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Commission of the European Communities

Joint Research Center

1.

PROJECTS OF EUROPEAN SIGNIFICANCE

Introduction

Three preliminary studies were begun in March 1983 following the
Council meeting of the 10th of that month in which the Commission
was requested to study projects suitable for siting at the JRC

Ispra Estabtishment.
Terms ot reference included examination of :

- opportunity and need at Community Llevel;
- feasibility at Ispra;

-~ investment costs.
The subjects examined are :

~ a Tritium Handling Laboratory;
- a Vibrating Table;

-~ Ignitor.

These subjects being of differing natures, different elements have had
to be taken into account in each case and the rate of progress has not

been uniform.

Tritium Handling Laboratory.

The second progress report on the feasibility of constructing in Ispra

a Tritjum Handling Laboratory has reached the necessary completeness as
to constitute a complete technical study. This report has been already
presented to the Consultative Committee for Fusion Programme (CCFP),
which has introduced the tritium in its action of "First Round Projects"

in the frame of the 1982-1986 Fusion Technology Programme.

oSaun



The opportunity and the need of a European Tritium Handling Laboratory
to serve the fusion reactor research programme, already stressed by the
Fusion Review Panel held in 1981, is well demonstrated. The report
analyzes in detail the expected problems related to tritium in the
design-studies of the post-JET experimental reactor INTOR and of

NET (Next European Torus). The tritium cycle in a fusion reactor has
operational and safety requirements which are different from and much

more complex than those found in military plants for tritium production.

JRC-ISPRA can candidate for the construction and operation of such a
Laboratory on the basis of past and present experience in hydrogen-

isotopes technology.

The facility to be placed at the dispesal of all the fusion associa-
tions, would be a flexible multipurpose installation, capable of
handling up to 100 grams of Tritium. It would be mostly dedicated

to study tritium-related safety problems, to provide conditions to

handle and test components as well as tritjated parts of the fusion

reactors.

The total staffing of the laboratory when in operation is evaluated
in a maximum of 25 persons (of which 7 professionals). The previous
evaluation of the installation costs of the Laboratory, about 10 Mio
ECUS (1983 value), is being evaluated more precisely by an external

engineering bureau. The results of this study will be available

by September 15th.

Vibrating Table

The second prograss report on vibrating tables is first of all a
detailed study on the needs of this kind of installations as well as
of their present availability in the Community and in the world. Also,
current research on seismic analysis is reviewed, in order to assess

current trends in this field.
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Most Member States consider that present norms for seismic design

may be adequately fulfilled using already available experimental and
analytical tools. Nevertheless, there is a shared feeling in the
Community that a shaking table of larger capacity than existing ones
might be beneficial as a cooperative European effort, in order to
standardize ground motion measurements, thus creating a European data
base, and develop and test refined models and computer codes, to

enable a better understanding of the phenomena and improve safety norms.

No major problems seem to exist for the siting of such a table in
JRC-Ispra. However, study contracts have been launched in order to
investigate by static and dynamic geotechnical tests the adequacy of

the preselected site in the Ispra Establishment to host the installation.

The JRC will continue in the next years the accurate technical and finan-
cial assessment of this operation, which presents aspects of great
interest for the Community's needs, and is well placed in the general

safety motivation of the Joint Research Center.

4. Ignitor

In this second progress report, the three main items relevant for the
siting of IGNITOR in JRC-Ispra : electrical supply system, main building
and auxiliary systems and licensing, have been further investigated. In
particular, installation costs and the annual charge for the electrical

power supply have been assessed.

The installation in the ESSOR containment building may offer practical
advantages, due to existing facilities in this area. The licensing

procedure does not seem to present major problems.

The final evaluation of all the costs involved in the Ignitor installa-
tion, as well as the complete technical study will be the object of a

final report, which will be ready at the end of September 1983. The Joint
Research Center considers in this way to have fulfilled its obligation

to prepare a feasibility study for the siting of IGNITOR in Ispra. It

will proceed further in the case a request in this sense would be formulated

by at least one of the Fusion Associations.



COMMISSION OF THE EUROPEAN COMMUNITIES
JOINT RESEARCH CENTER

I. A TRITIUM HANDLING LABORATORY
AT

J.R.C. = ISPRA

Second progress report



1.

