





ABSTRACT
This document is the progress report of the Project Fissile Material
Control of the Joint Research Centre for the period January-June 1977.
This project is part of the programme Service and Support Activities.

The project Fissile Material Control includes the following studies:

Control Systems,

Isotope Correlations,

Bench-Mark Experiments,

- Non-destructive Assay of Fissile Isotopes,
Destructive Assay of F1ssﬂe Isotopes,
Surveillance.

Control systems for Sé.fegua.rding fabrication plants and reactors are under
investigation.

In the framework of the Bench-Mark experiments the post- 1rradua.t1on ana -
lyses of the Gundremmingen BWR fuel have been completed.

In the field of Non-destructive Assay progresses have been made in the pre-
paration of reference materials and in the development of instruments and
techn1ques (neutron 1nterroga.t10n, Py-isotopic composﬂ;mn by gamma-spec-
trometry, automation of instruments).

Important improvements have been introduced in the ultrasonic instrumen-
tation utilized in the field of sealing and identification. Sealing and identifi-
cation techniques are be1ng a.pphed in a large number of Safeguards problems.
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BEMAERK

Den viden, som rummes i dette dokument, meddeles som fortrolig fra
Kommissionen for de europaeiske Feellesskaber til Medlemsstater, per-
soner og virksomheder og ma ikke videreaives til trediemand. (Euratom-
traktatens artikel 13 og Minersterradets forordning(EDF) N° 2380/74).

Hverken Kommissionen for de Europaeiske Faelleskaber eller nogen,
som optraeder pa Kommissionens vegne er ansvarling for den eventuelle
brug af information, som er indeholdt i det félgende .

ZUR BEACHTUNG

Die in diesem Dokument enthaltenen Kenntnisse werden von der Kom-
mission der Europdischen Gemeinschaften den Mitgliedstaaten, Per-
sonen und Unternehmen der Gemeinschaft vertraulich mitgeteilt und
durfen nicht an Dritte weitergegeben werden. (Euratom-Vertrag, Arti-
kel 13, und Beschluss des Ministerrates {EWG) Nr. 2380/74).

Weder die Kommission der Europdischen Gemeinschaften noch Perso-
nen, die im Namen dieser Kommission handein, sind fur die etwaige
Verwendung der nachstehenden Informationen verantwortlich.

NOTICE

The information contained in this document is communicated confi-
dentially by the Commission of the European Communities to Member
States, persons and undertakings and should not be passed on to third
parties. (Euratom-Treaty, Article 13, and Regulation (EEC) No.
2380/74 of the Council of Ministers).

Neither the Commission of the European Communities nor any person
acting on behalf of the Commission is responsible for the use which
might be made of the following information.

AVERTISSEMENT

Les connaissances contenues dans le présent document sont communi-
guées confidentiellement par la Commission des Communautées euro-
péennes aux Etats membres, personnes et entreprises et ne peuvent étre
transmises a des tiers. (Traité Euratom, article 13, et réglement (CEE)
N°® 2380/74 du Conseil de Ministres).

Ni la Commission des Communautés européennes, ni aucune personne
agissant au nom de la Commission, n‘est responsable de |'usage gui
pourrait étre fait des informations ci-aprés.

AVVERTIMENTO

Le cognizioni contenute nel presente documento sono comunicate con-
fidenziaimente dalla Commissione delle Comunita europee agli Stati
membri, persone ed imprese e non debbono essere trasmesse a terzi.
(Trattato Euratom, articolo 13, e regolamento (CCE) N° 2380/74 del
Consiglio dei Ministri).

Né la Commissione delle Comunita europee, né alcuna persona che
agisca per suo conto, & responsabile dell’'uso che dovesse essere fatto
delle informazioni che seguono.

OPMERKING

De kennis, die in dit document is vervat, wordt door de Commissie van
de Europese Gemeenschappen vertrouwelijk aan de Lid-Staten, per-
sonen en ondernemingen medegedeeld en mag niet aan derden worden
doorgegeven. (Euratom-Verdrag, artikel 13, en het besluit van de Mi-
nisterraad (EEG) No. 2380/74).

Noch de Commissie van de Europese Gemeenschappen, noch de per-
sonen die namens haar optreden, zijn verantwoordelijk voor het ge-
bruik, dat eventueel van de hiernavolgende informaties wordt gemaakt.
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1. SCOPE

The exploitation of nuclear energy at an industrial level leads to the utili-
zation of very large amounts of fissile materials. The safe and economic

management of these materials and the safeguards control against diver-

sion from peaceful uses, require a continuous development and adaptation
of techniques and procedures.

The Commission of the European Community is in charge, on the basis of
the Rome Treaty, of the control of the fissile materials in the Member
Countries. This task has been assigned to the Safeguards Directorate in
Luxemburg.

In 1973 an agreement was established between EURATOM and the IAEA
for the implementation of the Non-Proliferation Treaty in the Member States
who signed the Treaty.

The Joint Research Centre has been active since 1969 in the field of R&D for
Fissile Material Control, with the main objective of giving scientific and
technical support to the Safeguards Directorate of the Commission and with
the further aim of providing methods for more efficient fuel management
within the nuclear industry.

The JRC activity is being carried out in close collaboration with the Safe-
guards Directorate,

The activity of the Joint Research Centre is also coordinated with similar
work carried out in national organizations, within the framework of the
European Safeguards R&D Association (ESARDA) which now comprises
research organizations of 6 Member Countries,

Apart from this, direct collaboration in special fields has been established
between the JRC and European industrial firms. Collaboration has also been
established with JAEA and AECL (Canada).

This project is part of the JRC programme Service and Support Activities.
The staff allocated to the project for 1977 consists of 52 research men,
corresponding to about 5% of the total JRC-staff, The project is carried
out mainly at the JRC -Ispra Establishment with some participation of the
JRC-Karlsruhe Establishment, Institute of Transuranium Elements.

Collaboration is foreseen with the JRC-Geel Establishment, Central Bu-
reau for Nuclear Measurements, which, in the framework of the METRE
(Measurements, Standards and Reference Techniques) programme, will
produce results relevant for the fissile material control.

The project includes the following studies:

Control Systems

Isotope Correlations

Bench-mark Experiments

- Non-destructive Assay of Fissile Isotopes
Destructive Assay of Fissile Isotopes
Surveillance.
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These studies concern the areas of activity which are generally considered
the most important in the field of safeguards and fissile material management.

These studies are essentially a continuation of activities carried out in
the past programme 1973-1976. However, the new programme is charac-
terized by an increased emphasis on specific actions in view of the safe-
guards implementation in the nuclear fuel cycle.

2. OBJECTIVES

The objectives of the different studies of the project are the following:

Control Systems

Most of the activity is directed toward the support of the Safeguards Direc-
torate in the definition of control systems for the nuclear fuel cycle and
their actual implementation. Studies of the nuclear plants, evaluation of
different control procedures and statistical studies are required.

The results of these studies will also indicate the lines to be followed in
the various experimental activities.

Isotope Correlations

The isotope correlation techniques are an important supporting measure
for the verification of the internal consistency of the isotopic data from
fuel analysis. The isotbpe correlation techniques, as applied to Safeguards,
find the most important use in the verification of the input measurements
in reprocessing plants.

The JRC activity in this field includes theoretical and experimental studies
and the setting up of a bank of isotopic composition data.,

Bench-mark Experiments

The aim of this activity is to provide the European operators of nuclear
power plants with a set of reference data on irradiated fuels (burnup,
isotopic compositions, cross section ratios), to be used for the check and
adaptation of the nuclear codes which are required for reactor fuel mana-
gement.

The reference data are produced by accurate radiochemical analysis of
fuels irradiated in nuclear power plants.

Non-destructive Assay of Fissile Isotopes

The main effort within the project is directed towards the development and
application of non-destructive assay (NDA) techniques which are essential
for the control of finished fuels and heterogeneous materials which cannot’
be subjected to classical chemical analysis. Neutron techniques (passive
and active) and gamma-spectrometry techniques are extensively investiga -
ted.

Special attention will be paid to the problems of the'standardiza.tion of NDA
techniques. '



-7 -

Destructive Assay of Fissile Isotopes

The destructive assay, based on the use of analytical chemistry and iso-
topic measurement techniques, is the fundamental procedure for the de-
termination of fissile isotopes because of the high accuracy and state of
development of these techniques.

Our activity is mainly directed to the automation of mass spectrometry
and to its adaptation to specific problems of the fissile material control.
Special attention is also paid to the problem of calibration and represen-
tative sampling from the input accountability tank of reprocessing plants.

Surveillance

The major effort of the JRC in this field is directed towards the develop-
ment of sealing and identification techniques which make possible a con-
siderable reduction of the inspection effort in respect of safeguards.

The method developed at Ispra, for the tamper-resistant sealing and iden-
tification, is based on the ultrasonic detection of randomly distributed in-
clusions in different materials.

The method will be applied to various parts of the nuclear fuel cycle.

The planned activities for the first half of 1977 are shown in Table 1.

3. RESULTS

During the reporting period the main achievements of the project were the
following: '

Control Systems

The main part of the work was directed towards analyzing the fuel mana-
gement system of the operators in a fabrication plant for highly enriched
uranium, The study was carried out in cooperation with safeguards inspec-
tors and plant operators.

The next step of the work will concern the definition of sampling plans for
verification of the operators data by the safeguards authority.

A preliminary investigation has been carried out in order to evaluate the
possible combinations of non-destructive assay and surveillance techniques
in a fabrication plant for plutonium fuels,

An evaluation in terms of efficiency and effort, of alternative procedures
for the control of the part of the fuel cycle between the exit of the fabrica-
tion plants and the input of reprocessing plants, has been started.

Isotope Correlations

The activity for the setting up of a bank of isotopic data has been continued
at Ispra and Karlsruhe, by collecting analytical data from irradiated fuels
and by improving the software required for the operation of the data bank.



Experiments are in preparation on the application of isotope correlations
in reprocessing plants. The JRC is organizing, under the sponsorship of
ESARDA, a symposium on the Isotope Correlation Techniques, to be held
in May 1978.

Bench-mark Experiments

During the reporting period the post-irradiation examinations of the fuel
of the Gundremmingen BWR, have been completed in the laboratories of
Ispra and Karlsruhe.

