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A. INTRODUCTION

The following progress report of the Huclsar Data Section (NDS) of the
IAEA to the International Nuclear Data Committee (INDC) covers the
period from June 1971 to May 1972, This period saw an unusually large
turnover in the mstaff of the Section, Bak (Korea) and Koster (South
Africa) who left the Agency in the first half of 1971 were replaced by
Lemley {los Alamos, USA) and Calamand (Saclay, France) in August and
Cotober 1971, respectively, For budget reasons both posts had to be
held vacant for about six months. During the second half of 1971
Xonshin (USSR), Lorenz (USA) and Kaas (Austria) left NDS and were re-
placed by Vliassov (Academy of Sciences, Kiev, USSR) in March 1972,
Dunford (Atomios International, USA) in April 1972, and Lammer (Seibers-
dorf, Austria) in October 1971. Due to the excellent cooperative spirit.
within the Section and the hard working of every staff member this de-
ficiency of staff could be overcome and the objectives of this period

be attained, although in some cases meeting these objectives was delayed,
At present, NDS is again fully staffed with ten physicists, three pro-
grammers, two data-processing clerks and four secretaries; NDS was
allocated a fourth secretary because of the increase in typing workload,

During the past year, EXFOR bas maiured to a fully workable state such
that operation is routine and responsibilities are clearly defined,

‘A revised EXFOR compilers manual for physicists was prepared by NDS ahd
approved by the three other neutron data centres, A comprehensive
checking programme for EXFOR entries has been developed by KFDS and imple-
mented also by CCDN/ENEA, The EXFOR data scope will be expanded in the
near future to include fission product data,

In May 1972, CINDU-10 was published; it contains an up~to-date
catalogue of experimental and evaluated neutron nuclear data available
from NDS data files.

The publisation of CINDA was continued with two supplements to CINDA-T1
Fublished in June and December 1971 and the new total volume CINDA-T2
rublished in May 1972, CINDA-72 contains 75 000 entries; this represents
an increase of 20 000 entries over CINDA-T1, :

Tha reviews on Pu-239 a, Pu-239 fission and on v data for all heavy
isotopes were completed and will be published in Atomic Energy Review
in the second half of 1972, They represent a substantial progress over
similar work in the past and will be of particular benefit toc national
fast reactor projects,

Following recommendations by INDC, NDS organized a Specialist Meeting
on the -Status of Prompt Pission Neutron Spectra and a Panel on Neutron
Fuclear Dstz Evaluation in consecutive weeks end of August/beginning of



September 1971. The fission meeting attracted much interest apd re-
viewed comprehensively the existing problems in the knowledge and
description of fimsion spectra, The Evaluation Panel produced a com-
prehensive international review of neutron evaluation activities and
evaluated data files,

One of the major achievements during the past year was the production,
jointly with CCDN/ENEA, of the Draft First World Request List (RENDA 72)
for Neutron Data Measurements for Reactors, This document is submitted
to the Fifth INDC Meeting for discussion and approval, With more than
1400 requests it represents a comprehensive picture of the international
requirements for neuiron nuclear data for the development of nuclear
"reactors and nuclear reactor shields, PFurthermore an official list of
nuclear data requests for the development of safeguards technigques was
compiled from contributions from the USA, the USSR and the FRG, A
gimilar request list for thermonuclear fusion is under preparation,

A number of official requests for targets and samples were received from
eight research groups in seven countries, They are abstracted and
categorized in a separate document which is submitted to the Fifth IRKDC
Meeting for congideration and recommendation.

In the field of non-neutron nuclear data NDS organized the First Meeting
of the International Working Group for Nuclear Structure and Reactidn
Data (IWGNSRD) in March this year., The Meeting started a review of
nuclear data requirements for various applied purposes., As a first step,
it defined the major fields of nuclear data application and linked

thegse to the existing compilations,

After the IWGNSRD Meeting a programme committee met in Vienna to pre-
pare a draft dstailed programme for the Nuclear Data Symposium planned
hy NDS for March 1973 and hosted by the French CEA at Baclay or in
Parias, The data scope of the mesting will cover btoth neutron and non-
neutron nuclear data, The full title of the Symposium, "On Intercom-
munication between Users, Compilers and Evaluators of NUclear Data for
Applications in Sciencs and Technology" points to the primary objective
of the Symposium, i.e. to confront nuclear data compilers and evaluators
with the requirements of nuclear data users,



B. INDC SECRETARIAT

B,l. Liaison Officers

The current list of Liaisgon Officers to the INDC comprizes scientists

from 36 countries and is given in Appendix A, Taiwan is no longer in-
cluded in this list as of January 1972, since Taiwan is no longer a Member
State of the Agency., The new state Bangla-Desh is left out from the

list as long as it has not yet joined the Agency.

As in 1971, the individual progress reports submitted by these countries
within the service area of NDS which are not directly represented on
INDC, will be combined into one single document and issued as such after
the ®ifth INDC Meeting.

B.2., List of Correspondents

The current list of "INDC Correspondents for the Exchange of Nuclea
Data Information® has been distributed as INDC(SEC)-23/U in May 1972.
The next issue will be distributed in November 1972,

B.3, Liat of Documents

The current list of INDC documents received and distributed by NDS/INDC
Secretariat has been distributed as INDG(SEC)-22/U in May 1972. The
next issue will be distributed in November 1972.

B.4, Translation of Documents

During the pasf year the following documents of Soviet and Hungarian
origin were translated by the IAEA into Englisgh and distributed as
INDC documents with the following numbers:

INDC(CCP)~15/0 Collection of Abstracts, Volume 10

INDC(COP)-I?/U Nuclear Data Requirements for the Calculation of
Fast Reactors, S.M. Zaritsky et al.



INDC(CCP)-19/U

INDC(CCP)-21/L

INDC(CCP)-22/L

INDC(CCP)-23/G

INDC{CCP)-24/C

INDC (HUN)-7/U

INDC (HUN)-8/U

Planning an Optimum Set of Microacopic Experiments
and Evaluations to Obtain a Given Accuracy in Reactor
Parameter Calculations, L.N. Usachev and Yu.G.Bobkov

Absolute Measurements of Alpha for U-235 and Pu-239
in the 10 keV - 1 MeV Neutron Energy Range,
V.N, Kononov et al.

Radiative Capture-to-PFiasion Cross-Section Ratio for
Pu-239 in the Neutron Energy Region below 50 keV,
A.,A, Bergman et al,

Automation of the Procedure for Checking Information
Contained in the Library of Evaluated Nuclear Data:
the "Posoghok" Programme, V,E, Kolessov et al.

Format of the Evaluated Nuclear Data Library for
Reactor Caleculations, V,E. Kolesov and M,N. Kikolaev
Unfolding of Neutron Spectra from Activation Data

Using the RF01 and RFO7 Codes, L.Turi and A,Fischer

The RESP Programme for Unfolding Neutron Spectra
from Activation Data, A, Fischer and L, Turi



C, MEETINGS

C.l, Past Meetings

4

C,1,1., IAEA Panel on Reactor Burn-Up Physics, Vienna, July 1971

Coincident in time with the Fourth INDC Meeting in Bombay, the Agency
convened & panel on Reactor Burn~up Physics in Vienna, The primary
objective of the panel was to review and summarize the changes in the
state~of -the-art in burn-up physics since the previous IAEA Burn-up
panel in Vienna in April 1967, Following a presentation of a review
report on thermal cross sections for the main fissile nuclides by

HB.D, Lemmel from NDS, the panel also discussed improvements in the
knowledge of thermal nuclear data for heavy isotopes and of Tigsion
product data needed in order to improve the reliability of burn-up
predictions in thermal reactors., The corresponding detziled recom-
mendations of the panel are listed in Appendix B, XNDS plans to review
some of the requested data in 1973, following the completion of the
second update of the 2200 m/sec constants for the main fissile nuclei.

