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ABSTRACT

This document is the progress report of the programme Management of
Nuclear Materials and Radioactive Waste of the Joint Research Centre for
the period January - June 1977.

The programme consists of three projects. The main achievements during
the reporting period were the following:

Project 1: Evaluation of the Long-Term Hazard of Radioactive Waste Dis-
posal

Models and methodologies set up during the previous year for waste risk
analysis have been reviewed and summarized in two reports. The studies
on the long-term stability of vetrified waste have been continued: the acti-
vity has also been extended to bituminized waste,

A new activity has been started on the interaction of actinides with environ-
ment. '

In the field of actinides monitoring a guide is in preparation and experi-
ments have been performed in Pu-fabrication plants.

Project 2: Chemical Separation and Nuclear Transmutation of Actinides

Promising results have been obtained in the separation of the actinides
from waste by oxalate precipitation.

Considerable progress has been made concerning nuclear code calculations
of actinides formation and transmutation.

Project 3: Decontamination of Reactor Components

This is a new project started in 1977. The activity was mainly directed
to identify the areas of major interest by means of an external enquiry

and extensive literature survey.









BEMAERK

Den viden, som rummes i dette dokument, meddeles som fortrolig fra
Kommissionen for de europaeiske Faellesskaber til Medlemsstater, per-
soner og virksomheder og ma ikke videreaives til trediemand. (Euratom-
traktatens artikel 13 og Minersterradets forordning(EOF) 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 Européaischen Gemeinschaften den Mitgliedstaaten, Per-
sonen und Unternehmen der Gemeinschaft vertraulich mitgeteilt und
dirfen 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 handeln, sind fir 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 1'usage qui
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. INTRODUCTION

The exploitation of nuclear energy at an industrial level leads to the pro-
duction of large quantities of radioactive waste. The management and
disposal of the radioactive waste is one of the most important issues of
public concern, particularly for its long term implications on future ge-
nerations, due to the presence in waste of X-emitting nuclides of rather
long half-life (actinides).

The Joint Research Centre initiated its activity in the field of Radioactive
Waste Management in 1973. In the first four-year programme (1973-1976)
the efforts were essentially made in three directions:

1) to study the feasibility of a management strategy based on the chemical
separation of actinides from waste and their recycling into nuclear
reactors, in order to minimize the amount sent to waste;

2) to study a methodology for the evaluation of long-term hazard of waste
disposal in geological formation, in order to see whether there is valid
motivation to carry out a sophisticated nuclear-fuel cycle as it is ne~
cessary for the management strategy mentioned above;

3) to study whether a pyrochemical process treatment of the fuel before
reprocessing could simplify the waste disposal problems, by removing
in a concentrated form certain gaseous radioisotopes (Kr-85, I-129
and H-3, essentially) and minimizing formation of solid residues during
fuel dissolution.

In addition to the JRC programme on Waste Disposal, the Commission of
the European Communities started in 1975 an Indirect Action programme
on Waste Management. In this programme, which is conducted by means
of contracts with national laboratories, various aspects of waste condi-
tioning technologies are studied and a large coordinated action for the
study of waste disposal in various types of geological formations was es-
tablished. '

The two programmes complemented each other rather well and the coor-
dination among them and with national activities was assured by appoint-
ing one Advisory Committee for Programme Management (ACPM) for the
two actions.

In 1977 the second multiannual programfne of the JRC on Waste Manage-
ment was initiated and is presently underway. The programme, when
compared with the previous one, shows a diminished effort in the techno-
logical aspects of waste management and a greater effort on safety studies.
Thus, while action 3 of the previous programme (development of pyroche-
mical processes) was abandoned, action 1 (long-term hazard evaluation)
was considerably reinforced.

A particular aspect of the safe operation of nuclear reactors, the decon-~
tamination of reactor components, is also being studied within the frame-
work of this programme.
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The accumulation of long-lived fission products in reactor circuits is in
fact posing to reactor operators severe problems of maintenance and
repair, due to dose exposure of personnel in charge of those operations.
Substantial quantities of waste are also generated. The action proposed
should provide the necessary knowledge in order to optimize, on a case-
by-case basis, the decontamination procedure.

The staff allocated to the JRC programme for 1977 consists of 64 research
men. The programme is carried out at the Ispra Establishment with a
participation of the Karlsruhe Establishment.

The programme Radioactive Waste Management has been organized into
three projects, subdivided into several studies:

Project 1: Evaluation of L.ong Term Hazard of Radioactive Waste Disposal

The objective is to evaluate the long-term hazard of permanent disposal
of radioactive waste in appropriate geological formations, by studying
the barriers, natural and man-made, which may be interposed between
waste and the biosphere for long-term safety assurance.

Project 2: Chemical Separation and Nuclear Transmutation of Actinides

The objective is to obtain, by theoretical assessment studies and experi-
mental actions, a better appreciation of advantages and disadvantages of
separating the actinides from radioactive waste and transmuting them into
shorter-lived fission products by recycle in nuclear reactors.

Project 3: Decontamination of Reactor Components

The mechanisms of water circuit contamination, the nature of the conta-
minated layers and the action of decontaminating agents will be studied.









2. PROJECTS

2.1 EVALUATION OF LONG TERM HAZARD OF RADIOACTIVE WASTE
DISPOSAL

This project includes the development and application of waste hazard ana- -
lytical models and various experimental studies. The studies on the stabi-
lity of the conditioned waste and on the interaction of actinides with the
environment will provide input data for the waste hazard models. The study
on actinides monitoring is important both for safety reasons and to opti-
mize the waste management. '

2.1.1 Waste Hazard Analysis

OBJECTIVES

The aim of this study is to continue the assessment works started during
the past programme [l, 2/ in order to get a comprehensive view of radio-
active waste hazard, with particular emphasis on quantitative value of the
barrier system placed between waste and mankind, This aim will be pur-
sued through the development and application of assessment methodologies,
such as Fault Tree Analysis for the probabilistic assessment of the value
of geological containment for well defined geological disposal options, and
critical pathway analysis for the determination of environmental levels of
radioactive pollution and corresponding dose rates to man.

In such a way the weak points of a proposed waste management system can
be identified and evaluated.

It is expected that a large number of data of interest for this study will be
produced in the framework of the Indirect Action of the Commission.

For the first six months of 1977 the planned activities were the following:

- to describe in two reports the models and methodologies set up for geo-
logical disposal risk assessment

- to start developing an aquatic ecosystem model

- to organize, in collaboration with the Nuclear Energy Agency (NEA) of
OECD aninternational workshop on risk analysis and geologic modelling

- to plan future developments of the study.

RESULTS
Models and Methodologies for Geological Disposal Risk Assessment

A hazard evaluation "Model 1" was developed in which the following four
barriers which can be interposed between waste and man have been quanti-
fied:

1) Geological segregation
2) Stability of Waste Conditioning

3) Retention in Subsoil
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4) Mobility of Radioisotopes in the Biosphere.

The model is based on the probabilistic evaluation of barrier 1 (by the
"Fault Tree Analysis' methodology - fig. 1 and 2) and on the determinis-
tic evaluation of the other barriers (by a Pathway Analysis).

The FTA showed that the exhumation by future generations could be a
likely pathway for the waste to return to the environment during the first
thousands of years; on longer term the leaching by ground water becomes
the most likely mechanism.,

Following this release mode, the resulting pollution of a terrestrial eco-
system (fig. 3) has been analyzed, and the following information has been
collected:

- The calculated dose rates to man (shown in fig. 4 and 5) are low; how-
ever experimental verification of the assumed mechanisms and trans-
fer coefficients are necessary.

- Management of alpha-bearing waste other than high-activity waste, is
the most important parameter for hazard assessment.

- The plutonium inhalation pathway can play a very important role, with-
in the first thousands of years, while Ra-226 becomes the risk govern-
ing isotope over very long time periods.

Aquatic Ecosystem Model

Initial considerations of a simple steady-state marine ecosystem have
been made using a compartment modelling concept. This approach per-
mits the identification of major components of the system.

Transfer equations can then be applied, often on the basis of classical
physical laws, for the movement of radioactivity from one environmental
compartment to the next. These equations can be considered to approxi-
mately define the outcome of all the processes taking place within each
component of the system.

Using the above method, a critical group-critical pathway hazard assess-
ment can be attempted such that dose rates to man from actinides released
into a marine environment can be evaluated.

Workshop on Risk Analysis and Geologic Modelling

The workshop on "Risk Analysis and Geologic Modelling in relation to the
Disposal of Radioactive Wastes into Geologic Formations' was held at
Ispra, on 23-27 May 1977, organized by the OECD Nuclear Energy Agency
in cooperation with the CEC Joint Research Centre, Ispra.

43 Experts from 15 countries attended the meeting. The methodologies for
the risk analysis under development in the different countries and organi-
zations have been presented and discussed.

In the specialized sessions all the aspects of the problem have been ana--

lyzed and a particular attention has been devoted to the problems concern-
ing the quantitative evaluation of the different barriers, natural and arti-



ficial, which are interposed between radioactive waste and biosphere.
Problems requiring priority in the research have been identified.

The necessity of a continuous confrontation of the methods of evaluation
used in the different countries has been recognized.

The participants also agreed on the interest to establish a central bank
of geologic data.

CONCLUSIONS

Our present methodology for risk assessment appears to be adequate;
however, the model must be considerably enlarged, particularly for what
concerns environmental distribution patterns. The objectives listed above
have been fulfilled, and guidelines for future developments have appeared
clearly.

PLANNED ACTIVITIES AND COLLABORATION WITH EXTERNAL
ORGANIZATIONS

A ""Model 2" is presently being developed, which comprises a more sophis-
ticated terrestrial environment and a compartimental marine model,
Improvements in the data handling techniques are also being studied.

In collaboration with the CEN-Mol (Belgium), site-specific models, in-
volving both Fault Tree Analysis and Pathway Analysis, will be deve-
loped, concerning the disposal safety of radioactive waste into some par-
ticular Belgian clay formations.

REFERENCES

/1/ GIRARDI, F., BERTOZZI, G.,
"I.ong Term Alpha-Hazard of High Activity Waste from Nuclear
Fuel Reprocessing", EUR 5214e, 1974

[Z] BERTOZZI, G., D’ALESSANDRO, M., GIRARDI, F., VANOSS] F.,
"Safety Assessment of Radioactive Waste Disposal into Geological
Formations - A Preliminary Application of Fault Tree Analysis to
Salt Deposits'. Workshop on Risk Analysis and Geologic Modelling
in Relation to the Disposal of Radioactive Wastes into Geologic
Formations, Ispra, May 23-27, 1977. To be published as EUR-
Report.

