plutonium fuel 

29 ± 607 
332 ± 620 

26 ± 490 
98 ± 550 

The computation of the effective multiplication factor is improved, espe
cially for plutonium fuel, but for both cases the dispersion is reduced. 

For each experiment the differences between the computed value k -. and 
the experimental one (1 ± AKeff) are displayed on figures3 for the uranium 
fuels and 4 for plutonium fuels. The integral experiment are identified by 
their slowing down density q. It is the number of neutron which arrive below 
2.7 eV for one emitted fission neutron. This quantity q is representative of 
the neutron spectra. For q > 0.8 we have the soft spectra of the well therma-
lized lattices, for q < 0.4 we have the hard spectra of the tight pitch lattices 
Typical pressurized water reactor have a q value equal to 0.6. 

The proposed modifications of the initial neutron data which give the best 
agreement with the integral experiments are given in table II for thermal data 
and table III for epithermal data. We can make the following comments : 

a) Uranium j?35_ 
The neutron per fission yield must be slightly decreased. It is better to 

use a 2200 m/s value equal to 2.429 ± 0.004. This value is significantly lower 
than the one of ENDF/B5 but in good agreement with the last recommandation [4] 

The thermal fission cross section must be also decreased and we propose 
582.0 ±1.0 barn. It is also in agreement with Divadeenam results. 

No significant modification seems to be necessary for the thermal capture 
cross section and the epithermal fission and capture cross sections. 



b) Uranium 238 
The production cross section vof must be kept unchanged in the fast neutron 

range but the self shielding capture cross section must be decreased by 
0.03 ± 0.02 barn in the resonance energy range. This corresponds to a decreasing 
of 0.3 ± 0.2 barn for the effective integral. It is negligible for the infinite 
dilution resonance integral but it represents 2 ± 1.5 % for a 50 barn background 
cross section (average dilution for a pressurized water reactor), that is to 
say a 200.10~5 reactivity effect. 

c) Plutonium 239 
The plutonium 239 case is more difficult because, in all the evaluated 

files the v value is assumed to be roughly constant in the thermal energy 
range. But we know that the v value of plutonium 239 fluctuates from resonance 
to resonance. In particular, the v value of the 0.296 eV resonance is lower 
than the v value of the bound level. As the 0.296 eV resonance has an important 
weight in the thermal range, the v value cannot be constant. That is why we 
have modified the original shape of v versus energy according to Gwin results |J>3 • 
Above 0.5 eV we have kept the average value. It is with this modified shape 
that we have performed the tendency research. With this assumption we recommended 
a vvalue equal to 2.869 ± 0.007 for 0.025 eV neutron. It is lower but not too 
much different from Divadeenam recommendation but strongly discrepant with 
ENDF/B5. With these conditions we propose to decrease the fission cross section 
(745.6 t 2.1) and to increase the capture cross section (273.2 ± 3.6). 

It is not necessary to modify the epithermal cross sections. 

d) Plutonium 240 
It is essentially the spent fuel analysis which give some information about 

the 240 Pu capture. For the radiation width of the first resonance, we obtained 
the value 32.2 ± 0.9 meV. It is not very accurate and therefore the modification 
of the original value of the file is not significant. Our result is in agreement 
with the experimental result of Brookhaven f6] but in disagreement with the 
last result of Oak Ridge |~7] • 

e) Modela tor s_ 
Small modifications are suggested for the moderator neutron properties. 

It seems that the thermal capture of the light water must be slightly increased 
(0.6 ± 0.4 % ) . The proposed modification is a little more important for the 
migration area which must be decreased (2 ± 1 %). For the heavy water migration 
area, no modification seems to be useful (0. ± 0.8 %). 



TABLE II 
2 3 5 P u and 2"3'Pu thermal data 

ENDF / B5 Divadeenam |~4] This work 

2 3 5 u 
• 

v 
°f 

2,4367 
583.6 
98.4 

2.425 ± 0.003 
582.6 i 1.1 
98.3 ± 0.8 

2.429 ± 0.004 
582.0 ± 1.0 
98.4 ± 1.5 

2 3 9 P U 
v 
°f 
°c 

2.8914 
741.7 
270.2 

2.877 ± 0.006 
748.1 i 2.0 
269.3 ± 2.2 

2.869 ± 0.007 
745.6 ± 2.1 
273.2 ± 3.6 

240 
TABLE III 

Pu 1.056 eV resonance capture width 

r y (meV) 

H.J. LIOU [6] 
R.R. SPENCER |"7] 
This work 

32.4 ± 0.2 
30.0 i 0.2 
32.2 ± 0.9 

Let us remark that this work does not solve the critical problem of the 
light water reactor temperature coefficient. The calculated value of this 
temperature coefficient is more negative than the experimental value (the 
difference is about - 4.10" 5/°C). Experimental results and sensibility studies 
showed us that it 1s probably the shape of the 238u capture cross section and 
the one of the " 5 u number n of produced neutron per absorbed neutron in the 
very low energy range which are accountable for the discrepancy |"8] . Up to 
now, all the evaluated files.induding the joint evaluated file,"use a 
1/v dependence for 238u capture cross section and a constant n for 235^ in 
the subthermal range. Consequently, even if the neutron balance is exact at 
room temperature, the temperature coefficient is not well computed. We hope that 
this temperature coefficient computation will be improved when the differential 
measurements now In progress are completed. 



V. CONCLUSION 

The use of integral experiments and tendency research method seems to be 
an efficient tool to improve the neutron data and to get the accuracy which is 
required by the reactor physicists. The results of the tendency research are 
generally in good agreement with the recommendation or the microscopic expe
riments which were performed after the release of the evaluated files. For the 
joint evaluated file and for thermal neutron reactors, very small modifications 
of the heavy isotope thermal and epithermai data are needful : a slight decrease 
of v and o* for 235u, a 1-2 % reduction of the 2 3 8 U effective capture integral 
and a modification of 239 p u v value in the thermal range. Finally, don't 
forget that the shape of 235 u n value does not fit the temperature experiments. 
We expect that this important problem will be solved by the differential expe
riments which are in progress. It will be a new illustration of the complemen
tarity of the differential and integral experiments. 
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