C.l.2, IAEA Consultants Meeting on Prompt Fission Neutron Spectra,
August 1971

At the recommendation of the INDC, the Agency convened an expertis
meeting on Prompt Fission Neutron Spectra on 25-27 August 1971, at its
Headquarters in Vienna. This topic was smelected for a consultants
meeting because of the persistent discrepancy (of the order of ten
percent) between macroscopic and integral measurements {activation
cross sections or fission averaged cross sections) on one hand and
the differential measurements on the other. Recent measurements had
also indicated that the Maxwellian distribution of fission neutrons
was a poorer representation of the apectrum than was previously
agsumed, ’

The meeting did not resolve the discrepancies, The meeting did,

. however, discuss the possible sources of errors in considerable
detail, and a set of eighteen recommendations were formulated (see
Appendix C). These recommendations could form the basis for a pro-
gramme for an effective resolution of the discrepancies in the near
future. The ogonsideradle success of the meeting was due to the high
quality of the papers which the participants prepared and to contri-

butions of the two chairmen A.,B, Smith and A,T.G., Ferguson,



The recommendations reflect the accomplishments of the meeting quite
well, The introduction of Cf-252 as a second standard spectrum on a
level with U-235, and the obgervation that the Maxwellian can no

longer be regarded as a satisfactory approximation are the two salient
features in the recommendations. However, many participants consider
that the most useful parts of the recommendations are those which
describe needed measurements, These recommendations include: Spectrum
measurements should use techniques that specifically identify observed
neutrons as being of fission origin, Better knowledge is needed for
the followings

(1) Angular distributions of fission neutronsj
(2) The most important integral fisaion cross sections;

{3) The fission cross sections of 238y above 500 keV, 235y and 23%Pu
above 100 keVy

(4). Inelastic scattering of 238) above 1.5 MeVy

(%) The age of 2520f fission neutrons in water,

C.1.3, IAEA Evaluation Panel, August/September 1971

The panel was held in Vienna from 30 August to 3} September 1971 and
consisted of 25 specialists from 11 countries, the ENEA and TAEA,

A total of 26 papers were submitted to the panel and a list of the
titles and authors of these papers, as well as the list of participants
and the agenda of the panel are given in document INDC(NDS)—42/G. The
agenda is also given in-Appendix I of this report., Because of the

fact that the panel proceedings will not be published before the last
quarter of 1972 the main highlights of the panel have been summarized
for the benefit of INDC members in document INDC(NDS)-42/G. These
include:

1, The paper by Byer and Schmidt which reviewed the evaluation
activities and evaluated data needs in 23 Member States,

2, The Status and contents of the following evaluated neutron data
libraries: '

UKNDL

ENDF/B-IIT

LLL (Lawrence Livermore Laboratory)

SPENG (Sweden)

KEDAK

Italian and Australian Fission Product Libraries

the USSR Evaluated Nuclear Data Library

the USSR Catalogues of 26-Group Constants, and

the Evaluations of French -Origin in the UKNDL Format.



3. A summary of the panel's deliberations on intsrnatiomal co-
operation in and co-ordination of evaluation activities,

C.l,4. IAEA Neutron Inelastic Scattering Sympogium, Grenoble, March 1972

The fifth in the series of IAEA symposia on this subject was held 6 -10
March 1972 in Grenoble, France, the site of the new high-flux reactor,
The meeting topics were

1. Experimental Techniques and Instrumentation

2. Molecular Crystals

3. Polymers

4. Phonons

5. Liquids

6. Magnetic Systems,

A high quality of reported results'and excellent review papers charac-
terized this symposium,

The conclusions concerning status in the various technical areas are
as followss

1) The investigation of phonons in solids, and the studies of magnetic
systems are characterized by high accurascy of the results when com-
pared with the previous Agency Symposia, The theory is well
developed.

2) Little progress is observed in studies of liquids; particularly
the theory is in an inadequate shape,

3) The work on moleoular crystals, polymers and liquid crystals. bas
only started but offers a wide spectrum of interesting problems
in fundamental and applied research,

C.1.,5, First Meeting of the international Working Group on Nuclear
Structure and Reaction Data, Vienna, ¥arch 1972

At the recommendation of the IAEA Consultants Meeting on Non-Neutron
Nuclear Data and endorsement of the INDC, this working group was
formed and held its first meeting in Vienna on 13-17 March 1972,



The meeting is the subject of a separate report, INDC(SEC)-27/G, and
will be summarized only briefly here,

The Working Group made a rather comprehensive survey of existing
compilations, as well as of the various fields of applications., With
regard to the basic compilation of nuclear level schemes, it was felt
that the situation had improved somewhat since the time of the IAEA
Consultants Meeting on Non-~Neutron Nuclear Data in November 1970,
although the task to cope with the tremendous backlog has not been
solved yet. It was & particular concern of some participants that the
situation might very soocn deteriorate again, when the two-year "crash"
programme of the U,S, National Science Foundation (NSF) has been con-
cluded, Of more immediate nature is the gquestion of the use of re~
packaged data, that is, the compilations exiracted uncritically from
more basic compilations to meet the special requirements of certain
users fields, It would seem that many users of data are relying on
tables with rather obsolete content,

Other recommendations of the Workinmg Group were concerned with a
nuclear data compilation newsletter, with the desired improvement of
the information content of scientific papers in Journals and with
various ways to improve the information feedback from users through,
for example, request lists or questicnnaires,

C,1,6, Meeting of the International Working Group on Fast Reactors
(IWGFR), April 1972

As usual, the meeting reviewed its current status of the national fast
breeder reactor development in the major developed countries, NDS
gave a short description of its current related neutron nuclear data
activities (e.g. data compilation and reviews, RENDA). IWGFR wants
NDS to perform & review of dslayed neutron yield data for Pu-239 in
view of the recent disorepancies found between meagured and predicted
Beff -values for Pu-219,

CoelsT7. NDS Participaticen in Other Meetings Outside Vienna

In October 1971 J. J Schmidt attended the 15th EANDC Meeting in Lisbon,
Portugal with discussions on the joint EXNEA/IAEA production of the
Draft World RENDA List as particular highlight,

In January 1972 T.A., Byer participated in a meeting of the Joint
EANDC/EACBP Subcommittee on Evaluation at Harwell, U.K., which compared
current evaluations of U-235, U-238 and Pu-239 cross sections, In
another meeting of this Subcommlttee in June 1972 in Bologna, in which



Mrs, Attree is participating, the computer conversion programmes for
translation of formats of the main Western evaluated neutron data
libraries will be compared and difficulties discussed,

In January 1972, J,J. Sohmidt attended the 22nd National Conference

on Nuolear Spectroscopy and Structure of the Atomic Nucleus in Kiev
and presented a paper on "International Cooperation in the Field of
Nuclear Data" by L, Hjidrne and J.J, Schmidt, INDC{NDS)-40/U. Conse-
cutive visits during about two weeks to various scientific institutions
in Kiev, Hinsk, Moscow, Dubna and Leningrad conveyed a good survey on
neutron physics measurement facilities and programmes (including com-—
puters), on neutron compilation and evaluation activities and on
achievements, interests and plans in the field of non-neutron nuclear
data,

End of June 1972, Hjdrne will take part in the Third International
CODATA Conference on Generation Compilation, Evaluation and Dissemi-
nation of Data for Science and &echnology and in the Ttb Annual Meeting
of CODATA after the Conference, both to take place at Le Creusot in
France,

C.2, PFuture Meetings

C.2,1, International Conference on the Study of Nuclear Structure
with Neutrons, Budapest, August 1972

This Conference is organized by the Central Research Institute of
Physice and the EStvos Lordnd Fhysical Society, Budapest, and sponsored
by IUPAP, the Hungarian Academy of Sciences and the Hungarian Atomic
Energy Commission, The programme of the plenary sessions and the names
of invited speakers and rapporteurs as contained in the 3rd circular
of 15 April 1972 are reproduced in Appendix E.

C.2,2, International Summer School on Nuclear Data for Beactors and
Reactor Physics, Romania, September 1972

In the beginning of September 1972 the Institute for Atomic Physics
in Bucharest, Homania, is organizing a summer school on nuclear data
for reactors and reaotor physice with mainly Romanian participation
and invited lecturers.from abroad. The subjeots of the summer school
are listed in Appendix ¥, NDS is invited to give lectures on the
subject "Present Status of Nuclear Data and the Effect of Evaluation
Uncertainties on Reactor Design',
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C.2,3, Fourth International Conference on Reactor Shielding,
Parisg, October 1972

OECD/ENEA and the French CEA, in collaboration with IAEA, are organizing
the Fourth International Conference on Reactor Shielding to take. place

in Paris, 9-13 October 1972. The purpose of the Conference is to present
and discuss recent developments in reactor shielding.in all parts of the
world; both the physics agpect in theory and experiment and the engin-
eering aspect of the subject will be covered, The Conference is centered
around the following subjects:

~ (General Approach to Heactor Shield Designj

- Development of Theoretical Methods and Shielding
Computer Codesy

- Engineering Soiutions to Shielding Problems;
~ Nuclear Dataj
-~ Test of Exact Cdmputational Methods and Data,

In addition, a panel is envisaged on nuclear date requirements for
shielding design. A& joint paper by NNCSC, LLL, AWRE, KFK, CCDN and NDS
will be prepared on neutron and photon production data for shielding
available in the major evaluated data libraries,

Cefo4. Second Panel cn Standardm, Vienna, Novembeyr 1972

The second IAEA Panel on Neutron Standard Reference Data will be held
in Vienna from 20-24 Novembher 1972, The official invitations to the
Government of nine Member States reguesting them to nominate partici-
pants to the panel were dispatched during April and it is expected that
by the end of June a provisionzl list of participants and observers
would be available, In addition, three international orgenizations,
ENEA, Buratom and JINR, have been invited to send observers to the
panel, It is estimated that about 20-25 participants will atiend. the
panel, for 11 of whom (apart from the Scientific Secretaries) the
Agency will bear the total costs of attendance. The draft agenda for
the panel as well as the proposed organization of the meeting are dis-
cussed more fully in a working paper being presented for discusasion at
the July INDC meeting. The panel information sheet and agenda is
attached as Appendix G.