2.

TABLE OF CONTENTS

INTRODUCTION

EXECUTIVE SUMMARY

2. 1 General Remarks

2. 2 The NET requirements

2. 3 Review of the existing Know-how and of the activity in

progress

2. 4 JRC - experience and present activities

2.°5 Objectives of the JRC - Tritium Laboratory

2. 6 Description of the Laboratory

2. 7 Location

2. 8 Licensing procedures

2. 9 Planning and resources

2.10 Conclusions

MAIN REPORT
. 1 Remarks related to fusion reactors as breeder reactors
. 2 NET and power reactor requirements related to tritium

3.2.1 Introduction

3.2.2 Tritium permeation and inventory in structural
materials

3.2.3 Tritium processing systems

3.2.4 Effects of tritium contamination during standard
operation, maintenance and accidental conditions

3.2.5 Tritium inventory

3.2.6 Time scale requirements for R&D

I. 8
I. 9
I.10
.11
I.12
.12
1.13
1.14

1.18

I.19
I.21
.21

1.21
1.23

1.26
1.28
1.29

./I



Review of the existing know-how and of the activities in

progress

3.3.1 Experience from fission reactors

3.3.2 Activities in support to Fusion
Past and present activities at JRC

3.4.1 Operative experience in tritium handling and

monitoring .
3.4.2 Research activities in fusion technology related

to tritium problems
Objectives of the JRC Tritium Laboratory

3.5.1 Motivation and orientation
3.5.2 Experimental program proposed, related to the JRC -

Fusion activity
Description of the laboratory

3.6.1 Building

3.6.2 Tritium containment systems
3.6.3 Siting of the laboratory
3.6.4 Licensing procedures

3.6.5 Planning and resources

3.6.6 Cost evaluation
Conclusions

APPENDIX 1 :
First round projects on tritium set up by the Fusion

technology Steering Committee

1.30

1.30
1.31

I.48
I1.58

1.58
I1.58
I1.60
1.61
I1.70
1.7

1.72

I1.73



1. Introduction

Tritium has been utilized for many years already in the ‘countries of the European
Community in the field of biological, biochemical and chemical research and even
for industrial and commercial applications. The confinement and conditioning of
tritiated waste waters arising in nuclear fuel reprocessing have also been objectives
of research efforts in the Community.

Tritium will be used as a fuel in fusion reactors, but its handling in large quantities
implies the development of advanced and safe technologies. Anyway, tritium is pro-
duced in macroquantities in classified installations of the nuclear weapon states, i.e.
France and Grear Britain. These two countries have declared, in a statement at the
Atomic Questions Group in December 1981 (ref. 1), to be disposed to the reiease
of know-how in tritium technology relevant to fusion. The statement of the UK
delegate, which the French delegation deciares to support without reservations, ends
as follows: '

"1 am authorized to state that the United Kingdom would be happy to assist the
"Commission and the Community byrmaking available to it informartion concerning
7its sxperience with tritium technology relevant to the Community’s programme.
"1 wouid hope that this would help to define more closely the areas where new
”work needs to be undertaken.”

The concerrn, however, expressed by the Euwropean Fusion Review Panel” in its
report of December 1981, "that only a part of the know-how required in this field
(namely the manipulation of tritium for the purpose of fusion technology) exists
already in the classified laboratories”, is understandable, if one takes into account
the quite different goals and requirements such techniques have been developed for.
The panel supports its statement by the fact that the United States have built a civil
tritium laboratory at Los Alamos, dedicated to fusion. Such a laboratory was felt

to be mainly necessary to demonstrate, in relation to regulatory requirements, the
safety of the tritiumn manipulation techniques for the civil application of fusion.
This laboratory, however, is not completely open to intemational collaboration.

The pane! recommends the construction of a tritium test facility devoted to the de-
velopment of technologies in the frame of the Community’s Fusion Programme, in
consideration of the facr that Europe is in an extremely weak position in this field.
The panel points cut furthermore the opportunity to deal already now with the
aspects of safety and the environmental impact of fusion anticipating the problems
of its industrial application (ref. 2). Among the principal items of these safety as-
pects the handling of tritium is mentioned.

Similar concern for tritium related safety aspects was expressed bv an [AEA workshop
(ref. 3), attributing high priority to research and development on tritium prcblems.

