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1. Introduction 

The European Fusion Pile (EFF) project and the associated European Activa

tion File Project (EAF) are sponsored by the European Community's Fusion 

Technology Programme. The first programme is directed to the short-term 

needs of the NET team, which designs the Next European Torus, whereas the 

second programme is directed to long-term needs in the development of a 

Fusion Demonstration Reactor, in particular in connection with the study 

of lowactivation materials. Various European laboratories participate in 

these projects. 

The programme of the EFF-project is in its second phase, after the suc

cessful completion of the EFF-1 data file. The second phase programme has 

been defined from 1989 to 1991- The emphasis of the first phase was on the 

improvement of the tritium breeding and neutron multiplication vi.oss-sec-

tions, whereas the second phase emphasizes the improvement of a shielding 

data base. In practice the EFF-1 and EFF-2 projects aim to supplement the 

JEF-1 and JEF-2 data files, respectively, with high-energy data relevant 

for fusion applications. Therefore the two projects are closely related. 

A break-down of the 1989-1991 EFF-2 programme, which also contains some 

benchmarking and test calculations to facilitate its use by the designers 

of NET, is as follows: 

1. Completion of the data base derived from EFF-1, in particular with 

respect to problems with kerma, DDX, gas-production, MCN? library and 

benchmarking (Pb, Li-7, Be). 

2. Evaluate Fe, Cr, Ni cross-sections with emphasis on DDX, photon pro

duction and covariance data. 

3. Create an EFF-2.0 starter file as an extension to EFF-1, with new eva

luations for Fe, Cr, Ni, Li-7. Be, process these data into the 

VITAMIN-J structure and perform benchmark calculations. 

4. Create the EFF-2.1 data file with new or updated cross-sections for 

Al, Si. Pb, O, Cu, Mn, W and other materials. 

5. Perform shielding and sensitivity calculations and estimate the effect 

of uncertainties in DDX calculations. 

6. Perform benchmark and test calculations related to shielding, including 

the development of tools. 
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The EAF-programme was started in 19#9. after an informal collaboration 

between Petten, Ispra and Harwell, resulting in a UK and an ECN data files 

with essentially the same contents {UKACTL-1 and REAOECN-1 through 5). 

Early this year the first version of the European Activation File (EAF-1) 

has been released. This file is still primarily recommended for fusion 

reactor activation and transmutation calculations with a hard neutron 

spectrum. The file contains all stable and unstable targets with half-li-

fes longer than 1 day. Cross-sections leading to isomeric states are trea

ted separately and further those isomeric states living longer than 1 day 

are included as targets. This version contains now about 11O00 reactions 

on 626 target nuclides. 

Thus the file is rather complete, but a major activity should be now devo

ted to improve its quality and to extend its range of application, in par

ticular with respect to the low-energy cross-sections. This work concer

ning primarily the (n,gamma) and (n.n'gamma) data is underway at Petten. 

Additional support comes from KfK, by adding charged-particle induced 

activation data. A detailed programme is not given here, because it is 

beyond the scope of this report. 

2. Status of the EFF-2 project 

2.1. Derived files from EFF-1, processing problems 

Some errors were detected in the GEFF-1 library based upon EFF-1 in the 

VITAMIN-J structure (only in the photon production data). However, 

meanwhile there is a more extended library based upon JEF-l/EFF-1, which 

is PSI's MATXS library, in the same VITAMIN-J structure. Since this 

library was produced with an older version of NJOY, the Pb cross-sections 

were treated after a transformation of MF6 into MF4 and MF5, loosing the 

energy-angle coupling. Apart from this the library is very well applicable 

to calculate transport in fusion reactors blankets. PSI will revise the Pb 

cross-sections by calculations with the newest version of NJOY-89 this 

year. It is noted that the DDX calculations in GEFF-1 for lead were per

formed with the Petten GROUPXS code. Meanwhile an option to treat MF6 has 

been included in NJOY,-89 as well. This option was tested for Pb of EFF-1 
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and Ni-56 of EFF-2 with very good results, reported at the NJOY Workshop 

at the NEA Data Bank. 1989. 

With respect to kerma calculations the MATXS library has recenly been up

dated. It was found that negative kerma values resulted from the expres

sions in NJOY, due to energy balance problems in the evaluations. The de

ficiencies are due to poor photon production data on the data file for 

evaluations taken from JEF-1. As a preliminary solution kinematical limits 

were adopted (PSI). This solution is not recommended, since it overestima

tes the heating. 