C.2,5, Nuclear Data Symposium, Paris/Saclay, March 1973

A programme committee for the TAEA Symposium on the Intercommunlcatlon
Between Users, Compilers, and Evaluators of Nuclear Data fer Applications
in Science and mechnology was convened on 20-21 March with participation
of G.A., Bartholomew, B, Grinberg, D.J. Horen and V. Kulakov. The pro-
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gramme was designed to emphasize the applications of compiled and
evaluated data, and particularly the cost penalties for the various
inaccuraciea and omissions which occur in all compilations, The major
fields of application were identified as follows:

(1) Fission Reactors,

(2) Activation Analysis,

(3) Applications of Radioisotopes (e.g. in Nuclear Medicine)

(4) Safeguards,

(5) Pusion Reactors,

(6) Space and Accelerator Shielding, and

(1) Astrophysics.

A list of topics for this symposium is given in Appendix H.

C.2.6, Third IAEA Symposium on the Physics and Chemistry of Fission

This symposium is currently in the early stages of preparation, No site
has been selected for the meeting which is planned for the summer of '1973,
Topics covered will be approximately the same as the previous two con-
ferences in the geries. However, important new developments in the area
of fission isomers and ternmary f1351on are expected to be discussed,

C.2.7. IAEA Consultants Meeting or Fission Product Data, 1973

As demonstrated by the numerous requests contained in RENDA 72, the
subject of fission product data has attained considerable importance

in modern reactor and shielding design, To a lesser extent it is also
important for safeguards purposes, e.g. for the establishment of rough
burn-up estimates, As a consequence the four neutron data centres have
recently been asked to incorporate fission product data into EXFOR,

KDS therefore plans to convene a Consultants Meeting on Fission Product
Data at a suitable date in 1973 with the following specific topics:

- Figsion product yields for thermal and fast neutrons;

- Fiasion product neutron capture cross sections;

- Pission product half life datag

- Fission product y-ray spectra and intensities;

- Delayed neutron precursors and their data (half lives, emission
probabilities, decay schemes);

~ Integral fission product measurements (Idaho Petten, Studav1k)
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The matter of eventual cosponsoring of this meeting by other relevant
divisions of the Agency will be investigated during the second half
this year. Place and date of the meeting have still to be fixed. The
views of INDC on the subjects of this meeting are sought.

C.2,8, Third IAEA Conference on Nuclear Data, 1974

A working paper has been prepared for the INDC's consideration concerning
the theme and outline of this third conference to be held in 1974.

D, COORDINATING ACTIVITIES AND SURVEYS

D.,1., Draft World and Non-EANDC RENDA Lists

Requests for inclusion in these lists were received from the following
countries in the Nuclear Data Section service area:

‘Australia (15 requests) Hungary (12 requests)
Brazil ( 7 requests) India (10 requests)
Bulgaria ( 5 requests) Pakistan (15 requests)
Bast Germany ( 5 requests) South Africa ( 6 requests)

¢ Pinland ( 4 requests) Taiwan ( 3 requests)

In addition there were 16 requests originating from the Nuclear Data
Section in connection with current review work, and 36 regquests were
received from the USSR,

All these reguests were prepared for entry into the system by Schmidt,
who added appropriate comments, based on reviewers reports, to bring the
requests into line with those from the EANDC countries,

In January/Pebruary Mrs. Attree spent two weeks at CCDN working with

Dr. Lesca on the updating of the RENDA file, including the non-EANDC
requests, and studying the RENDA system., After the updating, subject
retrievals were made by Dr, Lesca and sent to the subject reviewers

for a final control. This was necessary because a number of incon-
sistencies arose in the comments due tc the simultaneous inclusion of new and

* Note that Finland is now an EANDC country, but is included in
the non-EANDC list 28 the requests were gent to NDS,
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revised requests from the countries with the separate reviewers comments,
The latter also produced inconsistencies because of an overlapping of
subjects in some cases, Finally the draft world RERDA, INDC(SEC)-25/G,
and the draft non-EANDC RENDA, INDC(SEC)-24/L, have been printed as
requested by the INDC, (Reference: Informal minutes of Fourth Meeting
of the INDC, held in Bombay, 12-16 July 1971, Item VII,A, page 36).

It should be noted that some requests for fusion applications are in-
cluded in the world list (e.g. Request numbers - 5, 19, 507, 519).

These were submitted by individuals in several countries.

D.,2, Proposal for Future Production and Publication of RERDA

The Nuclear Data Section will undertake the operation of the RENDA system
and the publication of the document following the publication of RENDA-T2,
A proposal for future publication and scheduling has been distributed

to INDC members for their considerstion,

CCDN has kindly agreed to supply NDS with the computer programmes for

the current RENDA system, On the basis of Mrs, Attree's experience

while at CCDN this year and because of the installation of a new com-
puter at IAEA in July 1972 many of the programmes will be rewritten to
optimize the system, At the same time it is proposed to include a cross-
referencing system for comments which will decrease the bulk of RENDA

by removing endless repetition of identical comments by reviewers.

It is expected that a 4-centre operation can be implemented, and
during the summer NDS will send to the other centres a proposal for
the transmission of RENDA data, taking due account of the different
computers and character-sets available at each centre,

D.,3. RBuclear Data Bequest List for Safeguards

In acoordance with the procedures established at the Fourth INDC meeting
for the submission of requests for nuclear data needed for safeguards
developsent purposes, officially screened and sanotioned requesis

have been received from the U,S.A., USSR and the Pederal Republic of
Cermany. The list of data needs have been merged on the basis of in-
creasing atomic number and are presently being examined by the Agency's
Department of Safeguards and Inspection, The merged international
request list, whioh now appears to be of a quality for pubdblication, is
presented in document INDC(NDS)-44/G,
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D.4. Nuclear Data Requirements for Controlled Thermonuclear Research

The NDS has prepared for submission to the INDC meeting in July 1972

a preliminary draft of a report on nuclear data requirements for con-
trolled thermonuclear research (CTR), Data requirements enumerated in
this report were derived from the following sources:

1) Replies to a letter of October 1970 from A, Lorenz to members
of the International Pusion Research Council {IFRC);

2) Agency-sponsored meetings in which members of NDS participated
in discussions of nuclear dataj;

3) HRequests from RENDA 1972 which spscified CTR;

4) Relevant papers from conference proceedings and the literature,

Members of the NDS participated in discussions of nuclear data at two
meetingss

1) Consultants Meeting on Fusion Power and the Environment,
Vienna, 15-17 December 1971, and

2) International Working Group on Nuclear Structure and Reaction
Data, Viemnna, 13-17 March 1972.

From experience with previous request liste assignment of priority

to data requests has been of great value, Extraction of priority
information in replies to Mr. Lorenz' letter was difficult., First,

some letters contained no priority assignments. Second, priority
information was meaningful only in the context of an individual letter
and was lost when data requests were placed together in a common list,
Third, relative priority assignments did not always reflect the relation-
ship of nuclear data needs to other problems in CTR,

For these reasons NDS prepared a list of "Priority Criteria for Nuclear
" Data Requirements in OTR", These criteria were submitted for review
and comment to members of the IFRC and INDC and to others with whom

the Agency has corresponded concerning CTR, A revised version of the
criteria which incorporates as far as possible the comments received
appears in the draft of the report on nuclear data requirements
(Appendix I}, It is recognized that the priority criteria must evolve
with developments in CTR and should probably be rewritien when the
feasibility of fusion power has been demonstrated.

A first draft of the report will he submitted at the end of May 1972
to the IFRC, INDC and other correspondents for comment particularly
on the following:
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1) Content and completeness
2) Consistent‘priority assigmment

3) More precise specification of requested data as to
specific nuclei, reaction type, etc,

4) Complete documentation with regard to energy range,
precision, Jjustification, status.

D.5, Targets and Samples

A modest amount of money (max.US$15 000) has been budgeted for the
present year to assist laboratories in IAEA Member States in the
proouremgnt of targets and samples, A total of eight official requests
have been mdade by member states for assistance., The proposals have been
analyzed according to conditions recommended by the INDC, A report,
INDC(NDS)-43/G, has been prepared summarizing the regquests and NDS
recommendations for the present and future of the programme,

The proposals varied with respect to quality and completeness,
Materials requested were mostly of the rare or fissile type. Only a
small part of the recommended samples can be provided without material
loans from the member states,

D.6, A Survey of Neutron Data for Reactor Radiation Measurements

At the meeting of the International Working Group on Reactor Radiation
Measurements, 19-21 April 1971, in Vienna, the subject of cross section

data for neutron reactions used in reactor radiation measurements was
discussed.

It was concluded that

- there are disorepancies and gaps in the experimental information,
- different values for evaluated data are used in various laboratories,

- at present, no reference set of nuclear data has found general
acoeptance, ’

The Working Group recommended that the IAEA (Nuclear Data Section)

take appropriate steps in order to arrive at internationally acceptable
reference values for those neutron reactions of primary importance for
radiation effects investigations in nuclear reactors.
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As a first step towards the fulfilment of this recommendation NDS is
preparing a status report on neutron cross section data commonly used

in reactor radiation measurements and on investigations of irradiation
effects, for cubmission tc the next meeting of IWGREM (October/November
1972). This survey report shall serve as a basis for the preparation of
specific recommendations and for establishing priorities for further
experimental and evalustion work,

A list of reactionsg to be covered in this status report has been
selected by agreement between a member of IWGREM, Mr. P, Mas (Grenoble,
France), Mr, W. Zijp (Petten, Netherlands) and NDS. This list is con-

tained in Appendix J.

