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Abstract

The research on Iodine, as on other important fission products which would be released
during a severe accident, carried out directly or organized by the European Commission stems
from the Euratom Treaty, namely from Chapter III of the treaty which deals with the
protection of the health of the population against radiations and from Chapter I which deals
with research.

In this paper we do not consider the Commission radiological protection programme : we
limit ourselves to the presentation of the research carried out on Iodine as part of the most
recent source term studies within the Framework Programmes as are called the research
programme of the European Commission, usually valid for a 4 year periods.

The research activities an carried out by the European Commission either directly through the
Joint Research Centres (JRC) or indirectly through collaboration with research organizations
of Members States.

Concerning the iodine research carried out as Direct Action in the Joint Research Centres,
are mentioned here the most relevant activities carried out in this field at the JRC of Ispra
and Karlsruhe (TUI).

As Indirect Action, we present here the results of some studies allocated by the European
Commission to experts of Research organizations of Member Countries, followed by a short
description of the main results achieved by the Reinforced Concerted Action, within the III
Framework Programme ( 1992-1995).

At the end of the paper are described the research on iodine being carried out or proposed
within the IV Framework Programme (1995-1998).

Mention is also done of the Commission participation, relevant in terms of financial and
human efforts, to the PHEBUS FP Project.
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1. Background of European Commission Nuclear Safety Research

The Treaty of Rome establishing the European Atomic Energy Community was signed on
25th March 1956 by the representatives of the Governments of Belgium, Germany, France,
Italy, Luxembourg and the Netherlands, later by Denmark, Greece, Ireland , Spain,
Portugal and United Kingdom and last year by Austria, Finland and Sweden.

In the preamble of the Euratom Treaty dealing with nuclear energy development, it is
declared among others, that the Member States are "anxious to create the conditions of safety
necessary to eliminate hazards to life and health of the public ".

Article two states that the Community shall "promote research and ensure the dissemination
of technical information", "establish safety standards to protect the health of workers and of
general public and ensure that they are applied against the dangers arising from ionizing
radiations".

In the Treaty it is stated that the Commission shall be responsible for promoting and
facilitating nuclear research in the Member States and for complementing it by carrying out
a Community research and training programme.

The research on iodine is one item of the Commission research, a relevant part of which is
carried out as part of the Radioprotection Unit Activity.

I limit myself to the presentation of the research carried out as part of the Source Term
studies within of the Framework Programmes, as are called the research programme of the
European Commission, each valid for a 4 year period.

The research activities are carried out by the European Commission either directly through
the Joint Research Centres (JRC) or indirectly through collaboration with research
organizations of Members States.

2. Direct Action : Iodine Research in Laboratories of JRC

a) JRC Ispra

The Ispra research Centre in North of Italy is currently earring out analysis of iodine
behaviour in PHEBUS Test FPTO (release, circuit, containment aerosols, chemistry) and
analysis of separate effect tests such as the Canadian RTF experiments .
Experts from Ispra are participating in a Shared Cost Action Project on iodine chemistry
coordinated by Dr S. Dickinson (AEA).

b) JRC Institute for Transuranium Elements Karlsruhe

It is worthwhile to mention research being carried at the JRC Institute for Transuranium
Elements in Karlsruhe.concerning the determination of the amount of iodine in the source
term emanating from spent fuel.
In this institute a method has been developed which consists in melting the spent fuel ( UO2,
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MOX, U-Pu-Zr) in (NaOH, N a ^ , N^COj) in a sealed capsule - after that, the gas and liquid
phases are analysed with ICP-MS.
The first results show that this method allows to analyse the whole of the gas in the fuel and
also the iodine.