A further problem is that users previously were adopting kerma values from 

MACKLIB-IV, which includes kerma's due to radioactive decay as well, in 

contrast to the NJOY results. In fact the MACKLIB values overestimate the 

heating: if one is interested in very short time intervals. This was poin

ted out both at PSI and at Bologna. In Bologna an EFF-1 based kerma lib

rary was made with the help of the HACK code with and without the inclu

sion of radiactive decay {upto 3h). This kerma library is recommended 

for NET calculations. It will be extended with more materials (from JEF-1) 

this year. The library of Bologna also contains other response functions 

such as gas-product ion data and DPA data (calculated with NJOY). A final 

test of these data is in progress. 

For EFF-2 evaluations the files will contain revised photon production 

data and in many cases distributions of all emitted particles, including 

recoil nuclei. In that case NJOY calculates the kerma very accurately, but 

still contributions from short-lived decay products should be added. 

Otherwise, the user needs to perform an additional calculation with a ra

dioactive inventory code, such as FISPACT, recently developed at Harwell. 

Monte Carlo libraries based upon EFF-1 have been produced at PSI and at 

ENEA-Frasc.ati. Some problems were encountered for Be and Pb, due to format 

problems. For Be the problems were easily solved: here the LASL evaluation 

was adopted in EFF-1; for this evaluation the scattering matrices need to 

be multiplied by a factor of 2. For Pb the current version of NJOY can

not treat the MF6 format. It is understood that NJOY-89.62 has an option 
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in the ACER nodule to convert the MF6 data into the format in which the 

Kalbach-Mann systems tics is adopted. With this net hod it is possible to 

create MCNP libraries that include energy-angle coupling for continnuum 

reactions. Updates for Pb will be made and the PSI and ENEA libraries will 

be intercompared. 

2.2. Li-7 and Be-9 

The re-evaluation of Li-7 and Be-9 cross-sections is restricted to the 

energy-angle distributions of emitted neutrons. For the energy-angle 

integrated cross-sections almost exclusively the existing ENDF/B-VI evalu-

tio.is are used. In fact there is an agreement with LASL to supply EFF-2 as 

an update for ENDF/B-VI. 

This work is performed at Birmingham University by Drs. G.M. Field and D. 

Beynon, with experimental support from CBNH and formatting support from 

ECN-Petten. A new feature of this evaluation is the use of sophisticated 

kinematics with cm angular distributions fitted to experimental data where 

available. The neutron emission data are stored in MF6 of ENDF/B-VI, with 

an interesting application of the LIP parameter to distinguish between 

various physical processes. 

The work for Li-7 has been completed and a file has been sent to ECN-Pet

ten for checking and combining with the energy-angle integrated ENDF/B-VI 

evaluated data. The file is very large, even if only neutron distributions 

are stored. The comparison with experimental data is excellent. A problem 

is that there are no distributions of other particles than neutrons and 

that covariance data for the MF6 data are not given. 

The Be-9 evaluation is in good progress and will be finished by October 

1990. 

2.3. Fe. Cr. Nl 

The work for these materials is supplementary to the JEF-2 evaluations for 

the stable isotopes o'f Pe, Cr, Ni. In fact, in the EFF-2 project the 
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high-energy regions {above 1 MeV) of the JEF-2 evaluations for Fe-56, 

Cr-52, Ni-58 and Ni-60 are replaced by recent evaluations of Dr. M. Uhl 

(IRK, Vienna). These evaluations contain the lumped quantity MT10, descri

bing all continuum particle and recoil emission. The EFF-2 evaluations 

also contain the individual reaction cross-sections, though without secon

dary distributions, as these are given in the lumped quantity MT10. This 

approach nakes it very easy to create a group constant library for trans

port calculations. With respect to kerma all ingredients are on the file 

to perforn these calculations. It still remains to be seen, however, whet

her NJOY can perform such keraa calculations. The present status is that 

all major structural isotopes {Cr-52, Fe-56, Ni-56 and Ni-6C) are ready, 

including photonproduction data. The other materials are ta'cen from the 

JEF-2 data file. 

Covariance data are still lacking. However, in the past months a strategy 

has been developed to evaluate these data. The work will be performed 

mainly at Vienna (Dr. Vonach), but also at KfK (Dr. Froehner) and Petten 

(Drs. Kopecky and Hogenbirk). An international cooperation has been set up 

on the covariance problem for Fe and the results of this ccoperation will 

be used to improve the quality of the covariance data gradually. The first 

priority will be to evaluate uncertainties in the high-energy range, where 

the needs for these data are the highest (see 2.*4). This will be performed 

initially by inspecting the dispersion of cross-sections in three new eva

luations: ENDF/B-VI, JENDL-3 and EFF-2 (IRK) and by evaluating uncertain

ties for the strongest resonances (KfK). The lU MeV experimental data will 

be re-evaluated also, because these data are quite important in relatively 

thin coil shieldir.gs. Further methods, to determine uncertainties in se

condary energy and angle distributions will match the capabilities of pre

sently available user-oriented codes like SENSIT. 