The Comrission of the European Communities, aware of the problem, have introduced
the tritium question in its "First Round Projects” aimed at sharing R&D activities in the
Community in the frame of the 1982-1986 Fusion Programme (ref. 4).
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2.2

General Remarks

The basic factors of the tritium cycle of a post-JET experimental reactor
(INTOR) and of a power fusion reactor are summarized in Table 1 and Fig.1l.
This cycle has a number of requirements which are new as compared to the
ones related to those found in military plants for tritium production. In
this last case, in particular, there is no plasma chamber, no exhaust pro-
cessing nor recovery from coolant. Furthermore there is no requirement for
tritium breeding as in the power fusion plant. This indicates that there
will be many components and processing units, in the tritium fuel cycle of
a fusion reactor, that have no equivalent in the technology developed so
far, and that require specific R&D.

Table 1: Tritium Balance in Fusion Reactors

Tritium flow Inventory Tritium burned Tritium breeding

rate g/d kg kg/a rate
INTOR(I) 1600 4-5 12 0.6
POWER ‘
REACTOR(2> 8000 10-20 120 1.05

(1) stage III, 50% availability ; (2) 1600 Mwe, 80% availability

The NET requirements

In order to identify the specific research and development needs in Europe,
a detailed analysis of the expected problems related to tritium in  NET
(Next European Torus) has been performed. For this analysis reference is
made above all to the design study of INTOR (phase 1 and phase 2a).

The main topics investigated are :

a) tritium permeation, inventory and outgassing in structural materials
(first wall and reactor components);

b) systems related to the various aspects of the fuel cycle (tritium reco-
very from exhaust plasma, coolant and breeder; fuelling, waste treat-
ment and disposal);

c) reactor contamination during standard operation, maintenance and acci-
dental conditions; o

d) processing and disposal of structures and components as waste.
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Regarding topic a), the problems related to tritium implantation and
permeation through the first wall are complex and the available data
insufficient. An effort is required to extend the existing data on per-
meation and outgassing - of H/D to tritium, and to study the combined
effects of neutron irradiation and tritium.

Regarding topic b), different schemes have been proposed for plasma ex-
haust neutral beam processing, fuelling, coolant detritiation and tri-
tium recovery from blanket. The need to develop large tritium-compati-
ble components has been recognized. This applies in particular to pumps
(cryogenic.and turbomolecular pumps) as well as to valves and other cir-
cuit components. An important problem will be that of reweldability of
steel with high tritium content.

A number of specific needs related to the single flow-sheets have been
identified. The development of apparatus is considered important in or-
der to optimise the various processes. This applies, in particular to
systems for gas purification (cold traps, catalytic oxidation) and to
isotopic separation units (cryogenic distillation, gas chromatography,
electrolysis, etc.) for the plasma exhaust 1In these fields the experien-
ce accumulated in fission reactors and military applications will be of
particular help. '

Review of the existing know-how and of the activity in progress

The available knowledge on tritium problems and in particular on tritium
technology is mainly based on the operation experience of fission reactors
(in particular heavy water and HTGR reactors) and on the confinement and
conditioning of waste water arising in fission fuel reprocessing plants,
whereas the information coming from the military applications is for the
moment still 1limited.

Heavy water reactors give problems related to handling of large volumes of
tritiated water and to its processing. Important experience has been gained
both in Europe and world-wide (mainly in Canada) on these problems.

A detritiation system capable to extract up to 160.000 Ci/a of tritium from
heavy water is in operation at the high flux reactor of Grenoblie, based on

a process developed by CEA.

In HTGRs the probliems related to tritium permeation from the primary coolant
circuit have been investigated and solutions to reduce such permeation by
coatings have been proposed.

Tritium is also a by-product of nuclear (fission) power generation where it
becomes a concern essentially at the spent fuel reprocessing stage. Research
activities on the treatment, conditioning and disposal of tritiated waste
waters have been shared in the member countries of the EC in the framework
of the "Management and Storage of Radioactive Waste" programme (DG XII).

In the framework of the "Fusion Programme" some actions have been undertaken
in Europe to deal with tritium problems, namely :
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- conceptual design studies on the fuel cycle of experimental and
power reactors;

- design of the tritium plant for the JET-operation with tritium;

- definition of a first experimental research programme.