Because of the short periocd of time before the next meeting of IWGRRM
the report will not be an evaluation in the true sense, but rather a
compilation of the more recent experimental data and evaluated data
used at different laboratories and a first attempt to assess the status
of these cross secticns, i.e. the confidence level, discrepancies and
gaps in the availahle information and in ocutline of most urgent needs
for improvement.

D.7. INIS and UNISIST

The International Nuclear Information System has been expanded to its
full scope on a trial basis since the beginning of 1972. At the bhegin-
ning of 1973 the full scope is planned to be covered on a routine basis,
and "Atomindex™ will from then on include references for one whole field
of nmuclear science and technology.

The Intergovernmental Conference on UNISIST was held as planned in 1971.
It was encouraging to note in the final report of the Conference that
subjects of most of the NDS comments to the UNISIST proposals were
touched upon by delegates at the Conference, The final decision on
UNISIST will be taken by the UNESCO General Conference during 1972.

The report has been sent 1o INDC menmbers. '
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E, DATA CENTRE ACTIVITIES

The data centre activities continued much the same as outlined in last
year's report (INDC(NDS)-31, pp 23-39). The present report can there-
fore be brief although it concerns most of the manpower of the NDS,

E.l. NDS Area Service

Political events ohanged the geography of the NDS service area, The
Republic of China (Taiwan) and East Pakistan (Bangla Desh) are no
longer members of the IAEA and the NDS can no longer keep contacts
with scientists in these areas, This is most regrettable since .
institutes in Dacca, Taipeh and others, were among the most active
customers of the NDS data centre,

E,1.,1. Compilation Within NDS Service Area

In fall and winter 1971/72 the compilation work was delayed due to the
Agency's policy to leave posts vacant for six months whenever a staff
member is to be replaced. Meanwhile the posts of H,I, Bak and A, Koster
have been refilled by J.R, Lemley and A, Calamand, who do now most of
the compilation work,

All experimental data are now compiled in EXFOR format., The compilation
of new data has the first priority, lere completeness is achieved by
213 contacting the authors on the ground of progress reports, and

2) by regular scanning of all publications from the NDS servioe area
and of the most important international Jjournals,

Second priority ia given to the compilation of older data-of important
nuclei, This consists of converting DASTAR-entries to EXFOR format and
of detecting and filling gaps in earlier compilations, Completeness

of compilation is assured by comparison with CINDA, Special emphasis
is given to the compilation of old data, when the data centres agree

on a new data-type to be compiled, e,g. gamma-spectra following neutron:
eapture, Third priority is given to the compilation of older data of-
less important nmuclei.

Available nanpbwef allows that the first priority compilation is well
done, the second priority satisfactorily but with interruptions, and
the third priority not at all,
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,1.2, CINDU

CINDU-10 was published in May 1972 and distributed to various institutes
and scientists in the NDS service area, to INDC members and to other
data centres,

CIKDU is an index to all experimental and evaluated neutron data now
stored at the NDS, An introductory part informs scientists how to
make uae of the NDS services and activities, An annex gives detailed
descriptions of available evaluated dats libraries.

It is hoped that in the not too distant future CINDA will have developed
such that CINDYU can be included in CINDA,

F.1.3. Data dissemination and exchange

The statistics of data reguests received and data sets distributed are
given in the two tables overleaf, which are organized in the same way
as in last year's report (INDC(NDS)-31, p.31).

Tahle I gives the request statistics, which is organized in three groups:
(1} *"Incoming" requests received at NDS, (2} "Follow-up" requests,
which are initiated when data needed for an Yincoming" request are not
yet available at the centre, (3) “NDS origin" requests which were gent
out for the purpose of NDS data reviews or completion of files. BEach
request group is sub-divided by service area, where area 1 is the

NNCSC area (North America), 2 is the NDCC area (West Europe and Japan),

3 ig the NDS asrea and 4 is the CJD area (USSR).

Table II gives the statistics of data sets disseminated on request,
This excludes the routine exchange of EXFOR data hetween the centres,

Pata requests include requests for experimental data, evaluated data,
documents or CINDA retrievals, Most frequent request-types ares aend
me all existing dats on specified reactions, or zend me besgt existing
deta on apecified reactions., All data are requested for data reviews
and comparison with own expsriment or theory. Besgt data are requested
for applied purposes, Both request-types include experimental and
evaluated data, for examples latest evaluated data plus more recent
experimental data,



TABLE I
SUMMARY OF NDS REQUEST STATISTICS AS OF MAY 1972

REQUESTS FOR —- Ex"gigf"‘L EVALUATED DATA|  DOCUMENTS HETSIETALS TOTALS
, Cumula~-|{71~72* | Cumula- 71-72% | Cumula-|{ T1-72% | Cumula-| T1-72% Cumula- 71-72%
BEQUEST ORIGIN tive reriod tive period tive period tive period tive period

totals , totals totals totals totals

Incoming from Area 1 23 1 1 0 22 8 o (o] 46 9

" L 3 33 2 2 2 48 19 1 0 84 23

" o3 66 16 40 21 49 14 15 1. 170 52

" " v g 37 3 13 1 9 1 7 o 66 . 5

Incomings Subtotal 159 22 56 24 128 42 23 1 366 89

Follow-up to Area 1 - 56 | 10 1 0 0 0 0 0 57 | 10

L I 52 10 13 vi 2 1 16 2 83 20

U "nooow g 46 | -0 1 0 0 0 0 47 1

" " " 4 29 3 0 3 1 o 0 33

Pollow-up: ~.Subtotal 183 | 23 16 8 5 2 16 2 220 35

NDS origins sent to Area 1 24 8 1 1 2 1 0] 0 27 10

" " w wow 2l 30 5 6 4 3 0 4 0 43 9

" " n " " 3 110 9 0 0 1 1 0 0 111 10

"o "noowon gy 11 1 0 0 0 0 0 0 1] 1

NDS origini Subtotal 175 23 7 5 6 2 4 0 192 30

TOTALS: 517 68 79 37 139 46 43 3 718 | 154

* This column gives number of requests which have been either received at, or originated by NDS

in the course of the last periods May 1971 - April 1972

..6{..
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TABLE II

Experimental Dats Iiissemination*

(as of April 30, 1972)

Number of data sets Number of data lines

Cumulative 1971-1972 Cumulative 1971-1972

total period total period

To Area 1 531 0 34,921 0]
" b 2 253 4] 15,639 0
roono2 1.178 599 181.816 64.155
" " 4 146 0 94,808 0
Total:s 2,108 599 3127.204 64,155

Evaluated Data Dissemination

{as of April 30, 1972)

Rumber of data sets Rumber of data linesn
Cumulative 1971-~1972 Cumulative 1971-1972

total period total period

To Area 1 601 5716 209,770 207.325
wowo 2 617 578 211,374 207.772
" " 3 2.609 1.817 1.365.964 570.449
L 792 419 460,324 69.351

Totals 4,619 3.390 2,247.432  1.054.897

* Excluding EXFOR transmissions
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E,2, CINDA

The production of CINDA, the computer index to the literature on
microscopic neutron data has continuad as desorlbed in last year's
report INDC{NDS)- -31, p.30

E.2.1. CINDA Publication

The nsew cumulative 1ssue .CINDA 72, was pudblished in June 1972, It is
envisaged to publish a oumulative 1ssue of CINDA annually around June,
followed by a supplement around December, The rate of literature relevant
to CINDA is still growing: CINDA-72 (cut-off date May 1972) has 87 000
entries as compared to 75 000 entries in CINDA-71 (cut-off date November
1970) and 55 000 entries in CINDA-69. Thie volume inorease demanded

that CINDA-T2 had to be published in two volumes of about 800 pages each.
The partition was done by elements: vol. 1 including 1-E to 54-Xe, and
vol, 2 from 65-Cs up. For technical reasons this partition was preferred,
although there are valid arguments in favour of a partition by reference-
date,

The economics of the CINDA productlon by JAEA is based on the bulk

orders by ENEA (500 copies) and by USAEC (previously 400 copies).
Additional copies are sold to the USSR, to countries in the KDS service
area and through the Agency's sales agents. For the continuation of CINDA
it is essential that the bulk orders remain at the present level !

£.2,2. ‘CINDA‘Coﬁerage

The number of CINDA-entries mentioned above illustrates that all CINDA-
centres and individual CINDA-indexers performed a huge job, and the com-
rleteness of CINDA can be regarded. as.satisfactory., Nevertheleas it must
be noted that the. coverage of laboratory-reports needs further improve—
ment, In particular it had been pointed out that the CINDA-bibliography
to the evaluated data files UKNDL and ENDF/B was insufficient. It is
hoped that this can be improved during the next year.