2.1,2 Long Term Stability of Conditioned Waste

OBJECTIVES

The aim of this study is to obtain information on long term behaviour
of conditioned high and medium-level waste, which is necessary for
waste hazard evaluation,

The planned activities for the first half of 1977 were the following:

- Post-irradiation examination of glasses irradiated in the Petten
reactor '
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- Continuation of the glass leaching tests
- Ext ension of the stability tests to bituminized waste

- Check of the validity of damage simulation by means of accelerated
tests. This is a new activity started in 1977, which requires an initial
period of evaluation of possible irradiation means and of physical para-
meters to be measured.

RESULTS

Post-Irradiation Examination of Irradiated Glasses

The capsules irradiated in a fast flux at the Petten reactor under a cad-
mium screen have been dismantled.

The irradiation was intended to simulate, by the damage caused by fis-
sion fragments, the damage produced by the alpha particles [1] A maxi-
mum of fission density of 4 - 10%7 fissions/cm3, which corresponds to

2 + 1022 displaced atoms/cm”, was calculated for the irradiated samples.

Post-irradiation tests have been initiated. At the dismantling it was noted
that the glass pellets were intact.

As the calculation of the number of fissions in an irradiation under cad-
mium shield is not very reliable, measurements of fission products in
the irradiated samples are being carried out in order to verify the cal-
culated fission densities.

Density measurements and leaching tests have been started. The post-
irradiation measurements are expected to be completed before the end of

November.

Glass Leaching Tests

- e mm m e e e -

The results obtained in the first part of the investigation of long term
leaching of glasses have been analyzed and a report has been prepared
[2_]. The surface layer tends to be enriched in the less leachable compo-
nents at first but, after a certain period of time corresponding to a
weight loss of about 2 mg/cmz, it evolves towards a composition similar
to the composition of the leached glass. Thus the assumption of a cohe-
rent dissolution seems to be confirmed.

A new series of leaching tests utilizing samples which are not reintro-
duced in the corroding medium, in order to avoid thermal cycling and
possible damage to the surface gel, has been started.

The first results show that the weight loss is quite homogeneous at the
beginning. After a certain time the scattering increases sharply. It is
possible that after the film has reached a critical thickness, the re-
lease of product is obtained not only by a solution process but also by
a colloid release. .

Stability Tests on Bitumen

Inglobation in bitumen has been considered for alpha-contaminated waste.
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The main advantage is a good long-term stability in abiotic environments.
The radiation damage has been mainly studied for its short-term implica-
tions (hazard from the formation of Hp and CH, gases, swelling). For
long-term implications the formation of open porosity is the main point

of interest resulting in large increase in the leaching rate.

Some preliminary tests on bitumen have been initiated in order to verify
the dependence of the leaching from the solubility of the bitumen-incor-
porated salt and to clarify the mechanism of the long-term leaching.

A detailed planning of the research will be done after discussions with
national experts which should indicate the possible lines of management
of low and medium-level wastes,.

Check of the Validity of Damage Simulation on Glasses by Means of

The necessity of accelerated tests to simulate the long-term damage puts
the problem of studying the influence of annealing and self-annealing in
the radiation processes. L

An investigation of this type requires:

1) the evaluation of the various possibilities of irradiation at controlled
dose and dose-rate, ‘

2) the investigation of the measuring techniques most suitable to monitor
the damage, ’ '

3) the choice of the samples,

4) the set-up of experiments.

1) Irradiation Problem

A review of the literature and a discussion with experts in Harwell
lead us to choose external irradiation due to the following reasons:

a) External irradiation acting on very small amounts of material
drastically reduces the irradiation time necessary to produce the
same number of relative displaced atoms, with respect to an inter-
nal source, and it eliminates remote handling of irradiated active
samples.

b) By avoiding the inclusion of active substances in the glass, it allows
us to see only the effect of the radiation and not other effects due to
the introduction of foreign substances.

c) This technique allows us to separate the effect of alpha-particles
from that of heavy ions.

d) The external sourceallows better control of the various radiation
parameters.

e) By means of energy variations of the bombarding particles, the ratio
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between bulk and surface damage may be controlled; in particular
an increase of surface damage may be interesting in connection
with properties such as the leaching parameter and etching rate
which are related to the modifications of surface properties.

f) Irradiation with a source internal to the sample is already done at
Ispra; therefore it is convenient, in order to have complementary
results, to use an external source.

2) Technique for Post Irradiation Tests

We thought to divide the activity into two phases. In a first phase we
have the necessity of techniques that allow us to compare our results
with those obtained recently in Harwell as well as in Ispra with inter-
nal sources. Therefore density and stored energy measurements are
considered.

In a second time we plan to use techniques which allow better under-
standing of the structural damage at a sub-macroscopic stage (light
scattering, ESR, electron microscopy, optical absorption, X-ray
diffraction).

3) Sample Choice

Samples investigated will be amorphous silica and borosilicates.

The first has a simple structure where it is easier to analyze the
damage processes. The second ones are necessary for a comparison
of the effects obtained in a simple SiO, matrix with those obtained in
real glasses (containing also alkalis).

4) Set-up of Experiments

Preliminary irradiation tests will be carried out at Ispra with alpha-~
particles (2. 5 MeV maximum energy) on samples of tetrasil amor-
phous silica (99. 99 purity) of 5 mm of diameter and 1 mm th1ckness,
optically smooth, - h
Some attention has to be devoted, when preparing irradiation tests,
to experimental problems arising from poor conduction of heat and
current through the samples. Moreover, a special effort has to be
made in order to calibrate the dose rate.

An estimation of particle range and of the DPA (atomic displacements

per atom) for an integrated alpha-particle flux of 1018/cm has been
worked out (Table 1).

We envisage also to perform irradiation with alpha-particles of high-
er energy and with heavy ions utilizing the facilities available at
Harwell.

Stored energy measurements will be carried out on the irradiated
samples, by means of a DSC Dupont calorimeter (0.0l mC/inch sen-
sitivity).
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Table 1
Energy Range DPA
(MeV) ( jum)
3 14 1.1
2 8 1.6
1 5 2.7
.5 3 3.9
.2 2 5.4
L) ]- 10 7 6. 5

Density measurements will be carried out with the Preston method
(sensitive to the 4th decimal figure) at the ""Stazione Sperimentale
del Vetro" Murano (Italy). Preliminary measurements of density
will be performed in our laboratories with a torsion balance (sensi-
tive to the 2nd decimal figure).

In parallel to the density measurements, determinations of the refrac-
tion index will be carried out (with sensitivity to the 4th decimal fi-
gure). Refractometry has the advantage of a high sensitivity for sur-
face damage and correlates directly with surface density.

CONCLUSIONS

As far as radiation effects on glasses are concerned, the first post-
irradiation tests do not show any significant effect.

The aim of the leaching tests is to verify that the model assumed in the
hazard analysis of a homogeneous dissolution of the glasses is correct
and to give the values of the rate of dissolution.

The results obtained up to now seem to confirm this assumption and have
given a first set of dissolution rates in pure water.

For what concerns the check of the validity of damage simulation, the
initial phase of evaluation has been completed.

In general the planning was respected with the exception of the post-irra-
diation measurements which have been delayed due to licencing procedu-
res of the LMA laboratory.

PLANNED ACTIVITIES

For the second half of 1977 the following activities are planned:

Radiation effects on glasses:

Completion of the post-irradiation measurements on the glasses irradia-
ted in the Petten reactor; verification of some specific points with addi-
tional irradiations.
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Leaching tests on glasses:

Cémpletion of the tests in pure water; examination of the influence of
some special water compositions related to specific geological reposi-
tories.

Stability tests on bitumen:

Evaluation of the leaching of conditioned salts as a function of their so-
lubility in water; preparation of a detailed planning of research in order
to define some lines of management of low and medium-level wastes.

Check of the validity of damage simulation on glasses:

Irradiation on silica samples with alphas and heavy ions; measurements
of stored energy, density and refraction index on the irradiated sam-
ples.

COLLABORATION WITH EXTERNAL ORGANIZATIONS

For the check of the validity of damage simulation on glasses a collabo-
ration has been established with the ""Stazione Sperimentale del Vetro",
Murano (Italy).

Contacts have also been made with Harwell (UK).

REFERENCES

[1] LANZA, F,, MANARA, A,, VAN RUTTEN, F,,
"Simulation Possibilities of Radiation Effects in Glasses Used for
Conditioning High-Activity Waste'. EUR 5560e, 1976

[2] LANZA, F.,'Long Term Leaching of Borosilicate Glasses'", to be
published as EUR-Report,

2.1.3 Interaction of Actinides with Environment

OBJECTIVES

The objective of this new study connected with the long-term hazard eva-
luation, is the quantitative description of the behaviour of the actinides
in terrestrial and aquatic environments following loss from a geological
repository containing alpha-bearing wastes.

The planned activities for the first 6 months of 1977 were the following:

- A systematic literature survey for a better definition of the experimen-
tal work on physico-chemical aspects of the interaction

- Start-up of the experimental effort on the study of the interaction of
plutonium with different soil components and of its partitioning in an
aquatic system,

A collaboration with the Radiobiology programme of the Commission is
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foreseen.

RESULTS

a)

c)

A systematic literature search has been carried out in order to build
up an initial information base for the planned study of the migration
and distribution of actinides in aquatic and terrestrial systems.,

Taking into consideration this survey, the following experimental
study areas have been identified:

- Problems related to the detection of different chemical species of
actinides in water and sediments, specially in relation to their be-
haviour in very dilute solutions.

- Characterization of physico-chemical state of actinides in leached
solutions from borosilicate glass.

- The development of laboratory systems which adequately simulate
natural conditions.

Analytical Techniques

Plutonium has been chosen initially for the study on actinide inter-
action with environment., Two isotopes of high specific activity are
considered particularly suitable for the present experimental study.
These are Pu-238, an alpha-emitter, for use in long term experiments
such as migration in soil columns, and Pu-237, a gamma-emitter of
short half-life, which allows very easy determination of rapid pheno-
mena such as initial particle formation in water, pH and redox effects,
distribution variation at sediment-water interface etc.,

Glass Production and Leaching Solution Characterization

Simultaneously with the ordering of equipment (high temperature fur-
nace, grinding and sieving apparatus) required for the production in
glove-box of Pu-238 contaminated glass, a laboratory production of a
standard borosilicate glass has been carried out. The composition of
this glass is as follows: 60% SiOp, 18.8% B203, 6.2% Al,03 and 15%
NaO. In this glass was incorporated 20 wt% simulated waste oxide
containing approximately 7% UO,. The glass was ground and the result-
ing material (1-2 and 0.5-1 mm size range) leached at different tempe-
ratures with water. This developed technique will be used to make the
glass containing 0.5 mg Pu-238/g glass, from which a leaching solu-
tion for its subsequent chemical characterization will be produced.