3. Indirect Research Action on Iodine.

The Commission Indirect Research Actions are carried out by three different methods :

a) Study contracts : funding is allocated to an expert or to a research organization to carry
out a research, typically a review or an evaluation of experiments or of codes, or to
coordinate a benchmark. The funding provided by the Commission covers the whole cost
of the research.

b) Concerted action : funding are allocated to a group of experts to "concert" with each other
about issues research, benchmark calculations etc ... . The funding provided by the
Commission is supposed to cover the management cost of the project, the travelling costs,
meeting organization, etc... .

c) Cost Shared Action : funding are allocated to group of experts from two or more Member
States to carry out research involving typically experiments and calculations, in specific fields
indicated in the Commission Framework Programme. The funding can reach 50 % of the total
cost of the research, with the University receiving 100 %.

4. Study Contracts on Iodine

Several "Study Contract", have been allocated by the Commission concerning iodine, in the
frame of the Source Term Research.
I would like to mention two of the them which, I believe are particularly relevant.

4.1. The first one is a study contract which the Commission allocated to Dr. P. Clough and
Dr. H. C. Starkie of AEA UK - Safety and Reliability Directorate in 1982 to carry
out "A review of the aqueous Chemistry and Partitioning of Inorganic Iodine under
LWR Severe Accident Conditions" [EUR 94008 EN -1984].

This work attempted to assess the chemistry and partitioning behaviour of inorganic
iodine relevant to severe LWR accidents.
Some of the recommendations with which the authors concluded their work are still
valid nowadays.

They recognized that the kinetic data were incapable of fully describing iodine
partitioning behaviour within satisfactory uncertainty bounds when applied in accident
analysis.

According to the authors the dominant contributor to uncertainty is the kinetics of
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oxidation of iodine ions in solution, a topic on which very limited data still exists.
They found that the effective oxidation potential which, together with the temperature,
pH, total iodine concentrations, determine the long-term partitioning of iodine, has
received very little attention.

They made the hypothesis that some of the extraneous materials, for example organic
species and particulate silver derived from PWR control rods, may be very reactive
with respect to iodine and play a large role in determining the effective oxidation
potential.

Moreover they recognized that, an understanding of the iodate - forming reaction 3I2

+ 3 H^O = I0'3 + 6 H* + 5 I" was very important for a proper description of aqueous
iodine chemistry. However in general, the mechanism of the reaction was
unestablished as the intermediate species involved : They recommended therefore to
perform experiments aimed at measuring radiolytic iodine formation, together with
investigations of radiolytic process by which organic iodides may be formed from
iodide ions in solutions. (By the way, there is evidence from containment atmosphere
at TMI2 that from a period of a few weeks onwards after the accident, gaseous iodine
species were dominated by organic iodides). [Cline J.E., Vailleque PG, Pelletier C
A and Thomas CD. "I131 studies et TMI Unit 2" EPRI NP-1389 April 1980].

4.2. " A Review of Radionuclide Release and Transport in Recent In-piles experiments"
was the subject of another study contract allocated by the Commission to Mr N.F.
Harman and Dr P.N. Clough (AEA Technology SRD, UK) which give us some
information on iodine behaviour derived from recent experiments and which can be
of some interest to the participants in this workshop [EUR 14230-1992]. The
conclusions of such a study have been summarized by the authors :

a) There is strong evidence that Csl is an important iodine species in the
condensed phase under test conditions and is probably also important in the
gas phase at high temperatures.

b) When PWR control materials are present, there is clear evidence that Ag I also
play is an important role in the condensed phase.

c) Cesium and silver iodides may not account for all of the iodine, since there
evidence in certain tests for some free gaseous form of iodine as well .

d) The LOFT LP-FP-2 test provides no evidence of a specific influence of boric
acid on iodine chemical behaviour, although this is rather inconclusive.

e) Csl is an important iodine species and when control material is present there
is good evidence for Ag I.

4.3. A study contract is being proposed to study the iodine behaviour following a loss of
coolant accident in design-basis accident.
This study which has been proposed with the title "Reference calculations on iodine
behaviour following a LOCA in DBA", is conceived as an extension of the
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comparative study of the calculation methods of the consequences of a LOCA in a
DBA, described in the EUR 14179 report. It consist of taking into account the very
numerous studies undertaken since then on the behaviour of the iodine released in
case of accident, in particular within the frame work of the Reinforced Concerted
Actions" (RCA) coordinated by the DG XII.