The list of references inoluded'in CIhDA contains about 250 scientific
journzls, 200 report-series, 120 books and conference proceedings, as
well as many private communications,
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E.2.3. CINDA Development and International Data Index

The re~programming of CIKDA at NDC( has made much progress and is almost
completed, Parallel programming was done at Oak Ridge, It is hoped
that the CINDA operations will start under the new system in fall 1972.
The reprogramming was done for two Teasons: a) the fast increasing
file-size of CINDA required greater sophistication in the file-mani-
pulation, which took intolerably much computer-time under the old
systemy b) several new featurez will be introduced, two of them are

of particular interest to CINDA userss acceSSLOn—numbers to numerical
data files will be given together with the relevant bibliographic
references, and unimportant references (e.g. progress~reports. after

the appearance of the final publication) will be excluded from the book
though not deleted from the internal file. The introduction of these
new features to old entries will proceed gradually.

NDS had been in continuing consultation with NDCC on the development of
the new CINDA-system,

E,3, Inter-Centre Cooperation

E.3,1, Status of EXFOR System and Data Transmission

The scope of EXFOR remains unchanged, The compilation of fissicn-fragment
data is not yet started. Crouch (Harwell) is preparing a fission-product
classification scheme, In cooperstion with NDS this will be transformed
into a definite coding scheme for TXFOR and will be submitted to the

next Four-Centre Meeting in October 1972,

The quality of EXFOR entries is being carefully controlled by all centres,.
Regular dictionary transmissions take place which helps to ensure con-
sistency of compilation in all centres,

The table below shows the total number of exchange tapes and the total
number of entries transmitted as of 10 May 1972,

Centre Tapes Entries (as of May 71)
1. NNCSC 5 63 17
2. CCDN 5 113 (16)
3, NDS 3 109 (82)
4. GCJID 2 23 .(15)



- 23 -

E,3.2., EXFOR Manual and Four Centres Agreement
The EXPOR gystem is now laid down in the following documentss

1, Protocol for cooperation between NNCSC, NDCC, NDC and CJD for the
systematic exchange of neutron data information., The version as
amended at the last Four-Centres meeting is included at the end
of INDC(NDS)-41. This "protocol" gives the general guidelines for
the data-exchange through the EXFOR system, :

2, The Systems Manual, consisting of

a) the "EXFOR Manual® containing conventions, codes, and formats
basic to the programming system;

b) "LEXFOR", a lexicon-type collection of instructions to the
comp11ers including physics definitions and rules how to use
the EXFOR system in specific examples,

\

The documents 2a and 2b are unpublished and intended for centre-internal
use only. They are currently updated by exchangable pages, following
four-centres agreements reached at meetings or by exchange of '"4C-Memos",
Although the system has been in full operation for almost two years, it
is still developing as new data-types require new definitions and,as
more refined programmes for checking and data processing are developed,

An example of an EXFOR-entry is shown and discussed in the introductory
pages of CINDU-10,

E.3.3.' Seventh Four Centres Meeting, Brooxggven. October 1971

The agenda of the 7th Pour Centrea Meeting at Brookhaven, 25-29 Ootdber
1971, reproduced in Appendix J, showed a broad scope ranging from de- .
tailed discussions of experiences with the EXFOR neutron data exchange

to discussion of long-term trends such as future expansion of the present
four centres cooperation to non-neutron data centres, Highlights of the
meeting ares '

-~ EXFOR has matured to a fully workadble state with clearly defined
responsibilities, NNCSC is responsible for maintaining and updating
the. full EXFOR manual, KDS for maintaining and updating . the EXFOR
dictionaries and protocol.
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A thoroughly revised EXFOR compilers manual for physicists (LEXFOR)
which was prepared by NDS (Lemmel) was approved by the meeting, The
comprehensive checking programme for EXFOR entries developed by NDS
(Attree) was adopted hy CCDN: also CJD is greatly interested in it,

~ The EXFOR data scope will be expanded in the near future to include
fission product data., 4 proposal for EXFOR coding is to be worked
out in cooperation between Harwell specialists and NDS.

- In the framework for coordination of evaluation activities the
meeting supported the NDS proposal of a world-wide evaluation news-
letter,

- Regarding future four-centre cooperation on RENDA, NDS was asked to
submit a detailed technical proposal to the other centres (see section
D.2. of this report),

- For the first time a representative of a non-neutron nuclear data
centre (Dr. Horen, director of the Oak Ridge Nuclear Data Project)

took part in the four centres' deliberations, Non-neutron nuclear
data needs for reactors, safeguards and fusion were discussed,

The next Four-Centres Meeting will take place in Vienna, 16-20 October 1972,

E.4. Data Reviewsg

B,4,1, 2200 m/sec Fission Consiant Review

The IAEA will perform a third evaluation of the 2200 m/sec values in
1972 which will supersede those published in Atomic Energy Review in
1965 and 1969, The new recommended values will be prepared during the
fall of 1972. The experimental data and their accuracies which will be
used as input in the evaluation will be reviewed by consuitants, Four
congultants have been tentatively proposed: Drs Axton, Deruytter,
Leonard, and Story, Dr. Lemmel (IAEA) will be respons1b1e for the co-
crdlnatlon and Dr., Dunford (IAEA) for the computer aspects of the review.
All final detail will be completed at a meeting of the consultants pre~
ceding the November 1972 Standards Panel.

The most important change will be U-235 fiassion cross section, DIeruytter's
result, which is based on the confirmed lower value of the U~-234 half-
life, has such an accuracy that it would greatly influence the fit and
ra1qe 6, U-235 from 580,2 barns (1969) by a few barns, probably not ex-
ceeding 587 barns. The U-233 fission cross section, which is atrongly
influenced by ratio measurements, will alsc be raised The Pu-239

fission cross section may not be seriously affected since the 1969
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recommended value has been experimentally confirmed, However, Deruytter
pointed out that a recent experiment has indicated a low value of the
Pu-239 a half-life and this could therefore lead to a change in Op Pu-239,

It is difficult to predict the influence of the inoreased U-235 fission
cross-gection on the other fitted data, but the correlation matrix of
the fitted data shows that the v values vill go down "a bit", However
v will not change as much as to leave the product vof -Qﬁ! unchanged,
as De Vélpi assumed, Instead, and ¢ of U-235 are both 11ke1y to go
up "a bit", Here "a bit" means the order of magnitude of a tenth or a
few tenth of a percent,

’

With respect to experimental data of v (Cf-252) the situation has not
yet changed, Nevertheless, a new least-square fit is likely to yield

a value of v (Cf-252) "a bit" lower than previously due to the fol-
lowing consideration: one can deduce from fission cross-sections,

7 and & values of the uranium and plutonium isotopes, and from v -ratios
versus Cf-252 an "indirect" value of v (6f-252) which is independent of
absolute measurements, In 1369, this "indirect" value of v, (Cf-252)
was 3,784 + 0,014, This value, which has an accuracy comparable to the
best absolute meagurements, will go down "a.bit" due to the higher
uranium fission cross-sections., Thus, the preference that was found

in the 1969 evaluation for higher v-values, will no longer be as strong,

A more general "least squares" fitting programme has been obtained from
Chalk River and made operation here in Vienna., It will be poasibdble

to increase the number of variables considered with no major reprogram-
ming effort., Attempts have been made to quantify confidence level and
not just statistical errors,

E.4.2, Review of Past Pu-239 Alpha Data

This review Jointly undertaken by M.G. Sowerby (Barwell) and V.A. Konshin
(formerly WDS, now at Minsk-Sosny) which was described in the last ¥DS
progress report to INDC is nearing completion and will be published in
the Atomic Energy Beview in the second half of 1972, It represents a
real evaluation, as a serious attempt has been made to detect and discuss
systematioc errors in the individual experiments and to assign weights
reflecting not only the statistical but also the systematic errors in
each of them, The recommended "best" values of alpha can be taken to
have an average confidence level of about + 10% at energies where a is
important, '
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E.4,3, Pu-239 Fagt Fission Cross Section Evaluation

A simultaneous evaluation of the Pu~239 fission cross section and the
fission cross section ratio, © Pu-239/0 U-235, has been performed
from 1 keV - 10 MeV, and detaiied comparisona of the regsults of this
evaluation with those of Davey, Sowerby et al., Oreene et al, and Hart
have been made, It is expected that this work will be published in
Atomic Energy Review in the second half of 1972, as soon as the
refereeing of this evaluation (by Dr, M.G. Sowerby (Harwell)) is com-
pleted, The draft report on this work is presented in INDC(NDS)-33/G,
The major conclusions of this review are:

First, that the ratio data of Gilboy and Knocll and the two ratio points
of White et al, at 40 and 67 keV cannot be reconciled with recent

Op Pu-239 and Oe U-235 data. Second, the old 1968 o, U-~235 data of
Poenitz is incohsistent with the absolute g, Pu-239 gata of Szabo et al,
and all the available fisgion ratio, O, Pu~§39/c U-235, data between
300 -~ 800 keV, Third, there appears to be a fungamental inconsistency
between the data for the following six data types: 0. Pu-239 and

op Pu-239/0, U-235, 0 Au-197 and ¢ Au-197/0, U-235,70_ U-238 and

s, U—238/crf U-235. This is suggested by the fact that the first two

data types above support the "high" White, Szabo and Kippeler g, U-235
betwaen 300 ~ 800 keV, whilst the last four data types above tend to
support the lower Gf T-235 data of Poenitz,