Data of burnup, isotopic compositions of uranium and plutonium, build-up
and depletion of uranium, plutonium, curium and americium isotopes have
been determined for 16 fuel pellets taken from 2 fuel assemblies,

The experimental analysis has been started on the fuel of the Obrigheim
PWR. } ) ’ ‘

A fuel assembly of the Trino Vercellese PWR has been transported to
Ispra and dismantled. The fuel analysis for Trino Vercellese will be car-
ried out in 1978.

Non-destructive Assay of F1s sile Isotopes

In the field of standardlzatmn of NDA techniques a considerable effort has
been spent in a literature survey of the activities carried out in different
organizations, '

Lists of the NDA reference ma.terla.ls a.valla.ble within the EEC and at IAEA
and of the NDA methods used within the EEC have been compiled in the
framework of the relevant working group of ESARDA.

These compilations are important inputs for the JRC activity.

For the preparation of reference materials an experiment has been carried
out at the FBFC fabrication plant (Belgium) on low enrichment uranium
(LEU) fuel pins in collaboration with CEN (Mol) and the plant operators.

A planning for the characterization of batches of low enrichment UO7, to be
used as reference ma.tenal for enrichment measurements, has been pre-
pared

In the field of the development of measurement methods several actions
have been started after a detailed examination of the fuel cycle and on the
basis of the requests of the Safeguards Directorate.

Various instruments, using neutron inte rroga.tlon techniques, are under
1nvest1gat10n. )

PHONID, a photo-neutron interrogation device, using Sb-Be sources, de-
veloped at Ispra, has been made operational in a fuel fabrication plant

in connection with physical inventory taking.

The SIGMA apparatus, installed at the HOBEG fabrication plant for the
control of HTR fuel pebbles, has been adapted for the analysis of LEU pow-
ders and pellets.

In the field of gamma-spectrometry an extensive ihvestigation has been
carried out on the determination of the plutonium isotopic composition in



fuel pins, using a Ge(Li) detector.

The work for the automation of gamma- and neutron techniques, using
microprocessors, has been continued.

Destructlve Assay of Fissile Isotopes

A support has been given to the Safeguards Directorate by executing ana-
lyses on samples taken by the inspectors during control operation and by
coristructing sampling devices for UF,.

On request of the Safeguards Directorate an evaluation of the operators
measurement methods has been started.

Development work has been continued for the automation of mass spectro-
metry (JRC, Karlsruhe) and for setting up a transportable mass spectrometer.

A review of the methods used for the input measurements in reprocessing
plants has been completed and some experimental actions are in prepara-
tion.

Surveillance

During the reporting period an electronic scanning system has been com-
pleted, which makes possible the identity making of most of the ultraso-
nically identified seals, without any mechanical scanning. The new system
will simplify considerably all the procedures for the seal utilization. The
use of less expensive seals will be possible.

The know-how of the fully automated identification equipment, developed
at Ispra, has been taken over by the Nukem for commercialization.

Various studies for the application of sealing and identification techniques
have been conducted in collaboration with plant operators.

In particular it is worth mentioning the collaboration with AECL (Canada)
for the sealing of the storage of the CANDU fuel bundles in the reactor
pool, the completion of the irradiation experiments of sealed LWR fuel
bundles in the Lingen and Gundremmingen reactors and the collaboration
with KFA (Jilich) concerning the 1dent1f1cat1on of TRIGA fuel elements and
AVR fuel pebbles containers.



Table 1 : Planned activities for the reporting period

4 Experiments with PHONID (Sb-Be) in HEU fabrication plants

Activities 1977 ' J M A M J
Control systems A
Isotope correlations B
c
D
E
Bench-mark experiments F @ @
G
Non-destructive assay of fissile isotopes H
| ®
! ® —®
K
L
Destructive assay of fissile isotopes M
N
0
Surveillance P @
Q ©) ®
A Study of control systems for fabrication plants and reactors 5 Adaptation of SIGMA (Cf-252) to the control of LEU fuels
G Seingupof s ety bk fotopic Gt K lstoic compusionof Pu by gamma gscromaty
D Prepar'atio.n of an experimfznt on the WAK plant - M Automation of mass spectrometry
E Organ!zatlon of a Sy.mposmn! on !sotope Correlations sponsored by ESARDA N Setting-up of a transportable mass spectrometer
F Experimental analysis of the irradiated fuels 0 Assessment of the problems connected with input measures in reprocessing plants
1 Start-up of the analysis on the Obrigheim fuels P Development of ultrasonic apparatus and seals
2 Completion of the analysis of the Gundremmingen fuels 8 Completion of the design of the new US apparatus with electronic scanning
G Dataanalysis in terms of cross section ratios and start-up of its industrialization )
H Assessment of the standardization problem Q Applications of sealing and identification technigues to LWR, MTR, FBR,.CANDU,
I Preparation of reference materials TRIGA, AVR reactors
3 Completion of the experiment for the preparation of LEU fuel pins 7 End of the irradiation tests on sealed fuel assemblies in the Lingen and
J Development and applit;ation of neutron techniques (active and passive) Gundremmingen BWR

8 Completion of the design specifications for TRIGA fuel elements and AVR fuel
pebbles containers

-0'[-
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4., CONCLUSIONS

In general the objectives of the reporting period have been fulfilled.

In the first half of 1977 the emphasis on very specific actions in view of
the safeguards implementation in the nuclear fuel cycle has been increased
and the support to the Safeguards Directorate has been enlarged consider-
ably.

The increase of the staff allocated to the project Fissile Material Control
made possible a larger effort, mainly in the field of the non-destructive
assay techniques. However, not all the competences needed are actually
available.

The delay in the distribution of the 1977 budget has not heavily affected the
work in the first months of the year. The effect of this delay will be much
more important in the second half of 1977.

For further information concerning JRC Programmes, please contact
the Directorate Genral JRC, Rue de la Loi 200, B - 1049 Brussels
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1. INTRODUCTION

The JRC activity in the field of Fissile Material Control is carried out
in a strong collaboration with the Safeguards Directorate of the Commis-~
sion,

The project is part of the JRC programme Service and Support Activities,
The staff allocated to this project for 1977 consists of 52 research men.

The project is carried out mainly at the Ispra Establishment with some
participation of the Karlsruhe Establishment.

Some activities which are carried out as direct support to the Safeguards
Directorate or have a character of confidentiality, will be paid by the bud-
get of this Directorate.,

The project consists of the following studies:

Control Systems

Isotope Correlations

Bench-mark Experiments

Non-destructive Assay of Fissile Isotopes

Destructive Assay of Fissile Isotopes

Surveillance.
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2. SUB-PROJECTS

2.1 CONTROL SYSTEMS
OBJECTIVES

The term '""Safeguards', used in the context of fissile material control,
covers all the procedures conceived to verify that those materials are
not diverted from their intended use; or to obtain a timely indication of
a possible diversion, or yield a credible assurance that a diversion has
not occurred. The year 1977 has been marked by two events which are
important for the European safeguards namely:

- the entry into force of the ""Non-Proliferation Treaty'" (NPT) for the
""Non Nuclear Weapon States' of the European Community (22 Februa-
ray 1977)

- the entry into force of the new "Safeguards Regulation' of the Commis-
sion (15 January 1977), directly resulting from the Treaty of Rome es-
tablishing the European Atomic Energy Community; this Regulation is
relevant to the whole European Community, and results from a modifi-
cation of the preceeding Regulation.

As a consequence of these two events, the Safeguards Authority of the
Commission (Safeguards Directorate = DCS) has been faced with the pro-
blem of adjusting its procedures and techniques to the requirements of
the new regulations. The objective of the work carried out by the JRC
under the heading "Control Systems'!, is to support the DCS in evaluating,
designing, and implementing safeguards systems for various types of
nuclear plants. This is pursued by participation within four working
groups, jointly established between JRC and DCS, dealing respectively
with:

general problems of safeguards,

safeguards in fuel fabrication plants,

safeguards in reactor installations,

safeguards in reprocessing and enrichment plants.

The work is carried out in the divisions of System Amnalysis, Chemistry,
FElectronics and Materials.

RESULTS

General Problems of Safeguards

The working group has reviewed the main general problems and decided
to give priority to the establishment of a calculation method for evalua-~

ting the "material unaccounted for' and the '"limits of error of the mate-
rial unaccounted for' in fuel fabrication plants. A survey of the existing
literature has been done.

g g YUy U i

The aim of the work performed by the group is to establish appropriate
safeguards systems (or to improve the existing ones for those installa-
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tions which process nuclear materials with the object of preparing nuclear

fu

els or manufacturing fuel elements).

The installations considered are those processing low enriched uranium
(LEU), highly enriched uranium (HEU) and plutonium-uranium mixed
oxides (PU), -

A

si

1)

2)

first analysis of the problem was performed and the following points con-
dered worthy of further study:

evaluation of the measurement system used by the operator for accoun-
tancy purposes,

improvement of the quality of the measurement system used for verifi-
cation purposes by the inspectors of the safeguards authority,

definition of the sampling plans (one for each installation type) to be used
by the inspectors for the verification of the operator’s declaration on the
flow of materials and the physical inventory. ' '

The contribution given by the JRC to the work of the group is the follow-
ing:

A detailed flow scheme of the chemical and mechanical processes car-
ried out in a particular European fuel fabrication plant for highly enrich-
ed uranium has been prepared; a compilation of all the measurements
made by the operator at each 'key measurement point' (as defined by the
Euratom Safeguards Regulation), together with the corresponding preci-
sion and accuracy, has been completed. The correctness of the flow
scheme and of the compilation have been checked together with the DCS
and the plant operator.

The ""Physical Inventory Listing' (as defined by the Euratom Safeguards
Regulation) prepared by the operator of the above mentioned plant has
been examined and rearranged in order to create categories of materials
having the same characteristics from the measurement point of view.

The contribution given by the JRC -Ispra also concerned the fabrication
plants treating Pu-U mixed oxides..

A first solution of the safeguards problem was prepared, with a view to
reducing interference with the operator activities. The scenario inclu-
des the combined use of surveillance techniques (with optical means),
sealing and identification techniques, and non-destructive assay tech-
niques. Discussions are still needed with the safeguards inspectors and
the plant operators with a view to defining the phase at which the control
has to be started, namely the pellets or the finished pins. Reasonable
schemes of control have been proposed, including limited efforts in hard-
ware, but they still need to be refined and assessed through demonstra-
tion experiments.