Laboratory Simulation

- The equipments for the carrying out of sub-soil column experiments,
for the determination of actinides interaction with different soil com-
ponents, have been ordered; the start-up of this activity is foreseen
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for the second half of 1977,

- An aquarium has been prepared in order to study the Pu-237 parti-
tioning in an aquatic system consisting of lake water and sediments,
including biological components, characteristic of a lake near Ispra
(Lago di Monate). The methodology evolved in this work will form
the basis for future development on more realistic environmental
systems ' o

CONCLUSIONS AND PLANNED ACTIVITIES

The objectives proposed in this initial phase of the programme hé.ve been
fulfilled. For the second half of 1977 the planned activities are:

‘a) Production of a borosilicate glass spiked with Pu-238 and start-up of
the study of the chemical characterization of the leaching solution.,

b) Start-up of the experimental activity on plutonium migration through
sub-soil columns.

c) Continuation of the study with Pu-237 in an aquatic system in order to
determine its distribution and size range of formed particles as a
function of pH and redox potential.

The partitioning between water and sediments, including biological
components will also be checked. '

2.1.4 Actinides Monitoring

OBJECTIVES

The study aims at the development of a methodology for plutonium waste
monitoriﬁg in compliance with pertinent regulations.

This goal is going to be pursued in the framework of an Advisory Labo-
ratory*. The organization of this laboratory and its activity since 1975
were rigorously discussed during an Expert Meeting on this subject held
on November 23-24, 1976 at Ispra /1/.

No major criticisms were forwarded by the participants; hence the pro-
gramme activity has been continued according to the original plannings.

RESULTS
During the reporting period the major activity wa.‘s concerned with:

1) Development of an interpretational model for spontaneous fission
neutron measurements

2) Measurements of effective escape probabilities of fission neutrons
from selected reference materials

*The original name "Central Laboratory" was objected by participants of
the Expert Meeting [l_/ and replaced by the word "Advisory'.
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3) Measurements of plutonium contents in contaminated solid and
liquid wastes from a Pu handling laboratory by passive neutron
assay.

The results of these studies will be synthesized in Chapter IV of our
Guide /2/. -

i - . — i e e - n - S e M S AS An M e am e S e M m am e e mm e e A e e e Em e A Aw M em e em e e ek Aw e e e

The interpretational model of spontaneous fission neutron measurements
describes the average history of neutrons from their birth within the
sample, their interaction with the sample materials up to their leakage
out of it and their probability of generating detection signals.

From that we deduce the corrections relative to a point reference sam-
ple located at a given reference position (r,, z,) within the 47 -neutron
detector cavity., This model is outlined in the flow diagram of fig. 1.

The total correction of the observed neutron detection signals is expres-
sed by a set of six correction terms. Those terms are grouped together
into 3 correction factors:

The first factor (point 2 of fig., 1) takes into account the dependence of
the detection probability on the sample geometry for a given neutron de-
tection assembly. This detector is assumed as being Cd-shielded in such
a manner that sub Cd cut-off neutrons do not penetrate the sample cavi-
ty-detector boundary. The detection probability may depend on the neu-
tron energy, being zero for sub Cd cut-off neutron energies.

The second factor (point 3 of fig. 1) corrects for removal of neutrons
with the sample by elastic and/or inelastic scattering below Cd cut-off,
radiative capture, for variation of neutron energy spectrum by elastic
and inelastic scattering and for (n, 2n) reactions with sample materials.
This factor we call the effective mean neutron escape probability. It is
the effective self-shielding factor of the sample, The mean square effec-
tive escape probability is needed for correction of the autocorrelated
signal, as this is proportional to the square of the detection probability.

The third factor corrects for contributions of induced fission reactions
to the autocorrelated signal. The four terms of this factor describe the
contributions of four types of induced fission sources, namely:

- fast fission by spontaneous fission neutrons,

- thermal fission by spontaneous fission neutrons,

- fast fission by non-spontaneous fission neutrons,

- thermal fission by non-spontaneous fission neutrons.

Neutron Escape Probability Measurements

The influence of neutron interactions other than induced fission with
sample materials is expressed by the effective neutron escape probabi-
lity. In the first order approximation, this quantity is defined in analogy
to the well-known neutron shielding removal cross section concept.
This means that removal of neutrons from being detectable is described
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by an exponential function (first collision model). The adjustment of
this kind of approximation to a more realistic value of the effective es-
cape probability is accomplished by standards.

Those standards or reference materials must be similar to the sample
materials in terms of the above mentioned neutron removal effects. The
effective escape probability for given neutron source distributions can
be determined experimentally by measuring the distribution of the neu-
tron detection probability over the volume of the reference material by
means of a reference point source. We have determined in this way the
escape probability spectra for a uniform source density in cylinders
from some reference materials such as polyethylene, wood and iron,
The spectra of probabilities for polyethylene are shown in fig., 2 and
fig. 3. These spectra relate to two different neutron detector types as
shown in fig, 4, The effective mean escape probability, for a uniform
source density distribution is obtained by averaging over the volume of
the reference material,

It has been proved that the escape probability for the first gollision model
is described rather well by an "equivalent sphere'. This effective sphere
radius is obtained from substituting a cylinder with the height H and the
radius R by a sphere having the same volume to surface ratio. In evalua-
ting the effective escape probability of an unknown sample, we have to
know about its material composition, geometry and weight. From this

we calculate the removal cross section Zr. Then we compute the equi-
valent sphere radius of the sample Rg.

From the relationship
5 ref ref

"R xRy
we compute the effective radius of the sample if it is replaced by the re-
ference material, With this effective radius we obtain the corresponding
effective mean escape probability. For non-uniform source density dis-
tribution we have to return to the effective Pe distribution and to evaluate
its mean value for the given source distribution.

Pu-Waste Measurements by Passive Neutron Assay

These measurements are part of a so-called "integral experiment' on
Pu waste monitoring in collaboration with CNEN Casaccia, Italy. Such
experiments are aimed at the verification of the waste monitoring con-
cept as outlined in our Guide [Z] About 300 waste drums were assayed,
The interpretation method, following the model outlined in fig. 1, is to
be applied. For this purpose a computer program is going to be written,
Preliminary results have been elaborated.

CONCLUSIONS

The preliminary results from interpretation of spontaneous fission neu-
tron measurements on plutonium contaminated wastes are encouraging
but must still be reviewed and compared with destructive analyses prior
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to concluding upon the validity of the developed interpretational model.
The complexity of non-destructive assay by radiometric assay in gene-
ral and of passive neutron assay in pérticular calls however for a major
effort which has been underestimated in the beginning of this programme
activity, The acceleration of the progress in this field calls for addi-
tional research manpower. Such support can also be achieved by means
of collaboration with research institutes. In view of this, contacts with a
university have been established, hoping that some work of our interest
can be carried out by students. For this purpose the subject matter has
been presented in a seminar organized and invited by this university.
The discussion on possible contributions to our work is in course.

PLANNED ACTIVITIES

In the following 6 months period are planned:

1) Experimental verification of the validity of the reference monitor for
passive gamma assay as defined conceptually in chapter III of our Guide

2) The same as 1), but for passive neutron assay

3) Final analysis of the waste measurements on Pu waste from CNEN
Casaccia

4) Writing chapter IV of our Guide: "Application of passive neutron assay"

5) Testing of an on-line liquid alpha-monitor under operational conditions
of a fuel reprocessing facility.

COLLABORATION WITH EXTERNAL ORGANIZATIONS

1) Contract with EUREX Saluggia, Italy, concerning the testing of an on-line
liquid alpha-monitor (stipulated in 1977)

2) Contract with CNEN Casaccia on integral experiments on monitoring
Pu-contaminated waste streams, to be stipulated in fall 1977,
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2,2 CHEMICAL SEPARATION AND NUCLEAR TRANSMUTATION OF
ACTINIDES ’

This project comprises the following activities:
- Research on chemical separation of actinides from waste

- Assessment studies on the transmutation of actinides in nuclear reac-
tors and on the technological implications of the actinide recycling

- Measurements to improve the knowledge of actinide neutron cross sec-
tions. ’

The Indirect Action of the Commaission for Radioactive Waste Manage-
ment includes an activity in the field of the chemical separation and
nuclear transmutation of actinides.

In the framework of the activity of the OECD Nuclear Energy Agency, in
the field of radioactive waste, the Commission has been chosen as lead-
ing organization for the studies on the chemical separation and nuclear
transmutation of actinides.

First Technical Meeting on the Nuclear Transmutation of Actinides

held at the JRC-~Ispra, 16-18 March, 1977 (sponsored by the Nuclear
Energy Agency of the OECD).

As a consequence of the leading role assigned to the Commission, a meet-
ing on the Nuclear T ransmutation of Actinides in Fission Reactors was
organized at Ispra on 16-18 March 1977, in order to establish contacts be-
tween workers in this field and to provide a basis for exchange of informa-
tion, '

The meetlng was attended by 38 people of 12 countries and 1nternat10na.1
organizations and by 20 staff members of the Commission.

Several papers were presented and discussed in 5 technical sessions,

The first session concerned the presentation of topic papers dealing with
the Chemical Separation of Actinides, the Effects of Recycled Actinides
in a Nuclear Reactor and the Technological Impacts on the Nuclear Fuel
Cycle. ' '

In a second session international and national research programmes were
presented and some delegations gave orally the point of view of relevant
authorities concerning the nuclear transmutation concept.

The third session consisting of 4 papers was dedicated to the chemical
separation of actinides and here mainly to different conceptual methods.,

11 papers were presented in the fourth session dealing with the build-up
and transmutation of actinides.

The actinide build-up was investigated for LWRs, LMFBRs and for HTGRs.
Actinide recycling calculations were presented for LWRs and LMFBRs.
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In session 5 sensitivity studies for the influence of nuclear data on the
actinide build-up, the long term hazard of waste, the actinide transmuta-
tion rate etc. were presented. Sensitivity coefficients for these different
aims were given for LWRs and LMFBRs. Experimental techniques and
new cross section measurements closed this session.

The conclusions of the meeting were summarized in 3 different workshop
sessions:

Sessmn 1 : Chemical Separation of Actinides
Session 2 : Neutron Physics Feasibility Studies for Actinide Recychng
Session 3 : Implications of the Fuel Cycle Burning Actinides.

In a final plenary session the conclusions arrived at in the workshop
sessions were discussed.

The meeting has been considered by the participants as most successful
and the subjects treated stimulated the audience to fruitful discussions.
The workers in the different fields found personal contacts where these
did not yet exist and contacts were taken for future closer exchange of
information. ‘

It was decided to publish the presented papers, the declarations presen-
ted in written form and the results of the workshop sessions approved by
the participants in Proceedings, which will appear late 1977,

2,2.1 Chemical Separation of Actinides

OBJECTIVES

The objectives of this study are to obtain by laboratory experiments fun-
damental data and all other information needed to develop on a laboratory
scale, a complete process flow-sheet for actinide removal from high acti-
vity waste (HAW). Solvent extraction and oxalate precipitation are the
methods presently investigated to remove actinides. The experimental
work planned for the reporting period was directed to demonstrate the
chemical feasibility of various process steps of some flow-sheets pro-
posed for HAW partitioning and based both on solvent extraction /1,2/ and
oxalate precipitation [9_].

