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SEA 1-11
SEA 1-2


Task Title : SAFETY APPROACH AND DOCUMENTATION SUPPORT FOR

ITER - ASSESSMENT OF ITER NON SITE SPECIFIC SAFETY
REPORT



The objectives of this work are twofold : to assist the Joint
Central Team for the ITER safety documentation and to
assess the ITER safety documentation from European point
of view.

INTRODUCTION


At the end of ITER Engineering Design Activities (EDA),
the Joint Control Team (JCT) prepared a version of the
Non-Site Specific Safety Report (NSSR).  The objective of
the latter was to provide a possible candidate host country
for the ITER site with the various elements required to
assess the impact of the installation of this facility with
respect to safety and the environment.

During the subsequent phase, it is planned to begin the
preparation of a preliminary safety report for the facility.

The contents of the safety report is dependent on the
regulatory practices of the host country.  A harmonization
of requirements is, however, in progress.  In Europe, this
effort, which was started for the EFR (European Fast
Reactor) has been continued in the framework of the TSO
group under the aegis of the European Community.

The safety report is not the only regulatory document.  In
addition to general documents relative to the installation of
any large plant, independent of its nuclear aspect (building
permit, study of regional impact, etc.), other documents
will be necessary in view of its nuclear aspects, such as, for
example:

- Studies on the impact of normal releases to the
environment (agriculture, hydrology, etc.),

- A file relative to the information of partners in the
European framework (Euratom),

- Documentation relative to the control and protection of
nuclear material (public safety, Euratom, IAEA).

Obviously, it is not possible here to cover all these aspects,
but to provide a certain number of guidelines with a view
to enable the safety documentation (and hence the safety
approach) to evolve into a document more consistent with
the form required for a preliminary safety report.

Finally, it should be specified that this report does not
address certain deficiencies that have been pointed out in

the framework of the European assessment relative to the
framework of the European assessment relative to NSSR
(let us cite, for example, the case of the classification of
components, the analysis of the failure of common mode
faults, or even the analysis of severe accidents).

1998 ACTIVITIES


GENERAL

A preliminary safety report is a complete report that
describes the planned facility and provides a convincing
demonstration of its safety with respect to the public and
the environment. As regards its descriptive aspect, focus
should not be placed at this stage on a detailed description,
but on the functional aspects.

With respect to the demonstrative aspect, it is important to
underline its rigour so as to ensure the reader’s confidence.

As regards operational safety, focus should be placed on
showing that the ALARA process has not only been
applied throughout without reference to objective limits but
also consistently and for the whole facility.

Finally, an important point consists in showing that all the
studies, as well as subsequent fabrication and operation,
are and will be performed in compliance with Quality
Assurance requirements.

This therefore means making certain technical changes
compared to the NSSR, but, above all, it entails a change
in perspective.

Generally speaking, this involves showing the safety
authorities that safety has always been a priority during
design and that all the risks have been taken into account
according to the « Defence in Depth » principle (and not in
a philosophical manner, but by referring to specific
functional standards and specifications).

With respect to the plan of the PSAR, several approaches
can be used, which may be country dependent,  but the
approach selected for the NSSR seems quite acceptable.
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It will anyway contain the following data:

- General information on the safety approach, including
the logical approach, the main principles, the
objectives, and main safety functions,

- A descriptive aspect: the manner in which the safety
functions are installed,

- A quantification of the risks,
- Operational safety (dose to workers),
- Effluents and releases under normal operation,
- Wastes and dismantling,
- Accident analyses (classes 2 to 4),
- Severe accident analyses,
- Accidents of external origin.

SAFETY FUNCTIONS AND THEIR INSTALLATION

The presentation of the safety systems should not be
limited to an individual description of each system or
component, but should provide, in addition, overall
functional aspects, together with the interfaces between the
systems.

The starting point should consist in a global description of
the facility, its environment and its operating conditions.
The desired operating range should also be described with
sufficient precision to enable assessing its safety and of the
relevance of the analyses presented.

Furthermore, once overall safety objectives have been
defined (in terms of releases to the environment, for
example), it could be interesting to express them as a set of
objectives at sub-assembly level.

The analysis of these sub-assemblies would thus provide
the demonstration that, under normal or accident operating
conditions (in the entire specified domain), these objectives
would be met.

Let us take an example:  Let us consider the ventilation
system in the exchanger rooms:

It is understood that the ventilation of these rooms is
assured under normal operation and that the closure of the
vent is ensured within a specified time in the event of a
risk of a significant water circuit leak.

It is therefore necessary to:

- Define the instrumentation and the way to determine
the values which will actuate this system,

- Describe the process itself,
- Analyze the entire chain, identifying the risks of

failure.  Common mode hazards (loss of power, fire,
etc.), as well as possible interfaces should also be
identified.

This analysis will permit having all available data for
accident studies and enable making the demonstration:

- Envelope of slight leaks that do not lead to the closure
of the venting system,

- Precise conditions of the action with its uncertainties
(response time, etc.),

- Data for the analysis of possible common mode
failures.

At the preliminary report stage, the design of these systems
will probably not be sufficiently developed to permit
making this analysis: their functional specifications will
therefore be given and will serve as guidelines for design.

All the systems relative to safety (which will subsequently
be cited in the accident analysis, for example) should be
treated in this way.

ACCIDENT ANALYSES

The presentation of accident studies should not require
many changes insofar as the assumptions relative to the
evolution of consequences are consistent with the analysis
of the various systems cited.

The consistency of the various approaches for the selection
of accidents should also be verified  (it should be checked,
for example, that the failures considered are consistent
with the analysis of the systems).

In addition, the validation of the computer codes, models,
and basic data, together with the uncertainties involved,
should be discussed. The validation of all the data, codes
and models used for the safety analysis is an important
issue in the licensing process.

Both the transient analysis and the Ultimate Safety
Margins analysis depend heavily on computer codes. This
has required the development of new specific codes and the
use of codes developed for other purposes, but which are at
times required to operate outside the existing qualification
envelope.

A systematic approach for exhaustive verification and
validation of the Thermal-Hydraulic codes for fission
applications in LWR (Light Water Reactor) has been
carried out over the last decade by the CSNI (Committee
for the Safety of Nuclear Installations) of the OECD
Nuclear Energy Agency. It is suggested that a similar
methodology for fusion would be appropriate. This would
however only need to concentrate on validation of those
phenomena which are specific to fusion.

This work would involve the identification and
characterisation of the fusion specific phenomena and
establish a facility cross reference matrix, using all
relevant data. It is suggested that a dedicated group of
experts should evaluate the validation program and verify
the results.
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OCCUPATIONAL SAFETY

If the ongoing process relative to the investigation of all
maintenance operations is pursued so as to consistently
aim for a minimization of doses to workers, the current
presentation is correct, associated with its resulting zoning.

However, care should be taken to avoid presenting in the
ALARA process any objective that could be considered as
final: the objectives cited are only intermediate, permitting
the consistency of the approach to be assured.

In addition, non-scheduled maintenance operations should
also be investigated, including those intended, for example,
to put the facility back into operation following an incident
or accident likely to occur during the service life of the
facility (a small coolant leak, for example).

CONCLUSION


In the frame of the cost reduction objective of ITER, a
process of redesign this installation will be done during the
extension phase of the EDA.

This could be an opportunity to ensure a better definition
of the safety implementation including the objective of
minimising the doses for the workers (by a systematic
ALARA process).

In parallel an effort should be done for the validation of
codes and data on the basis of comparison with
experiments and benchmark exercises.
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SEA 1-14

Task Title : CONTRIBUTION TO THE EUROPEAN ASSESSMENT OF THE

DOCUMENTATION EMITTED BY JCT


INTRODUCTION


A very comprehensive effort has been made, during the
last years, by the ITER Joint Central Team to integrate a
set of safety recommendations within the ITER design and
to organise a preliminary safety assessment of the plant.
Detailed documentation is now available : the Non-Site
Specific Safety Report (NSSR-2).

Following a proposal described in ref. [1] and recalled in
the document, the task starts a systematic analysis of the
ITER safety approach, both concerning the methods
implemented for the design as well as those used for the
safety assessment. The objective is to lead the final designs
to correctly answer the safety authorities requirements
through the detailed and systematic analysis of this
documentation.

The « regulatory » requirements are not yet explicit for
large fusion plants. This is why the basis for the suggestion
is the coherency with the evolution that characterises the
safety approach for future fission plants. This objective
does not mean that the « standardisation » of the details of
the safety approach among fission and fusion plants will be
the solution. Nevertheless, it seems obvious that all the
differences must be identified and understood verifying
that the basis of the « safety philosophy », used for the
definition of the recommendations for the future nuclear
installations, is respected.

Practically, all the recognised discrepancies have to be
identified and understood in detail, by performing a
detailed comparison between on one side the ITER concept
characteristic and, on the other side, the safety and design
requirements applicable to large fission plants.

1998 ACTIVITIES


OBJECTIVE AND APPROACH

The radiological risk that characterises large fusion plants
lead to consider them - from regulatory point of view - as

Nuclear Installations1. This administrative classification
ask for ad-hoc licensing procedures.