The Joint European Torus is scheduled to operate in its second pha-

se with tritium. So a tritium plant will be installed in the JET area
to purify the burned gases coming from the plasma chamber and from the
neutral injectors. The JET staff is now engaged on detail specifica-
tion of the Tritium Plant incorporating the essential process elements.
A research programme to investigate the tritium problems related to NET
and power reactor development has been launched recently by the Commis-
sion in the framework of the Fusion Technology actions decided by the
Fusion Technology Steering Committe. Study contracts have been propo-
sed by the European Fusion Associations. The areas considered are :

- fuel clean-up system;

- tritium recovery from waste streams;

- tritium detector;

- electrolytic cell;

- decontamination system;

- industrial development of large components;

- tritium recovery from blanket (1iquid-and solid breeder).

The total amount of money already allocated is about 11 MECU. The experi-
mental work will cover the period 1984-1986.

In USA the construction of the Tritium System Test Assemvly (TSTA) at

Los Alamos is now complete and the commissioning tests with tritium are
expected to start in autumn this year. Other laboratories such as Mound
Laboratory and Lawrence Livermore Laboratory are engaged in experimental
research. Design and specifications of components for the tritium test
plant of the Princeton Large Tokamak TFTR have been also performed.

In Japan a Tritium Process Laboratory of multipurpose type is in construc-
tion. The operation is planned for 1985.

JRC-experience and present activities

At JRC-Ispra two heavy water test reactors have been operated for many

years, the Ispra-1 reactor and the ESSOR reactor. Therefore the Centre is

well equipped for tritium monitoring, health physics and in-field control

analysis. It has experience on maintenance and component replacement for

tritium-contaminated water loops and hardware.

In the framework of the JRC Hydrogen Programme, now approaching its con-

clusions, a well acknowledged experience on problems related to hydrogen

production, handling, corrosion etc., has been acquired.

In the framework of the JRC-Fusion Technology Programme a number of activi-

ties related to tritium are on-going at Ispra; these activities, started

in 1978, are of three types:. ‘

- conceptual design and flow-sheet assessments related to the fuel cycle
of experimental and power reactors;
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- measurement.of basic data on H/D interaction with metals and breeding
materials;

- experiments with H/D to investigate the feasibility of some aspects
of the processes of the fuel cycle (electrolytic cell development,
tritium recovery from liguid breeders).

Objectives of the JRC-Tritium Laboratory

The analysis of the expected problems in NET and power reactors and of

the existing know-how calls for a strong effort in the coming years.

On the basis of the multi-facet situation previously decribed it is belie-
ved that a Tritium Laboratory at the JRC-Ispra, dedicated primarily

to the safety problems of tritium technology in fusion fits well to the
planned activities within the Member Countries of the Community. There

are common objectives to be achieved in this field, to which the labora-
tory will be devoted, such as :

. acquire experience on handling tritium in complex systems in connection
with the safety of operators during routine operation (general and in-
dividual protective means as well as with the protection of the envi-
ronment (waste treatment, emergency clean-up, monitoring);

. provide the conditions to experience procedures for handling tritiated
parts of the reactor and to optimize process components in relation to
their operational safety and tritium inventory. In particular :

newable parts of the NET reactor and aimed at decontamination and/or
further treatment and conditioning (boots, seals, weldings) in ad-
verse operating conditions and by remote handling;

b) test new concepts and components developed in the European laborato-
ries, such as gas chromatography, electrolyzers and catalyzers, tri-
tium recovery systems from blanket;

c) check the validity of physico-chemical data extrapolated to the tri-
tium case from H/D behaviour. The reliability of such data is of pri-
mary importance for the proper design of containment and clean-up sy-

stems.

To cope with these requiréments, a flexible multipurpose installation ra-

ther than a facility devoted to a specific problem or system seems to be

the most suited. Given the objectives of the laboratory, a total tritium

inventory not exceeding 100 g can be taken as reference value for the de-

sign.