Simulated HAW solutions and batch extraction techniques /1, 2] have been
employed for solvent extraction tests, simulated and real HAW solutions
for oxalate precipitation tests,

RESULTS

1) Actinide Separation by Solvent Extraction

The solvent extraction processes now being developed for partitioning
purposes involve the use of organic extractants such as an acidic
(HDEHP) and a neutral alkylderivate of phosphoric acid (TBP).
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a) Solvent extraction by HDEHP .

Two options have been envisaged for the partitioning flow-sheet (fig. 1)
based on HDEHP. The first option involves the selective extraction

of higher valent actinides before the denitration step, the second one
the direct denitration of untreated HAW raffinates.

The results of laboratory experiments carried out according to the va-
rious process steps and operating conditions envisaged by these op-
tions are briefly reported.

-Selective Extraction of Pu and Np from Acidic HAW

As expected, the results of the laboratory tests show that nearly quan-’
titative extraction of Pu(IV), U(VI), Mo(VI) and Zr(IV) and rapid ex-
traction kinetics can be obtained when a simulated acidic HAW solu-
tion is contacted with a mesitylene solution of suitably purified
HDEHPZ, Iron is also extracted but less rapid extraction kinetics

have been measured. Neptunium can be extracted only when it is
stabilized at tetra- and hexavalent state (Table 1).

Table 1 - Extraction of Pu, Mo, Zr, U, Np and Fe from Acidic HAW
Solution

Org. Phase: 0,25 HDEHP in Mesitylene, ,
Aq. Phase: Simulated HAW solution, 4 M HNO3 + 0.1 M Na.NO3
O/A =1, Stirring time = 4 min,

Extracted
Element Pu Mo Zr U Np Fe
% Extraction 98 96 | ~ 100 | ~100 87 22

The addition of nitrite ions was performed in order to obtain hexava-~
lent neptunium and to prevent the formation of small amounts of inter-
face precipitates, probably due to palladium and rhodium.

Pu(IV), Mo(VI), Zr(IV), U(VI), Np(VI) and Fe(Ill) can be stripped from
loaded solvent by a low-acidity solution (pH=2. 5) of ammonium oxa-

late (Table 2).
To improve to an acceptable level (<4 min. ) the back-extraction kine-

tics, it is necessary to operate at 45°C.

*Experimenta.l tests already performed under such conditions were
not representative due to the fact that the HDEHP was not sufficiently
purified, These tests were therefore repeated using a 99.9% pure
HDEHP supplied by the firm Bayer.
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Table 2 - Back-extraction of Pu, Mo, Zr, U, Np and Fe from loaded
HDEHP by oxalate ions

Org. Phase: loaded 0,25 M HDEHP in mesitylene
Aq. Phase: 0.35 M C204=, pH=2.5
O/A =1, Stirring time = 4 min., t = 45°C

Stripped

F
Element Pu Mo Zr U Np e
% Stripping®| ~100 96 92 82 95 100

expressed for each element as percentages of amounts pre-
viously extracted.

~ Denitration of previously extracted HAW

As a low-acidity feed (pH ~ 2) is required to separate trivalent actini-
des from HAW solution by HDEHP, the excess of nitric acid present

in the HAW solution, is generally eliminated by chemical reaction with
concentrated formic acid. The acidic HAW solution is usually added to
hot formic acid according to a properly selected HCOOH/HNO3 molar
ratio, v

The removal of Pu, Np, Mo and Zr from the acidic HAW solution allows
to simplify the control of the denitration level, to prevent the formation
of Pu-polymers and to minimize the production of precipitates.
Palladium, rhodium (deposited mainly as metals on the walls of the
reaction vessel) along with barium and a minor fraction of ruthenium,
have been determined as the main constituents of the precipitates pro-
duced during the denitration of previously extracted HAW,

The recovery of noble metals would be possible by a selective nitric
acid dissolution, Practical possibilities to achieve this recovery will be
experimentally investigated.

- Extraction of trivalent actinides from low-acidity
HAW

As the experimental data concerning this step have been already repor-
ted [3, 4], only few extraction tests have been carried out in order to
confirm these data. 95% of americium has been in fact extracted from

a denitrated (pH ~2) HAW solution in a single, volume-to-volume, extrac-
tion stage. The solvent was a 0,25 M solution of HDEHP and NaDEHP
(13%) in mesitylene. The optimization of the operating conditions need-
ed to improve the Am/R. Es separation factors and to facilitate the sol-
vent clean-up, is in progress,

The second option of the proposed HDEHP flow-sheet (fig. 1) does not
involve the preliminary extraction of acidic HAW raffinates which are
directly denitrated by addition of concentrated formic acid, It is prac-
tically the "Reverse Talspeak Process' already proposed by G. Koch
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and coworkers [4] for actinide recovery from HAW. A considerable
amount of experimental data on trivalent actinide extraction and sepa-
ration from R.Es are thus available. Consequently, the aim of our
laboratory tests was to investigate the behaviour of higher valent acti-
nides (Pu, Np) during the direct denitration process of unconcentrated
HAW as well as the co-extraction of Pu and Np still present as extract-
able ion at low-acidity conditions (pH=2).

- Direct denitration of HAW raffinates: chemical be-

haviour of Pu and Np

According to option 2 (fig. 1) the denitration is directly carried out on
HAW solution (5000 litres/ton U). As mentioned above the denitration
is performed by adding the HAW solution to hot concentrated formic
acid according to a HCOOH/HNO3; molar ratio of 2.

A voluminous precipitate, mainly composed by zirconium and molyb-
denum is formed during the denitration. It has been determined that
20-30% of plutonium, 80-90% of neptunium and 5-10% of americium

are scavenged by this precipitate after a reaction time of 7 hours
(Table 3).

Table 3 - Adsorption and leaching of actinides from precipitates pro-
duced during HAW denitration

Untreated HAW solution % Adsorbed on Precipitates*
Isotope Concentr, after after lstleach. | after 2nd leach.
P (mg/1) | denitration | (0.5 M HNO3) | (hot 4M HNO3)
Pu-239 10 20-30 20-30 7-15
Np-237 150 80-90 not measured 0-3
Am-241 30,6 5-10 . not measured <0.1

Percent values adsorbed on precipitates were indirectly determined
by measuring the concentration of each actihide present in solution
after denitration and after various leaching steps.

A nearly complete leaching may be obtained for neptunium and ameri-
cium, but only 50% of the adsorbed plutonium may be leached out by
nitric acid. Leached plutonium and neptunium fractions were in ex-
tractable forms; they have in fact been easily extracted by a 0.3 M
HDEHP in dodecane.

An explanation of the uncomplete ieaching of plutonium could be given
by the formation, under low-acidity conditions, of plutonium polymers
and by their irreversible adsorption on precipitates (Table 3).
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The plutonium fraction remained on the precipitate after the leaching
step could be redissolved only using hydrofluoric acid or concentra-
ted and hot hydrochloric acid.

The behaviour of the plutonium during the denitration of a simulated
HAW solution is shown in fig. 2, where the variation of the plutonium
fraction in solution is reported as a function of the reaction time.

The variations of HNO3 and HCOOH concentrations as well as of pH
under the same operating conditions are also indicated.

From fig. 2 it appears that after an initial decreasing of the plutonium
fraction in solution up to a minimum value (35%, pH = 1.5), a progres-
sive increasing of this value occurs up to a maximum of about 85%

(pH ~2).

~-Extraction of residual Pu and Np from low-acidity
HAW

According to the operating conditions already employed at Karlsruhe
laboratories for the "Reverse Talspeak Process" /4/, the denitrated
HAW solution containing the plutonium fraction remained in solution
after denitration, has been extracted by an organic solution of 0.3 M
HDEHP + 0.2 M TBP in dodecane.

A rapid and nearly quantitative extraction of plutonium has been obtain-
ed using an organic to aqueous volume ratio of about 1.5 (Table 4).

The neptunium extraction was nearly quantitative after three extraction
stages.

The loaded solvent has been then back-extracted according to the pro-
cess conditions required for stripping americium and curium (Table 4
Aq. Phase I). Under these conditions, only 12% of plutonium and 8%
of neptunium originally extracted have been back-extracted. On the
contrary stripping yields of 88% for plutonium and 92% for neptunium
have been reached using a 0.35 M oxalate solution at pH 2.5 and

45°C (Table 4).

Table 4 - Back-extraction of Pu and Np from loaded HDEHP + TBP |
by different stripping solutions

Org. Phase: loaded 0.3 M HDEHP + 0.2 M TBP in dodecane

Aq. Phase I: 1 M lactic acid + 0.05 M DTPA et pH =3, O/A=1.5
" " II: HNO3 4 M, O/A = 2.5

" " III: 0.35 M C,04%, at pH = 2.5 and 45°C, O/A =1
Stirring time: 4 min,

Extracted To Stripping Solutions
Element Extraction I II IIT
Pu ~ 100 12 * 0 gg T

Np ~ 100 7% 8 0 92
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* . . . .
Cumulative yield of three successive extractions
percenrt values of stripped element referred to the amounts previous-
ly extracted. '

b) Solvent Extraction by TBP

The extraction of trivalent actinide by TBP may be successfully car-
ried out at low acidity conditions provided the nitrate salt content of
the feed solution is sufficiently high [5_/. This latter requirement re-
presents a serious problem, especially when HAW have to be solidi-
fied. In fact the presence in the final HAW solution of large amounts
of nitrate salts (tons of nitrate salts per ton of spent fuel), added to
HAW raffinates to allow the actinide separation, is incompatible with
the subsequent HAW vitrification.

A removal of nitrate salts by precipitation appears to be a rather
unpractical operation because of the large amount of salts to be
handled.

The alternative being investigated in our laboratory is the partition-
ing of concentrated HAW solutions. In this case lower amounts of ni-
trate salts have to be added per ton of spent fuel, so that the result-
ing composition of wastes to be vitrified could remain within the limits
required by the glass composition.

~-Concentration of HAW raffinates

Evaporation and denitration steps are normally performed on the
untreated HAW solution to attain the desired concentration factor and
acidity value. If the formation of precipitates as well as the actinide
adsorption on them have necessarily to be minimized during this step,
the acidity of the solution has not to be lowered below certain limits
during the whole concentration process.

Evaporation tests so far performed under not specifically selected
conditions, have normally produced considerable amounts of alpha-
contaminated precipitates. '

In order to set up the best operating conditions required for minimi-
zing during this step the formation of such precipitates, laboratory
tests are in progress.