                                                       
1 ITER must be considered as Nuclear Installation, due to
quality and quantity of its confined radiotoxic materials.

The fundamental safety objectives (i.e. the radiological
impacts) as well as the fundamental principles for the
safety implementation and the assessment (i.e. the defence
in depth) must be analogous for all the future Nuclear
Installations. On the other hand, it is recognised that the
demonstration that these objectives are correctly fulfilled
shall be achieved integrating the specificity of the ITER
plant.

Thus, the goal of the engaged analysis is the assessment of
the ITER safety approach from both design (i.e.
architecture) and safety analysis (i.e. rules and methods for
the analysis) point of view.

The whole ITER safety approach is presented through the
Non-Site Specific Safety Report (NSSR-2) [3] and a series
of complementary documents (see next Section).

The assessment can be performed taking as references
different documents currently available for future fission
nuclear plants.

Within this context, the present work has the main
objective to investigate the real capability to « assess » the
ITER safety related design options, by analysing its
available safety-related documentation, through a detailed
comparison versus the current actual safety requirements
for future advanced European LWRs, when applicable.
As a matter of exercise, this analysis has been focused on
the EUR document’s parts that have more important
relevance from safety point of view i.e. the Safety
Approach [2].

ITER - EUR DOCUMENTATION COMPARISON

EUR documentation analysed

The main goal of the EUR [4] consortium is « to produce a
common set of utility requirements, endorsed by major
European utilities for the next generation of LWR nuclear
power plants ». Moreover « One of the main objectives is
that a standard LWR project designed to comply with the
EUR should be licensable in the different countries of
Europe without need for significant changes to meet
differences in national licensing requirements ».

In connection with our goal, the interest of the document
was double :

- First, it shows a comprehensive set of requirements and
the risk to forget something is reduced.

- Second, these safety related requirements are currently
analysed by the European safety authority.
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This « on line » assessment will identify the discrepancies
with the safety authority’s recommendations and, if
necessary, will have feedback on the EUR content.

The EUR « Safety Requirements » (Volume 2, Chapter 1)
have been analysed and compared with the claimed ITER
safety approach.

ITER documentation analysed

The NSSR-2 [3] is structured into the different following
volumes :

Vol. I Safety Approach and functions
Vol. II Safety Design
Vol. III Radiological and Energy Source Term
Vol. IV Effluents and Emissions
Vol. V Waste Management and Decommissioning
Vol. VI Occupational Safety
Vol. VII Analysis of Reference events
Vol. VIII Ultimate Safety Margins
Vol. IX External Hazards Assessment
Vol. X Sequence Analysis
Vol. XI Safety Models and Codes

Coherently with the objectives discussed above, all these
volumes must be completely reviewed. But, for this
preliminary comparison only the NSSR-2 Volumes I, II,
and VIII have been taken into account.

Three other official ITER documents have been also
analysed : the ITER General Safety and Environmental
Design Criteria (GSEDC) [5], the Safety Analysis
Guidelines (SAG) [6], and the Safety Importance
Classification (SIC) [7] related to the General Design
Requirements Document (GDRD) [8]. These documents
detail the basis for the ITER safety approach.

ITER - EUR comparison

To operate such a review, as a preliminary step, Appendix
1 of ref. [2] presents a detailed analysis of each section of

the EUR Chapter « Safety Requirements »2, reporting
comments on the evaluation of the possible applicability
and on any discrepancies.

Items that require more thorough analysis are also
identified. In the commented text of Appendix 1 some
indications are given on the ‘applicability / application
realised’ of the different statements.

Still using the EUR document, an exhaustive assessment of
both the ITER technical principle and design options could
be organised to achieve a preliminary exercise, performed
by following the main functions, whose role is analogous
in ITER and in the future nuclear fission plants (e.g. Decay

                                                       
2 Only the Sections 2.1.7 (Site Conditions) and 2.1.8
(Tables), and the Appendices A and B are not specifically
commented. In any case the relative text in the annexed
Appendix 1 is presented to complete the comparison.

Heat Removal (DHR), Containment System, Primary Heat
Transfer System, etc.).

MAIN HIGHLIGHTS FROM THE PERFORMED
ANALYSIS

By the performed analysis, as far as initial and
preliminary, some technical highlights may be deduced in
order to discuss the ITER safety approach.

- During the next design developments a satisfactory
operator-related analysis (Human Factor) will be
suitable. Making this it some operator action targets
shall be taken into account, like for example : « The
release targets of Design Basis Categories 2, 3, and 4
Conditions and DEC (each event sequence category),
can be met without operator action from the main
control room in less than 30 minutes, and no action
outside the main control room in less than 1 hour »
(EUR [4]).

- A more detailed examination is necessary to operate a
meaningful comparison and  understand ITER Safety
Importance Classification (SIC) for both components
and functions categorisation. For the moment, no safety
category I equipment are present in ITER. This would
be thoroughly assessed after the discussed SIC
approach.

- The Controlled Plant State notion is not retained in
ITER and furthermore the general approach assessing
the plant performances after accident conditions is very
different. The optimisation of the SIC phase is possible
through the adoption of Controlled Plant State and Safe
Shutdown State notions.

- Neither licensing practices nor real operational
experience are available for fusion. There is no
experience feedback for fusion machine like ITER and
therefore reference is made, where possible, to fission
reactor experience and elsewhere a certain field of
uncertainty remains to be investigated.

- ITER Containment barrier target is not to contain
accident conditions, but instead a reliability target is
adopted. This is made because the reference option is
the notion of « dynamic confinement ».

- Among the issues linked to the rules for the analysis,
the Single Failure Criterion is an important tool. Its
application should be detailed.

- The Severe Accident concept for ITER is not
explicitly expressed and thus no reference Severe
Accident has been selected. The following definition of
SEVERE ACCIDENT is proposed : « Sequences or
accidental situations, characterised by an occurrence
frequency beyond design limits. In these conditions, the
installation is severely damaged and it exists a
potential for the release of a significant radiotoxic
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inventory, considered unacceptable for the
environment ». In analysing the Design Extension
Conditions, complex sequences constitute an
implementation of additional failures (like for ITER
Cat-V events) and the specific Severe Accident analysis
ensures the design against a possible lack of
exhaustivity. If the Hypothetical Sequences are
evaluated (equivalent to EUR complex sequences),
nothing is present in the ITER safety approach in
relation to Severe Accident.

- The ITER no-evacuation objective constitutes a
significant difference in terms of safety approach with
respect to the EUR considerations for Design Extension
Conditions.

- The uncertainties assessment for the Cat-V events
shall be thoroughly analysed to verify the coherency
with the need for appropriate attention to residual
scientific uncertainties. This is mainly necessary
particularly by performing best estimate analyses.

- The loads resulting from the adequate combination of :
normal or extreme environmental conditions, initiating
events, or hazards together with Design Basic
Conditions, shall be used for the design of systems,
structures, and components.

- It seem interesting to investigate the occurring of ITER
Anticipated Transient Without Scram (ATWS)
events. In fact, the ATWS event can be considered as :
« failure of the emergency shut-down system when
operational conditions of I and II category need
intervention of that system ». For this event
combination the Safety Authority requests « to
demonstrate that the implemented dispositions permit
to drive the event consequences, from a safety point of
view, to the level of IV category » ([CAB], in Appendix
1of ref. [2]).

- For the H2 hazard no distinction is made between
deflagration and detonation by hydrogen.

- Likely further developments in the Cat-V events
(NSSR-2/Vol. VIII) should be operated to investigate

the « cliff edge effect »3.

- The cumulative probability value for all sequences of
10-6 per year for unacceptable consequences, remains a
milestone. The ITER approach seems coherent with the
requirement. The only ambiguity arises from the
statement : «(...) the no-evacuation goal implies the
need to limit doses to the local population to

                                                       
3 This risk corresponds to the mobilisation of a potentially
unacceptable source term - severe accident - with the
simultaneous loss of the containment (releases much
higher than those which are acceptable).

approximately 50 mSv /event early dose, even for some
Category V events. » (note d, of Table 2.7.1-1, in [5])

- Choice of HTO and Divertor-First Wall as reference
data for release limits shall be thoroughly discussed.

- It will be necessary better investigate the fire hazard.

- A more specific fault tolerance application should be
performed.

- A major effort in explaining design features for
reliability of safety functions is necessary.

- Concerning plant performance after accident
conditions, the specific favourable inherent and
passive characteristics of fusion should be further
investigated and understood.

- The ITER enunciation for the Defence-in-depth
principle is in accordance with the EUR enunciation,
but careful attention shall be paid to its correct
application.

- The well balanced deterministic-probabilistic
mixture for the safety approach is in good agreement
with the EUR’s requirements.

- Use of the same type of reference dose definition will
be necessary.

CONCLUSIONS


The current available ITER safety documents describe the
safety approach elaborated with the support of the partners
home teams. Obviously differences still exist with the
home teams positions. For example, following a rough
comparison, it appears that the current ITER design and
the corresponding safety documentation do not answer
integrally the needs of a hypothetical licensing procedure
in an European context.

By means of the present study, a preliminary evaluation of
the possible applicability and of any discovered fission-
fusion discrepancies between EUR’s recommendations and
ITER safety approach has been performed.

Nevertheless, a more complete detailed comparison is
suggested between on one side the ITER concept
characteristic and, on the other side, the requirements from
both regulatory bodies and utilities to identify and
understand in detail all the still existing discrepancies.