Safeguards in Reactor Installations

The work carried out consisted in the evaluation of the number of irradié.—

te

d fuel elements to be stored and safeguarded in the next 8-10 years, un-

der various hypotheses of availability of reprocessing capacity. The result
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was that the number of such elements will rise to several thousands
(20,000 - 30,000 in the worst cases) if the reprocessing capacity remains
low.

A study has also been carried out on various possible safeguards systems
to be used for the nuclear fuels of light water reactors (LWRs), in that por-
tion of the fuel cycle which goes from the exit of the fuel fabrication plant
to the input of the reprocessing plant., The following techniques were con-
sidered for application (either in combination between them, or as alterna-
tives): containment by means of tamper-proof permanent seals on the fuel
elements, containment by means of tamper-proof temporary seals on the
fuel elements, optical surveillance by means of cameras, visual surveil-
lance by the inspector. The inspection effort to be deployed in the various
cases has been calculated.

CONCLUSIONS

The activity in support of the DCS has been started according to the lines
set down in the agreements between the JRC and DCS; however the man-

power support given remains lower than necessary. The following addi-

tional items should be undertaken:

- The setting up of a complete safeguards system requires the systematic
analysis of the nuclear fuel cycle that is to say: number and types of
installations, processes carried out, flow schemes of the materials,
operator’s measurement procedures, inspector’s measurement proce-
dures, assessment of the achievable accuracies, definition of the actions
to be taken by the inspectors for verification, etc. A detailed analysis
should also be made of the safeguards regulations, in order to translate
the basic concepts contained therein into practical operational rules.

These activities would be possible only if a team of people were alloca-
ted to provide a systematic analysis of the various problems. At present,
only one person is allocated full-time to the work; contributions of other
people represent only small fractions of their time.

- The analysis of the measurement systems requires deep knowledge of
statistics, specially when calculating the measurement error propaga-
tion in complex systems; these studies would therefore require the assis-
tance of a statistician.

PLANNED ACTIVITIES

General Problems of Safeguards

The work for establishing a calculation method for evaluating the '"Material
Unaccounted For (MUF)'" and the "Limits of Error of the MUF" in a fuel
fabrication plant, will be initiated if adequate statistical support can be
provided either by the JRC-Ispra or by an external source.

1) It is planned to make the statistical elaboration of all data contained in
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the "Physical Inventory Listing' provided by the operator of the HEU
plant (as mentioned in the description of the results). The goal of this
elaboration is twofold: a) to evaluate the total measurement error of the
operator, and b) to define a detailed sampling plan to be used by DCS
for the verification of the declared physical inventory.

An assessment of the inspectors “ capability to perform an accurate ve-
rification of the inventory will be made, based on the precision and accu-
racy of the instruments in use at present; procedures for the use of the
equipment utilized during the inspection, will be put in written form.

2) The study of a control system for a specific fuel fabrication plant pro-
cessing Pu-fuels will begin before the end of the year; it is expected to
apply the experience already gained in the problems concerning the HEU
plants.

Safeguards in Reactor Installations

Assistan ce will be given to the DCS in order to define the safeguard system
of the SNR-300 Kalkar reactor. This is a German fast breeder reactor due
to start in 1980-1981; it is planned to safeguard the fuel present in the sta-
tion by means of an automatic system for the observation of the fuel ele-
ments. 3

The study concerning the various possible safeguards systems to be used
for the nuclear fuels of LWRs, in that portion of the fuel cycle which goes
from the exit of the fabrication plant to the input of the reprocessing plant,
will be continued.
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2.2 ISOTOPE CORREILATIONS

OBJECTIVES

The irradiation of a nuclear fuel causes important and complex changes
in its isotopic composition, namely:

- depletion of the isotopes of uranium initially present (and, where appli-
cable, of plutonium),

- build-up of artificial isotopes of heavy elements (e.g. U-236, Pu-239,
Pu-240, Pu-241, Pu-242),

- build-up of fission products (isotopes of light elements, resulting from
fission of heavy elements).

These changes are often correlated in a very simple manner; in many in-
stances the relationship representing the correlation is a simple propor-
tionality between depletion and build-up of selected groups of isotopes.

The correlation technique was born and developed in the framework of
safeguards studies for the purpose of verifying the Pu-content of spent
fuel assemblies; subsequently, application of this technique was extended
to the verification of the consistency of the isotopic analyses performed
at the reprocessing plant input. In addition, one should mention that com-
parison of the results of these analyses with already established correla-
tions provides an additional means of guaranteeing the identity of the dis-
solved fuel elements. Many of these applications can prove to be useful
also to reactor operators (due to their impact on fuel management, burn-
up calculations, etc.) and to reprocessors (as a means of checking consis -
tency of input analyses).

Research and development in the field of isotope correlation techniques is
being carried out at the JRC, Ispra and Karlsruhe Establishments; the main
actions undertaken in the past six months are:

a) to carry out theoretical studies on correlations,

b) to collect experimental data on irradiated fuel isotopic compositions
in the form of a Data Bank,

c) to participate in experiments on the application of isotope correlations
in reprocessing plants,

d) to promote the organization of a symposium on the isotope correlation
techniques.

The JRC-Ispra is also charged with the secretariat of the ESARDA Work-
ing Group on Isotope Correlations and Reprocessing Input Analysis.

RESULTS

Theoretical Studies

Various correlations based on isotopes of fission products have been ana-
lyzed in order to define the accuracies needed for the various nuclear pa-
rameters influencing the calculations,
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The correlations considered are those between the concentrations of the
heavy elements (isotopes of U and Pu) and the concentrations of various
isotopes of Kr, Xe, Nd, Cs, Eu in Light Water Reactor fuels.

We have reached definite conclusions on the accuracy needed for such
parameters, in order to produce results which are valuable for the iso-
topic correlations technique. It has also been shown that the accuracy
required for some parameters is determined, to a large extent, by the
final burn-up of the fuel considered.

The results of these studies will be possibly used for publication at the
IAEA panel to be held in September 1977 on the subject "Fission Product
Nuclear Data''. .

Acquisition of Isotopic Composition Data

Although the fields of application for the correlation techniques have been
singled out and exploitation has already started, further experimental
effort and theoretical interpretation are needed for improving confidence
in the technique. In this respect ESARDA has taken the initiative of col=~
lecting, on a European scale, data on fuel isotopic composition generated
during a number of reprocessing campaigns or post-irradiation fuel ana-
lyses.

The task of gathering these data into a Data Bank has been entrusted to
the JRC-Ispra. The work for the preparation of the Data Bank has started
in 1975,

The software of the Bank has been based on the IBM Data Management
System '"STAIRS'"., Some difficulties were encountered in establishing
input-output procedures and in linking the system to other scientific pro-
grams: this is due to the fact that "STAIRS" is a system conceived for
documentation rather than for scientific data banks. The work concern-
ing the input-output procedures and the linkage to other programs, is still
in progress. ' "

The present structure of the Data Bank (centent and formats) is very much
similar to the one of the Bank received from JRC-Karlsruhe three years
ago. A transformation of the structure is under way, in order to make it
similar to the IAEA data bank MARK-I, the content and formats of which
have been set up by an international committee of experts.

The 126 data sets of the former JRC-Karlsruhe data bank have been incor-
porated into our data bank. In addition, other data from DODEWAARD,
SENA and GUNDREMMINGEN reactors have been codified. A final input
form for codification of data to be included in the bank has been prepared.

The JRC-Karlsruhe is collaborating with the IAEA on data bank prepara-
tion, in the framework of an R&D coordination programme. The present
version of the data bank (prepared by the IJAEA) has been installed at the
Safeguards Directorate, Lu.xemburg; for testing.
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In the framework of ESARDA an experiment is in preparation on the appli-
cation of isotope correlations during the reprocessing of the OBRIGHEIM
fuel at the WAK-plant, Karlsruhe.

Most of the experimental work will be carried out at the WAK-plant and
JRC-Karlsruhe.

JRC-Ispra will contribute in the planning of the experiments and in the
analysis of the results.

In the framework of a collaboration between the Joint Research Centre
and CNEN (Italy), an experiment is in preparation on the EUREX-plant,
Saluggia. The experiment will be carried out on the occasion of a cam-
paign of reprocessing of CANDU fuel, '
The experiment aims at verifying the procedures of calibration of the
accountability tank for safeguards purposes, but, at the same time, an
attempt to using the isotope correlation technique for the verification of
the accountability could be made.

Symposium on Isotope Correlation Techniques

A symposium on this subject has been proposed since last year by the
JRC -Ispra to the Steering Committee of ESARDA.. Scopes of the sympo-
sium will be:

- to present new basic data and to summarize the experience of applica-
tion already gained,

- to inform potential users about the advantages of isotopic correlation
techniques, with special reference to those fields which are new,

- to highlight any areas where additional work may be required.

Preparatory documents on various aspects of the symposium have been
produced and presented to the ESARDA Project Leaders (January 1977)
and to the ESARDA Steering Committee (May 1977). After discussion of
the documents, the Steering Committee has decided to entrust the orga-
nization of the Symposium to the JRC-Ispra.

CONCLUSIONS

Theoretical studies were slowed down with respect to the programs es-
tablished in the past years, due to the lack of personnel.

It would be advisable to deploy more effort in this area, since the Ispra
Centre has always been the leader of the theoretical research on isotope .
correlations. A number of requests for more research on various fuel
types (issued by several organizations) have been dropped in the past, due
to the lack of personnel.

The Data Bank at Ispra is based, at present, on a Data Management Sys-
tem’ which is not the best for our purposes. The acquisition of a new sys-
tem, fit for scientific problems, is planned by CETIS; then the new system
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will be available, we will use it for the Data Bank,

The experiments in preparation will make possible the identification of
the possibilities and difficulties in the use of isotope correlation tech-
niques in reprocessing plants.

The fact that the organization of the Symposium on Isotope Correlations
has been entrusted to the JRC-Ispra, is an international recognition of our
experience in this field.

PLANNED ACTIVITIES

Theoretical Studies

In the next six months period it is intended to carry out the following work:

- to prepare a report containing the results of the analysis performed on
the correlations based on fission product isotopes; the details on the ana-
lysis have been reported in the chapter "RESULTS" of this report;

- to start, if enough manpower will be available, the theoretical study of the
correlations in heavy water reactor fuels.