Finally, the estimated systematic errors of the recommended values
0, Pu-239 and g, Pu--239/af U-235 are:

o, Pu-239 Op Pu--239/<5f U-2135
1-10 kev 6% 1-10 kev 8%
10-30 kev 5% 10-30 kev 4%
30-600 kev 4% 30-100 kev %
600-1000 kev 5% 100-600 kev  2,5%
1-2 Mev 8% 6£00-1000 kev 3-3,5%
2-10 Mev  8-10% 1-2 Mev 4.0%

2-10 Mev 6-7%

E.4.4. Status of v Data

Following the recommendations of the IAEA Consuliants Meeting on v held
in Studsvik, Sweden, in June 1970, which were affirmed at the last INDC
Meeting in Vienna, NDS bas completed a thorough compilation of all
measurements on v published up to the end of January 1972, which includes
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not only the numerical data but alsothe eassential physical “information
related to the measurements; i.e, method of measgurement, type of detector

and standard used, analysis and corrections carried out as well as errors
considered,

The data taken into consideration in this review are:

i, Absolute v value for the spontaneous fission of Cf-252,

ii. Thermal values,
iii. Prompt-v values for spontaneous fission,

iv. Energy dependent v values for the heavy isotopes
(2 »90) from thermal to 15 MeV,

Ve Delayed-neutron yields.

vi, Neutron multiplicity measurements for resonance fission,

All experimental data bave been renormalized to recommended standards,
A weighted least-squares orthogonal polynomial fitting analysis was
applied to the v_ renormalized data and “"best fits" deduced for the
energy dependencg of the v_ values of each isotope, Tables of recom-
mended values of v_ and ;t as function of the incident neutron energy
are included,

A study of the systematics of the thermal and spontaneous fission v
values was carried out and relationships given which allow the pre-
diction of the thermal V. value of any nuclei, either from the cor-
responding vp value for “spontaneous fission or as a function of Z and A,

Attention has been also paid to the problem of the energy dependence
of the delayed neutron yields. Their dependence on Z and A was also
analysed. : :

This review will be distributed by NDS as report INDC(NDS)-34/CG, and
will be published in "Atomic Energy Review" by the middle of 1972.
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List of Current Liaison Officers to the INDC
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Poland
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Romania
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May 1972
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Néve de Mevergnies, M.
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Nad jakov, E,

Martens Cook, P,
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Rocek, J,

Moeller, H.B.

Munoz, R.

El~Nady, M,
Saastamoinen, J,
DPritsa, S.

Kluge, G.

Rouhanine jad, H.
Abdulla, Ali Attiyah
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Nuclear Data Recommendations

of the IAEA Panel on Fast Reactor Burn-Up Physics

Since the last panel was held on fuel burn-up physics, knowledge of
basic nuclear data has significantly improved, in particular, with
respect to plutonium data. The precision of certain data and data
evaluation, however, require further improvements, The panel believes
that the efforts of the IAEA and other nuclear data evaluation centres
is providing best~value thermal neutron data for the fissile isotopes
should be continued in order to resolve certain indicated discrepancies
and to include more comprehensive and accurate data in the evaluated
data sets., The INDC and other request lists are reasonably complete,
The panel attempted to identify the data requirements which are of
greatest significance for burn-up physics predictions, In particular,
panel members note:

1, Comparison of theoretical predictions with isotopic measurements
and critical experiments indicate that possible inaccuracies in
the thermal and resonance cross sections of the plutonium isotopes
may be responsible for some of the observed discrepancies. Some
comparisons which indicate a consistent tendency to cverpredict
reactivity, suggest that the 0.3 eV Pu-239 resonance capture cross
section should be increased, The 2200 m/sec normalization and the
energy dependence of the Pu cross sections should be re-evaluated
to 4 eV, The accuracy of the Pu~242 cross sections also should be
improved.

2. Accuracy of the thermal cross esctions and figsion yields should
be improved where needed, and siandard values should be tabulated
for the following nuclides that are most important in burn-up
physics measurements and analysis for thermal reactors: Xe-135,
Nd>143, Sm-149, Bh-103, Xe~131l, Pm-147, Rh-105, Sm-151, Sm-152,
Cs-133, Eu-153, Pm- 148 Bu-155, Te-99, Ag ~109, Nd~145 Sm~150,
Eu-154, Bu-103, Pd- 108 Cu—113, In—115, I-127, Gd-157, Kr—BS

and H Increased accuraoy ig required for the nucl1des that are
used }n measurements: Nd- 148 Ba-140, Cs-137, 2r-95, Sr-90, Ce-144,
Nd-146 and Nd-150, The preceding is & list of the isotopes that
are important in burnup calculations, The accuracy of the nuclear
data for some isotopes is better than for others and the order is
of no significance,

3. Recommended values for the energy released in fission for Th-232
gnd the uranium and plutonium isotopes should be developed, The
discrepancies between solid state surface barrier and velocity
measurements of fission fragment energies should be resolved, Also,
there is little reliable data for scme nuclides such as Pu-241 and
additional measurements are needed,
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4. More accurate energy dependent cross-sections are needed for
Am-241, Am-243, Cm-242, Cm-244, Pu-238, Np-237, and Pu-236.
The accuracy of the n-Zn cross sections for Np-237 should be
improved,

The preceding are listed in order of estimated priority. It is recom-
mended that the Agency undertake appropriate action to egtablish best
values for these nuclear data.

The panel made special note of the data and standard requirements for
improvement of burn-up determination and concluded that improved data
determinations would contribute to improvement of the accuracy of burn-
up measurements,

For fission product monitor methods of burn-up determination the

accuracy of the fission yield values for the thermal fission of U-23§,
Pu-239 and Pu~-24l1 should be improved to increase the overall accuracy,

For fast flux irradiations and for the fission of other heavy element
nuclides much improvement is needed, Increased information is needed

on the variation of fiassion yield with neutron energy and fissile nuclides,
Fluence monitor activation nuclides require more accurate energy dependent
neutron capture cross section values, Improvement also is required in
the accuracy of the decay schemes for nuclides used in gamma spectro-
metric techniques, It is recommended that the Agency take necessary
action to establish best values for this data,

Standards of known isotopic composition and purity are available for
uranium and neodimium but not for plutonium, This requirement is very
important for calibration of mass spectrometric measurements., Two
standards should be made by mixing high purity separated isotopes of
mass 239, 240, 241, and 242 {o give isotopic compositions of about
(50%, 25%, 13%, 12%) and (65%, 20%, 12%, 3%) respectively. It is sug-
gested that the IAEA look into the provision of gram quantities of this
standard to Member States,
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Consultants Meeting on APPENDIX C
PROMPT FISSION NEUTRON SPECTRA

Recommendations

Recommendation no. i:

We recommend that the fission neutron spectrum of 235U arising from fission
induced by neutrons below 150 keV should be regarded as a standard. High
priority should be given to its precise determination over an energy range
from below 150 keV up to above 10 MeV. The experimental data should be made
available in tabular form including estimated errors. We suggest it would
be valuable to make stricily comparable measurements of the fission neutron

239

spectra of other elements such as Pu at the same incident neutron energy
and under essentially identical experimental conditions to those used for
the "standard" measurements. The point by point ratios of the unknown to

the standard would constitute valuable data.

Recommendaticn no. 2:

252
High priority should be given to the determination of the 5 Cf fission

neutron spectrum to the best possible precision over an energy range from

235

a few keV up to at least 10 MeV, and to relate this to the U standard.
The quality of the results should be such as to make it a "standard™ fission

aneutron spectrum.

Recommendation no. 33

It is recognised that a simple Maxwellian form does not satisfactorily

fit all observed fission spectra.

Recommendation no. 4:

235U 238 239

The shape of the fission neutron spectra of ' U, Pu,-and if possible,
higher Pu isotopes - as a function of incident neutron energy should be studied.
The fission neutron spectra should be measured over the entire fission neutron
energy range from 200 keV to 410 MeV. Techniques that specifically identify

the observed neutrcns as being of fission origin should be used in order to
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avoid distorting the fission neutron gpectrum by elastically and in--
elastically scattered neutrons. The experimental data should be made in

tabular form inclﬁding the estimated errors.

Recommendation no. 5:

Measurement systems employed in microscopic~fission spectrum experimenté
should be well calibrated using a controlled monoenergetic neutron source
and a standard such as hydrogen or carbon or other methods of equivalent
accuracy, e.g. associated radioactivity or associated particle counting
mahgahese bath, etc. The calibration should be inclusivé of corrections

for muliiple processes and other perturbations.

Recommendation no. 6:

Angular distribution measurements of fission neutrons relative to the
direction of the incident neutron seem necessary as anisotropies of un-

known magnitude may arise from a number of underlying causes viz,

a) effect of anisotropic fission fragment angular distribution

b) effect of a possible anisotropy in emission of neutrons from
the fission fragments in the centre-of-mass systems.

c) to discover some possible systematic errors in the neutron spectrum
measurements. .