In any case, the performed comparison results in a
meaningful tool to verify the ITER safety approach.
Because it enables to determine, through a point-by-point
analysis, some shortages and some suitable developments
for the next design progresses.
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Thus, this activity would be the first step of a more
comprehensive analysis that should improve the coherency
and the acceptability of the plant design, as well as the
safety documentation content.
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ACRONYMS


ITER International Thermonuclear Experimental
Reactor

NSSR-2 Non-Site Specific Safety Report

LWR Light Water Reactor

EUR European Utilities Requirements

PSA Probabilistic Safety Assessment

ATWS Anticipated Transient Without Scram

DEC Design Extension Condition

SIC Safety Importance Classification

HTO Tritiated Water (chemical formula)
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SEA 3-1
SEA 5-2


Task Title : COHERENT SYSTEM OF CODES FOR THE ITER SAFETY

ANALYSIS - VALIDATION OF COMPUTER CODES AND
MODELS



INTRODUCTION

 
 The main purpose of these tasks has been to optimise the
coupling methodology for a set of representatives cases for
ITER studies, and to provide users with a better tool for the
control of coupled runs.
 
 To achieve this last objective, a new command language
has been introduced to solve some problems that could not
be solved by the previous Gibiane command language.
This new version does not require any modification of the
slave codes ATHENA, INTRA and NAUA, already
integrated into ISAS. Only small modifications of the
supervisor input decks are needed.
 
 The general activity of task SEA5-2 concerns also users
assistance and bug fixes.

1998 ACTIVITIES


INTRODUCTION OF PARALLELIZATION FOR
COUPLED RUNS

In order to reduce the CPU time needed for some reference
calculations, often larger for coupled runs than for stand
alone runs because of the drastic reduction of the internal
time step into each slave code, parallelization has been
successfully introduced.

For example, an application for the LOFA5 calculation
shows 40% saving of CPU time :

40% saving
of CPU time
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 Mixed methods based on the variations of some physical
variables, using a parallel run when the gradients of these
variables are not stiff, and a sequential run otherwise, have
been also successfully tested.
 
 RELEASES OF THE ISAS SYSTEM
 
 Several releases of the ISAS system have been done due to
the introduction of new versions of the slave codes INTRA
and SAFALY that take account of new physical abilities.
 
 During this period, SAFALY code was integrated into the
ISAS system. Several interface routines were written to
enable coupled runs with ATHENA.
 
 NEW VERSION OF THE ISAS SUPERVISOR
 
During this period, a new version of ISAS has been
developed. So as to provide users with a better tool for the
control of coupled runs the main improvement has been
the replacement of the Gibiane command language by an
object oriented one, OCAML developed by INRIA

The purpose was to get some improvements without any
effect on the work already achieved, and we can resume
this updating as follows :

 - no modification or recompilation of any slave code was
needed : the supervisor input deck only is different and
it has to be written again.

 - a better way to control potential problems such as
crashes of slave codes, using exception mechanisms of
OCAML.

 - the OCAML Command language is more powerful and
fast as compared with Gibiane.

 - a direct exchange of data is made between slave codes
without any transit by ISAS.

 
 The firsts tests for the control of Athena and Intra with the
OCAML version of ISAS are conclusive.
 
 PRE-PROCESSING CAPABILITIES OF ISAS
 
 The objective was to give the user of Intra the same
graphic abilities as those implemented by the Xmgr
package as for Athena, it consisted in exploring the results
of a calculation after a run from files generated by the slave
code.

REPORTS DURING THE PERIOD


[1] ISAS : Description of Athena, Intra, Naua and Safaly
coupling for safety analysis
DMT 97-574 update 11/98

[2] ISAS : on line documentation based on HTML3.2
language
DMT 97-575 update 11/98
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SEA 3-5

Task Title : IN VESSEL SAFETY ANALYSIS


INTRODUCTION


In the frame of validation and verification of the codes
used for ITER safety demonstration, a benchmark is under
progress between the different parties of the project. The
aim is to compare experimental tests achieved on the
‘Ingress of Coolant Event’ (ICE) Japanese facility and
calculations by different pressurisation codes (INTRA,
PAX, MELCOR, TRAC). The objectives are to investigate
the pressurisation rate and heat transfer characteristics of
water injection into the vacuum vessel of ITER. The
present work is based on the PAX calculations of the
fourth set of tests on the ICE facility.

1998 ACTIVITIES


DESCRIPTION OF THE ICE FACILITY

The facility consists of a boiler pressurised at 35 bar used
to inject water through a nozzle on a target plate inside the
vessel (0.38 m3 initially at 10 pa) connected through a
rupture disk to a blow down tank (0.55 m3). A shematic
flow diagram of the facility is shown on figure 1.

The parameters of the tests are : the temperature of the
fluid in the boiler, the temperature of the vacuum vessel
and blow down tank structures, the size of the nozzle, the
injection duration and the rupture disk design pressure.
They are summarised in table 1 :

Figure 1 : Schematic flow diagram of the ICE facility

Table 1 : Tests parameters

Parameters vacuum vessel walls
Temp (°C)

fluid Temp
(°C)

∆P of the rupture
disk (bar)

Nozzle diam
(mm)

flow duration
(s)

case 1 250 200 2 2 10

case 2 250 200 10 2 10

case 3 100 200 2 2 10

case 4 230 160 10 0.5 10

case 5 230 160 10 0.5 160

case 6 230 160 2 2 10

case 7 230 160 10 2 10

boiler

Vacuum
vessel

target
Blow down tank

Nozzle

Rupture disk
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PAX CODE CALCULATIONS

Pax code capabilities

The PAX code is a safety studies code used mainly to
evaluate both :

- the depressurisation of a containment (cooling loop for
example) and,

- the resulting pressurisation of a vessel receiving the
fluid from the depressurisation.

Safety Authorities acknowledge this code as a tool for
pressurisation calculation and safety reports support.

The main parameters that can be taken into account are :

- for the containment (here the boiler) :

. thermodynamic conditions,

. thermal inertia of the containment structures,

. pressure losses in the piping to the break.

The flow at the break can be evaluated through a
correlation developed under a specific experimental
programme.

- for the vessel :

. initial thermodynamic conditions,

. temperature profile in the structures (made of
different material slices),

. rupture disks (or scrubbers) and expansion
containment.

The main results that can be provided are :

- for the containment (here the boiler) :

. thermodynamic conditions,

. temperature of the containment structures,

. flow at the break,

- for the vessel :

. thermodynamic conditions,

. water/steam inventories,

. temperature profile in the structures,

Main hypothesis

The followings hypothesis and correlations, based on
engineering judgement and using the experience gained by
participation in the previous pre and post test calculations,
were used for the PAX calculations :

- adiabatic external condition for the vacuum vessel has
been assumed,

- the wet surface at the bottom of the vacuum vessel was
calculated at each time step in order to take into
account the pool boiling effect (important for the
pressurisation of the vacuum vessel)

- the pool boiling correlation is deducted from the boiling
curve at 1 bar (ref [1]),

- the impingement target was chosen as a disk of 0.2 m
in diameter which corresponds to a focalised spray
(feed back of the previous sets of tests),

- a constant heat transfer coefficient (if the temperature
of the walls is higher than the fluid) of 5000 W/m2/°C
has been applied on the target (corresponding to dry
wall mode condition),

- the condensation correlation used was a Nusselt law
without uncondensable gas,

- the axial and cross conduction has been neglected in
the calculation.

RESULTS OF THE CALCULATIONS

The PAX results were in good agreement with the
mesurements and were presented during the last
ICE/LOVA meeting held in San Diego in February 98 (ref
[2]). The main pressure transient are plotted in the
following figures :

figure 2 : Case 1 pressure in the vacuum vessel and in the
blow down tank,
figure 3 : Case 3 pressure in the vacuum vessel,
figure 4 : Case 7 pressure in the vacuum vessel,

Vacuum Vessel + BDT pressure

0.00E+00

5.00E-01

1.00E+00

1.50E+00

2.00E+00

2.50E+00

0 2 4 6 8 10 12 14 16 18

time (s)

P
 (

b
ar

)

Pv v

P2

Figure 2 : Test 1 ; pressure transient

The rupture disk opens after 5 s of injection, at about 15 s
there is no more liquid water in the vacuum vessel
(superheated conditions in the vacuum vessel).
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The pressure rises in the vacuum vessel during the 10 s of
injection, and it is stopped by the condensation when it
exceeds the saturation pressure at the walls temperature.

Vacuum vessel pressure
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Figure 4 : Test 7 ; pressure transient

During this test, the initial pressure rise is due to the
injection flow rate and then, the pressure continue to rise
because of the pool boiling effect and the natural
convection.

CONCLUSIONS


This analysis has pointed the importance of heat transfer
under impinging jet and pool boiling conditions as far as
vacuum vessel pressurisation is concerned. Since these two
phenomena might be met during accidental transients on
ITER (any scenario that could lead to an in-vessel LOCA),
it is very important to specify and analyse clearly these
situations. However, as these types of global tests have
shown not to be sufficient to built a precise correlation for
the heat transfer coefficients under jet impingement
conditions, experiments to provide the necessary
information will be outlined.
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SEA 5-1

Task Title : VALIDATION OF COMPUTER CODES AND MODELS

Pactiter validation


INTRODUCTION


The activated corrosion products from the International
Thermonuclear Experimental Reactor (ITER) can be of
major concern regarding the Occupational Radiation
Exposure (ORE) [1].