Acquisition of Isotopic Composition Data

In the next half year it is intended to carry out at the JRC-Ispra the follow-
ing work:

- to modify the structure of the Bank (content and formats) in order to make
it similar to the JAEA MARK-I Bank,

- to complete the input-output procedures of the Bank,

- to link the Bank to the statistical evaluation program CORRELATIO,
already used at the System Analysis Division for similar purposes,

- to compare the performances of the Bank to the JRC-Karlsruhe Bank in
our possession,

Experiments in Reprocessing Plants

Participation in the experiment on the WAK-plant to be started in October
1977 and in the experiment on the EUREX-plant.

Symposium on Isotopic Correlations

The Symposium is planned for Spring 1978 at Stresa, Italy. The work to be
performed in view of the organization of the symposium includes:

- meeting of the organizing Committee for establishing the details of the
organization,

- to contact all possible contributors of papers,

- to make appropriate advertisement of the symposium, either by letter or
by announcement,

- to read the papers for acceptance,

- to decide procedures for editing and publishing all the documents.
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2.3 BENCH-MARK EXPERIMENTS

OBJECTIVES

The scope of the bench-mark experiments is the production of a set of
reference data on burn-up, isotopic compositions and cross section
ratios for irradiated fuels.

Radiochemical analyses of fuel samples irradiated in well known condi-
tions deliver the raw data which are further analyzed. These reference
data are made available to power reactor operators and fuel management
groups of the Community for the control and adaptation of nuclear codes.

The planning for the reported period included:

- completion of the experimental analysis of the Gundremminge‘n BWR
fuel

- Start of the experimental analysis of the Obrigheim PWR fuel

- Elaboration of the data on Trino Vercellese PWR and Gundremmingen
BWR.

RESULTS

Experimental Post Irradiation Analysis

1) Gundremmingen Reactor

The analyses of samples taken from spent fuel elements irradiated
in the Gundremmingen reactor have been completed.

The reactor is a dual cycle BWR of 801 MW thermal output, loaded

with U-235 enriched fuel. The reactor core consists of 368 fuel assem-
blies and 89 cruciform control rods. Each fuel assembly has 36 fuel rods
in 6 x 6 square array. Sixteen samples chosen for the chemical analysis
were obtained from the assemblies B 23 and C 16 which were unloaded at
the end of the 5th cycle.

The chemical analyses of the 16 samples, 9 from B23 and 7 from C16,
were carried out at Ispra (10 samples) and Karlsruhe (6 samples)
Establishments of the JRC.

The samples were cut at 2680 mm from the bottom of the fuel active
zone for 10 rods and at 440 mm from the bottom for 2 rods.,

Four samples were used for checking the analytical results between
Ispra and Karlsruhe Laboratories.

The raw analytical results obtained in the two laboratories by alpha,

" gamma and mass spectrometry techniques were collected at the Ispra
Establishment and treated in order to produce a set of data in a form
suitable to be used by the reactor utilities, to the scope of the expe-
riment. The main data produced are:



2)

-28 -

- Isotopic composition of U and Pu isotopes at reactor shut-down
- Build-up and depletion of U, Pu, Cm and Am isotopes

- Burn-up of the analyzed fuel samples.

The results of the analysis are being examined with KRB-Gundrem -

'mingen and KWU-F rankfurt.

A consistency check of the most important quantities determined, was
carried out by using the isotope correlation technique. In the case of
BWR the most significant correlations are those between Pu/U mass
ratio and U-235 depletion and those between burn-up and U-235 deple-

tion.

Obrigheim Reactor

In the ADECO laboratory of the ESSOR reactor six rods of the Obrig-
heim Reactor fuel elements BE 124 (2. 83 wt% enrichment) and BE 210
(3.0 wt% enrichment), discharged after the fifth irradiation cycle are
ready for cutting into 27 samples. Six samples of the rod E3 from

BE 124 fuel assembly have already been prepared for the chemical ana-
lysis and forwarded to the Chemistry Division for dissolution.

The Obrigheim Reactor is a PWR type of 1050 MW thermal output, loaded
with U-235 enriched UO; fuel. The reactor core consists of 121 fuel as-
semblies and 32 control rod clusters. Each fuel assembly has 180 fuel
rods and 16 control rod tubes in a 14 x 14 square array.

3) Trino Vercellese Reactor

In the framework of the bench-mark experiment, a comparison between
experimental and theoretical data of build-up of Am and Cm isotopes
and their parent nuclides (Pu-241 and Pu-242) has been performed in
cooperation with ENEL. The experimental results obtained by the JRC
for the samples irradiated in Trino Vercellese PWR were compared
with those calculated by means of the RIBOT computer code [3_/ suit-
ably modified.

This work has been presented during the First Technical Meeting on
Nuclear Transmutation of Actinides held at Ispra on March 16-18,

1977 [4].

The transport to Ispra of the fuel assembly no. 509-091 of the third
Trino Vercellese reactor core, formerly foreseen for 1976, has been
done in April 1977. The fuel element has been dismantled in the pool
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of the ESSOR reactor and seven fuel rods removed. Twenty eight
samples will be cut for the analyses to be performed during 1978.

The Trino Vercellese reactor characteristics are described in the
references [5, 6].

Elaboration of Experimental Data

The isotopic compositions measured on TRINO-1 and TRINO-2 fuel
samples have been analyzed with the one-group cross section ratio
technique /7,8/, modified with respect to the original version, for
taking into account the Pu-240 absorption cross section variation with
the burn-up.

Tables 1 and 2 give the one-group cross section ratios for the two fuel
sample sets (TRINO-1: 2,719% and TRINO-2: 3,13% initial enrlchment)

compared with the values utilized by ENEL.
-40 -25
In fig. 1the (7‘ /@ cross section ra.tlo versus burn-up deduced

from TRINO-1*data s plotted.

Capture cross-section ratios of various nuclides over U-235 absorp-

tion are normally well reproduced by our code THEORY, while the absorp-
tion cross section ratios show some disagreement with the values given
by ENEL.

Further discussions with ENEL are required on this subject.

Interesting is the evaluation of the initial content of U-236 (tables 1, 2):
the amount computed by THEORY for the TRINO fuel is similar to the
amount of initial U-236 content measured in fuels fabricated in the same
period in the USA /9/.

Preliminary results indicate that with the simple model based on
one-group cross section ratios, it may be difficult to interpret BWR
data, since this model does not take into account spatial and time de-
pendence of neutron spectrum in BWR lattices.

From the experimental data on the concentration of the actinides present

in the spent fuel sampleg/5,6,10/, at reactor discharge, the total neutrons
produced by -interaction with light elements and spontaneous fission, have
been calculated. The evolution of the total neutrons after a cooling period
has been computed and plotted vs. the burnup reached by each sample during
the irradiation., Figures 2 and 3 represent the various graphs obtained for
PWRs and BWRs fuel samples. At discharge (cooling 0 yr) a linear rela-
tion is observed between the total neutrons (n/s) and the burnup over a
range of 15,000 - 27,000 MWD/MTU; after a cooling period the relation

is still linear over a smaller range (18,000 - 27,000 MWD/MTU).

A further development of this study to evaluate which actinide contributes
to the neutron production at different burnup and cooling times could give
interesting additional information for reactor operators and for people
concerned with waste problems.
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Also the possibility of a non-destructive determination of fuel burnup,
by means of neutron measurements, can be envisaged.

CONC LUSIONS

In spite of the complexity of the post-irradiation analysis, requiring the
intervention of several laboratories, the work is proceeding in a satis-
factory agreement with the planning.

The accuraC}; of the analytical measurements has been checked by com-
parison of the results obtained in the laboratories of Ispra and Karlsruhe
and by using isotope correlation techniques,

The accuracy of our measurements resulted to be adequate for the veri-
fication of the nuclear codes used for fuel management.

PLANNED ACTIVITIES

The planned activities for bench-mark experiments are reported in
Table 3.

Contacts have been made in order to obtain irradiated fuels from
the Doel power station.

COLLABORATION WITH EXTERNAL ORGANIZATIONS

Collaborations have been established with ENEL (Italy), KRB-Gund-
remmingen (FRG), KWO-Obrigheim (FRG), KWU-Frankfurt (FRG).
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TABLE 1 - TRINO-1 (2.719%) Comparison between one-group
cross section ratios computed with THEORY and
given by ENEL

ENEL
THEORY B.U, =0 B.U, =12, 360
MWD/TU
otis/o-‘if’ 0.0184 0.0168 0.0173
5‘(2:8/};5 0.0160 0.0149 0.0154
v 9/0-25 2.737 3.16 2.90
a a
—49 ,-25
nrcg/o-a 1.166 1.175 1.065
-41 ,—25
v /o 3.817 2.82 2,72
a a
—41 ,—2 ‘
2 /a-a5 0.748 0.715 0.690
2 /0'25 1.013
a a
—25 ,=2
o‘c‘r’/a-a5 0.196 0.190 0.190
23 /725 0.290 0.175 0.151
a a
Yo
N 6/N25 0.0105
o o
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TABLE 2 - TRINO-2 (3.13%) Comparison between one-group
cross section ratios computed with THEORY and
given by ENEL

THEORY ENEL (B.U. = 0)
78/>° 0.0204 0.0193
a a
28/17'25 0.0180 0,0173
C C .
—49 ~25
%/ 2.646 3.191
a a
"49/_25 1.184 1.186
ot s 3. 807 2.835
a a
-4 )
T 1/cr25 0.775 0. 720
C a
’42/’25 1.398 1.021
7257 2> 0.209 ‘ 0.190
(o] a
72 /725 0.294 0.180
a " a
26 /25 0.007
o -0
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2.4 NON-DESTRUCTIVE ASSAY OF FISSILE ISOTOPES

OBJECTIVES

During 1976 an analysis of the fuel fabrication cycle has been made with
the scope to identify the needs of application of NDA techniques.

This analysis, which has to be continuously updated in strict contact
with plant operators and inspectors of the Safeguards Directorate, has
permitted to establish a number of priority actions.