2A. Sensitivity and uncertainty calculations 

At Petten sensitivity calculations have been performed to study the 

nuclear data sensitivity to shielding of superconducting coils. Using the 

current NET design for the inboard shielding, mainly consisting of stain

less steel and (borated) water, ID neutron and photon transport calcula-
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tions were performed using the EFF-1 data from the MATXS library. This 

library was conected to the SENSIT code to study the sensitivities to nuc

lear data. The nuclear heating in the superconducting coils was tiken as a 

representative quantity for the heat production. 

It appeared that the sensitivity contributions of elastic and inelastic 

scattering cross sections to the heating are about equal. The contribution 

fro» the 1*1 MeV peak is significant and there is very little contribution 

below a few hundred keV. This and other information is very useful to set 

the priorities in the calculation of covariance information. It appeared 

that due to the fact that the loss and gain terms of both elastic and in

elastic scattering largely cancel, the sensitivities are rather small. 

With the available covariance information for EFF-1 the uncertainty in 

kerma was estimated. The uncertainty of the contribution of Fe was in the 

order of lOJt (preliminary result). However, this number does not take into 

account uncertainties in the energy and angular distributions, nor the 

correlations between elastic and inelastic cross-sections. 

A first estimate of the effect of angular distribution uncertainties was 

made by investigating the sensitivity for a calculation with PQ and P. for 

elastic and inelastic scattering. The results indicate that at high ener

gies the uncertainty in the elastic scattering may be of importance. The 

effect of inelastic scattering angular distributions can also be signifi-

These problems will be studied during the coming months, in order to give 

the NET team some preliminary information, as long as the EFF-2 covariance 

data are not available. As an intermediate step the new ENDF/B-VI evalua

tions will be used for a similar analysis. 

Further work will be performed to study uncertainties due to the neutro-

nics modelling. At KfK rigourous ID- and 2D- methods for studying the 

effect of large anisotropic cross-sections has been developed. These 

methods will be used to study model errors from neutronies calculations. 

There is special emphasis on the study of the effect of coupled 

energy-angle calculations. 
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Furthermore, soae realistic Fe shielding benchmarks will be calculated 

to investigate possible other sources of uncertainties, e.g. due to the 

treatment of self shielding. Both KfK and CEA-Cadarache will be involved 

in this activity. 

2.5» Evaluations for other materials 

The work on Al and Si is in progress at ENEA-Bologna. An important step 

to store the data on a file in ENDF-6 format is the development of a code 

that reformats the output of the Bologna code system. This code is now 

available. The Al evaluation will be completed by September 1990; the Si 

evaluation is scheduled to be ready by the end of this year. 

With respect to Pb some minor modifications are made by adding (n,p) and 

(n,a) reactions and by re-evaluating the (n,gamma) cross-section. This 

work has been completed recently. The additions still have to be made in 

the file. Furthermore some small modifications in the (n,2n) cross-sect

ions and in the energy balance are needed. The updating will be completed 

by September 1990. 

No further progress has been made for remaining materials (see Table 1) 

requested by the NET team. The decision has been taken at the last EFF-2 

meeting {May 28- 29, 1990) to fulfill a large part of these requirements 

by adopting evaluations from elsewhere, if the JEF-2 data are insufficient 

at high energy. The selection will be made in two steps as indicated in 

Table 1. Only for a small number of materials completely new evaluations 

will performed. 

2.6. Benchmark and test calculations 

Benchmark calculations for Pb and Be have been performed at KfK. For lead 

the newest measurements from the Kurchatov institute have been analysed. 

The results are in agreement with the EFF-1 evaluations, if the (n,2n) 

cross-section is increased to about 2.2 b at lJf.5 MeV. This value is in 

agreement with a recent evaluation of Vonach, based upon differential da

ta. The EFF-2 evaluation for lead will be adjusted to this value. 
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Also for Be several integral experiments were used to check the EFF-1 eva

luation. The Be evaluation in EFF-1 (obtained fro» LASL) gave s very good 

performance for the total multiplication and satisfactory results for the 

leakage spectra fro* these experiments. More work is scheduled at KfK, 

after the analysis of their KANT experiment. The forthcoming EFF-2 eva

luation will be included. 

At PSI the ENDF/B-V, ENDF/B-VI and EFF-1 evaluations for Be were inter-

compared in a neutronics calculation of a solid breeder for the ITER de

sign. The conclusion was that the EFF-1 and ENDF/B-VI evaluations have 

quite similar characteristics, but that the ENDF/B-V evaluation overesti

mates the breeding ratio by about 1%. Furthermore, the secondary energy 

distribution in ENDF/B-VI and EFF-1 is much harder than in ENDF/B-V. 