The  PACTITER [2] code has been extensively used to
determine the deposited activities, created by corrosion
products, of the various heat transfer circuit of ITER [3].

Release rate, from metal alloys to the bulk fluid, depends
strongly on the wall surface temperature. Whereas
PACTITER code was originally developed for Pressurized
Water Reactor applications (temperature range between
280°C and 320°C), it has been clearly identified that
release rates predicted by PACTITER for the low
temperature range of ITER [140°C, 250°C] have to be
validated.

1998 ACTIVITIES


In order to estimate the release rate for typical stainless
steel alloys at low temperature, experimental test will be

conducted in the CORELE loop [4]. The activity of
DEC/SECA/LTC in 1998 was to define a test matrix,
representative of ITER conditions, which aim is to validate
and to improve the corrosion product release model of the
PACTITER code.

THE CORELE 2 LOOP

The goal of the CORELE facility is to determine the
release rate of corrosion products coming from alloy
elements (Fe, Ni, Co, Cr, ...) which can be found in the
primary circuit of a PWR or in the divertor loop of ITER.

The CORELE facility can be conducted using various
thermal-hydraulic and chemical conditions in order to
estimate their influence on the corrosion product release
rate. Indeed, it is well known that release rate depends
strongly on chemical conditioning. It may also be
influenced by the mass transfer coefficient which is directly
accessible through hydraulic conditioning.

Figure 1 is the schematic representation of the CORELE 2
loop. The hot temperature part is made of Zircaloy, while
the cold temperature part is made of polymer. These two
materials were selected in order to avoid release from the
circuit and to have release only from the test section.
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The test section consists of two parallel tubes (as received
steam generator tubes for PWR applications) which are
pre-irradiated in pile. Each of the two sections are followed
by ion exchanger resins where the corrosion products,
under ion form, are trapped. Filters are not necessary
because, due to water circulation and purification, elements
never reach equilibrium concentration in the water and
therefore it is not foreseen to have aggregation of ions
forming particles.

TEST MATRIX

Two stainless steel types are foreseen to be used in the heat
transfer circuits of ITER : SS 316L(N) and SS304L. The
material composition is reported in the table 1 [5]:

The operating conditions for the water chemistry are [6] :

- pH(300°C)=5.7 (neutral at room temperature
pH(20°C)=7.0 (the solution might be probably
controlled to maintain pH(300°C)=5.7)),

- no Boron,

- hydrogen content = 25cm3/kg,

- oxygen content < 1 ppb,

-  chloride and fluoride < 1 ppb.

Concerning the temperature range and fluid velocity of the
different heat transfer circuits of ITER, they are summarize
in table 2.

The inner diameter of the different heat transfer circuits,
presented here above, vary from 20 mm to 54 mm.

To define the test matrix, the vacuum vessel will not be
considered. Indeed, its temperature range and fluid velocity
in the main piping are really different to those of the other
circuits. Due to the limited number of experiments that
should be carried out, the vacuum vessel, not
representative, will not be accounted for.

Two tests will be conducted in the CORELE loop for ITER
purpose. Influence of temperature and fluid velocity will be
studied while chemical conditions (those from ITER) will
remain constant for the two tests.

Two tubes will be tested in parallel during the two
experiments.

Table 1

Material Fe (%) Ni(%) Co(%) Cr(%) Mn(%) Cu(%)

SS 316L(N) 65.00 12.30 0.10 17.50 1.80 0.0001

SS 304L 67.80 10.00 0.25 19.00 2.00 0.0001

Table 2

temperature (°C) velocity in main pipes (m/s)

Primary First Wall / In Board Baffle (FW/IBB) 140 - 191 3.4 - 4.5

Limiter / Out Board Baffle (LIM/OBB) 140 - 174 4 - 5.6

Divertor (DV) 140 - 165 3 - 4

Vaccum Vessel (VV) 100 - 109 0.5 - 1.5

Test 1

Tube material chemical conditions tube geometry fluid temperature* fluid velocity*

# 1 SS 316L (N) ITER conditions Length 250mm
Diam. 22 mm

140 °C 3 m/s

# 2 SS 316L (N) ITER conditions Length 250mm
Diam. 22 mm

140 °C 5 m/s

                                                       
* Data still submitted to changes according to ITER's staff request
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Test 2

Tube material chemical conditions tube geometry fluid temperature* fluid velocity*

# 1 SS 316L (N) ITER conditions Length 250mm
Diam. 22 mm

190 °C 3 m/s

# 2 SS 316L (N) ITER conditions Length 250mm
Diam. 22 mm

190 °C 5 m/s

CONCLUSIONS


In agreement with ITER design and up-to-date chemical
specifications, a test matrix, for the CORELE facility, has
been settled. The aim of this test matrix is to study release
from stainless steel alloys at low temperature (ITER range)
in order to validate and to improve the PACTITER code.
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SEA 5-3


Task Title : VALIDATION OF COMPUTER CODES AND MODELS
Thermalhydraulic codes validation experiments EVITA



INTRODUCTION


The safety implementation of fusion facilities has been
widely developed during two main programs which are
ITER and SEAFP in Europe. Lots of  specific phenomena
have been discovered and needs to validate and qualify
new or adapted modeling have arisen. From a global
perspective, the safety goals for a fusion reactor  will be
fulfilled. However it is necessary to anticipate questions
that doubtless will come from the regulatory boards and to
follow the trends concerning safety  that are going to
induce more and more constraints on the nuclear reactors.

In this respect, computer code validation is one of the
major task of safety implementation, especially for new
prototypes like ITER where very few feedback experience
exists.

The experimental program EVITA has been set up in the
frame of the SEA5 task which aim is to validate computer
codes and models used in the fusion safety.

1998 ACTIVITIES


DEFINITION OF THE TEST OBJECTIVES AND
PROGRAM

According to the identified issues and the test facilities
available in CEA Cadarache, the following objectives have
been proposed :

- Simulate physical phenomena occurring during a water
leak into a vacuum compartment.

- Provide a data base for code correlations in order to
better predict compartment pressurization following a
water leak.

- Avoid using too big margins in pressure design of
fusion vacuum vessel.
The test program must account for the following
requirements :

- Must be settled on a complementarily basis with ICE
experiments.

- The experimental conditions will be set as close to
ITER conditions in order to provide scaled experiments
allowing to rank the different effects.

- Two different effects must be perfectly controlled in the
facility :

1 - cryogenic condensation : steam condensation on
surfaces at very low temperature. In category 4
accidents (ITER NSSR vol. VII - 4 .12), the ingress
of water in the cryostat is one of the induced
phenomena following damages caused by a possible
electrical arcs from the magnets . The penetrating
guardpipes and cooling pipes are supposed to be
failed (ruptured) allowing a steam leak to take place
into the cryostat. The condensation effects on the
cold surfaces of the cryostat (magnets at 4°K,
thermal shields at 80°K) are the leading phenomena
in this sequence. The accident description includes
a maintained cooling capability of the cryogenic
circuits as a conservative assumption. The codes
models for low (cryogenic) temperature
condensation are not qualified.

2 - jet impingement effect : the heat exchange between
the impinged walls and the steam jet has to be
assessed in a complementarily way to ICE. Due to
the relatively small space in a torus, some small
water leaks can impinge the walls opposite to the
break and lead to increased condensation or
vaporization phenomena which has an effect on the
pressurization transient of the vessel. The objective
of this test is to assess the influence and possibly
quantify the jet impingement phenomena.

CONCLUSION


The main objectives of the EVITA experimental program
have been defined in 1998. Two main phenomena have
been selected to be developed in the experimental program,
they are :  « cryogenic condensation » and « jet
impingement effects ».

The feasibility study, in order to define more precisely the
facility features, will now be conducted and will define the
test requirements. These objectives are only defined for the
first part of this experimental program, others objectives
should be defined more precisely during the continuation
of the program.

LIST OF REPORTS
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SEP 1-1

Task Title : ADAPTATION OF THE PACTOLE CODE FOR THE

EVALUATION OF ITER ACTIVATED CORROSION PRODUCT
SOURCE TERM



INTRODUCTION


The PACTOLE code, initially developed for PWR is
currently being used extensively for predicting the
activities in the various heat transfer circuits (HTS) of the
International Thermonuclear Experimental Reactor
(ITER).

Since the operating conditions, material compositions and
water chemistry of ITER (no soluble Boron, low
temperature range, Cu-water systems) are quite different
from those of PWR, some modifications were required to
adapt the PACTOLE code for consistent application in the
evaluation of ITER source terms. Code verification of the
modified PACTOLE, called PACTITER, was performed
with available solubility law for stainless steel/water
system in the temperature range of ITER.

1998 ACTIVITIES


The ITER heat transfer circuit design calls the utilization
of copper/water and stainless steel/water systems both
operated in a temperature range of 100°C to 200 °C. The
activity of DRN/DEC/SECA/LTC in 1998 was devoted to
the improvement of the PACTITER code modeling for
copper/water system and for code verification of the release
process from stainless steel alloys at low temperature.

