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Status of NEA/NSC/WPEC/SG6 activities on delayed neutron data evaluation is shortly

reviewed. From this review the actions in evaluating the delayed neutron data are proposed

to contribute the revise work for the JENDL-3.3 library.

1. Introduction

The delayed emission of neutrons in fission was observed by R. Roberts, R. Meyer

and P. Wang in 1939[1]. N. Bohr and J. A. Wheeler were interpreted this phenomenon as

the result of nuclear excitation following the p-decay of fission fragments[2]. Ya. B.

Zeldovich and Yu. B. Khariton first noted the importance of delayed neutrons in controlling

the rate of a fission chain reaction in 1940[3] - more than two years before the first controlled

nuclear chain reaction, CP-1, was achieved.

Since then numerous investigations have been performed on the characteristics of

delayed fission neutrons, half-lives, yields and energies. In 1950-1970, the delayed neutron

data initially produced were principally the aggregate precursor data (macroscopic data) such

as fission product yields. These data are directly measurable and can be used in reactor

applications. The basic work in this period was performed by Keepin[4], which resulted in

the now familiar six-group modeling of delayed neutron parameters. The next two decades

(1970-1990) have focused on the measurement, modeling and evaluation for the individual

precursor data (microscopic data), primarily fission yields, the delayed neutron emission

probabilities (Pn) and spectra (%d). These advances in these data have been based upon work

in nuclear physics investigating the detailed structure of nuclei. Some the integral data have

also been developed in this period, and small advances in the macroscopic data such as vd

and Xd h a v e also been made.

In reactor technology, recent trends include the increased use of mix-oxide fuels and

the move to increased enrichment and burn-up in current light water reactor designs as well
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as the development of fast reactor designs such as the actinide burning reactor. Accurate

predictions of the kinetic response of these new reactor fuels require reliable data concerning

delayed neutron production. These trends illustrate the necessity for improving the delayed

neutron data available for transuranic nuclides and resolving the discrepancies existing in the

current data. The current delayed neutron data have been shown to contribute significantly

to the large uncertainties in the reactivity scale for fast reactors. To reflect these trends and

to reduce these uncertainties, the improvements in the basic delayed neutron data and integral

benchmark are necessary.

In this paper, status of activities on delayed neutron data evaluation is reviewed and

the actions to the delayed neutron data evaluation are proposed to revise for JENDL-3.3.

2. Importance of Delayed Neutron in Reactor Control

There are two different critical states in a nuclear reactor; the prompt critical and the

delayed critical. In the former state the time scale of the chain reaction is determined by the

prompt neutron generation time, which, roughly speaking, is the average time between birth

and death of a neutron. On the other hand, in the latter one the time scale is determined

mainly by the mean life of the delayed neutrons, in other words, the delayed neutrons act as

pacemakers' for the chain reaction in the reactor. If a step of reactivity will be inserted into

the reactor and consequently the effective multiplication factor of the reactor will become

beyond the prompt critical, the asymptotically exponential increase of the neutron flux will be

much rapid. To avoid such a situation, the delayed neutrons slow down the system behavior,

making reactor control simpler, and the fraction of them gives a criteria in reactivity insertion

to shift from the delayed critical to the prompt critical. The delayed neutrons are therefore

vital for the reactor control although they are a very small fraction (less than 1%) of fission

neutrons. Since the energy spectrum for delayed neutrons is considerably softer than that for

prompt fission neutrons, the effect of the delayed neutrons will be different from the prompt

neutrons. Therefore, the effective delayed neutron fraction, J5eff, should be used in the

application of the reactor control.

In the practical application in the reactor analysis, the fieff allows the conversion

between calculated and measured reactivity values and plays an important role in the theoretical

interpretation of reactivity measurement.

3. Recent Activities on Delayed Neutron Data Evaluation

In 1990, to improve the delayed neutron data available for transuranic nuclides and to

resolve the discrepancies existing in the current data, the NEA Nuclear Science Committee

(NSC) Working Party on International Nuclear Data Evaluation and Cooperation (WPEC)

was set up the technical subgroup (SG6). The activities in SG6 were divided in three
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different levels:

Level 1 : The measurement, evaluation and summation of microscopic delayed neutron

data which are related to the fission process (i.e. yields of different fission

chain, delayed neutrons emission probabilities, decay constants etc.).

Level 2 : The measurement and evaluation of macroscopic delayed neutron data

which related to the total delayed neutron yield per fission, delayed neutron

spectra, relative abundances (i.e. data at least partially integrated on different

fission chains and decay time). These data contain global parameters which

are directly measurable and these can be used in reactor applications.

Level 3 : The measurement and analysis of Peff as the integral test of delayed neutron

data. This provides important and stringent tests related to applications such

as reactor kinetics calculations.

At the time, there was a strong need to bring together the different on-going activities in the

fields of measurement, evaluation and theory since those were nearly independently developed.

The experimental efforts comprised both differential and integral measurements.

In 1990, the first specialist meeting[5] in SG6 was held to review the status of delayed

neutron data, to identify prominent discrepancies, and to prioritize areas for improvement in

the data. Both experimental and theoretical activities directly related to the delayed neutron

data have been in progress around the world; the FP yields measurements in level 1, the total

delayed neutron yields measurements and the delayed neutron group parameters measurements

in level 2 and the international benchmark experiments for peff in level 3.

The second meeting[6] was held to get a clear picture of the state-of-the-art concerning

the activities in three levels. The meeting also devoted to discuss about the short-term

strategy to meet the main SG6 targets. The meeting also allowed a picture of the present

mean and long-term delayed neutron data targets, to be met in the frame of a possible new

subgroup in WPEC. The meeting drew a conclusion that the SG6 will issue the state-of-the-art

report with recommending best delayed neutron data for the major actinides and then will be

closed in 1999.

SIGMA committee in Japan decided to establish a working group on delayed neutrons

to support the SG6 activities in 1996. This working group have been mainly covered the

level 1 and level 3 activities of SG6 as follows:

Summation calculations of FP nuclides,

Theoretical interpretation of FP yields through the fission process

Integral experiments of Peff for not only fast but also thermal systems.

4. Actions to revision work for JENDL-3.3 delayed neutron data

In short time range, the integral data of Peff in fast and thermal systems should be
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collected and can be used for the evaluation of delayed neutron data vd for the major actinides.

If the measured data related to the time behavior of the neutron flux, such as the stable period

data, the rod drop experimental data, are available, the group parameters of delayed neutrons

can be evaluated. From these evaluation, the best delayed neutron data for the major

actinides can be recommended to the adoption in JENDL-3.3.

The considerable experience of the summation calculation have been accumulated in

the decay heat evaluation with reasonably small uncertainties. This experience will successfully

produce the delayed neutron data evaluation with the microscopic data. For the time being

the summation method seems to be less reliable than the integral-type measurements in the

delayed neutron data evaluation since the fission yields and the decay data for the delayed

neutron precursors are not known sufficiently well either experimentally or theoretically. In

middle and long time range, therefore, the accumulation of the microscopic data are necessary

to get the reliable evaluation of the delayed neutron data. A new experimental plan to obtain

the reliable data for delayed neutron precursors, if necessary, will be proposed to modern

facility of radioactive nuclear beam as the advanced experimental studies of the nucleosyntheses

of heavy elements or the so-called r-process as well as of the nuclear structures and reaction.

This plan will be expected to stimulate the research activities in not only reactor physicists

but also nuclear physicists and astrophysicists.
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