The laboratory utilisation will be oriented towards two goals:

- to host research groups from the European Associations not disposing of
facilities for tritium handling,

- to perform tritium related experiments in the frame of the JRC-Fusion
Technology programme. They are :



. an investigation of the outgasing of D/T in first wall structures;

. a simulation by mock-ups of the handling and treatment of typical reac-
tor components (as for instance the blanket and divertor/limiter seg-
ments);

. the optimisation of some process systems such as the electrolytic cells
and the gas chromatography technique for isotope separation;

. the tritium recovery from liquid breeders.

These items correspond to the work already in progress at Ispra in "cold"
conditions (i.e. with hydrogen and deuterium) and/or to the design activi-
ty being pursued in the INTOR/NET frame work.

These experimental activities imply the availability of adequate and re-
liable systems and procedures, for health protection and safety, which can
not therefore represent a research item "a priori". It is intended, however,
to evaluate and to qualify by their day-to-day performance in practical con-
ditions, systems and procedures such as :

. monitoring systems for area and surface contamination,

. protective clothing and equipment,

. dosimetry and operator surveillance,

. environmental dispersion and control,

. secondary containment clean-up and gaseous waste treatment systems,
. procedures for intervention and maintenance,

. glove-box techniques,

. tritium-compatible materials and equipment.

The results will help to formulate recommendations for futuré facilities
and in particular for the appropriate design of fusion reactor systems.

Description of the Laboratory

A layout of the laboratory is shown in Fig.2. It includes:

- a Hall for Process Development (HPD) .of about 3000 m3 volume, equipped
for housing glove boxes with inert .atmosphere to allow the installation
and handling of equipment containing large amounts of tritium. The H.P.D.
will be air-tight.with.interlocked doors: and be kept.slightly below at-

. mospheric pressure by an appropriate "hot ventilation" systems. In case
of abnormal tritium release from the secondary containment to the atmo-
sphere of the H.P.D., an Emergency Clean-up (E.C.U.) system, automatical-
ly actuated, will be able to reduce the tritium concentration in the ope-
rational area and the tritium release to the environment to permissible
levels. The H.P.D. will include an additional facility (expanded area)
consisting of a 500 m~ steel box fully tight and separately ventilated.
This will provide a containment for large components and will allow ex-
perimental tests on their detritiation and handling.

- A set of laboratories (about 450 m3) for experiments with low-tritium
inventory.

- A laboratory for tritiated liquid waste conditioning and containing the
gaseous waste treatment (G.W.T.) systems.
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In order to comply with the existing regulations for nuclear facilities
the laboratory will also include health physics room, health physics store
and monitoring station.

Location

The utilisation of the ESSOR dome as tertiary containment implies some
draw-backs that might easily off-set the advantages of having the building
available with air cgnditioning ventilation and stack. The huge volume of

the dome (& 38.000 m™) and the nature of construction materials would re-
quire the realisation of another containment shell inside the dome in order

to keep the emergency clean-up within a reasonable size both for investment
costs and operational efficiency. The utilisation of the ESSOR bunkers would
appear practical only for the installation of an already full developed and
well defined pilot installation to be operated remotely (such as cryogenic

or water distillation) due to the difficulties for access to the bunkers

and their particular shape (unproportionally high with respect to their
surface area).

A third potential area within the ESSOR complex is situated near the stack and
the reactor dome. Two possibilities exist. One of these would allow the incor-
poration of the already existing building for the Super-Sara power supply sy-
stem. The second possibility is to rationalize the lay-out by constructing a
new building near the stack (Fig. 3).

Licensing Procedures’

According to the Italian regulations for nuclear installations, the licensing
procedure for a laboratory handling bulk tritium amounts beyond 100 Ci is
normally established by Article 55 of the LAW D.P.R. 13.2.1964, n.185 which
normally implies a strict and lengthly procedure. A favourable situation e-
merges if such a laboratory is built at the JRC-Ispra, in the area covered

by the existing operation license of the ESSOR reactor, utilising facilities
of the latter such as stack, gaseous effluents monitoring system, power sup-
ply (including emergency supply), and others.