PACTITER COPPER/WATER SYSTEM MODELING

Introducing a new element in PACTOLE requires
chemical and radiochemical data. First PACTITER
version, previously reported in [1], was developed in order
to account for copper element and its relevant isotopes.
Modifications can be summarized as follows :

- The following nuclear reactions were introduced with
appropriate reaction rates [2]:

. 63Cu (n,γ) 64Cu

. 65Cu (n,2n) 64Cu

. 63Cu (n,α) 60Co

- Metallic copper is the stable form for copper alloys in
reducing conditions

- Steady state concentrations for copper, as a function of
temperature, can be fitted by the following law [3] :

[Cu] = 1.15 10-11 T2 - 6.61 10-9 T +1.32 10-6

(T in K, [Cu] in mole/kg)

This last equation, representing the evolution of the so-
called observed copper solubility has been determined
using experimental investigations. Experience was
conducted in water containing 670 ppm of boric acid and
0.7 ppm of lithium in order to simulate ITER
representative chemical conditions of the divertor loop.
Copper concentration was measured for different fluid
temperatures varying between 20°C and 250°C.

The experimental results and the fitted curve are presented
in the figure below.
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The characterization of the curve, describing copper
solubility function of temperature, has been determined
with the rational that only lower measured values, of
copper concentrations, may represent equilibrium
concentration. Indeed, it was not possible to separate
soluble and insoluble species which were measured.

The involved equilibrium reaction that was enlightened
during the experimental investigation is the following :

Cu0
(s) + H+

(aq) ⇔ Cu+
(aq) + ½ H2(g)

From thermodynamic considerations, the solubility can be
written as follows :
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The pH number and hydrogen dependence of the copper
solubility is clearly shown in the above equation. The
actual solubility law that was implemented in PACTITER
takes into account those dependencies. Although those
dependencies are accounted for, the real validity for the
copper solubility is the one described in the report (i.e.
partial hydrogen pressure = 1 bar, [B] = 670 ppm, [Li]=0.7
ppm). pH number dependence on copper solubility
calculated by PACTITER is shown on the figure below :

PACTITER copper solubility function of pH number
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PACTITER STAINLESS STEEL/WATER SYSTEM
VERIFICATION

Although the global behavior of corrosion/release process
is not dramatically different in a high (280-320 °C for
PWR) and in a low (140-250°C for ITER) temperature
range, PACTITER verifications in the ITER temperature
conditions were needed. Because PACTOLE was originally
developed and applied for PWR, the solubility curves, for
elements appearing in stainless steel composition (mainly
Iron), have been verified in a high temperature range. This
was possible regarding the large amount of available data.
For low temperature conditions, less data are available.

Within all experiments conducted in the last 20 years, two
series of test were selected [4] for PACTITER verification.
These tests were performed to measure the solubility of
Fe3O4 in boric acid and lithium hydroxide hydrogenated
solutions by static method. These two tests were selected
because they were realized over a wide range of
temperature and because the pH number specified during
these experiments are close to the one specified for the
ITER conditions.

The two figures provided here below, represent the
comparison of PACTITER magnetite solubility curves
versus the experimental measurements. The good
agreement between computation solubility and
measurements can be seen on these two figures, even
though for low temperature the predicted equilibrium
concentration is a little bit over-estimated by PACTITER.
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CONCLUSIONS


The first version of PACTITER, adapted version of the
PACTOLE code, has been released in 1997. The main
modifications were related to the introduction of copper
solubility derived from experimental investigations and to
the introduction of copper isotopes linked to the definition
of nuclear reactions for 64Cu.

Last improvement of the PACTITER code was related to
the pH dependence of copper solubility curve according to
thermodynamic considerations.

Although basic verifications of the PACTITER predictions
at low temperature (ITER HTS range) for magnetite
solubility was carried, further investigations, based on
more global experiments should be performed. It should
be, for instance, important to focus on stainless steel
release in ITER conditions (mainly temperature and flow
velocity).
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SEP 3-1

Task Title : WASTE CHARACTERISATION AND STRATEGY


INTRODUCTION


The Nuclear Materials Processing Department at the
Nuclear Research Centre of VALDUC is performing
detritiation of metallic wastes resulting from the operation
or dismantling of glove boxes used in tritium, by means of
a melting process (initial activity of about 1000 Ci/t). This
experience is important for steel detritiation studies in the
framework of waste management for ITER.

These metallic wastes are characterized by:

• The decontamination factor after melting,
• Measurement of the degassing rate,
• The distribution of tritium activity in the ingots.

1998 ACTIVITY


In 1998, measurements of tritium degassing of metallic
ingots have been done.

At the same time, a cooperation agreement has been
initiated with the Structural Metallurgy Laboratory at
Orsay (URA CNRS n° 1107, Bât 413, Université Paris-
Sud, 91405 Orsay) to study methods of measuring local
rather than overall degassing rates as well as tritium
activity distribution in ingots. A preliminary feasibility
study was performed on a sample supplied by the CEA
VALDUC (CEA/VA/DTMN/SAD), taken from an ingot
produced by the melting of tritiated austenitic stainless
steels.

MEASUREMENTS OF TRITIUM DEGASSING OF
METALLIC INGOTS

Six ingots produced between 1988 and 1991 were selected
for the representativeness of their daily tritium degassing
rate after melting (low, medium, and high values).

Daily degassing measurements were resumed in July and
August 1998, according to the procedure presented above.
The 2nd column shows the activity of the ingot after
melting. The 3rd column gives the value of the first daily
degassing rate measurement performed on the date
indicated in the 4th column.

The last degassing measurements which were performed,
as well as their associated uncertainties are indicated in
columns 5 and 6. The presence of an abnormal point for
ingot 062 (*) should be noted. The last column gives the
variation of the degassing rate, which is given by the
following formula :

tmeasuremen Initial

tmeasuremen Final -t measuremen Initial
 = Degassing∆

The degassing values are also reported versus time in
Figure 1. The activity measured in 1998 is always lower
than that corresponding to the radioactive decay of tritium.
However, it is impossible to deduce any law with respect to
the degassing process. For instance, it is not possible to
distinguish between a process that favours degassing from
a contaminated surface layer and one related to tritium
diffusion in the structure of the steel.
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Figure 1: Degassing values versus time

Ref.
ingot

Ingot
activity
(Ci/T)

Initial
measurement

(KBq)

Date
of

measurement

Second
measurement

(KBq)
Uncertainty

Date
of second

measurement

∆degassing
%

052 6.48 70.6 27/08/91 2.54 1.27 05/07/98 96±2

062 8.2 731 08/02/89 0.189 (*) 0.95 06/08/98 99.8(*)

065 10.43 16.3 21/02/89 9.1 4.5 18/08/98 44±27

072 144 92.5 22/03/89 8.5 4.3 20/08/98 91±5

081 4.65 109 01/08/91 13.94 6.97 25/08/98 87±7

083 4.11 19.9 27/08/91 8.4 4.2 27/08/98 58±21
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CHARACTERIZATION BY AUTORADIOGRAPHY
AND ββ COUNTING OF TRITIUM DISTRIBUTION
AND DESORPTION IN A STAINLESS STEEL
INGOT 

The macroscopic distribution of the tritium was studied by
autoradiography by means of a specific film placed in
contact with the previously polished surface (paper 4000).
The autoradiogram was exposed at -20°C under dry
primary vacuum. The macrostructure of the sample (Figure
2A) revealed the presence of numerous bubbles of
millimetric size.

Figure 2A (x3)

The corresponding autoradiographic image (Figure 2B)
was obtained on the sample with a coating of collodion
film after exposure times ranging from seven to 18 days.

Figure 2B (x3)

The images showed :

• That this technique permitted visualizing the presence
and macroscopic distribution of tritium in the material;
obtaining usable images, however, required exposure
times of 10 to 20 days ;

• A near-homogeneous distribution of the tritium (at the
observation scale) ;

• The absence of tritium marking perpendicularly to the
bubbles and the absence of tritium enrichment of the
surface of these internal porosities.

Tritium desorption kinetics was measured at 20°C using β
counting by liquid scintillation, the sample being directly
immersed in the scintillation liquid. This original counting
method permitted continuous counting of the quantity of
tritium that desorbs from the solid sample with very high
sensitivity. The measured values were corrected with
respect to the quenching effect related to the presence of a
solid in the scintillation liquid and are expressed in dpm.

Evolution versus time of the quantity of accumulated
tritium that desorbs from the sample is shown in Figure 3.

The near-linear aspect of the desorption curve is a result of
the very slow desorption kinetics which is such that the
fraction of tritium desorbed from the sample after
1000 min. at a steady 20°C is about 5 10-4. The average
desorption flux measured over this period is of the order of
1.5 10-3 Bq.cm-2.s-1.

The processing of the data permitted estimating the tritium
diffusion coefficient under these conditions at about 10-13

cm2.s-1; this estimation is consistent with reported values of
the hydrogen diffusion coefficient in austenitic stainless
steels
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CONCLUSION


The technique of tritium autoradiography permits
visualizing the presence of the tritium in an ingot produced
by the melting of tritiated stainless steels under vacuum.
This original β counting technique using liquid
scintillation developed at the Orsay Structural Metallurgy
Laboratory permits measuring tritium desorption kinetics
on solid samples taken from this type of ingot with very
great accuracy.