Our major fields of activity are the following:

A. Standardization of methods and physical standards in view of making
the work performed within EEC acceptable outside

B. Development of NDA methods, oriented to the final installation of
important equipment in field, redesign or adaptation of existing
equipment and finally feasibility study of certain techniques

C. Development of instrumentation with a special emphasis on the auto-
mation of existing equipment and its direct data treatment using
microprocessors

D. Direct support to the Safeguards Directorate of Luxemburg, which
results in a series of very specific actions on the calibration of cer-
tain instruments, maintenance of equipment or the preparation of
project design of small equipment.

RESULTS
A. Standardization

Standardization in NDA is intended here as:

1) the standardization of NDA methods, including the study of their
acceptance criteria at different technical levels;

2) the preparation and characterization of physical standards.

1) Standardization of NDA Methods

The need of standardization of NDA methods has been expressed
very clearly in Europe and the USA and at the JAEA for fissile mate-
rial management and Safeguards reasons. ’

A literature survey has been made on the effort spent in the world in
the standardization of the NDA methods and on the definition of phy-
sical standards needs. A draft paper on the actual status in the field
of standardization is now completed and will be finalized before No-
vember, 1977. From here conclusions should be drawn for the JRC

programme how to distribute the effort in this field.

The JRC participates in the ESARDA working group on NDA, In the
framework of this participation, one of the actions completed by the
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JRC during the reporting period is the compilation of a list of NDA
reference materials available within the EEC and at the IAEA (data
made available by the individual partners of ESARDA and by IAEA
observers in the working group). Two draft versions were circula-
ted and the final paper will be ready before the end of July, 1977.

Within the framework of ESARDA, the JRC made available to the
working group a description of the NDA methods developed at Ispra
and of the methods used by the Safeguards Directorate of the Com-
mission., A compilation of all NDA methods used within the EEC,
prepared by UKAEA representatives, will be available in October,
1977,

The two above mentioned compilations are important inputs for the
definition of the future work at Ispra in the field of standardization.

Finally, a JRC representative was invited by the IAEA in a consul-
tants “ meeting to prepare a document on '""Use of Physical Standards
in Inspection and Measurements of Nuclear Materials'", This docu-
ment will serve as a basis of discussion for a larger meeting be-
tween representatives of the Member States on the same subject to
be held in August, 1977, in Vienna.

During the next reporting period it is intended, if the manpower is
made available, to start a systematic study of the existing certifica-
tion mechanism for physical standards and NDA methods within and
outside Europe (IAEA, INMM, ISO, National Normalization Institute).

2) Preparation and Characterization of Physical Standards

The NDA laboratory of the JRC is now very much involved in the ac-
ceptance process of low enrichment uranium (LEU) standard fuel
pins of three enrichments prepared by a fuel fabrication plant
(FBFC, Belgium). The three pins will be used by the operators for
their quality control and by Euratom and IAEA as a physical standard
for verification, The laboratory of NDA of the JRC has assisted to
the preparation of the three reference pins plus 17 other test pins and
has performed gamma-spectrometric measurements on the feed ma-
terial (UOZ powder), the pellets and all the pins. The measurement
procedure was previously submitted to the IJAEA. On the basis of
these measurements the general acceptance of the pins as standard

is expected.

A detailed documentation of these measurements, requested by Eura-
tom and IAEA, is to be prepared before the end of the year.

In the framework of the ESARDA working group on NDA, a proposal
was made by the JRC in collaboration with the GfK and CEN, to ac-
quire and to characterize very carefully uranium oxide powder bat-
ches of 5 kg, having each a different enrichment (between 1 and 4%).
This material will serve as a physical standard for the enrichment
-measurement by gamma-ray spectrometry. The JRC is now going to
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buy the material from a fabrication plant and to implement, in colla-
boration with CBNM (JRC -Geel) and other national centres, the cha-
racterization method described in the proposal.

A one year effort, after receipt of the material, is expected to reach
the final stage of the establishment of this physical standard. The NDA
laboratory has to perform, hopefully from November on, the analyses

by gamma-ray spectrometry of 200 samples with an error of less than
0.4%.

The NDA laboratory obtained 500 g of well characterized UO2 powder
and 50 pellets from the ECSAM group (European Commission Safe-
guards Analytical Measures). This material will serve in the future
as a secondary standard for the enrichment measurements by gamma-
ray spectrometry.

B. Development of Measurement Methods

As a consequence of the formation of a new group which has to treat pro-
blems related with the utilization of neutron techniques for fissile mate-
rial determination, the first three months of the reporting period were
devoted to the establishment of a new laboratory and to formation courses
of the new personnel.

After a detailed examination of the fuel cycle and more particularly of the
fabrication plants and on the basis of the specific requests made by the
Safeguard Directorate and by plant operators, a number of actions were
started for the construction of new NDA instrumentation and for the es-
tablishment of the calibration procedures of existing instrumentation for
a large variety of nuclear materials.

1) Neutron techniques

Three existing instruments are under study:

Photo-neutron interrogation device (PHONID) using an Sb-Be source
Random driver, both utilized for the analysis of bulk material during
physical inventory taking in fabrication plants

Sigma

PHONID (Sb-Be source)

This instrument is based on the subthreshold neutron interrogation
(~26 keV) of large size uranium samples (typically 100 g to 1.5 kg)
and prompt fission neutron counting by an array of 18 He™ recoil de-
tectors.

After a long interruption of activity, due to staff problems, the proto-
type instrument has been made operational in a nuclear fuel fabrica-
tion plant and has been used during physical inventory taking. Seve-
ral measurement campaigns were organized to define the geometry
of the two irradiating sources and to install a system for more re-
.liable operation of the neutron detectors and electronics under the
existing plant conditions (large temperature variations and high de-
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gree of humidity).

A further run of experiments started with the purpose of calibra-
ting the device for its final use by inspectors, namely to establish
the relationships between corrected neutron counting and amount
of U-235, for the different materials dealt with in a nuclear fuel
fabrication plant. In this framework materials have been measured
such as highly enriched uranium metal, highly enriched uranium
and thorium mixed oxide, uranium aluminium compounds, the con-
tents of the U-235 in the samples being in the range from 50 g to
1500 g.

The preliminary results confirm the validity of the method under
the condition that specific calibrations, U-235 mass versus count-
ing, are established for each kind of nuclear material.

A detailed analysis of the calibration curves is now being made
and a report will be issued in September, including the procedure
of operation of the machine by safeguards inspectors. |

The need of U-235 standards must be emphasized, in order to be
able to normalize the experimental conditions, pulse height discri-
mination threshold, detection efficiency, source strength decay,
irradiation geometry, etc.

At the same time the experience acquired during the operation of the
prototype device has been utilized in defining the specifications of

a more advanced device which is under design at present.

The accurate study of this new version will lead to more automatic
operation, higher stability in the physical features, better protec-
tion of the operator against gamma and fast neutron radiations.

The construction of this device is expected to start at the end of
1977. The final choice on the electronics to be utilized will be made
before November, 1977.

Random Driver

This instrument (USA fabrication) is based on the subthreshold neu-
tron interrogation (Pu-Li source) and prompt fission neutron count-
ing with four plastic scintillators. The discrimination between source
and fission neutrons is based on coincidence counting, The utiliza -
tion of this instrument by the Safeguards Directorate has proved to
be unsatisfactory, due to some basic malfunctioning of the electro-
nics and of the detection heads, Comparative tests were made be-
tween different electronic chains.

Furthermore experiments are now being performed to measure the
relative counting efficiencies of the different detectors and also

its relative efficiency in function of the location where the inter-
action of the radiation with the detector takes place.
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On the basis of this information a decision has to be taken what
effort in manpower and budget should be spent to make the apparatus
functioning. It is expected that in September a proposal will be
ready to be submitted to the Safeguards Directorate for approval.

The Sigma apparatus, installed at Hobeg for the control of the .
U-235 content in THTR and AVR fuel pebbles, has been adapted for
the analysis of LEU powders and pellets. It is based on the thermal
neutron interrogation of the sample and delayed neutron counting.
Tests were performed to establish the optimum sample size in
function of the enrichment. It results that with a ~20 g sample of

UOZ one may determine the U-235 content with an error of 1% in

one minute. This method will now be applied by inspectors for routine
measurements on LEU material. The final report on these experi-
ments will be issued before the end of the year.

Neutron techniques utilize mostly BF3, He3, He4
tillator detectors. As an extention of the formation course on neu-
tron techniques, a more systematic study was made for the deter-
mination of the counting characteristics of BF 3 and He3 detectors.
At the same time a test chain was mounted and will be kept for the
systematic control of all new detectors in respect of resolution and
relative efficiency.

and plastic scin-

2) Gamma Techniques

Gamma techniques have been applied on mixed oxide (U, Pu)O, and
LEU material. Concerning the LEU material one has to refer to point
A. on the characterization of fuel pins,

- Mixed Oxide Materials

A large effort was put on the determination by gamma-ray spectro-
metry of the relative Pu-239/241, Pu-239/238 and Pu-239/240
mass ratios in fuel pins. The systematic study for the choice of
the photopeaks in the spectrum, the determination of the relative
efficiency curves was continued for fast reactor and thermal re-
cycle fuel pins. The results show that, for consistency checks
between a number of pins of the same physical characteristics,
the relative Pu-239/241 ratio can be determined with an error of
~0.5% in 10 minutes using a 10% Ge(Li) detector. The absolute
Pu—239/241 ratio can be obtained with an error of 1-2% in a 30
minutes counting using the same detector.

These data have been tested on 10 different fuel pins for fast reac-
tor and thermal recycle fuel. The detailed working procedure for
the assay of Pu-239/241 is now under preparation, together with
the instrumentation for these measurements. As to the Pu-239/238
-and Pu-239/240 ratios, the analysis of the data is more difficult
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due to the complexity of the peaks originated by the Pu-238 and
Pu-240 isotopes. The error in the determination of those ratios
vary between 5 and 25% depending on the sample type. A detailed
analysis of the gamma spectrum above 500 keV is going on now.
It is also planned to apply a more sophisticated gamma-spectrum
analysis programme, before the end of 1977, in order to improve
the results.