In a meeting with representatives from the legal and technical authorities for
nuclear licenses in Italy, the former considered that a tritium laboratory
should therefore be considered as a part of the ESSOR complex and as such be ,
approved by the procedure foreseen for "Modification of existing nuclear in-
stallations" (starting from art. 42 of D.P.R. 185). In this case the authori-
zation for the construction could possibly be obtained within less than one
year, _

Another advantage is that the radioactive release 1imits for ESSOR remain
valid also for the .tritium laboratory. Indeed the hazard potential repre-
sented by the total inventory of tritium in the laboratory (100 g) will be
lower than the existing reference value for the External Emergency

Plan of the Centre: This plan refers to a maximum credible accident of the
ESSOR with an expected dose of 4 rem to adults living in the nearest villa-
ge, whereas the maximum release of tritium (even in oxide form) from the 80 m
high stack of ESSOR would give a dose of less than 1 rem.



2.9 Planning and resources

Starting from a positive Council decision; the following steps can be envisa-
ged for the realisation of the tritium laboratory:

A) Preparation of the preliminary safety report to be transmitted with the
request for "Modification of the ESSOR license" to the Ministry for In-
dustry and Trade;

B) Approval of the request by the safety authorities together with identifi-
cation of safety relevant items ("progetti particolareggiati");

C) Executive design of the laboratory (excluding experimental equipment);
D) Construction and mounting of structures and components;

E) Functional testing and commissioning;

F) Experimental equipment preparation.

It is intended to perform the phases C to E by an Architect-Engineer firm
from outside, the task of which will be to prepare the laboratory, excluded
the scientific equipment.
The JRC staffing required for the supervision of such a contract and for the
implementation of phase A and B will be Timited in the initial period to two
professionals and an adequate number of technicians. With the completion
of the construction of the facility and its cold commissioning, other techni-
cians and operators will be added, up to a maximum of about 14 persons, inclu-
ding mechanics, electronics and ventilation specialists.
In parallel the design, preparation and testing of research specific equip-
ment will be performed (point F). This task will be assigned to the groups
already involved at JRC in the measurements with H/D to evaluate processes
for Tritium Handling (Fusion Safety Programme).
On this basis the total staffing when the laboratory is in operation is eva-
luated in a maximum of 25 persons, 7 of which will be professionals. These
figures do not take into account, of course, scientific and technical groups
from outside that might be interested in performing specific experiments in the
Ispra laboratory.
In Table 2 a break-down of the schedule related to the phases A to F is given
" together with that of the overall manpower accounted for the laboratory (ta-
king into account the JRC's supports and overhead, a factor of 2.2 has been
applied to the above indicated purely laboratory staff).
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TABLE 2

TIME AND MEN POWER RESOURCES FOR TRITIUM LABORATORY

Years
1 2 3 4 5
A | Prelim. Satety report A
8 { P.S.R. approval B g
C | Executive design - contractor select. (o —e
- project elab. C +———d
D | Construct + Mount - construct. selectis. Det—e
' - construct + mount De .
E | Funct. testing E ¢——o
F | Experim. equip. - projects F o— o — .
- praparation -
- cold, tests -~
- install., hot tests
-At0E 8 20 20 22 30
-F 6 6 10 17 25
14 26 30 39 55

A preliminary cost evaluation is being made by an external engineering
bureau. The results will be available by September 15th.

2.10 Conclusions

The analysis . performed shows that the problems raised by the presence

of tritium in the fuel cycle of fusion reactors are complex.

The data and information already available or expected from classified work
do not seem sufficient to solve these problems. A vigorous experimental pro-
gramme js needed to meet the requirements of NET and those of large scale power
reactors. :
On this basis it has been shown that a laboratory for tritium handling at
JRC could give a significant contribution to the European effort in this area.
The main objective of such a laboratory would be that of providing a basis to
test components and operation procedures in support of the NET design and con-
struction. The objective could be achieved in the following way :

- by making experimental verifications of concepts related to fuel cycle and
reactor operations, according to proposals which will be made by the Euro-
pean Associations and by the NET team;
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- by pursuing the tritium-oriented activity started at JRC in the frame-
work of its fusion technolcqgy programme.