- Denitration of concentrated HAW

This process step and its chemical implications (polymerization of

Pu still present in extractable form and production of alpha-bearing
precipitates) are strictly connected with the operating conditions of
the previous HAW concentration step., Denitration tests have been car-
ried out on a simulated HAW solution which was previously concentra-
ted by a factor 12 and separated from the obtained precipitates.
Pu-239 along with Am-~241 were previously added to obtain typical
actinide waste concentrations, Ce-144, Ru-106 and Fe-59 to trace
some inactive constituents of simulated HAW solution,
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No visible precipitates have been produced during the denitration tests
probably because the greater part of hydrolyzable ions was previously
precipitated during the HAW concentration step, The attained acidity
concentration was about 0,17 M/1. Laboratory tests are being continued.

The process flow-sheet based on the use of TBP (Fig. 3) as actinide
extractant involves two options,

The first one (option 1) is based on the possibility of carrying out a
selective extraction of higher valent actinides after concentration and
before denitration of the acidic HAW solution.

The second option involves a direct denitration of concentrated and
stored HAW solution without any selective extraction of higher actini-
des under acidic conditions.

The laboratory tests so far performed concern mainly the process
steps envisaged by this latter option (fig. 3). The obtained results are
summarized here.

~-Extraction of trivalent actinides from concentra -
ted low-acidity HAW

Aluminium and sodium nitrate salts have been added to the concentra-
ted and denitrated HAW solution in order to obtain a concentration of
0.65 M/1 and 1.3 M/1 respectively. This solution has been extracted
by an organic solution of 30% TBP in dodecane,

The obtained results (Table 5) show that after three successive ex-
traction stages more than 99% of americium and cerium, 93% of plu-
tonium and 68% of ruthenium originally present in solution, were ex-
tracted. No further extraction of plutonium was observed during sub-
sequent extraction stages, probably due to the formation of plutonium
polymers during the denitration step.

Preliminary tests on the vitrification of such decontaminated HAW so-
lutions have been carried out without any process difficulty; the leach-
ing rate of such glasses was comparable to the value currently mea-
sured for glasses having a typical composition [6]

The loaded solvent has been subsequently back-extracted by 2 0.05 M
DTPA and 1 M glycolic acid solution at a pH~-value of 3. With the ex-
ception of ruthenium, all the previously extracted elements have been
almost quantitatively stripped from loaded solvent (Table 6).
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Table 5 - Extraction of Am, Pu, Ce, Ru and Fe by TBP from a 12-fold
concentrated HAW after addition of nitrate salts

Org. Phase: 30% TBP in dodecane (pre-equilibrated)
Aq. Phase: simulated HAW solution, ~ 400 litres/ton U
1.3 M NaNO;, 0.65 M Al(NO3)3.9 H,0, total acidity
= 0.17 M/1 ‘
Stirring time = 20 min, O/A = 3
[ Pu] 2 0.09 g/1*
/[ Am J% 0.07 g/17

Isotope Am-241 Pu-239 Ce-144 | Ru-106| Fe-59
1st Extr, 77 88 72 41 0
< |2nd Extr. 96 91 94 55 0
0]
=
o | 3rd Extr. 99.4 93 99.1 68 0
o
S | 4th Extr. ~99. 94 93 99.6 | 72 0
ol
-+
% | 5th Extr. ~ 99. 94 93 ~ 99.8 74 0
w®
6th Extr. ~ 99. 94 93 ~ 100 77 0

* . .
Plutonium was added to the concentrated HAW solution before the
denitration step
A factor 4 lower than typical concentration values,

Table 6 -~ Back-extraction of loaded TBP

Org. Phase: loaded 30% TBP from the previous extraction test
Ag. Phase: 0.05 M DTPA + 1 M glycolic acid, pH = 3
O/A = 3, Stirring time = 30 min. |

Isotope Am-241 Pu-239 .| Ce-144 | Ru-106| Fe-59

% Back-extr.

yields 96 ~99 96 28 B
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-Trivalent actinide separation from R.Es

The use of the above mentioned type of solution to strip actinides from
TBP is adopted in order to facilitate the subsequent removal of the

R.Es. The stripping solution containing actinides and R.Es may be in
fact directly used to feed the first step of the Talspeak Process [7]

by which a selective removal of R. Es can be attained.

Laboratory tests to demonstrate this possibility, have been carried out.
The stripping solution containing actinides (Am-241, Pu-239), R.Es
(Ce-144 tracer + other inactive lanthanides) and Ru-106 (see section 2, 3)
has been in fact extracted by a HDEHP solution 0. 5 M in mesitylene.

The obtained results (Table 7) show that 95% of Ce-144 and 12% of
Am-241 originally present in the stripping solution were removed by
this selective extraction step. After a successive scrubbing of the
loaded HDEHP by means of a 0.025 M DT PA solution (pH~4), the ex-
tracted fractiorsof americium and cerium were lowered to 0. 5% and
90% respectively, so that a Ce/Am separation factor of about 1800 can
be achieved. '

Table 7 - Am/Ce partitioning by HDEHP

Extraction

Org. Phase: 0. 5 M HDEHP in mesitylene

Ag. Phase: from the previous TBP stripping step
O/A = 3, stirring time = 30 min

Scrubbing
0.025 M DTPA, pH = 4, O/A =3

Ce/Am

Isotope Am-241 { Pu-239 |Ce-144 | Ru-106
sep. factor

Extraction not
1 1 1
step 2 detected 5 3 36

Scrubbing not 3
1 1.
step detected 90 3 8x10

%Isotope in
Org. Phase

The organic component DT PA of this solution containing practically all
the removed actinides can be easily destroyed by concentrated and hot
nitric acid [7_/ .

Laboratory tests concerning this process are being continued.

2) Actinide Separation by Oxalate Precipitation (OXAL Process)

The experimental studies to optimize the proposed [9] oxalate preci-
pitation process (Oxal Process) have been continued. To confirm the -
results obtained on simulated HAW solutions, some precipitation tests
have been carried out on a real HAW solution supplied by the Windscale

Plant.
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-Experimental tests on Windscale waste solution

The Windscale solution (200 ml),arrived at Ispra laboratories at the
end of November 1976, was a HAW raffinate generated by reprocessing
Magnox fuel elements with a burn-up of 3500 MWD/ton; 5000 litres of
waste solution were discharged per ton of dissolved fuel [1 Oj.

The overall decay time at the end of November 1976 was about 5 months.
The composition of this solution was not determined; relative activity
measurements have in fact been carried out to investigate actinide and
F.Ps behaviour during denitration and oxalate precipitation processes.,

The results of active test runs carried out in lead cell on 20 ml sam-
ples of the Windscale solution are reported in figs, 4 and 5 along with

the results obtained under the same process conditions on simulated
HAW samples. '

Two experimental results obtained from a real HAW solution prepared
at the Ispra laboratories from UO, fuel with a burn-up of 26, 000
MWD/ton are also reported for comparison in fig. 5.

The behaviour of plutonium during the denitration step is shown in
fig. 4 where the fractions of plutonium remaining in solution at differ-
ent denitration times are plotted versus the corresponding pH values.

It can be seen that important fractions of the plutonium originally pre-
sent in both waste solutions precipitate.

A leaching step by nitric acid was unable to redissolve the precipita-
ted plutonium, :

The fraction of americium, curium and plutonium remaining in solu-
tion after denitration and oxalate precipitation are reported in fig. 5
as a function of the pH for both types of waste solutions (Windscale and
simulated).

As expected, the fractions of precipitated actinides increase accord-
ing to the pH. Except for plutonium (at pH values lower than 1, 5), the
experimental results obtained from both waste solutions can be con-
sidered in fairly good agreement (fig. 5). The best waste decontamina-
tion factors for americium and curium have been, however, obtained
on Windscale solution operating at pH values higher than 1, 5,

The behaviour of some gamma-emitter fission products (R.Es, Ru,
Zr) during the above mentioned process steps has also been investiga-
ted. Some experimental results obtained from the Windscale solution
are reported in Table 8,

These results show that zirconium, niobium and antimony are almost
quantitatively precipitated during the denitration and that only few per-
cent amounts may be redissolved by nitric acid. The ruthenium and
cesium fractions scavenged by oxalates appear to be higher than ex- -
pected and further investigations are needed to confirm and explain
such results, ’
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Table 8 - Behaviour of some F.Ps during denitration and oxalate
precipitation of Windscale HAW solution

Process % Element remaining in solution
steps Denitration Oxalate Precipitation
Run 1 2 3 4 1 2 3 4
Elem/m 0.37| 1.66| 1.41| 1.22]0.89 [1.22 | 1.99 | 1.78
pH
Eu - - 100 87 = = = =
Ce - - 100 97 2 0.8 0.26 =
Sb - - = = 53 = = =
Ru - - 100 99 | 99.7 72 78 59
Cs - - 85 89 100 68 57 52
Zr - - 21 = 56 = = =
Nb - - = = 44 = = =
- not measured = not detected

- Optimization of Oxal Process

Experimental results, so far obtained by testing the Oxal Process, show
that major process difficulties arise because of the plutonium behaviour.
It has been experimentally observed in fact that a rather important
fraction of plutonium, originally present in HAW solutions, is irrever-
sibly adsorbed (fig. 4) on precipitates (essentially Zr and Mo com-
pounds), produced during the HAW denitration. Special treatments
would be thus needed to remove plutonium from them. The addition of

a complexing agent to prevent, during the denitration, the formation of
alpha-bearing precipitates without interfering with the subsequent oxalate
precipitation,would ceftainly solve the problem, o

The most appropriate complexing reagent is obviously the oxalic acid.
The latter, unfortunately, can be effectively used only when diluted HAW
raffinates are processed: after concentration followed by an interim
storage period, the oxalate ions are in fact completely destroyed.

In fig., 6 the modified flow-sheet is reported in which the addition of
oxalic acid is foreseen before the denitration step. An additional advan-~

tage of this flow-sheet is that in this way only one filtration step is need-
ed.
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Experimental tests concerning this modified process flow-sheet have
been so far carried out, using only simulated HAW solutions.

The behaviour of actinides (Pu, Np, Am) and some F.Ps (Zr, Nb, Ru)
during the simulated HAW denitration in presence of oxalic acid is il-
lustrated in figs. 7, 8 and 9. Percent fractions of each element still
remaining in solution are plotted versus the denitration time. The va-
riation of acidity during the same time is also reported. From figs.

7 and 8 the effectiveness of actinide separation by oxalate precipitation
appears to be rather satisfactory.

After a denitration time of 2 hours, americium, plutonium and neptu-
nium fractions still detected in solution were less than 1% of the res-
pective amounts originally present., '

The obtained precipitates (R.Es., Am and Pu oxalates) were entirely
dissolved by nitric acid so that any special treatment on precipitates

(in order to convert actinides in soluble form) can be avoided.