A major difficulty encountered in this study is the obtaining from
NBS and CBNM of reference material of know isotopic composition
for plutonium. A university thesis was prepared on the "Détermina-
tion de la composition isotopique du plutonium par spectrométrie
gamma'',

C. Development of Instrumentation

- eem am men s e e s At am e m o e am s e e A

1) Study on the Microcomputer Development System

As the trend in electronic instrumentation goes towards an ever in-
creasing usage of microprocessors and more and more sophisticated
data processing is required for the purposes of the Fissile Material
Control Programme, the availability of powerful and new means be-
comes a must for an efficient development of both hardware and soft-
ware. The problem has been solved by the purchase of an Intel MDS-
800 Microprocessor Development System. We experienced the power-
ful resources of the machine especially concerning the Diskette Opera-
ting System (DOS) and the In-Circuit Emulator (ICE). The operating
System ISIS-II with relocation and linkage capability allowed us to
develop independent program modules organized in libraries which can
be used in future programs. In particular a floating point mathemati-
cal library has been organized from our previously designed absolute
routines with the addition of new ones.

In-circuit Emulator was used in debugging the new software for the
microprocessor-based gamma-scanning system (see below).

2) Automation of Gamma-Spectrometry

New features have been added to our Microprocessor-based gamma-
scanning system: magnetic cassette recording and x-t chart recording,
The design of the complete equipment involved both hardware and soft-
ware.

Hardware consists mainly of a 4 K ROM memory module that has been
assembled to allocate the new programs.
Software contains principally the two following items:

- A Cassette Operating System. This program, called CASIS (Cassette
Software Implementation System), supervises the data transfer be-
_t_ween the mic rocomputer memory and the magnetic tape. Either
energy spectra or activity profiles can be stored; words are accor-
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dingly grouped with different formats. Data are organized in files.
A track directory allocated on the tape itself, makes it possible
to search automatically a specified file. Each of the three tracks
of the tape can allocate up to 50 spectra or 130 activity profiles.

- A Chart Recorder Handler. It transfers all or part of the micro-
computer data memory on the x-t plotter. Scaling on both axes is
provided.

A Double Threshold Digital Integrator has been assembled and will
be tested soon. A new program which handles this module has also
been developed. It will be loaded in the system as soon as the micro-

computer which is now being utilized by the Chemistry Division people,
will be available. We emphasize the fact that the improved system will

be able to detect fuel non-homogeneity both under and over the nor-
mal activity profile.

3) Automation of SIGMA Equipment

The design of an automated version of the machine now operating at
Nukem, has been started. The use of a microprocessor is foreseen
for controlling the measurement and processing data. Some software
modules have been already developed, among which: a calibration
routine based on a third degree polynomial least square fitting; an
expansion of the mathematical library including log, exp, 4x4 linear
system.

D. Direct Support to the Safeguards Directorate

Several fequests were made by the Safeguards Directorate for the cali-
bration of instruments:

- Sigma with the new set of Cf-252 sources,

- Gamma-ray detection chain for Pu-239/241 determination on thermal
recycle fuel,

- Sam-2 dual channel analyzer for the enrichment measurement of Uuo,
pellets,

Several mechanical parts have been designed in connection with the use
of NDA instrumentation and cameras by the Safeguards Directorate.

CONCLUSIONS

The description of the work performed shows clearly that most of the
work is oriented to very specific actions in view of the implementation
of NDA in plant conditions for direct use by the Safeguards Directorate.
The emphasis on these actions may be explained by the fact that Safe-
guards under NPT started in the EEC countries in April 1977 and that
its implementation imposes an important work load very specific, in-
cluding an important effort to make, at the technical level, the proposed
solutions acceptable to the IAEA.,
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As a consequence, the time schedule for the major planned objectives,
which were oriented to the elaboration of standardization schemes for
NDA and the systematic study of NDA methods (gamma-technique for

enrichment and Pu isotopic composition), had to be modified.

The work for the application of NDA methods more specifically for con-
trol purposes (Sb-Be, preparation of standard LEU pins, Random Driver
study etc.) and the direct support to the Safeguards Directorate, as men-
tioned in section D., increased very much during the last three months
and will continue during the rest of the year.

PLANNED ACTIVITIES

The planned activities in the four major fields described earlier are:

A, Standardization

1) Preparation of a final report on the international activities in the field
of NDA standardization: November 1977

2) Completion of the compilation of physical standards in the EEC and
IAEA: July 1977

3) Final discussion at IJAEA, together with Member State representatives,
of the paper on '""Use of physical standards in inspection and measure-
ment of nuclear material'': August 1977

4) More effort on the study of the certification mechanisms of NDA after
comparison of existing schemes.

5) Preparation of the final report on the characterization of LEU fuel pins:
December 1977

6) Start of the characterization of uranium oxide powder: November 1977
7) Characterization of SNEAK platelets: starting October 1977

8) Characterization of mixed oxide fuel pellets and fuel pins at Belgonu-

cléaire; experiments in September, data treatment finalized December
1977,

B. Development of Measurement Methods
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1) Calibration procedures for a number of highly enriched uranium mate-
rials to be finalized by October 1977

2) Project design of the mechanical part for a new version of Sb-Be will
be completed in December 1977 '

3) Random Driver modification proposal: September 1977

4) Final report on calibration procedure of Sigma and its use for uranium
determination in powder and pellets

5) Completion of characteristics study of BF 3 and He3 detectors
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6) Test, calibration and preparation of working procedure for various
passive neutron counting heads for Pu fuel pins and bulk materials
with VDC system

7) Study of a portable passive neutron detection system and of a small
sample assay system by active neutron interrogation. Design data
will be available in November 1977.

8) Preparation of a working procedure for the determination of Pu-239/
241 ratios in fuel pins: October 1977

9) Intercomparison of passive neutron counting and gamma -scanning for
fast reactor Pu fuel pins (experiments in September 1977)

10) Implementation of a new gamma-spectrum analysis programme:
December 1977.

C. Development of Instrumentation

1) Study of PL/M high level language

2) Test of Double Threshold Digital Integrator and software driver (end
of 1977)

3) Hardware design of microprocessor based system (end of 1977).
Preliminary development of software package, including magnetic
cassette handler

4) Design and test of a breadboard containing timer circuitry (chober
1977).

D. Direct Support to the Safeguards Directorate

1) Working procedure on the utilization of the Sam-2 equipment for
LEU powder, pellets and pins will be written (September 1977)and
formation courses addressed to inspectors will be given for these
instruments (dates to be defined)

2) Design projects for mechanical hardware will be continued.

Ispra Courses

In October 1977 a one week course on the application of NDA techniques
will be given by the NDA laboratory staff.

COLLABORATION WITH EXTERNAL ORGANIZATIONS

As was already mentioned earlier, most of the activity is now performed.
in support and in collaboration with the Safeguards Directorate of the
Commission. In the field of standardization, actions are undertaken in
the framework of the ESARDA association and of a collaboration contract
between CEN, Belgonucléaire and the Commission,
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2.5 DESTRUCTIVE ASSAY OF FISSILE ISOTOPES

OBJECTIVES

The activity aims at the development and research in the field of des -
tructive analytical chemistry of the fuel cycle. A considerable effort is
also spent in supportto the Safeguards Directorate.

The activity includes the following areas of work:
A. Analytical support to the Safeguards Directorate

Evaluation of operators measurement methods

B.

C. Automation of Mass Spectrometry

D. Setting up of a transportable mass spectrometer
E.

Calibration of Input Accountability Tank of reprocessing plants.

METHODS AND RESULTS

A. Analytical Support to the Safeguards Directorate

Control analyses on routine basis are to be performed for safeguards pur-
poses, The methods routinely used include surface ionization mass spec-

trometry, controlled-potential coulometry, potentiometry, spectro-photo-
metric methods and especially developed subsampling devices. :

On request of the Safeguards Directorate a number of control samples,
taken by the inspectors for verification purposes, were analyzed on a rou-
tine basis in the laboratories of Karlsruhe and Ispra.

The analytical work required for the preparation of reference U-Al cores
(MTR fabrication) was completed and a report is in preparation.

The participation to ECSAMY activities continues and the most recent re-
sult was a common procedure for data handling of verification measure-
ments (doc. ECSAM 30). A collection of analytical methods applied to the
analysis of fissile materials in the JRC-laboratories is in progress.

The two subsampling devices for UFy, ordered by the Safeguards Directo--
rate, are approaching their completion,

Analytical measurement methods, used by the operators, must be ''latest
international standard or equivalent to it', For this reason the Design In-
formation, forwarded by the operators to the Safeguards Directorate, are
reviewed critica.lly.

The information taken from the Design Information is compared to the rele- -

*ECSAM (European Commission Safeguards Analytical Measures), working
group on Safeguards analytical problems, formed by the analytical labora-
tories of Geel, Ispra and Karlsruhe and by the Safeguards Directorate.
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vant literature. The operators laboratory is to be inspected and the scien-
tific staff to be interviewed. .

Demonstrations of measurements on reference samples are yielding fur-
ther elements for critical evaluation,

The first document, including a general philosophy and definitions of the
aims of this work and an evaluation of Nukem analytical methods, has been
completed.

The second operator, Alkem, has been visited, the staff interviewed and
the appropriate document is currently in progress.

Design information of the next operator, Dounreay, UK, has been studied
and the laboratory is to be visited during July.

The method chosen seems suitable for achievement of the elements neces-
sary for evaluation in many cases. Sometimes, however, progress of work
is somewhat hampered by extremely poor design information available.

C. On-line Data Evaluation Used in Automatic Mass Spectrometric Isotope

The production of nuclear energy is accompanied by a genesis of new nu-

clides leading to a steady change in the isotopic abundance of elements in-
volved in the process. The isotopic content in the fuel has to be known for
several reasons: reactor operation, safety, economics and safeguards.

Mass spectrometry is the predominant tool in isotope analysis., Radiome-
tric techniques (alpha- and gammaspectrometry) are of less importance.
The high sampling frequency of nuclide inventories as well as the small
batches of the fuel (for criticality reasons) lead to a large number of sam-
ples to be analyzed. This justified the development of an automatic labora-
tory, AL,

The AL consists of two modified CH-5 Varian Mass Spectrometers each
controlled by a Varian 620 computer. One of the instruments is equipped
with an automatic lock for continuous sample feeding. The instrument has
been described [1, Zj. Two automatic alpha-spectrometers supplement the
mass spectrometric isotope analysis and an automatic balance is used to
measure aliquots of spikes and samples for isotope dilution analysis.