Recommendation no., 7:

Particular attention shculd be paid to measurements of the low energy -

parts of the 2520f, 235U and other fission spectra where, in some experiments,
| the mejor departures from a simple Maxwellian shape have been suggested. In
order to carry out time-of-flight measurements in the low energy part of the
2520f spectrum, a detector of well known efficiency and smooth energy de-
pendence from 1 keV — 200 keV, insensitive to gamma-rays below 2 MeV, is

required.
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Recommendation no. 8:

It is recommended that a theoretical understanding of the shape of fission
spectra and that of {;(En) are very desirable in the long-term. To achieve
this, multiparameter investigation of neutron spectra versus fragment mass,
iT(A) and fission fragment mass distributions as a function of incident

energy should be encouraged.

Recommendation no. 9:

The limited validity of Terrell's T (i:) formila must be recognized concerning

the possible differences in connection with:

a) the different type of fission reactions, and

b) the different excitation energies.
Rotwithstanding this, however, in the absence of any empirical datas the
broad predictions of Terrell's formula must be regarded as the best available

for applied use.

Recommendation no. 10:

It is recommended that data on fission neutron spectra should be trans-—
mitted by the experimenter tc his local muclear data centre in numerical
form as measured. A hard copy should be sent to the Muclear Data Section of
the TAEA who should correlate them and, at an appropriate time, issue a
compilation and review. 4 detailed technological description of the experi-
mental apparatus should be given and the environment deacribed. A tabulation
of the important parameters of the experiment should accompany the data.

A clear account should be given of the corrections already applied to the
data.

Recommendation no., 1l:

Fundamental microscopic integral cross sections ( }(@ is the thermal fission

spectrum of isotope A)

= 238 = 235

1. O-f (X2357 U)y 0.;- ( x2351 U)
— - . 2
T, (2’252, 23843 and 0, 7(252, 349

should be determined to an accuracy of + 2 - 3%, preferably at more than

one laboratory.
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238
2. X235, 3 U) and O (X235, 235 U) should be determined in an
alternatlve approach, using pulsed-source and fast timing technlque for
background reduction..

Recommendation no., 12:

In order to enable a more reliable interpretation of important integre.
measurements, absolute fission cross section measurements are required
for the following:

a) 238 : E = 500 keV - 1.3 MeV; AT =10mb

En-—- 1.3 - 2.0 MeV (AE = + 25 keV); 4%9: = + 3%
E > 2.0 wev; AT .y 2% "

D g..
b) 23511; E_> 100 keV; %g = + 2%

235

In view of the fact that the U fission cross section serves as basic
standard for the majority of fission and csapture cross section measureménts
it is highly recommended that the second IAEA Panel on Neutron Standard
Reference Data (planned for”the second half of 1972) &onsider the 235

fission cross section as one of”the main discussion items.

c) 239?11' E > 100 keV'é—U:- s 2%

Recommendation no. 133

Measurements o 2>°U inelastic scattering should be extended above 1.5 MeV.
Cross sections for individual levels should be reported wherever ‘possible;
otherwise cross sections over small energy intervals (250 - 500 keV) would

be acceptable. If the degree of angular anisotropy is shown to be small

(~10 ~ 20%), then energy spectra at one angle (preferably 55°) would suffice.

Recommendation no. 14:

It is 'reéognized that in some circumstances it will be necessary to use
‘detectors based on the 6Li (n,x )T reaction, e.g. Li glass, or sandwich
detectors. The group is concerned that this cross section is still inadequately
known above 100 keV. For some applications especially below 100 keV, it is

necessary to know the triton angular distribution.
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Recommendation no. 15:

The age of 2520f fission neutrons to indium resonance in H20 should be determin-

ed to at least + 0.5 cm2‘using an ideal point source.

Recommendation no. 163

In fission-neutron studies, careful attention should be given to spectral purity

and a controlled environment.

Recommendation no. 173

Waerever possible, detectors employed for both differential and integral
measurements should be carefully calibrated with a controlled mono-energetic
nzutron source. Foils used should be retained and made available for sub-~

sequent study and exchange.

Recommendation no, 18:

More detailed information on the experimental equipment and the environment
ahould be provided together with the assumptions used for the analysis of
the experiments and (including) the assessment of the corresponding corrections

and errors.
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Agenda
for the IAEA Panel

on Neutron Ruclear Data Evaluation

Evaluation activities in Member States, important evaluation needs

and

the azssessnent of these needs

Status and qu: .ity control of evaluationss:

A,

B.

Basi
A,

Status of existing evaluated data libraries

Quality cosntrol - format, consistency and physical checks -
influence of macroscopic experiments and adjustments to
evaluated data sets

¢ rules of neutron nuclear data evaluations

Comparison of experiments and the criteria used

to characterize agreement

Handling of discrepant experimental data
Weighting and fitting procedures
Reference standards used in evaluation
Documentation of evaluations

Assessment of the errors of evaluated data

Establishment of computer libraries of evaluated data and
asgociated computer programmes:

Formats, editing and user programmes
Practical problems of representation of evaluated data

Technical problems connected with the exchange of evaluated
data libraries - conversion from one format to another

Role and efficiency of nuolear theory in evaluation

I,

Besolved and Unresolved resonancess

A,

B.

C.

Present status and formalisms used

Experiences, limitations and achievements in the
application of theory to resolved resonance evaluation

Energy and spin dependence and systematios of average
resonance parameters



- 38 - Appendix D,
page

D. Importance of resonance interference and intermediate
gstructure in fission on the Deppler effect

E. Representation of resoived and unresolved resonance data

IT., Stetistical, Optical and Direct Interaction Models:

A, Availability, quality of and estimated computer time
for computer codes

B. Physical adequacy and convenience of data representation

C, Comparison of computer codes - possible reasons for
discrepant results
6, International cooperation in evaluation, coordination of evaluation
activities and possible improvements in the international exchange
of evaluated data,
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CONFERENCE ON NUCLEAR STRUCTURE STUDY WITH WNEUTRONS

Organizing Committee

Secrerary:

HUNGARY, 1979,

Chairman: Professur L. Janassy ?Jc:;:r::‘v of High Encray Physi
Professor D. Ki Re. PR
50 iss BUDAPEST Central Rescarch Institare
APE of Physice,

31 - Augu
July 31 ugust % Budspert. 13, POB g0, Hancar,

Telephone: 166-347
Telex: 3671
3rd circular

April 15, 1972

organized an sponsured by the Central Research Institute of Physics and
EStvds lLorand Physical Society,

sponsored by the International Union of Pure and Applied Physics,
Hungarian Academy of Sclences, Hungarian Atomic Fnergy Comission

The Conference will consist of plenary sessions of gefieral interest
in the morning and of a few, probably three parallel specialized sessions
in the afternoon. The preliminary program of the plenary sessions is given
below. The program of the afternoon parallel sessions will be established
after the rcception of the contrtbutod papers /deadline: 1 May, 1972/.

PROGRAM OF THE MORNING PLENARY SESSIONS

Monday, 31 July Jafternoon/

Openlng address - L.Janossy, Vice-president of the Hungarian
Academy of Sciences

Introductory talk: I.M.Frank /Dubna/

Nuclear spoctroscopy with ncutrons
invited speakers /1S/: R.O.Lanc JOhlo/ and Yu.P.Popov [Dubna,
summary of contributed papers /SCP/i H.H.Bolotin /Melbourne/

Tuesday, 1 August

Optical mndel IS: G.R.Satchler /Oak Ridge/
SCP: N.Cindro /[Zagreb/

Nuclear fission I1S: V.M.Strutinsky /Kiev/

Ultra cold neutrons 1I1S: F.L.Shapiro [Dubna/

Wednesday, 2 August

Statistical model and intermediate structure
IS: H.H.Barschall JLlivermore, pending/ and C.Mahaux ILléqe/
6CP: H.A,.Weidenmilller /Heldelberg/
Thursday, 3 August
Trxip to the Lake Balaton

- ¥ridsy, 4 August

Neutron capture mechanism and non-statistical effects
ISt R.E.Chrien IBrookhavenI and S.F. Mughabghab /Brookhaven,

pendingl
8CP: 1.Berggvist lbundl and I,.M.Bollinger /Argonne,; pending/

Saturday, 5 August

New high intesity neutron sources
I8t §.W.Cierjacks [Karlsruhe/, R.Fullwood /Los Alamos, pending[,
E.Moll /Grenoble/, Yu.S. Yazvitsky /Dubna/
Closing lecture: Neutron physics, present and future E.Lynn {Harwell,
pending /
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SUBJECTS

for the International Summer School on Nuclear data

for reactors and Reactor puysics. Bucharest, Romanie,

September 1972

Nuclear data for reactors

The present stage of neutron nuclear data for reactors
and the effect of evaluation errors on the accuracy of
reactor parameters calculations.

- requirement of nuclear data
- check up and comparison between nuclear data;
- status of nuclear data libraries;

- exchange and distribution of nuclear‘data.

The role and efficiency of nuclear models in evaluating
neutron. nuclear data:

- nuclear models;

- the calculation-experiment consistency

- extrapolation nlethods.