The simultaneous denitration-oxalate precipitation step has to be neces-
sarily tested on real HAW solutions; experimental tests are planned

for next months. ' '

3) Hot Cells for Fully Active Laboratory Scale Experiments

The modification of the existing LMA lead cells and the construction
of new cells designed for chemical tests at fully active laboratory scale
is in progress. '

Unfortunately, due to the work performed at LMA laboratories to im-
prove the ventilation and to install two new lead cells,other hot facili-
ties have been forced to remain inoperative from February 1977 on,

At the beginning of September 1977 the lead cell designed to simulate
the Purex Process for the production of a radioactive waste solution
approaching as near as possible a real HAW raffinate, will start to
operate. UO, samples from the Gundremmingen BWR, irradiated at
26,000 MWD/ton and 4 years cooled, will be dissolved. The multistage
TBP extraction cycle will be replaced by an extraction chromatogra -
phy (reversed phase partition chromatography) cycle [11]; a chroma-
tographic column, filled with Celite, selected as support material for
the stationary phase (TBP extractant), will be fed with the nitric acid
fuel solution. Instead of a multistage liquid-liquid extraction, a more
rapid uranium and plutonium separation process and more simple
apparatus can be thus employed. »

The new lead cells designed to carry out continuous counter-current
extraction tests using laboratory scale mixer-settlers will be ready to
operate at the beginning of 1978,

CONCLUSIONS

The most important planned objectives were fulfilled during this report-
ing period. '
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Batch-experiments on simulated HAW solutions have been performed
as planned by testing different types of organic extractants under the
operating conditions envisaged for the respective process flow-sheets.

Experimental tests on oxalate precipitation from simulated and real

HAW (Ispra and Windscale wastes), as well as optimization of the Oxal
process flow-sheet have also been carried out as foreseen for this report-
ing period.

PLANNED ACTIVITIES

During the next six months, it is planned to ultimate the batch-extrac-
tion tests on simulated HAW and to initiate those on real HAW.

New chemical lead cells will be equipped to this purpose and also for
future counter-current extraction tests at fully active laboratory scale
planned for the beginning of 1979,

The optimization of the Oxal Process and its verification at fully active
laboratory scale, will be continued during the same time period,

The routine production of a synthetic HAW from high burn-up fuels will
start around September 1977,
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2.2.2 Assessment Studies on Nuclear T ransmutation of Actinides

OBJECTIVES

Taking account of the physical, technological,cost/risk implications,

to demonstrate the feasibility of actinide transmutation in fission reac~
tors, and to propose an overall strategy for transmuting the actinides
produced by the European Community power generating system.,

The time period covered by this progress report has been spent in or-
ganizing and preparing papefs for the First Technical Meeting on the
Nuclear Transmutation of Actinides, held at the JRC-Ispra on March 16-
18, preparing an EUR-report and a survey paper for the JAEA Conference
on Nuclear Power and its Fuel Cycle [8_/, performing sensitivity studies,
studying the neutron physical feasibility of transmutation and collecting
physical data.

RESULTS

Sensitivity Studies and Actinide Nuclear Data Requirements

The quality of nuclear and physical data plays an important role in the
calculation of actinide concentrations during reactor operation (either
operating under ordinary conditions or as actinide burner with or without
recycling), or for health hazard studies.

An analytical evaluation of the influence on actinide build-up of various pa-
rameters such as initial concentrations, decay constants, branching
ratios, nuclear cross sections, flux and time, has been performed and

the corresponding report sent for publication /6/.

This evaluation consists of establishing the transmutation schemes, wri-
ting up and solving the differential equations which describe the physical
phenomena represented by the previous schemes, evaluating the sensitivi-
ties and identifying the most important nuclear data,

This approach has been applied to U-235 to 239, Np-237 to 239, Pu-238 to
242, Am-241 to 242, these actinides being produced in LWRs, HWRs,
GCRs, AGRs and FBRs.

The agreement between analytical values of the sensitivities and the va-
lues obtained with a computer code is between 1 and 2%. It has been pos -
sible to recalculate all the data found in the literature. Some fundamental
results which have appeared during this study are /4/:

- It is usually not possible to define d& sensitivity coefficient which is a
constant even for a relatively small domain of variation of a parameter.
All the information which has been used for the evaluation of a sensiti-



vity should be provided.

- The sensitivities strongly differ from one type of reactor to another;
they strongly depend on the flux level in the reactor and on the reactor
operation time.

- When a reactor is run at constant power, the sensitivity to a parameter
is in fact a compound sensitivity since its value depends not only on the
variation of the parameter but also on the variation of the flux in the
reactor.

- A numerical evaluation of the influence of nuclear data uncertainties on
recycle calculations and other results published in ref. [7] has also
been applied to a LWR and a FBR [5_/ A priority list to establish the
most important nuclear data for neutron physical calculations has been

given /4,5,6/.

Neutron-physical Feasibility of Transmutation

A quantitative evaluation concerning the neutron-physical feasibility of
transmutation has been made for a LWR and a FBR /2/. The inventory of
actinides other than fuel amounts only to 0.13% (LWR) and 0.66% (FBR)
of the total fuel loaded to the reactor, if a self-generated higher actinide
recycling scheme is being applied. Then, the variation of rate of transmu-
tation into fission products of the fast breeder lies within a range between
12.8 and 16. 5% whilst the transmutation rate to fuel plus fission products
lies between 21.8 and 24.7%. The corresponding values for homogeneous
recycling in the LWR lie at about 20 and 50%, respectively.

The ) ~values of actinides other than fuel divided by those of normal fuel
elements are a measure for the reactivity influence of higher actinides.
They lie for the LWR in a range between 0.08 and 0.28 and for the FBR
between 0.75 and 0.92. For the case of a self-generated actinide recycling
scheme, these reactivity losses could be compensated by increasing the
enrichment of the fuel of the LWR from 3.2 w/o to 3.32 w/o0 and of the
fissile Pu in the core of the FBR from 12.3 w/o to about 12. 5 w/o.

The additional reactivity losses due to lanthanide impurities have also
been evaluated. For instance, if 1% of all lanthanides present in one ton
of spent fuel (about 90 g in an LWR and 200 g in an FBR) will go with the
higher actinides, their negative reactivity contribution could be compen-
sated by an enhancement of the enrichment of 0. 01% and 0.02%, respec-
tively.

In the case of a separate reprocessing of the higher actinide stream, the
rare earths fission products could have a considerably different composi-
tion than those generated in fuel. Therefore, an evaluation of the fission
product yields for higher actinides could become necessary.

The maximum permitted specific power in Watts per length unit of a fuel
pin is a limiting factor for the design of the fuel elements. Calculations
for actinide target elements without using shielding constants for cross
sections show that the specific power is about twice that of the fuel ele-
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ment in the FBR, and five times in the LWR. Hence target elements must
either be diluted by non-fissipnable material or they must be designed in
such a way as to reduce their specific power to the value of normal fuel
elements.

All these results may be considered as a basis for investigating the tech-
nological feasibility of the recycle concept.

Technological Aspects of Actinide T ransmutation

Gamma and neutron radiations complicate the actinide fuel fabrication
operations, the most limiting factor being the spontaneous neutron emis-
sion from Cm-244 and Cm-246. Ii has been evaluated that the neutron ac-
tivity of one kg of U-20% Pu-1% actinides (8.05 . 10° n/sec) is about

40 times the activity of the same fuel without actinides (2.14 . 10° n/sec).
Fabrication of fuel elements using recycled Pu for FBRs requires shield-
ing, anyhow, and it does not appear that the amount of actinides present
in fuel elements to be used for homogeneous recycling will require a dras-
tic change in the fuel fabrication operations. A review of the physical and
chemical data necessary to evaluate the strategies associated with homo-
geneous and heterogeneous recycling of actinides has begun.

CONC LUSIONS

The results presented in this progress report were essential to the fulfil-
ment of the objective. It should be noted, however, that a considerable
amount of time, during the period covered by this report, has been devoted
to the preparation of the First Technical Meeting on the Nuclear Transmu-
tation of Actinides, to the preparation of several papers for this meeting
and for the International Conference on Nuclear Energy held at Salzburg

on May, and to the finishing up and editing of a EUR-report.

Because of these obligations it was not always possible to spend as much
time as desired on the study of new questions. '

Another point, which may be worth mentioning, is that the persons invol-
ved in the Assessment Studies of Actinides Transmutation appear to be
too few to make sure that all the various questions entering in this com-
plex study will be treated with the necessary attention. It has already been
recognized as very desirable to increase the number of agents working in
this study. During the, hopefully short, time when this manpower is not
available, it is thought probable, without changing the objective of this
study, to limit somewhat the efforts on technological study, on the compa -
rative study of various types of reactors and possibly on risk analysis.

PLANNED ACTIVITIES

- Assessment of technological implications of keeping actinide in the fuel
cycle '

- Obtaining neutron physical data

- Calculations of actinide transmutation applied to different types of reac-
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tors (thermal, fast)
- Preparation of a comparative method for risk analysis of the fuel cycle
- Review of performance of fuel elements of existing power reactors
- Collection of physical and chemical data for higher actinide important

for fuel element design.

In the next reporting period progresses are expected in these activities:
a detailed planning for the following period is given in Table 2 of-Section 3.
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2.2.3 Actinide Cross Section Measurements

OBJECTIVES

The objective of the work is to improve the neutron cross section data
for the physical assessment studies of the nuclear transmutation of acti-
nides other than fuel, Sensitivity studies of the actinide transmutation
rate [1, 2, 3] indicated that the fission cross section of Am-241, Np-237,
Cm-244, Am-243 and Cm-245 are of greatest importance for the assess-
ment of the actinide transmutation in fast reactors.

The availability of Am-241 targets and its importance for the actinide
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transmutation suggested to develop the measurement technique and to
start the first differential cross section measurement with this isotope.
Two different techniques are applied. One relates the detected prompt
fission neutrons, the other the fission fragments, emerging from acti-
nide samples after bombardment with a pulsed neutron beam, to the
fission neutron cross section.

In both methods it is intended to use the 3 MeV VDG of the Institute for
Applied Nuclear Physics of the GfK as neutron source. For the gene-
ration of neutrons the Li-7 (p,n) Be-7 reaction is used. A first series
of measurements were performed from July to October 1976 with the
neutron detection method. The analysis of these experimental data and
the elaboration of data processing programs are in progress.,

Measurements of integral cross sections of actinides in reactor spectra
are carried out at the Karlsruhe Establishment of the JRC, essentially
within the framework of the Plutonium Fuels and Actinide Research
programme. The results of these measurements will be utilized for the
assessment studies on nuclear transmutation,

RESULTS
The Neutron Detection Method

In this method the fission cross section of Am-241 is measured relative
to the one of U-235 by detection of the emitted neutrons per fission.

The Van de Graaff accelerator is operated in pulsed mode.