The studies undertaken within this framework aimed to compare the methodologies
on which three computer codes are based (INSPECT, IODE, IMPAIR) while resting
on the severe accidental sequence analysis. However, the behaviour of iodine is
different in situation of DBA, consequently it is probable that the conclusion of the
studies on the severe accidents will not be fully applicable.

The proposed study should fill this gap. The three sequences of LOCA analysed in
the EUR 14179 report should be recomputed using the INSPECT codes (AEA
Technology), IODE (IPSN) and IMPAIR (GRS/Siemens) and the results compared in
order to identify the models which can be at the rood of significant differences.

5. Iodine Research by Concerted Action

In the frame of the IH Framework Programme, the European Commission organized a
Reinforced Concerted Action (RCA) on Reactor Safety, whereby efforts and data from
organizations within the European Union, in cooperation with some Central and East
European Research organizations contributed to the action with the Commission funding used
to maximize the benefits of the collaboration.

The programme began in December 1992 and finished in June 1995. Sixty-two partners were
involved in the programme. The total funding was 61,9 Mecu, with the Commission
contributing 15,2 Mecu.

The research in the frame of the RCA on Reactor Safety concerning iodine was carried out
principally within the Source Term project and addressed the Key uncertainties of Iodine
behaviour and transport in LWR in case of severe accidents.

I will limit myself to list the most relevant subjects of research actions on iodine carried out
within the RCA; the experts who carried out the research are among the participants in this
workshop and I believe it is more appropriate to leave to them the presentation of their work.

Concerning primary circuit aspects of iodine chemistry studied in Source Term project,
studies were carried out on :

Iodine release from fuel.

Iodine interactions with Reactor Coolant System surfaces and aerosols.

Special attention was devoted to study the radiolytic oxidation of I in aqueous aerosols in the
containment atmosphere and the subsequent behaviour of iodine. The various forms of iodine
and caesium in the water pool within the containment and their subsequent behaviour when
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the pool boils dry and molten core concrete interaction starts were studied. Subject of analysis
were also the oxidation of iodine by radiation-induced ozone, the production and
decomposition of organic iodine and its mass transfer. It also considered the I release paths
in order to quantify the release and to assess accident management procedures such as
activating fans, sprays and filtered release paths.

A comparison and an assessment of the modelling of the iodine behaviour under severe
accident behaviour in European iodine codes (INSPECT, IODE and IMPAIR 2) was carried
out and a State of the Art Report has been written on the subject. [H. Sims, S. Dickinson
AEA, UK et al. EUR 16507-1995].

Further sensitivity studies were carried out involving comparison of data from the Iodine
codes with plants safety assessments results. Small-scale experiments were moreover carried
out to study iodine volatility under different conditions, and the radiolytic oxidation of
aqueous Csl.

6. Present EU research activity on Iodine by Cost Shared Action

Iodine chemistry under severe accident conditions is the subject of research in the European
Union by Cost Shared Action within the IV Framework Programme (1995-1998).
Its aim is to reduce the margin of uncertainty in source Term calculations, mainly concerning
the impact of aerosols on iodine behaviour in the sump and containment atmosphere, mass
transfer effects and the formation of organic iodide.
The research will be carried out by Research organizations of Member States and funded up
to 50 % by the European Commission.

A specific research programme on Iodine Chemistry has just been started within the IV
Framework Programme; it stems from the considerable differences between the iodine
behaviour observed in PHEBUS FPTO test and that predicted by containment chemistry
calculations,which indicates that the current models do not correctly treat all of phenomena
that could be important in a reactor accident. In particular, the presence of a large quantity
of silver aerosol appears to influence very strong the volatility of iodine from solution . This
could have important consequences for active and passive safety measures and for accident
management strategies. To help clarify the phenomenology, and to increase confidence in the
modelling of iodine behaviour in containment, an comprehensive programme of experiments
and analysis is underway. This focusses on understanding and quantifying the effects of silver
on iodine behaviour, providing new experimental data that will be used to validate and
improve the existing models and to stimulate code development.