The data handling is completely automatic. Mass spectra data are reduced
directly by the Varian Computers to isotopic ratios before being collected
by a PDP 11/10 computer. Weights (of the isotope dilution) and alpha-spec-
tra are fed directly to this computer, which then transmits all information
for evaluation to an IBM 370 (fig. 1). The type of analysis, characteristics
of the sample, addresses of measured data are filed via a terminal prior
to the analysis and determine the analysis matrix which indicates the ex-.
pected data, As soon as the matrix has been filled, the evaluation which
comprises the usual operations described earlier [3], starts automatically.

The work was sponsored by the German Project Spaltstoffflusskontrolle
of the Kernforschungszentrum Karlsruhe.
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The on-line data evaluations are just recently in operation and are still
under test. Several interfaces coupling the computer and the instruments
had to be developed.

The set-up described is the final step of a long development. The advan-
tage of the AL with regard to higher sample throughput, faster analyses
and lower costs have been demonstrated. The on-line data handling gives,
in addition, data security and the confidentiality required in nuclear mate-
rial safeguards,

D. Setting up of a Transportable Mass Spectrometer

The objective of the first part of the work was to realize the possibility of
an ion source capable of generating ions from samples in solution with its
coupling with quadrupole mass spectrometer. This is important for the ana-
lysis of solids or species present in solutions originating from nuclear fuel
cycles, and to enhance the capability of Safeguards verifications.

The work consisted of designing and construction of the ion source along
with its sample feeding system. The system involves the formation of a
capillary arc plasma in a containment of appropriate materials with the
possiblity of controlled flow of argon gas at various inlet-outlet points.
The feed system is either nebulizers (both pneumatic and ultrasonic) or
direct evaporation of solid material under the influence of an electric po-
tential,

Both the above mentioned systems were designed and constructed in our la-
boratory and are now undergoing preliminary trial runs. Preliminary re-
sults have indicated that the plasma ion source is generating plasma in a
satisfactory manner with argon.

Better performance is expected with a few modifications in various auxi-
liary systems. The solid evaporation system has been tested with standard A
copper-nickel alloys and found to work appropriately.

Further results are expected in due course of time.

E. Calibration of Input Accountability Tank of Reprocessing Plants

The objective was to evaluate the methods of volume/weight calibrations

of the Input Accountability Tank and to suggest the modifications for higher
accuracies. Another objective of this work was to review the existing tech-
niques of sampling and analysis applied at the Input Accountability Tank of
the reprocessing plants for the accurate control of the fissile material,

For improvement in the accuracy of calibration of the Tank, experiments
are to be performed at the reprocessing plant. For this purpose the results
of routine methods calibration obtained with conventional techniques are to
be compared with those obtained by isotopic dilution mass spectrometry
with Li, Mg and deuterium. Appropriate modifications at the plant could

be suggested for this purpose.

Review studies of various techniques and their respective evaluation are in
progress., Also procedures and evaluations for the calibration techniques
are under evaluation.
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CONCLUSIONS

In general, the achievements during the reported period are in agreement
with our planning.

However, considerable difficulties are expected for the next period due to
the financial situation and to a staff reduction. Delays will be introduced
mainly in the activity on the transportable mass spectrometer.

PLANNED ACTIVITIES

A. Analytical Support to the Safeguards Directorate

Besides the continuing activity in support to the Safeguards Directorate,
the methodology for the UF¢ concentration and isotopic measurements
methods will be reviewed.

For future routine analysis of UF, the most suitable methods will be selec-
ted and experimentally verified.

The completion of the UFy subsampling devices, is foreseen for the end of
October 1977.

The construction of two further devices for other external organizations is
foreseen.

B. Evaluation of Operators Measurement Methods

Before the end of the year the documents concerning the German plants and
one or two UK plants will be completed. The single documents are then to v
be revised by a group of JRC specialists and the final judgements forward-
ed to the Safeguards Directorate.

C. Automation of Mass Spectrometry

Development of interfaces coupling the computer and the instruments.

D. Setting up of a Transportable Mass Spectrometer

The plasma source is to be tested for a large number of samples of diverse
nature to establish its validity. Preparations are underway to use the pneu-
matic and ultrasonic nebulizers as feed systems for solutions. Design and
construction of the coupling intermediating system is to be performed soon.
This matter has been discussed and cleared with the manufacturers of the
quadrupole mass spectrometer. Part of this work is expected to be presen-
ted in the Mass Spectrometry Conference, to be held in Catania in Septem-
ber this year.

E. Calibration of Input Accountability Tank of Reprocessing Plants

Experiments will be performed at the input accountability tank of Eurex re-
processing plant, using Li, Mg and deuterium tracers. The procedures

will be standardized in the light of the results obtained for these experiments.
The calibra.tion values will be compared with those obtained with physical
methods. '



COLLABORATION WITH EXTERNAL ORGANIZATIONS

The activity for the automation of mass spectrometry is carried out in
collaboration with the German Project Spaltstoffflusskontrolle of the
Kernforschungszentrum, Karlsruhe,

A collaboration has been established with the Eurex plant (CNEN, Salug-
gia) for the study of the calibration of Input Accountability Tank.

REFERENCES
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2.6 SURVEILLANCE ;

OBJECTIVES

The activity of the first half of 1977 was mainly focused on five main
topics:

- Portable identification equipment and new identification method,
using electronic scanning 1nstea.d of mechanical scanning

- Completion and improvement of the seals to be used for CANDU spent
fuel

- Completion of the 5-years experiment on BWR fuel bundles sealing

and preparation of a more general work concerning LWR bundles
sealing

~ Definition of the identification methods féquested by KFA, Julich on:

-« AVR spent fuel containers, RS
. TRIGA (Miinchen) element 1dent1f1ca.t10n

- Seals identification for the Safegua.rds Directorate of the Commission.

METHODS AND RESULTS

1) General Remarks on the Portable Equipment (figs. 1 and 2)

The electronic developments enable now to define the identity of most
of the ultrasonically identified seals without any mechanical scanning.

The portable apparatus, built at Ispra will be industrialized by Nukem
(Germany) and, besides the electronic sca.n.nlng of the seals, will have
the following advantages:

- digital output,
- automatic gain control.
Electronic scanning simplified all the seals identification procedures

in reactor or reprocessing pools. The tools to be used in plants will
now be very simple.

The reliability of the identity made using the new method has to be
improved by changing the design of the seals. The new designs are lead-
ing to cheaper and easier usable seals.

Mechanical and electronic scannings are described in figs. 3 and 4.

2)Portable Identification Equipment (SIPE 1)

Figs. 1 and 2a show the equipment. The use of it is easy: when the key
number is put on the digit switches (number to be known for each type
of seal: general use, cap seals, rivet seals), only two actions are to

be done:

- - power on,
- press start measurement button.
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Automatic gain control and automatic search of the first echo (inde-
pendent of distance between seal and transducer and of material of

the seal: plastic, steel, aluminium) are shown in figs. 5 and 6 for
each type of scanning chosen and defined by the last figure of the iden-
tification key number,

The digital output is given on the small printer of a pocket computer
(fig. 2b). The identity (suite of 3 or more numbers of two figures
AB, CD, EF) could easily be recorded on a compact cassette recor-
der.

Reproducibility of the identity at the present time and in most cases:

AB+1, CD+1, EF +1.

3) General Use Seal Identification

The previous design of the seal is shown in ref. [1]
The new design of the seal is shown in fig. 7a. Assembling of the two
parts is made on the spot by glueing.

Identification is done on the spot without (or with) removal of the seal.
The ""contact transducer'" is made of a flat transducer corrected and
centered in a reference system (fig. 7b). Duration of the identity de-
fining: 2 sec,

Coupling is effected by a small amount of oil or water between the seal
and the lens.

4) Cap Seal Identification

The previous design of the seal, using powder metallurgy is given in
references [1] and [Z].

Using brazing methods for the fabrication of seals, the design is sim-
plified and the price of the seal is much lower.

All previous mechanisms, shown in ref. /1/ and /2/, to be used either
at the headquarters or in the plants, in the very near future, will be '
simplified, Relating mechanisms are not necessary any more. A scheme
of the identification device is shown in fig. 8.

The criticisms against these cap seals, up till now, are:

- possible vibration,

- use of sintered material containing tungsten,

- modification to be made on the extremes of the tie-rods (low cost,
if made on all fuel bundles),

- extraction of the seal for identification in the non-active part of the
cycle, '

- handling of rather complicated tools for verification of the seal in
the irradiated part of the cycle,

The new design we try to introduce (collaboration with Exxon Nuclear
Company), the fabrication procedure using Nicro-Brass and the iden-
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tification without mechanical scanning of the seal eliminate the
weak points (all, except the third point).

5) Rivet Seal for MTR Bundles

Previous identification procedure is reported in ref. [lj

Since 1976 the identification is made as shown in fig. 9.

This enables the identification of seals on irradiated fuel bundles
staying in the pool without removal of the seal, as shown in ref. [2].

The future identification method will be the same as for general use
seals or cap seals. The global identity will be made without mechani-
cal scanning (fig. 10). This requires the suppression of the first echo
(fig. 4), due to the very small thickness of the seal.

6) T.U.1.D.

Tamper resistant unique identification devices such as the one used
for the Kalkar SNR 300 bundle identification proposal,ref. [2_/, should
also be modified for what concern their internal marking in order to
enable the global identification without mechanical scanning. A simple
contact transducer, nearly the same as the one used for general use
seals (fig. 7b) will be used.

7) Other Specific Seals

Other specific seals to be used with or without safety wire for spent
fuel bundle storage (collaboration with Atomic Energy Canada Ltd.),
spent fuel containers (proposal for AVR), plutonium boxes, safe-
guards equipments to be made tamper-resistant, will be designed
following the new method.

8) Collaboration with AECL (Canada)

AECL needs to develop a Safeguards system for CANDU reactors.
An agreement was signed between AECL and Euratom for the deve-
lopment of a seal for underwater application to verify the storage of
the CANDU fuel bundles in the pool.

The Euratom task in this context was to provide seals together with
seal application tool and scanning plus recording equipment neces-
sary to identify uniquely each seal.