Present stage of knowledce regarding nuclear data
for moderators and reactor structural materials :

- evaluation of data for thermal neutrons, resonance and

fast neutrons;

4=

- isotopes and cross-sections of particular interest.
Evaluation of cross-sections for fissionable materials:

-~ evaluation methods:;

- comparison with existing data;

- discordant points; ‘

- relationships between microscopic and integral sizes.

Nuclear reactor phvsics

Present stage of calculation methods for the parameters
of thermal and fast reactor lattices.
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Experimental methods for: -the determination of integral data
necessary for thermal and fast reactor calculations,

Theoretical and experimental problems concerning neutron
thermalization and the calculation of thermal neutron spectra,

Methods for optimizing and observing the fuel burn up in
pover reactors, '

Present'pioblems in fast reactor physics.
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International Atomic Energy Agency

Second Panel on Neutron Stardard Reference Data

Vienna, 20 ~ 24 November 1972

INFORMATION SHEET

l« Introductione.

The accuracy and priority requirements for neutron cross sections of
structural and fuel element materials needed for the design and safe
operation of fast breeder power reactors and for neutron flux dosimetry,
necessitate precise knowledge of neutron stardard reference data. Towards
this end, the objectives of the panel are to quantitatively assess the
progress in the field of neutron standard reference data since the first
IAEA panel on this topic, defire availavle precisions and identify and
seek to resolve outstanding problems. The panel will be asked to report
to the Director General of the Agercy on the current status of the topics
discussed and to recommend guidelines for future work in this field. It

is estimated that the size of the panel will be about 20~25 participants.

2. Participation and Orsanization.

Upon receipt of the name of the participant recommended by your
Governmant, the Scientific Secretaries of the panel, Drs. T.A. Byer and
JeRe Lemley, will then contact the participant from your country regarding

the preparation of a written contribution for the panel discussions.

3., Agenda for the Panel.

The draft agenda for the panel (see Annex I) will ve discussed at the
forthcoming meeting of the International Nuclear Data Committee (I¥DC) and
the provisional agenda will then be transmitted to the officially nominated

participant after the INDC has completed its deliberations.
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Annex T.

Draft Agenda for the Second IAEA Panel on
Neutron Standard Reference Data

ﬁiehna, 20 - 24 November 1972

I. Opening of the Panel.

IX. Reports by participants on neutron standard reference data activities
in their countries.

I1I. Review and detailed discussions ofs -

A. Light Element Standards.

1. Li-6(n,x) cross section for fast neutrons. _
2+ B-10 (n,x) and B~10 (n,X ¥) cross sections for fast neutrons.

3. He-3 (n,p) cross section for fast neutrons.

B. Fission and Capture Standards.

l. U-235 fission cross section.

2. ¥ for Cf-2%52.

3. Au~197 fast neutron capture cross sectione.

4. The 2200 m/sec fission and capture cross sections of the
fissile nuclides.

IV. Formation of Working Groups to summarize the current status of the
tcpics discussed and to draft recommendations and conclusions of the
panel.

V. Discussion of the conclusions and recommendations of the panel and
preparation of a draft report to the IiBa.
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List of Topics for Nuclear Data Symposium, Faris/Saclay, March 1973.

(a) Nuclear Data for Fisgsion Reactors

- Use and critigue of neutron and non-nsutron nuclear data
evaluations in reactor technology including shielding

-~ Cost penalties in reactor technology due to inaccurate
or inadequate evaluated data

- BServices of the four neutron data centres to the reactor cummunity
-~ Special compilations of practical importance, e.g., of fissimn
product nuclear data
() Nuclear Data for Activation Analysis
- Critical judgement and needs for improvement of existing
compilations of nuclear data used in the various applications
of activation analysis with thermal and fast neutrons and with

charged particles

- Eccnomic consequences of deficiencies in nuclear data com-
ilations in various applications cof activation analysis

-~ Special compilations of nuclear data for use in neutron and/or
charged particle activation analysis
(¢)  Status of Compilations and Evaluation of Nuclear Structure
and Rezction Data

~ Presentation by the Nuclear Data Project, Oak Ridge

- Contributions from compilation and evaluation groups

{1) MNuclear Data in Applications of Radioisotopes

~ Use and critique of available compilations in medical
(diagnostics and therapeutics), biological, industrial and
any other appliecation of radicisotopes

Contributions on specific evaluations of radicisotope nuclear
data (examples: tables by Mariin and Blichert~-Tsft and by
Dillman)

P
o]
e

Nuclear Data for Safeguards

— The role of nuclear data in destructive and non-destructive
measurements in safeguards
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Contributions on the role of nuclear data in safeguazds

' methods involving:

a. neutron capture y-rays and fission product
Y-rays from spent fuel elements;

b. delayed neutron interrogationg

¢, passive neutron and y-ray scanning

Nuclear Data for Thermonuclear Fusion Reactors

Required nuclear parameters relevant to current fusion
reactor conceptual designs

Evaluation of nuclear data for fusion

Nuclear Datavfof>Space and Accelerator Shielding

Use of nuclear data in space and accelerator shielding
for energles less than 1 GeV

Evaluation of nuclear data for space and accelerator shieidihé

Nuclear Data for Astrophysics

Availabdility of and need for improved compilations of neutron
and charged particle nuclear reaction data for astrophysics
Summary Panel

What improvements of compilations and evaluations of nuclear
data are really needed for applied sciences and teohnology ?

How to improve the intercommunication between users, producers,
compilers and evaluators of nuclear data ?
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Proposed Pricrity Criteria for Nuclear Data Hequests in
Controlled Thermonuclear Research (CTR)

Priority 1

In general highest (first) priority shall be assigned to those
nuclear data upon which scme important aspect of CTR is immediately
contingent. Specifically Priority 1 shall be assigned to requests
for nuclear data which

1.) are required for evaluation of feasibility of a proposed
CT reactor corncept, or

?2.) are required for immediate application of plasma phenomena in
a fusion reactor context, or

3.} are related to materials of conceptual importance in CTR, e.g.
1i cross sections for tritium breeding, or

4.) are required for an important decision involving allocation of
resources or redirection of research effort in CITR programmes,or

5.) are necessary to develop some important aspect of current CFR
programmes to a level consistent with progress in other aspecis
of these programmes,

Priority 2
Priority 2 shall be assigned to nuclear data which

1.) are required for evaluation of materials of high potential
utility in current CT re ctor designs, or

2.) are expectsd to contribute to significant progress in CTR or
reactor design studies in the near future.

Priority 3

Priority 3 shall be assigned to nuclear data which

1.) are of use in current design studies but are not of crucial
importance, or

2.) are not of immediate importance for CTR but which have
probability of becoming important as CTR programmes develop, or

Priority 4

Priority 4 shall be assigned to nuclear data which

1.) £ill cut the body of information needed for fusion reactor
technoliogy, or
2.) are of potential interest for CTR but which cannot be assigned
. more definite priority at present, (This priority will allow
the Agency to solicit opinion on specific data and to reflect
diversity of response.)
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Reactions Important for Etudy of KHeactor Radiations

1, Thermal and intermediate neu.ron reactions

2000 m/s cross sections rescnance integrals and, where it ie possible,
energy dependent cross sections for internediate energies for ilhe fol-
lowing reactionss ‘ '

6Li {n,a}* 2n {n,y) ‘Lu {n,y} 129 (r,y)
2%y (n,ey 1% (ny) e (ny) B (n)y)
59Co (n,y)* 164Dy (n,y) 1o (n,y) - 4 453§ (n,yj
238U (n,y)* 105 (n,a) 176Lu (n,y) 64N1 (n,y)
239y (n,f)* 58F‘e (n,y) 3OSi’(n,y) 98Mo {n,y)
19T g (n,y)* 109@g (n,y) ©3cy (n,y) 151E, {n,y)
| | PN (n,y)

2. Fast neutron reactions

Energy dependent cross sections and cross section averages taken
over the fission spectrum for the following reactionss

®Li (n,a)* Mo (n,n')* 405 (n,p) ke (x,p)
220 (n,r)x 2®u (o) "o (n,a) % (n,2n)
2Ta1 (e s () YTni (nyp) D (nyy)
54 (n,p)* O (n,n')* %1y (np) e (n,p)
23T8p (n,£)* ¥Ni (n,a) 55 n (n,20)  %s (n,p)
63Cu (n,a)* 115+, (n,n')* 2741 (n,a)

The reactions marked by an asterisk are of particular importance.
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Apgenda

T7th Four -~ Centre Meeting

Brookhaven, 25-29 October 1971

Organization and announcements

Working policies and ccordination of centres

(Progress reports from centresy recommendations for nuclear
data committeess; wuse of centres; BXFOR status in generaljg
responsibilities)

Trends and developments coming up to the centres

{extension of EXFOR data scopej coordination of evaluation
activities; four centre cooperation on RENDA; cooperation
with non-neutron nuclear data centres)

EXFOR in detail
(experience with exchange tapes; checking programmes;
dictionarieg; EXFOR manualy ULEXFOR manual for compilers)

CINDA in detail

(completenesz of literature coverage; CINDA publication
and distribution; new CINDA computer system developments;
CINDA as EXFOR data index)

Evaluated data in detail
{(published index of evalusted data libraries; exchange of
evaluasted datz in technical detail)

RENDA in detail

Conclusions