The programme comprises an experimental part (measurement of the rate of uptake of
aqueous iodine onto silver particles in absence of radiation and investigation of radiation
induce effects, etc) and an analytical part (model development together with reactor
calculations to evaluate the effects of the model developments on Source Term calculations).

From the consideration that the processes leading to the formation of organic iodides are not
well understood, to help clarify the phenomenology, and to increase confidence in the
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modelling of iodine behaviour in containment, an integrated programme of assessment,
experiments and analysis is proposed involving the key European laboratories working in the
field. A comprehensive review and a assessment of the international literature on organic
iodide formation and destruction will be carried out in order to determine the critical data
requirements. These will then be addressed in experimental studies which will be designed
specifically to produce data which can be used in model development.

A code benchmark has been proposed with the aim of validating the models against Phebus
FP experimental results of the release, circuit and containment codes. The main research
organizations of the Union will join their forces to cany out the proposed benchmark which
will be carried out within the IV Framework Programme, as in the previously mentioned
proposal.
Particular emphasis will be placed on evaluating the impact of new models developed on Ag-
I interactions and organic iodine formation.

7. Others European Commission iodine research activities

First of all we have to mention the participation of the Commission, important in terms of
financial and human efforts, to the PHEBUS FP project. Already from the first test FPTO,
some significant results have been achieved concerning iodine behaviour which indicate the
inadequacy of our present codes in calculating its release in case of severe accidents. I leave
to other participants more qualified than myself the task of reporting on such test.

Secondly, Scientists of European Commission took active part in the preparation of the
"Report of the Special Committee on Source Terms" together with members of the American
Nuclear Society, US NRC, the US DOE and EPRI. The contribution of iodine to the Source
Term in case of severe accidents was evaluated and analyzed also in consideration of the very
low release od Iodine in TMI-2 accident, where only 10'5 % was released to the environment
against a release from the primary of 30 % of the iodine contained in the fuel, while the rest
remained water-trapped in the containment and in auxiliaries building.

8. Policy of the European Commission on Iodine Research

The European Commission research on iodine is based on a two pronged investigation :

1) The research-as described above -is aimed to the study of iodine basic chemistry in
order to establish efficient methods of controlling its release to the environment (e.g.
study of filters, efficient use of spray system, of high water sump pH, as well as
efforts to reduce organic materials such as cables ,paint, etc)
This research is carried out by direct or by indirect action, or by association in
International Project such as ACE, etc.

2) Development of efficient methods for PSA calculations, to study the LWR accidental
sequences, in order to have an indication of the radionuclides source term release with
a view of their radiological consequences.
Iodine is predicted to make a major contribution to the source term in accidents such
as Core - Concrete interaction, Steam Generation tube rupture, High pressure melt
ejection, Release into auxiliary building, etc.,["Plant Assessments" - L.M.C. Dutton,
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S.H.M Jones, NNC (UK), J. Eying Siemens (D), EUR 16502,1995].

I end this presentation-also to show the importance of the iodine research-mentioning
the research being carried out by the Commission Radiological Protection Unit,
concerning the analysis of the iodine effect which is the probable cause of childhood
thyroid cancer in Belarus, Ukrain, and Russian population as a consequence of the
Chernobyl accident, ten years ago - ["Thyroid cancer in children living near
Chernobyl" D. Williams University of Cambridge (UK), A. Pinchera Pisa University
(I), A. Karaoglou, K.H. Chadwich European Commission, EUR 15248 - 1993 and
["Development of optimal treatment and preventive measures for radiation - induced
childhood thyroid cancer" - A. Pinchera Pisa University (I), E.P. Demidchik, Minsk,
(Belarus) - EUR 16536 -1996].
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