It is very interesting to see how the new EFF-2 evaluation will be in this 

respect. 

In view of the emphasis of the NET project on shielding it has been deci

ded to analyse some shielding benchmarks at KfK and CEA-Cadarache. At KfK 

the KANT facility will be used to study Fe as well. Finally, a new 14-MeV 

facility will be used at ENEA-Frascati for benchmark testing. 

~\. Concluding remarks 

The EFF-2 project is in a good shape. The evaluation for the major struc

tural materials has been completed and important new evaluations for Li-7 

and Be-9 are almost ready. At the previous EFF-2 meeting on May 28/29 at 

Saclay a detailed scheme for the completion of rhe EFF-2 project has been 

established and it is expected that the project will meet the dead line 

December 31, 1991- By that time the EFF-2 data file will consist of new 

evaluations for the most important fusion reactor materials, partly from 

EFF evaluators (Li-7. Be-9, Al, Si, Fe, Cr, Ni, Pb and a few other mate

rials) and partly fro» elswhere (selected from recent evaluations). 

Covariance data will be available for the most important materials only. 



The close cooperation between users and evaluators in the framework of the 

NET project is quite important for both parties. Therefore a nuclear 

data activity, integrated in the neutronics programme of NET/ITER, is 

important also in the years after 1991- In 1991 a follow-up programme will 

be defined. There are still many problems to be solved. First of all the 

EFF-2 file needs to be benchmarked and the feedback of integral data expe

riments should be used to improve the data file. It is expected that still 

quite some work is needed to obtain reliable photon production data that 

are consistent with the neutron data. Also some work is needed to include 

distributions of all emitted particles and recoil nuclei on the files in 

order to enable accurate kerma asessaents. A major activity will be the 

systematic update of covariance information, not only for smooth 

cross-sections, but also for resonance parameters and for energy-angle 

distributions of neutrons and photons. Finally, there is a very large task 

to update the activation and transmutation library with uncertainties. It 

should be stressed that the amount of work is quite large and therefore 

active involvement of users is required to set priorities. 

The international (OECD) collaboration on the covariance data for Fe is 

expected to be very benificial for the EFF-2 project. The EFF and EAF data 

files will be released within the OECD area. There is a very close 

collaboration with the JEF project. It has been decided that future re

leases of EFF-2 will only contain materials that are different from JEF-2. 

There are also plans for a common JEF/EFF data f He for the near future. 

In view of the close cooperation between the EFF and JEF projects it has 

been decided to combine the progress meetings of these projects. The next 

semi-annual meeting for EFF-2 is scheduled December 3,4, 1990 at the NEA 

Data Bank. 

With respect to contributions to FENDL it has been decided that Pb and Al 

from EFF-1 are available to FENDL. In fact, Pb had already been distribu

ted worldwide and Li-7 and Be were obtained from Los Alamos. Since also 

the JEF-1 part has now become available worldwide, this means that essen

tially the entire EFF-1 file is open to FENDL. The distribution policy of 

JEF-2 and EFF-2 is still restrictive, certainly in the current development 

and benchmarking phase. The cooperation between the various regional nu-
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clear data projects and FENDL is of great interest to these projects, in 

particular to compare and discuss the various evaluations, to calculate 

derived data files to perform benchmark studies. Therefore, an intensive 

cooperation between the EFF and FENDL project is recommended. The recent 

interest from the ITER team for a common data base should intensify this 

cooperation. Similar remarks hold for the cooperation between the European 

Activation File project and FENDL. Here the very large number of data re

quests can only be met by worldwide international cooperation. 

* 



- 13 -

Table 1, Break-down scheme for the EFF file till 1991. 

E F F -

1.1 
(6/90) 

Cr-52 — > 

Fe-56 — > 

Ni-58 — > 

Ni-60 > 

2 .0 
(9/90) 

Cr-52 
(JEF-2) 
Fe-56 

(JEF-2) 
Ni-58 2 

(JENDL-2) 
Ni-60 _ 

(JENDL-2) 
Li-7 
Be-9 
Al-27 
Pb 

2 .1 
(5/9D 

— > 

Si 
Ti 
V 
Mn 
Co 
Cu 
Zr 
Nb 
Mo 
Ba 
Ta 
In 

2.2 
(11/91) 

— > 

- - - > 

C 
N 
0 
Mg 
S 
P 
Ca 
Sn 
Re 
W 

2 Minor isotopes adopted 
Update for minor isotopes 

Underlined: EFF-2 evaluations 