The two techniques allow local characterization of the
ingot and an evaluation of tritium distribution curves
within the ingot. They complete the informations done by
the measurement of tritium degassing of metallic ingot.
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SEAFP 2-2

Task Title : IMPROVED COVERAGE OF EVENTS

Event sequence analysis


INTRODUCTION


One objective of the SEAFP2 program is to give
recommendations for fusion reactor containment concepts
in order to fulfil a no evacuation goal of the populations
following any type of accidental sequences occurring
within the reactor building. In this respect a methodology
has been followed which was first to identify the most
challenging sequences in terms of containment integrity
and then to perform the safety analysis for a selected and
limited number of generic containment concepts.

The process used to define the most important sequences is
based on a top-down approach which is a general approach
sui for projects at a pre-design stage. The top event was
defined as « excessive external radioactive releases » and
the top-down reasoning process (deductive) was followed,
leading to the identification of events which could initiate
sequences leading  to external releases (see figure 1).

Two references for containment were defined following a
survey study of different containment concepts performed
under another SEAFP2 task. They are named « Large
Containment Building » and « Inner Containment » (see
figures 2 and 3) . Of course, the previous SEAFP
containment defined in the program was kept as a
reference.

Figure 1 : Global Master Logic Diagram
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DIVERTOR CIRCUIT (2 LOOPS)
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Figure 2 : Type B concept for accident analysis

Large Containment Building (type C)
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Figure 3 : Type C concept for accident analysis

Following the top-down analysis, a certain number of
accident sequences were identified and the most important
in terms of confinement concept influence were analysed.
The influence of human actions as accident initiator or
accident mitigation was also considered in  this analysis.

1998 ACTIVITIES


SELECTION OF SEQUENCES

Following the top-down approach analysis a certain
number of accidental sequences were identified to be
assessed in detail.

The sequences involving by-pass and the sequences with
important LOCA appeared to be the most interesting ones
that could deserve a particular attention. It was also found
that an assessment of magnet energy hazards induced
sequences should be performed on a complementary basis
of previous SEAFP works.

By-pass through the HTS (for model 2 only) :

The sequence to study is initiated by a SLR (Steam Line
Rupture) which induces a 10 tubes SGTR (Steam
Generator Tube Rupture) and leading to an in-vessel break.

The aim is to quantitatively evaluate if the initiator could
really induce the by-pass of containment, and determine
both the pressure loads on containment and the radioactive
release through the individuated paths.

Important LOCAs - loss of heat sinks :

This case is related to highly hypothetical sequences but
where a suitable confinement strategy could allow to
control the releases and stay below the evacuation limits.

This sequence involves the loss of heat sink event which
leads to a complete loss of the coolant inventories of all the
loops. The energy released and the Decay Heat Removal
strategy has thus to be controlled by other means (active or
passive).

This study will propose different mitigating alternatives
related to the type of coolant (helium or water) and to the
containment concepts defined in the task.

Magnet accident sequences :

The cryostat is the second barrier for radioactive releases of
a fusion plant. Therefore damage of this barrier due to
magnet accidents must be investigated.

Ten different electrical faults of the TF circuit have been
investigated and evaluated in terms of maximum
consequences of the cryostat. It was found that a double
short to ground at the bus bar of one coil probably has the
most severe consequences on the cryostat wall. During
dump of the coil system such shorts can ignite at the bus
bar due to a multiple insulation failure.

CONCLUSIONS FROM SEQUENCES ANALYSIS
PERFORMED IN 1998

The bypass scenarios identified in the top down approach
would call to minimize those events probability. In this
case, it is preferable to have a Large Containment Building
as in our type C option. This would decrease the number of
penetrations and consequently the number of by-pass
possibilities.
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When dealing with the Heat Transfer System (HTS) by-
pass scenarios, as presented in this report, one can
conclude that the selection criteria are less obvious. The
concern with the HTS is that it contains a certain quantity
of energy and that it links the vacuum vessel to the turbine
building in all cases of confinement strategy.

If the consequences are smaller in terms of releases for the
type B containment concept, the pressures reached are
much higher than in the type C concept and special
attention has to be put on containment strength. Finally,
for these by-pass scenarios no definite trends can be
outlined and no recommendations for confinement
selection can be made.

The analysis of important LOCAs such as « loss of the
condenser » which are at the limits of the Beyond Design
Basis Accidents allows to conclude that in any type of
confinement option, a mitigating action has to be triggered
in order to contain the overpressurisation of the
containment (see figure 4).

A building spray system combined with an auxiliary feed
water system would be the most efficient strategy to
prevent external releases. But this analysis raise the issue
of post-accidental recovery. In fact, using sprays with
tritium particles has to be assessed and the consequences
on plant final state have to be accounted for.

PRESSURE IN THE CONTAINMENT

with vented scrubber
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Figure 4 : Pressure trends with a vented scrubber

Magnets accidents are certainly those which have been
analysed with the most important number of assumptions.
Therefore the estimation of induced damage on the
containment has to be considered as preliminary results.
Nevertheless, the cryostat is the equipment most exposed
which can suffer magnets accidents and its role in the
confinement strategy has to be considered when accounting
for magnets accidents. In the two different options we have
selected (type B and C concepts), the cryostat has roughly
no confinement mission.

Human operators safety actions have been analysed
according to the previous SEAFP studies and definitions.
The role of operator in initiating or mitigating accidents
has been identified. The conclusions of this study cannot be
extended to confinement strategy as far as accidental
sequences are concerned.

Indeed a more detailed description of man/machine
interface is required in order to give accurate numbers in
terms of probability of man initiated sequences or recovery
procedures failures. However, it seems that for
confinement strategy selection  the role of operator
initiated faults during or after maintenance operations
should give more results.
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SEAFP 3-1

Task Title : IMPROVED CONTAINMENT CONCEPTS

INTRODUCTION


The energy produced by means of controlled fusion power
has obvious advantages for the future in view of the
practically unlimited availability of its fuel and its little
impact on the environment, as well as, in particular, the
absence of "greenhouse" effect gas emissions.

Because of the tritium inventory, an electricity-producing
facility such as this would be a basic nuclear installation
and therefore submitted to the constraints associated with
such facilities with respect to design and safety.

A primary requirement is to show that, by its design or
because of the safety systems installed, any radiological
releases would not affect the public in the vicinity of a
facility, and that this would hold true whatever the events
or succession of events of internal origin.  There would
therefore be absolutely no technical reason to envisage the
evacuation of the population.

These requirements are no different from those self-
imposed by the designers for future fission facilities.
However, their implementation seems to be clearly to the
advantage of fusion by demonstrating, in particular, that a
suitable design permits very low level releases, whatever
credible severe accidents are considered.

The intrinsic advantages of a fusion facility of this type
have often been presented:

- A moderate mobilizable radioactive inventory,

- Absence of critical power excursion and the fact that
any external disruption results in the shutdown of the
reaction,

- Low residual energy, due in large part to the activation
of the materials and dependent on the choice of these
materials.

It should be added that the quantity of fuel available within
the plasma is very small.

In addition, the long-term impact of the wastes on the
environment can be limited without any require of
permanent storage by a judicious choice of structural
materials.

With these objectives, reflection has been initiated in the
framework of the European programme, SEAFP2 in 1997
and 1998 with a view to proposing a confinement strategy
and safety options that permit taking into account these
safety requirements and the reduced impact on the
environment

The SEAFP2 programme (Safety and Environment
Assessment of Fusion Power) is the follow-up of the
SEAFP programme, in which a first assessment of fusion
energy was performed with respect to safety and the
environment.

The methodology used in the framework of this
programme to define the safety options is essentially of
"top down" type.  It starts with the objectives that have
been set, that is to say the minimisation of accidental
releases and seeks to identify systems permitting these
objective to be reached.

It is assumed in this study that the field of investigation is
limited: only facilities of Tokamak type are considered
with three types of blanket concepts:

Model 1 : Vanadium is used as the structural material,
helium as the coolant, and lithiated ceramic as the breeder
material;

Model 2 : Martensitic steel as the structural material,
pressurized water as the coolant, eutectic lithium-lead as
the breeder material (concept identical to the DEMO
WCLL blanket);

Model 3 : Martensitic steel as the structural material,
helium as the coolant, lithiated ceramic as the breeder
material (concept identical to the DEMO HPCB blanket).

The objective is to determine which confinement strategy
and safety systems permit significantly reducing the
radioactive releases.

1998 ACTIVITIES


SAFETY FUNCTIONS AND ASSOCIATED SAFETY
SYSTEMS

The analysis performed using a master logic diagram has
confined the studies conducted previously to the various
fusion installations, and has thus led to the identification of
the following safety functions intended to protect the
barriers:

Plasma Energy Control

One undeniable advantage of fusion energy is that most of
the disruptions within the vacuum chamber leads
ineluctably to the shutdown of the reaction.  The corollary
difficulty is that this shutdown could lead to a significant
disruption liable to generate considerable energy deposition
on the walls, and therefore a leak may result.
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Control of the plasma, and therefore the automatic
shutdown of the latter, is particularly useful if the initiator
is outside the vacuum chamber (external LOFA or LOCA,
for example).  It then permits avoiding an internal LOCA
and preventing or minimizing any potential chemical
reactions.