It irradiated 3 samples one after the other mounted in a 4-position sam-
ple-changer. Each sample position is exposed to the same time average
neutron flux, controlled by a monitor, during several operation cycles
of the sample-changer in order to eliminate drift effects.

The following samples were used:
position 1 Am-241 with 3.89 g AmO; cladded with Al

u 2 Dummy sample of 1 with identical structure but 3.99 g
UO, nat.

u 3 U-235 disc with 7.107 g U-235
noo 4 free

The measurements were performed with a short flight path (distance
actinide target - Li target) of about 6 cm with thick Li targets for the
energy range below 100 keV and with one of 4 cm and thin Li targets
for 100 keV § E ¢ 1 MeV. The prompt fission neutrons were detected
in a proton recoil scintillation detector situated at a distance of about
28 cm from the actinide targets. For each adjusted proton energy of
the VDG, 4 different time-of-flight spectra were obtained /4] which
permit corrections for the isotopic composition and background effects.

These corrections lead to time-of-flight spectra for pure Am-241 and

U-235 with a time-independent background superimposed by a prompt
fission neutron peak and a well separate reduced capture gamma-ray
peak.
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The time-of-flight spectra were obtained with 3 different operation modes
of the Li target.

mode 1 The use of a thick Li target producing a white neutron spec-
trum permitted cross section measurements below 100 keV

mode 2 Above 2.273 MeV the thin Li targets produce a second
neutron group for which all data have to be corrected

mode 3 In the neutron energy range 100 keV ( E £ 800 keV thin Li-
targets generating monoenergetic neutrons could be used.

The detailed analysis of the measurements according to mode 3 has been
started. '

The signal-to-background ratio of the time -of-flight spectra was,below
140 keV, smaller than 1 due to the small fission cross section in this
neutron energy region and the prominent time-independent neutron back-
ground caused by &-n reactions with the O and Al present in the target.
With higher neutron energies the signal-to-background ratio increased
rapidly to reach values of better than 40 above 500 keV neutron energy.
The signal-to-background ratio was for the corrected U-235 time-of-
flight spectra in all cases better than 35.°

The short flight paths between the Li target and the actinide samples

and between Li target and the prompt fission neutron detector (proton
recoil scintillation detector) demanded the use of a pulse shape discri-
mination of neutron pulses against gamma-pulses and a rather high cut-
off energy for the detected prompt fission neutrons. The cut-off energy
was estimated as 2.3 MeV + 0.5 MeV. With the assumption of a maxwel-
lian prompt neutron energy spectrum [5/ and a correlation of its mean
neutron energy to the value of V[é_/, about 7% U-235 prompt fission
neutrons are less detected than the one of Am-241 at this threshold ener-

gy.

The average neutron energy spectrum causing reactions in the actinide
target is as well affected by the short flight path, Neutron energy and
intensity are a function of the angle existing between the monoenergetic
protons and the emitted neutrons. From a measurement of the emitted
neutrons at X = 0 degree, the kinematics of the Li-7 (p, n) Be-7 reaction
[7] and its neutron production cross sections as function of proton ener-
gy and angle, the average neutron energy spectrum and its resolution
have to be calculated in order to define the correct energy and its reso-
lution at which the cross section measurement has been executed.

Fig. 1 gives the neutron energy spectrum of a typical measurement at
the position of the actinide target for an incident neutron beam of X= 0°
and the average incident neutron beam spectrum for the 30 mm diam.
actinide targets in a 4 cm distance from the Li target. In this case the
energy defined by the half height spectrum value has been reduced by
about 10 keV and the mean spectrum by about 8 keV comparing the mea-
sured with the average incident neutron spectrum. The energy resolu-
tion remains practically unchanged but the low energy tail of the average
neutron spectrum is increased as compared to the «= 0 degree case.
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The cross section values measured with the thin target have been ana-
lyzed in detail in the energy range of 140 keV< E £ 800 keV (mode 3).
All derived results depend strongly on the V-values of U-235 and Am-
241 as function of energy. For the cross section determination of
Am-241 the T{U-235) values reported by Sowerby /8/ and the o-values
of Am-241,correlated by Hinkelmann /9/, were used (fig. 2). :

Fission Fragment Detection

The Fission Fragment Detection Method requires less corrections than
the neutron detection method and will therefore be used to control the
normalization of the cross section data obtained. It has the advantage
that only a small amount of fissile material is required for the cross
section measurements, but its applicability is bound to an energy range
in which the cross section to be measured reaches a sufficiently high
value.

For the cross section measurements the same 3 MeV VDG will be used
with thin Li targets, a collimated neutron beam and the time-of-flight
technique, for background suppression. The fission fragments are de-
tected in a gas scintillation chamber with 0.1% N, and 99.9% He as scin-
tillator. The two targets have a thin backing of 250 g/cm2 Al and sub-
divide the chamber into 3 optically separated third!,-1 such that fissions
are identified by coincidence signals of fission products in two neigh-
bouring chambers.

The test target will be a mixed target of 1l mg U-235 and 1 mg Am-241,
the reference target will have 1 mg U-235. Exposing the chamber once
to a neutron energy above the fission threshold of Am-241, once to a
neutron energy below its fission threshold, the cross section of Am-241
is obtained without any intercalibration of the counting chains or correc-
tions taking into account the different flight paths of the two targets.
The pure U-235 target serves only as a monitor and its physical data
do not enter into the analysis. The dominant advantage of this method
is that only the cut-off energies of the chains with the mixed target
enter into the analysis and that the fission fragment pulses of U-235
are statistically superimposed to the same &-pile up distribution as the
Am-241 pulses,

The difficulties of the past were:

1. rupture of thin target backings,

2, excessive &-pile up due to gas scintillation

3. drift of photomultipliers signals as function of time
4, timing of the pulse height spectrum.

These have been overcome now and measurements to establish the most
suitable operation conditions of the measurement chains are in progress,

CONCLUSIONS

The first analysis of the experimental results indicates, that in the re-
gion below 200 keV the obtained Am-241 fission cross section deviates

considerably from the ENDFB-IV data file used at present for reactor

calculations.
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The final analysis of the experimental data did not advance as fast as
originally planned, firstly due to some difficulties in the determination
of the neutron energy from the recorded data and secondly due to the or-
ganization of an NEA-CEC meeting during March 1977 at the JRC-Ispra
which deviated efforts.

PLANNED ACTIVITIES

The final analysis of the experimental results obtained with the neutron
detection method should be terminated by September/October 1977.
During June 1977 the instrumentation for the fission product detection
method will be set up at the GfK Karlsruhe for cross section measure-
ments to be started during September 1977.

COLLABORATION WITH EXTERNAL ORGANIZATIONS

The objective makes use of the 3 MeV Van de Graaf, its operation, in-
strumentation and computer soft- and hardware existing at the Institute
for Applied Nuclear Physics of the GfK, Karlsruhe. The experiments
are performed in a common effort and the data analysis will be in char-
ge of the JRC-staff,
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2.3 DECONTAMINATION OF REACTOR COMPONENTS

OBJECTIVES

During the last pluriannual plan, in the framework of the programme
"Support to Nuclear Power Stations', a small activity on the deconta-
mination of reactor components was started. This activity was limited
practically to the examination of some contaminated pieces and of some
residues filtered from the water circuits of nuclear power stations.

At the time of the preparation of the present pluriannual programme, it
was asked by the ACPM of the programme ""Support to Nuclear Power
Stations' that the study on the decontamination be continued and rein-
forced.

Decontamination can be intended in different ways. Firstly it can be in-
tended as an operation which has the scope of sending the decontamina-
ted equipment to a normal workshop or to a final repository (for this spe-
cific point decontamination is a synonimous of decommissioning).
Secondly, it can be intended as an operation which has the scope of send-
ing the decontaminated equipment to a controlled workshop.

Finally, it can mean an operation performed in order to reduce the ra-
dioactivity of the piece or of the plant in order to facilitate the mainte -
nance operation,

The activity of the first 6 months of 1977 was mainly directed to define
the lines of work in this new field,

RESULTS

In order to be able to define better where lies the main interest of utili-
ties, a contract has been passed to the firm Laborelec (Belgium).

The scope of the contract is to perform an inquiry in the different power
stations in order to define the need in Europe of decontamination and the
scope of the decontamination operations,

In the meantime we are performing an extended bibliographic study which
is centered mainly on the following subjects:

- evolution of the radioactive nuclides as a function of the operating time

- possible dependence of the intensity of radioactive contamination from
reactor materials

- evolution of the composition of the contaminated layer with time with
particular reference to the presence of cobalt

- decontaminating procedure with particular reference to chemical de-
contamination as far as partial decontamination is concerned and elec-
trochemical method as far as total decontamination is concerned.

Some preliminary laboratory work has been initiated with the aim to
have some techniques ready and to test some preliminary ideas.

In particular, an existing high pressure laboratory loop which has been
set up to study the influence of water chemistry on the corrosion and
microsuspension production is in modification in order to allow the study
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on particle deposition and on the effect of changing B and O, concentra-
tions., Some tests on accelerated production of inactive crud has been
conducted, Some preliminary tests on the use of an electrobrush for
decontamination have been initiated.

PLANNED AC TIVITIES

Our aim is to be able to prepare a report on the state of the art for De-
cember 1977 which collects the bibliographic information and the results
of the inquiry. As a consequence the research programme is not to be
considered fixed; at least until the bibliographic review is completed

and the inquiry is available some modifications are always possible. How-
ever, some principal lines of research can be drawn already now.

The radioactivity transport depends onthe type of material and corrosion
processes, on the purification system of the reactor, the time of life of
the deposited layer, Therefore it does not seem possible to define com-
pletely decontamination methods. For every action of decontamination,

a procedure adapted to the specific conditions must be defined by the
operational staff. The best help that research can offer regards the basic
knowledge of the mechanism of film formation and of the action of the de-
contaminating methods.

The main lines of research therefore will be:

- mechanism of deposition of contaminated particles,

- evolution of film composition and morphology as a function of time,
- analysis of the mechanism of chemical decontamination,

- analysis of the mechanism of electrochemical decontamination.

In particular we plan to carry out some preliminary tests on the mecha-
nism of chemical decontamination using scanning electron microscope
techniques and radiochemical techniques.

A test on the influence on the film dissolution of the oxygen concentration
will be performed in the existing loop. ‘



Conclusions
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3. CONCLUSIONS

The programme 1977-1980 of the Joint Research Centre in the field of
Nuclear Materials and Radioactive Waste Management includes the conti-
nuation of some activities of the previous programme 1973-1976 and the
beginning of some new activities.

The increase of the staff allocated to the programme and the conclusion

of some activities of the previous programme made possible the concen-
tration of a larger effort on the projects "Evaluation of Long-Term Hazaurd
of Radioactive Waste Disposal' and '"Chemical Separation and Nuclear
Transmutation of Actinides''.