The draft report on the collaboration /3/ states that:

"The equipment demonstrated that it is practical to install and verify
seals, with an ultrasonic identity, under water in a spent fuel sto-
rage bay. The signature obtained ultrasonically is adequate for es-
tablishing the unique identity of a particular seal. ™

If the IAEA agrees, the technique will be included in the Safeguards
system developed by IAEA-AECL for the CANDU reactor type.
A new design of seal was proposed for easier sealing provided that
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the fuel trays are prepared for the sealing procedure. This new cap
seal will be included in the final report on the collaboration, : \

9) BWR Fuel Bundles Sealing

In 1972, four fuel bundles were sealed with two seals each in two Ger-
man reactors:

- KWL, Lingen,
- KRB, Gundremmingen.

As those fuel bundles had reached the maximum burn-lip, the seals were
detached this spring. The reidentification and correct observation of
those seals have still to be made at Ispra in hot cell, but some conclu-
sions could be drawn already:

- the mechanical fixation of the seal on the tie-rod is good enough;
vibration could not detach the seal

- the external aspect of the seals after 5 years in the reactor is good

- the extraction of the seal was difficult for two seals due to the crud
(too narrow tolerances of the extraction tool) and one seal was des-
troyed during extraction.

If new seals have to be used, powder metallurgy will not be the fabri-
cation process any more, the brazing method demonstrates to be much
.better for:

ultrasonic identification,
fabrication cost,
mechanical resistance,
shape of the seal.

A collaboration agreement is in preparation with GfK, for LWR (BWR
+ PWR) fuel bundle sealing experiments taking benefit of the five years
long experiment, the new fabrication method of seals and the new iden-
tification method of seals (see point 4)).

10) TRIGA Fuel Element Identification

As explained in most of our publications [1], /2/, identification of the
items can be done using:

- seals,
- artificial marks detected by ultrasonics,
- natural marks detected by ultrasonics.

The third method was used to define the identification procedure of the
TRIGA fuel element in general and of the TRIGA, GFSS Miinchen, in
particular. '

Technique: A transducer angularly positioned reads the rear shape of
the end plug welds; the element is rotated around its axis.
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The project was defined at Ispra (fig. 11) and the prototype
will be fabricated and tested by the reactor staff,

11) Identification of AVR Fuel Pebbles Containers

Using the TUID technique with the electronic scanning method (see

fig 6), the cover of the container sealed on the box can be identified.
Tests and definition of the parameters of the method have been carried
out at Ispra (fig. 12).

12) Automation oflCamera Control System

A digital clock for the Camera Control System of the Safeguards Di-
rectorate has been designed and assembled. It displays months, days,
hours and minutes simultaneously on 8 liquid-crystal digit indicators
in order to record on the picture the time when it was snapped.

As far as the devielopment of timers for the camera control is con-
cerned, a recent discussion with people of the Safeguards Directorate
suggests a solution with low power consumption in order to make the
whole system autonomous (C-MOS logic).

CONC L.USIONS

After one and a half year of work we succeeded in designing and building
at Ispra a prototype of a fully automatized identification equipment. The
Nukem has taken over our know-how for industrialization of the equip-
ment.

This apparatus will make possible simplification of all the seals to be
identified on the spot. The mechanical devices are reduced to a minimum.
New types of seals can be envisaged: seals to beiclosed on the spot and
for which the identity is only valid after closure (seals which can be put
by the operator).

Satisfactory answers were given to the requests of tHe KFA (Jiilich)
concerning TRIGA elements and AVR containers identification.

PLANNED ACTIVITIES

For the second half of the year it is foreseen:

- to go on with the industrialization of the portable equipment at the
Nukem,

- to go on with the modification of the identification methods of the exist-
ing seals, -

- to perform demonstrations of sealing and identification techniques at
Savannah River (USA) where the sealed fuel elements of the Petten
Reactor (HFR) have to be reprocessed,

- to collaborate with GfK, VDEW, KWU on LWR fuel elements sealing,

- to answer questions from AECL (Canada) concerning a further appli-
cation of our method on the CANDU fuel elements.
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COLLABORATION WITH EXTERNAL ORGANIZATIONS

Our main collaborations are with the following firms:

- AECL (Canada) collaboration agreement, CANDU,

- KRB Gundremmingen (BWR),

- KWL Lingen (BWR),

- HFR Petten (MTR),

- MERLIN Jilich (MTR),

- GfS Miinchen (TRIGA),

- BR, Mol (MTR),

- NUKEM (Industrialization of our methods - fabrication of seals),
- KFA Jiilich,

- GfK Karlsruhe (VDEW),

- ENEL (Italy) Rome and Piacenza,

- ECN (The Netherlands) Statistics - reliability of seals,
- EXXON Nuclear Company (sealing of BWR elements).
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3. CONCLUSIONS

The 1977 activity of the Joint Research Centre in the field of the Fissile
Material Control is essentially a continuation of the activity carried out
under the same heading during the 1973-1976 plan, with an increased em-
phasis on the problems of safeguards implementation in the nuclear fuel
cycle,

The Bench-mark experiments, previously carried out in the framework
of the programme Technical Support to Nuclear Power Stations, were in-
cluded in the Project Fissile Material Contrel after this programme was
discontinued at the end of 1976.

The increase of the staff ailocated to the project made possible in the firet
half year of 1977 a larger effort in the field of the non-destructive assay
of fissile isotopes, particularly for the development and application of
neutron techniques., However, not all the staff problems are actually gol-
ved. There is a need to reinforce the studies on Control Systems and
Isotope Correlations.

Due to the limited possibilities of new recruitments, we plan to sclve the
problem by internal rearrangement of the staff and by contracts with ex-
ternal organizations.

The delay in the distribution of the 1977 budget has not heavily affected
the work in the first months of the year. The effect of this delay will be
much more important in the second half of 1977,

The following main comments on the obtained results apply to the various
studies. The planned activities are reported in Tab. 1.

- et L -

¢

The work carried out in collaboration with inspectors of the Safeguards
Directorate and plant operators, has been mainly directed to study control
systems for fuel fabrication plants. An increase of staff is required in or-
der to accelerate the present activity and to extend the study to other parts
of the nuclear fuel cycle.

Isotope Correlations

Also the work on isotope correlations has to be speeded up by an increase
of staff, mainly in the field of theoretical analysis necessary to establish
the validity of the isotope correlation technique in several cases which can
not be investigated experimentally.

Bench-Mark Experiments

The work which requires the intervention of several laboratories at the
Ispra and Karlsruhe Establishments, is proceeding in a satisfactory
agreement with the planning, The accuracy of our analytical determina-
tions resulted to be adequate for the verification of the nuclear codes used
for reactor fuel management,

Non-Destructive Assay of Fissile Isotopes

The increase of the staff made possible in the first half of the year a con-
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siderable enlargement of this activity.
The work is mainly oriented towards very specific actions in view of the
implementation of NDA techniques under plant conditions.

Several lines of work have been defined concerning standardization of
methods and materials, development and automation of techniques,

The activity of support to the Safeguards Directorate has been consider-
ably increased.

Our activities take advantage of large collaborations involving various
JRC-Establishments, the Safeguards Directorate, members of ESARDA
and plant operators.

Destructive Assay of Fissile Isotopes

The important activity on the automation of mass spectrofnetry has been
continued by the JRC-Karlsruhe Establishment in collaboration with
GiK Karlsruhe, )

A detailed analysis is in progress on the techniques used for input mea-
surements in reprocessing plants.

Support has been given to the Safeguards Directorate by execution of ana-
lyses and by evaluation of the analytical methods used by plant operators.

Surveillance

The recent developments in the field of ultrasonic detection will make
possible an important simplification in the use of the seals utilized for
different applications.

Our experience is made available to safeguards inspectors and plant opera-
tors to solve various problems of fissile material control.

For further information, please contact the Programme Manager.



Table 1 : Planned activities for the Project Fissile Material Control

Next period for 1977 (month)
Activities 1978 1979 1980
7 9 10 1 12
Control systems A @
Isotope correlations B @
c (3)
O
n ® O—t——
E (8) —
2
Bench-mark experiments F W—
G
Non-destructive assay of fissile H @ @
isotopes | @ @ @ @
j ® ®—®
L
Destructive assay of fissile M
isotopes N @
0 @ B —— B
Surveillance P
a ©2 @

A Study of control systems for various nuclear plants
1 Completion of the design of control systems for HEU and
Pu fabrication plants and for LWR reactors

B Theoretical investigations
2 Report on fission products correlations

C Establishment and operation of data banks
3 Start-up of the operation of the data bank at Ispra

D Experiments in reprocessing plants
4 Execution of the experiment in WAK
5 Completion of the data analysis for the experiment

E Organization of a Symposium sponsored by ESARDA
6 Date of the Symposium

F Experimental analysis of the irradiated fuels
; Start-up and completion of the analysis on the TRINO 3 fuel

9 Completion of the analysis on the Obrigheim fuel
10 Start-up of the analysis on other reactor fuels

G Data analysis in terms of cross-section ratios

H Assessment of the standardization problem and preparation

of procedures

11 Compilation of a list of reference materials available in
EEC and IAEA

12 Report on the international activities
Preparation of reference materials
13 Report on the characterization of LEU fuel pins

14
15 Start-up and completion of the characterization of U0, powders

16 Start-up of characterization of Pu fuels

Development and application of neutron techniques (active

and passive)

17 Completion of the project design of the new version of
PHONID (Sb/Be)

18 Completion of the fabrication and test of PHONID

19 Proposal for the improvement of the random driver

20 Completion of test, calibration and preparation of procedures
for various passive neutron counting heads

Development and application of gamma techniques

21 Report on the determination of the isotopic composition of Pu

22,23 Start-up and completion of intercomparison of gamma
and neutron techniques for Pu fuel pins

Automation of NDA instruments

Automation of mass spectrometry
24 Completion of the on-line automatic analysis evaluation

Setting-up of transportable mass spectrometer

25 Completion of the development of the sources (surface
ionization and plasma)

Input measures in reprocessing plants

26 Review paper on the problems connected with the input
measures

27,28 Experiments in plants for the input tank calibration

Development of ultrasonic apparatus and seals .

29 Completion of the industrialization of the US apparatu

Applications of sealing and identification techniques to

LWR, MTR, FBR, CANDU reactors

30 Completion of the 1st part of the work on CANDU fuel trays

31 Completion of the 2nd part of the work on the same subject

32 Demonstration at Savannah River on the application to
MTR fuel elements

T
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