Residual Power Removal

The envelope studies conducted in the SEAFP and
SEAFP2 programmes showed that the removal of residual
power by conduction or radiation did not permit reaching
temperatures resulting in ultimate structural degradation
(temperature of the internals lower than the melting
temperature of the structures).

A study of accidental sequences showed, however, that the
existence of a residual power removal system, even though
not indispensable to maintaining structural integrity,
contributes considerably to the management of an accident
by preventing additional degradation.

Chemical Energy Control

The best way of avoiding any possibility of chemical
reaction is obviously to avoid this possibility in the design
or, if it already exists, to avoid, by design, the occurrence
of high temperatures permitting their development.

The first case is possible since, in Model 1, if the use of
water as a coolant, or the use of reagent materials (such as
beryllium) on or in internals is avoided, no chemical
reaction is possible.  In the case of Model 3 (similar to
HCPB), situations may arise in which the water of the
secondary system comes into contact with the beryllium
used as a neutron generator material (case of the SGTR
associated with another failure or loss of heat sink
accident).  In the case of coolant water (Model 2), a LiPb -
water reaction, or a reaction of the water with material of
the first wall can be involved.  Guaranteeing by design that
a temperature remains below the level at which this occurs
seems unrealistic for most of the reactions envisaged.

Coolant Energy Control

One method of guaranteeing the absence of aggression
against the barriers consists in designing the design
pressure - containment volume pair so that loading, even
in ultimate situations (leakage of all the coolants and
possibly a leak in the cryogenic system), does not ever
exceed the design pressure.

This possibility seems unrealistic in the event of an
internal leak (loading appears excessive for the vacuum
chamber whatever the coolant).

There are two methods of protecting the first barrier :
either removal towards an expansion tank or removal
towards an adjacent containment.

In the case of a leak outside the vacuum vessel, the control
of overpressure seems to lead to very high containment
volumes

Various methods exist with respect to the next barrier that
serves as a containment around the heat exchangers:

Either a system permitting the pressure inside the
containment to be reduced.

In the case of water, the classic system calls for the
spraying of the containment, which leads to the
condensation of the water.  However, this system, even if it
is less efficient, can also be used in the case of helium as it
favours heat exchange in an environment whose
temperature has previously been decreased (pre-
refrigerated stones);

Or a system permitting removal to the atmosphere by
reducing if possible the content in radioactive elements and
favouring their dispersion (release to high altitude via a
stack).

In case of use of this kind of open system, use of filters or
Scrubber systems permit reducing the radioactive element
content:

Magnetic Energy Control

If correct design of the magnetic system enables averting
the missile hazard, avoiding the risk of an external arc is
more delicate: an arc could lead to the degradation of the
containment in the event of failure of the electrical
protection system.

Without wishing to determine an order of absolute priority,
it seems that the primary objective should be to define a
system permitting the control of coolant energies.

Correct design of a system using at least two barriers and
systems for their protection against overpressure, would
already be a considerable step towards guaranteeing very
low releases under all the conditions that have been
envisaged: the early definition of these options is all the
more important as they have a considerable effect on the
general architecture.

CONFINEMENT STRATEGY

One of the major results of the accidental consequences
evaluation is that, providing design precautions are taken
and perhaps barrier protection systems added, all releases
can be kept at very low levels.

The study of the accidents considered, permits to identify
that the design load from the coolant energies is linked to
the loss of heat sink accident.



- 239 -

In order to define the confinement strategy for the future
fusion power plant, we believe, that it would be of interest
to discuss the advantages and drawbacks of two main
confinement options.

A large containment building

Advantages:

An obvious advantage of this type of containment is that it
poses no boundary problem: all active components are
installed within its walls. (It is assumed that external
connections, such as, for example, towards the tritium
plant, are ensured by a double-valve system possibly
associated with a buffer system).

It is even possible to provide for a volume - pressure design
combination to permit management of all possible
changes, but, in this case, the volume required seems
unrealistic even in the case of water as the coolant (more
than 200 000 m3 with a design pressure of 1.6 bar to
manage a LOCA on all the circuits), and it seems more
judicious to provide for a protection system for the
envelope cases: either a spray installation, or a system for
removal to the stack via a scrubber and/or filters.

Drawbacks:

The greatest drawback with respect to accident
management is that this concept does not allow any leak
recovery.

This point may be improved either by reducing the leaks (a
metallic liner would permit considerably decreasing
tritiated water or gas leaks), or by providing for a double
total or partial containment system with ventilation and
releases through the stack (natural or induced condensation
would reduce the content of released tritiated water).

Inner Containment

Advantages:

The presence of a ventilated building, possibly provided
with atmosphere detritiation systems, would permit
efficient leak recovery and result in a lesser impact on the
environment than in the previous case.

Drawbacks:

The greatest difficulty in this option consists in defining
boundaries.

The choice of this option requires a detailed examination
of all the rooms adjacent to the cryostat to define the
maximal accident possible.  In addition, this option implies
that an appropriate protection system be installed: the
simplest and most obvious seems to be a rupture disk
system to the stack via a scrubber or filters.

To sum up the discussion of the two options in a few
words, the "Large Containment Building" option has the
essential advantage of extreme simplicity in its design and
safety analysis. The "Inner Containment" option has the
advantage of using in part natural barriers such as the
cryostat, but the definition of boundaries is more delicate
and requires a specific analysis of each room adjacent to
the cryostat containing a penetration.

In conclusion, there is no determining argument resulting
from the consideration of severe accidents for a specific
confinement strategy, provided the design pressure, the
volume, and the barrier protection systems are correctly
selected with respect to the highest loading.

As a consequence, the choice of strategy has to take into
account other aspects, among which, in particular,
economy and easy maintenance with the objective to
minimise the doses for the workers.

CONCLUSION


With respect to all the concepts envisaged, this analysis
reveals the following highly positive findings: the
confinement strategies envisaged, associating both barriers
and systems that permit protecting these barriers, can
guarantee low releases even under the most severe
accidental conditions that can be envisaged.  The impact
on the closest population could be kept down to values
lower than one mSv through correct design of the barriers
and associated safety systems, whatever the type of
accident of internal origin.

An analysis of severe accidents does not permit defining
arguments that are determining for any one confinement
strategy, provided suitable safety systems are provided for.

Additional in-depth studies on cost,  maintenance, and
consequences in terms of doses to workers, or even on
aspects of a sociological nature, will permit providing
other elements for the assessment of a confinement
strategy.
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SEAL 4.3

Task Title : MULTIPLE FAILURE SEQUENCES - RISK AND CONSEQUENCE

ASSESSMENT


INTRODUCTION


The consequences of multiple failure sequences within the
cooling systems of the SEAFP tokamak concept are
assessed. The aim of this study is to evaluate the
consequences of such accidents on the containment system.

1998 ACTIVITIES


Two types of accidental sequences are studied:

- Loss Of Coolant Accident (LOCA): The breach is
located on the pump discharge pipe of the first
wall/shield blanket cooling loop

- Main Steam Line Rupture (MSLR)

In each case, an induced Steam Generator Tube Rupture
(SGTR) is supposed to occur.

The transient study follows three steps:

- A preliminary calculation is made with the ex-vessel
break or the main steam line rupture only. This steps
allows us to determine the time of the peak of speed in
the steam generator, primary side. The transient
progress is :
. LOCA of a determined diameter at t = 0s.
. Pump stop if cavitation
. The plasma emergency shutdown starts with the

LOCA

- The second step consists in including the occurrence of
the SGTR at the time (tSGTR) determined in the former
transient; the criterion is the occurrence of a velocity
peak within the steam generator tubes which can lead
to vibrations. The transient progress is the same
defined before, added with :
. STGR 10 tubes at t=tSGTR

- A third step consists in calculating with CONTAIN
V1.11 code, the containment response; the calculated
pressure peak is compared to the design limit. The
mass and enthalpic flow rates are used as boundary
conditions. The cooling loop response is calculated
using the CATHARE code. The modelling is shown
below:

Steam generator
Pressurizer

Pump

Inlet header

Outlet header

Blanket U-pipes (280)

First Wall pipes (252)

Side Walls & Ribs pipes (68)

Back Plate pipes (24)

Inboard segments ( x 2) Outboard segments ( x 2)

SW&R (48)

BU (160)

BP (16)
FW
(176)

Inlet feeder

Outlet feeder
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The containment response is calculated using the CONTAIN code. The modelling is shown below:

STEAM GENERATOR 
VAULT

18 770 m3

VACCUM
VESSEL
2843 m3

DIVERTOR 
VAULT

10 000 m3

DIVERTOR CIRCUIT (1 LOOP) 

SECONDARY 
CIRCUIT

FIRST WALL/BLANKET 
CIRCUIT (4 LOOPS)

SECONDARY 
CIRCUIT EXPANSION VOLUME

68 000 m3

EXPANSION VOLUME
25 000 m3

Rupture disk
A = 25 m²
DP = 0.4 bar

Rupture disk
A = 2 m²
DP = 0.4 bar

Rupture disk
A = 1 m²
DP = 4 bar

The compartment which is the most challenged is the
steam generator vault.