In particular the first project was reinforced by:

- Introduction of a new competence in oceanography by external recruit-
ment

- Beginning of the new activity on the interaction of actinides with the
environment

- An increase of staff in the activity Long-Term Behaviour of Conditioned
Waste, which makes possible studies on the validity of simulated expe-
riments of radiation damage on glasses.

The second project was reinforced by:

- An increase of staff in the chemical separation of actinides mainly to
accelerate the work in hot cells

- An increase of staff in the assessment studies on nuclear transmutation
of actinides mainly to make possible the evaluation of technological
implications of the actinide recycling. A further increase in this field
is planned.

The third project "Decontamination of Reactor Componentg'' is the deve-
lopment of a small action started during the previous years.
The competences for this type of study are essentially available.

Not all the staff problems are actually solved. There is an important
need of competences in chemical engineering for various points of the
programme. This need can be partly covered by the recruitment of a
chemical engineer planned for the second half of 1977. We also plan to
solve some chemical engineering problems by contracts with external
organizations.

Competences in nuclear physics are also needed for the activity on acti-
nide monitoring. Due to the very limited possibilities of external recruit-
ment we plan to obtain external contributions by an expert contract.

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 mainly for the new ex-
perimental actions which require initial investments.

The following main comments on the obtained results and planned activi-
ties apply to the various projects:
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In the first half of 1977 the work performed in the previous year in the
field of waste hazard analysis has been reviewed and summarized in two
reports. ‘

The organization at Ispra, in cooperation with the OECD Nuclear Energy
Agency,of the workshop on ""Risk Analysis and Geological Modelling", has
made possible a valuable confrontation of our results with those of various
external organizations.

The planning for future activities in the field of waste hazard analysis in-
cludes the improvement and extension of the models previously developed
and their application to specific sites in the framework of collaborations
with national organizations (see Tablel), In this way the results of the JRC
activities are of direct use for the member countries.

The work on the long-term behaviour of conditioned waste, directed to
provide input data for the waste hazard models, has been continued by
means of experiments on radiation damage and long-term leaching of
glasses. The development of the experimental work is considered satis-
factory in spite of some delays in the analysis of irradiated samples in
hot cells,

The work has been extended to the long-term behaviour of bituminized
waste. In fact, the waste hazard analysis has shown that a large part of
the long-term hazard can derive from alpha-contaminated waste condi-
tioned with bitumen,

The planning for future activities is shown in Table 1.

The knowledge of the behaviour of the actinides in terrestrial and aquatic
environments following loss of segregation of the geological repository,
is of greatest importance for the waste hazard analysis.

A literature survey has been carried out to identify the areas of major
interest. Due to the preparative work, done during 1976, it was possible
to start the laboratory activities already in the first months of 1977.

A planning of the future activities is given in Table.l.

In the field of actinide monitoring the use of spontaneous fission neutron
measurements has been investigated during this period in view of the
preparation of a new chapter of the guide on monitoring of plutonium
contaminated waste. The experience gained in the past years has been
used to help operators of plutonium fabrication plants (CNEN-Casaccia)
in solving problems of fuel management.

A planning for the future activities is reported in Table 1.

Chemical Separation and Nuclear Transmutation of Actinides

The leading role assigned to the Commission, by the Nuclear Energy
Agency, in the field of the studies for the nuclear transmutation of acti-
nides, is a recognition of the considerable effort spent on that subject
by 'the Commission in the Joint Research Centre and in the framework of



the Indirect Action.

The "Technical Meeting on the Nuclear T ransmutation of Actinides",
organized at Ispra in March 1977 made possible a valuable confronta-
tion of our activities with those of other organizations.

In the field of chemical separation of actinides promising results have
been obtained in the experiments with the OXAL process. For what con-

cerns solvent extraction the activity has been concentrated on the use of
HDEHP and TBP.

The planning of the future activities(Table2)is directed to produce for the
end of 1979 a critical evaluation of the perspectives of the chemical sepa-
ration of the actinides. In addition to the laboratory work, engineering
evaluations of the various processes under development are required.

Our planning could be modified in the future in order to make possible

a repartition of tasks with other organizations interested in a collabora-
tion in this field.

In the field of the assessment studies for nuclear transmutation of acti-
nides considerable progress has been made concerning nuclear code cal-
culations of actinides formation and transmutation.

Studies have also been started concerning the technological implications
on the fuel cycle of the actinide recycling.

The planning of the future activities(Table 2)is directed, as for the che-
mical separation, to the preparation of a report before the end of 1979,
Also this planning can be influenced by possible external contributions,
We plan to reinforce the activity in this field in 1978 by a reduction of the
effort spent on the actinide cross section measurements,

The activity in the field of the actinide cross section measurements has
produced new data for the fission cross section of Am-241, The results
of the measurements are particularly interesting due to the large differ-
ence in respect of the previously accepted values. The planning of the
future activities is reported in Table 2.

Decontamination of Reactor Components

The activity in the first half of 1977 was mainly directed to identify the
areas of major interest, by means of an enquiry under contract with an
external firm and by means of an extended literature survey.

This activity will result, in the second half of 1977, in the preparation of
a report on the state of the art in the field of decontamination,

The experimental activities planned for the second part of 1977 concern
the mechanisms of the chemical decontamination and the influence of the
oxygen concentration on the film dissolution, '

At present it is not possible to draw a planning for a longer period.

For further information, please contact the Programme Manager.
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4, JRC PUBLICATIONS

1) F. GIRARDI, G. BERTOZZI, M. D’ALESSANDRO, "Long-Term
Risk Assessment of Radioactive Waste Disposal in Geological Forma-
tions", paper presented at the 1977 Annual Meeting of the American
Nuclear Soc1ety, New York, 12-17 June 1977; to be printed as EUR-
report

2) G. BERTOZZI, M. D’ALESSANDRO, F. GIRARDI, M. VANOSSI,
"Safety Assessment of Radioactive Waste Disposal into Geological
Formations: A Preliminary Application of Fault-Tree Analysis to
Salt Deposits', paper presented at the ""Workshop on Risk Analysis
and Geologic Modelling in Relation to the Disposal of Radioactive Wastes
in Geologic Formation'", Ispra, 23-27 May, 1977; to be printed as EUR-
report '

3) F. LANZA, "Long-Term Leaching of Borosilicate Glasses", to be prin-
ted as EUR-report

4) G. BIRKHOFF, "Euratom Activity in Monitoring Plutonium-Contamina -
ted Waste Streams!', paper presented at the Annual INMM Meeting,
Washington, June 1977

5) F. MANNONE, '"Removal of Actinides from High Activity Wastes by
Solvent Extraction: Outline of the Research Work at Ispra JRC Labo-
ratories', EUR 5527-e (1976)

6) F. MANNONE, L. CECILLE and D. LANDAT, "Removal of Long-Lived
Actinides from Purex Type HAW Raffinates by Solvent Extraction : The
Use of Neo-Tridecano Hydroxamic (HX-70) as Extractant', EUR 5537-¢
(1976)

7) F. MANNONE, L. CECILLE, '"Removal of Long-Lived Actinides from
Purex Type HAW Raffinates: Development of Conceptual and Experi-
mental Studies on Solvent Extraction'; to be printed as EUR-report

8) L. CECILLE, M. LE STANG, F. MANNONE, "Séparation des actinides
des solutions de déchets nucléaires 3 haute activité (HAW) au moyen
de lacide di (éthyl-2-hexyl)phosphorique (HDEHP). ldre partie: Résul-
tats expérimentaux obtenus en batch sur une solution "HAW" simulée';
to be printed as EUR-~-report -

9) L. CECILLE, D. LANDAT, F. MANNONE, "Séparation des actinides
des solutions de déchets nucléaires a haute activité (HAW) par extrac-
tion par solvant. I: Description dun schéma de séparation faisant appel
au TBP'"; to be published in "Radiochemical and Radioanalytical Letters"

10) L. CECILLE, H. LE STANG, F. MANNONE, "Séparation des actinides
des solutions de déchets nucléaires & haute activité (HAW) par extrac-
tion par solvant. II: Description d un schéma de séparation faisant
appel & 1'HDEHP"; to be published in '""Radiochemical and Radioanaly-
tical Letters"

11) F. GIRARDI, J. GODFRIN, F. MOUSTY, J. TOUSSAINT, "Séparation
des actinides des déchets liquides de haute activité - Le procédé OXAL";
to be published in "Radiochemical and Radioanalytical Letters"
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12) F. MANNONE, L. CECILLE, D. LANDAT, "The Neo-Tridecano-
Hydroxamic Acid as an Extractant of Long-lived Actinides from
PUREX Type HAW Raffinates''; paper to be presented at the Interna-
tional Solvent Extraction Conference 1977 (ISEC 77) - Toronto,
Canada, 10-17 September 1977

13) L. CECILLE, D. LANDAT, M. LE STANG, F. MANNONE, "S€pa-
ration des Actinides des Solutions de Déchets Nucléaires A haute
Activité par Extraction par Solvent - Etat des travaux expérimentaux
réalisés au CCR-Ispra', Proceedings of the First Technical Meeting

on Nuclear Transmutation of Actinides, JRC-Ispra, 16-18 March,
1977, to be published

14) F. MOUSTY, J. TOUSSAINT, J. GODFRIN, F. GIRARDI, ''Séparation
des Actinides des Déchets Liquides de Haute Activité - Le Procédé
Oxal', ibidem

15) W. HAGE, E. SCHMIDT, "“Reactor Physics Aspects of Burning Acti-
nides in a Nuclear Reactor', ibidem

16) E. SCHMIDT, J. CAMETTI, "On the Neutron Physical Feasibility of
T ransmutation of Actinides other than Fuel in Nuclear Power Reac-
tors'", ibidem

17) A. SOLA, "Some Preliminary Results on Actinide Incineration and
Transmutation in a Thermal and in a Fast Reactor", ibidem

18) A. SOLA, K. CARUSO, 'Sensitivity Studies and Actinide Nuclear
Data Requirements', ibidem

19) E. SCHMIDT, "Influence of Nuclear Data Uncertainties on Results
when Recycling Actinides other than Fuel", ibidem

20) L. KOCH, R. ERNSTBERGER, K. KAMMERICHS, "Formation of
Minor Actinides and Requirements of Nuclear Incineration', ibidem

21) W. HAGE, H. HETTINGER, F. KAEPPELER, S. KUMPF, K. WISS-
HAK, '"Measurement of the Fission Cross Section of Am-241"'", ibidem

22) A. SOLA, "Analytical Evaluation of Actinide Sensitivities", EUR-
5763e (1977)

23) E. SCHMIDT, "Predictions for the High-Level Active Waste to be
Generated by Nuclear Power Stations in the Member States of the
European Community', EUR-5690e (1976)

24) L. CECILLE et al., "Nuclear Transmutation of Actinides other than
Fuel as a Radioactive Waste Management Scheme', IAEA-CN-36/
366 (1977). '
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