The transient course for a LOCA (break size 150 mm) is
indicated in the following table:

Time Events

0 s • LOCA occurrence

• Feedwater is shut off

• Turbine is tripped

• The mass flow rate is maximum at the breach
with about 1500 kg/s

8 s • The disk rupture of the SG vault breaks

10 s • SGTR occurrence

• The peak of velocities is reached in SG tubes

• Stagnation of the primary pressure

• Stagnation of the secondary pressure

• The safety SG relief valve opens

90 s • The containment vault pressure exceeds the 1.4
bar limit

100 s • The primary water inventory increases: The
secondary mass feeds the breach flow through
the SGTR break

250 s • The break flow is not equal to zero
Calculation stops

The SG containment vault receives the discharge of the
breach and the steam generator security valve. Its
pressurization is quick due to the important flow of the
breach.

The enthalpic break flow rate remains high because the
increasing quality. The break flow can not be stopped
before the pressure reaches the limit of 1.4 bar in the
containment vault.

As far as the main steam line rupture is concerned the
transient course is indicated in the following table:

Time Events

0 s • RTV occurrence

• Feedwater is shut off

• Turbine is tripped

• The mass flow rate is maximum at the breach with
about 3100 kg/s

1 s • The disk rupture of the SG vault breaks

12 s • The containment vaults pressures exceeds the
design limit

50 s • Peak of velocity in the dowcomer

• 4/5 of the initial secondary coolant inventory is loss
through the breach

200 s • Primary pressure starts to increase due to the loss
of its sink of energy

400 s • The containment vault pressure reaches its
maximum (2 bar.)

500 s. • The containment pressure starts to decrease

600 s. • End of calculation

• The break flow is nearly equal to zero

• 100 % of the initial secondary permanent coolant
inventory discharged through the breach
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The SG containment vault receives directly the large
discharge of the steam line breach. Due to the SGTR, the
pressure increases more rapidly. This is the worst situation
of all, the pressure reaches 2 bar before starting to decrease
at about t=500s.

The consequences of cumulated MSLR and SGTR are
assessed for two other containment options of the SEAFP
reactor:

Concept B: "inner containment"
Concept C: "large containment building"
"A" refers to the reference case

The results of CONTAIN analysis are summarized in the
following table :

Concept
Mitigation

system

Total containment
volume

m3

Peak of
pressure

(bar)

Release in
atmosphere

(tons)

A NO 68000 + 2*18770 2.16 0

B Scrubber 54440+2*5500 1.77 45.3

C Scrubber 101370+5500 1.72 45.3

CONCLUSION


Consequences of multiple failure sequences in SEAFP
thermalhydraulic analyses of accidental transients have
been studied. In most cases, the failure of the containment
can not be avoided (see the table below) without mitigation
devices.

RTV is the worst sequences basically because the transient
combines a high mass flow rate with a high quality.
Consequently, the steam has no time to condense and the
pressure exceeds quickly the design limit.

SGTR is always a aggravating factor because it increases
the energy release in the containment. In this case, both
cooling circuits feed the breach.

Present containment options can not overcome large
LOCA accident. Future confinement improvements should
probably combine the effect of expansion volume and
mitigation systems (pressure suppression systems & spray)
to find a reliable solution.

Case Type of
accident

STGR Break size
in mm

Calculation Time
in s.

Containment over
pressure

Peak (bar)

1 LOCA no 75 500 yes at t=326s >1.47

2 LOCA no 150 250 no 1.4

3 LOCA yes 75 500 yes at t=438s >1.43

4 LOCA yes 150 250 yes at t=88s >1.6

5 MSLR no 750 600 yes at t=14s 1.72

6 MSLR yes 750 600 yes at t=14s 2.0
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SEAL 10.3

Task Title : WASTE DETRITIATION -

INTEGRATION OF EXPERIMENTAL SUPPORT


INTRODUCTION


The steels detritiation remains a crucial element in waste
management for future fusion installations.

Starting with a melting process implemented at the
CEA/DAM at Valduc, which seems insufficient for
conventional storage, a previous study set out to list
possible improvements to the simple melting process and
to propose others.

A first type of process consists in exchanging the tritium
between a bath of liquid steel and a gas phase: melting
under vacuum (Valduc), melting under reduced pressure
with argon bubbling or hydrogen and argon bubbling (the
hydrogen could play a tritium-pumping role by favouring
the formation of HT).

The second type of process consists in enriching a liquid
phase in tritium using the difference in solubility between
liquid and solid phases: the assumption is that solubility in
the liquid phase is greater than in the solid phase. The
methods that can be used are therefore continuous or semi-
continuous melting, a cold crucible, a melting area and
isotopic exchange. Other processes are conceivable:
electrochemical generation of hydrogen at the surface of
the steel, dissolution in an aggressive medium, diffusion in
an electric field, melting under vacuum with a
precipitation additive.

1998 ACTIVITIES


The scientific data provided by French specialists on the
behaviour of hydrogen, tritium, and deuterium have
permitted making an inventory of these various processes
in terms of feasibility.

DETRITIATION AT LOW TEMPERATURE :

This is the process proposed by the CEA/DAM at Bruyères
le Châtel : complete detritiation of metals using the « two
isotopes » method.

The method is based on successive tests on the
permeability to hydrogen and subsequently deuterium, of a
copper sheet ; it was shown that the absorbed hydrogen is
driven out by the deuterium. The « two-isotope degassing »
method would permit complete detritiation by hydrogen
sweeping at moderate temperature (about 80 to 100°C).

This process permits averting the risk of favouring the
transformation at high temperature of clusters of 3He into
high pressure bubbles, the most often at the grain
boundaries, and thus averting the risk of embrittling the
metal. However, this poses a problem in the case of tritium
extraction from a system in operation.

The process would permit increasing the service life of
parts before their being removed as wastes.

DETRITIATION AT HIGH TEMPERATURE :

In the framework of reprocessing with destruction, melting
gives good results, except on the crust. The way in which
melting can be achieved and the elements that should be
added constitute a metallurgical problem.

Placing the steel in an oven at about 500°C should also
permit extracting the greater part of the tritium. However,
duration and temperature conditions, the effect of the
presence of bubbles of helium, the presence of defects due
to irradiation, etc..., remain to be determined.

With respect to the optimization of the detritiation process
by melting, melting under reduced pressure with bubbling
appears to be an interesting avenue of investigation. In the
fields of secondary metallurgy operations and reactions, the
experience of the IRSID (Metallurgical Research Institute)
is essential. These treatments particularly concern
decarburization, dehydrogenation, and denitridation. In the
case of dehydrogenation, industrial facilities comprise a
vessel connected to a pump unit (containing ejectors, a
condenser and pumps).

The ladle of metal is agitated by argon injected through a
porous plug.

The modelling of the phenomena thus encountered will
depend on :

- The thermodynamics of the metal/gas reactions,
- Elementary kinetics,
- Reactor hydrodynamics (not detailed here).
 
 In terms of thermodynamics of the metal/gas reactions,
modelling is governed by Sievert’s law.

 The methods for removing the hydrogen from the metal
therefore consists in:
 
- Decreasing the total pressure by using vacuum,
- Reducing the molar fraction of the hydrogen by

agitation and cleaning using gas.
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It seems that the efficiency of the process is essentially due
to agitation and dilution.  The effect of the vacuum level is
less significant in this case.

In terms of elementary kinetics, the transport of hydrogen
in the metal will depend, among other things, on the area
of the bubbles, the relative velocity of the gas in relation to
the metal, the diffusion coefficient in the metal, etc... The
diffusion coefficient of the tritium in the metal can be
compared to that of the hydrogen.

In the industrial case, the dehydrogenation limit in a ladle
under vacuum is 0.5 ppm in the liquid metal. In order to
verify if this process permits attaining tritium
concentrations of about
5.10-3 ppm, it is essential to use the modelling perfected by
the IRSID, introducing isotopic exchange and the
formation of HT into the initial model.

When the limits of the melting process have been reached,
it would perhaps be of interest to stabilize the tritium
within the ingot and limit the degassing rate.

The stabilization of the tritium could be favoured by
forming inclusions (addition of Mn, S, Ca, etc...). The
problems posed by the metallurgists with respect to
dehydrogenation are thus addressed the other way round:
the inclusions fix the hydrogen.

This method could be of interest as an end process. The
radiation reached in the first process (melting, isotopic
exchange in a liquid or solid phase), could be stabilized for
a storage period. This would permit limiting degassing
rates.

CONCLUSION


Of all the processes mentioned above, area melting and
continuous melting do not seem realistic. Electrochemical
generation and diffusion under an electrical field should
only be submitted to investigation in a second phase.

We therefore propose to develop the following elements :

- Isotopic exchange in liquid and solid phases. In this
framework, tests performed on solid steel, charging in
deuterium on the one hand and in hydrogen and
deuterium on the other, followed by desorption
measurements could permit verifying whether isotopic
exchange provides interesting results;

- Modelling of the phenomena observed during melting
with argon or argon and hydrogen bubbling, which
could permit quantifying the effect of bubbling on the
melting process under simple vacuum;

- The possibility of favouring the stabilization of the
residual tritium through the formation of inclusions,
which could constitute a process to be studied in terms
of efficiency and feasibility.

REPORTS
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