This will imply a close collaboration with the European fusion research
centres and the NET team starting with the design phase,similar to that
being done in the other areas of the Fusion Technology activity where

JRC 1is involved. '

In doing this, particular attention will be payed to acquiring experience

in the operational safety aspects related to tritium, a task which is in
harmony with the general vocation of the JRC, as it has been recently appro-
ved by the Council of Ministers.
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3. 'MAIN REPORT
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3.1 Remarks related to fusion reactors as breeder reactors

A 1 GWe fusion power plant will burn 120 kg of tritium per year. The total production
of tritium from CANDU reactors in 1980 was (~ 6 GWe installed) 1.4 kg. [t is clear that,
if fusion power will have to play a significant role in the energy economy, it must be self-
sustaining. Each reactor must produce more tritium than the amount needed to fuel the
plasma in order to be seif-sufficient. The excess tritium will be required

to return the initial supply after some years of operation;

to compensate for losses due to leakage and radioactive decay;

to supply tritium for new power plants.

The tritium breeding ratio (TBR) required to achieve these goals is ideally 1.05. There are
reasons to believe that this value is not easy to obtain, and will heavily affect the overall

design of the reactor. The basic parameters of the tritium cycle of INTOR and of a power
fusion reactor are summarized in Table |.

TABLE 1 - Tritium balance in fusion reactors

Tritium flow Inventory Tritium burned Tritium breeding
rate (g/d) (kg) (kg/a) ratio
INTOR! 1600 5.6 12 0.6-0.7
" Power reactor® 8000 10-20 120 1.05

! stage 111, S0% availability.
1 1000 MWe, 80% availability.

The main units and processing steps of the fuel cycle of a fusion reactor are shown

in Fig. 1.

The rectangles indicate the processing steps, and the circles the units of the reactor
where tritium will flow. The arrows from each part of the system indicate leakages
and radioactive decay. The requirement of a TBR greater than unity means that the
flow rate into the storage exceeds the flow rate from the storage into the plasma,
allowing for leakage and decay. In a military plant for tritium production there is no
plasma chamber, no exhaust processing, nor recovery from coolant. Furthermore, there
is no constraint similar to that on the TBR.

In both cases the optimisation of the tritium cycle requires minimizing the radioactive
hazard and the leakages, but in the case of a fusion reactor, the constraint of TBR > 1
may be achieved only with a careful reduction of the radioactive decay, which means
minimizing inventories and reprocessing times.

This rough picture shows that there are many physical phenomena, components,
processing units, in the tritium fuel cycle of a fusion reactor, that have no equivalent
in the technology developed so far, and that require specific R&D.
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3.2 NET and power reactor requirements related to tritinm

3.2.1 Introduction

In the Next European Torus the presence of tritium will play in important role.
Therefore it is important to identify the most relevani probiems related to tritium

1 such a type of machine and evaiuate the research and development needed during
the various phases of design, construction and operation. The solution of the pro-
blems related to tritium for NET will apply to a large extent also to the fusion power
reactors. Indeed, all the main tritium systems of these power stations will already be
present in the NET-machine. For some problems, e.g. the permeartion through the
first wall and blanket structures, differences will arise from the operating temperature
(higher in case of a-power reactor) or from the irradiation time. A scale-up of the
basic components, such as pumps, valves, etc., is also to be expected. However, the
research related to NET should enable to extrapolate the resuits to the conditions

of a4 power reactor

A comprehensive assessment.of thzse problems has been performed during the INTOR (refs.1.2)
design study. Therefore, we will largely refer to this work to identify the critical
issues and the required research and development.

The main topics to be investigated can be subdivided as follows:

tritium permeation, mventory and outgassing in structural materials (first wall
and reactor compomnents);

systems related to the various aspects of the fuel cycle (tritium recovery from
exhaust plasma, coolant and. breeder; fuelling, waste purification and disposal);
reactor contamination during standard operation, maintenance and accidentai con-
ditionsy

waste processing and disposal.

In the following an outline will be given of the state-of-the-art in these areas; then
the experimental effort and the related time scale needed to meet the targert re-

quirgments for the engineering design and construction of NET will be evaluated.

3.2.7 Trtium permeation and inventory in structural materials

Tritium permeation through first wall, limiter or divertor collectors is governed by the im-
plantation of the charge exchange neutral flux in the near surface zone, by the recombina-
iion of these atoms into molecules at the plasma/first wall and coolant/first wall interfaces
and by diffusion in the bulk of the wall.

Where no tritium implantation is present (e.g. in the breeding blanket cooling ducts),
the modellisation of the phenomenon is somewhat simpler, since the permeation is
governed by better known physico-chemical phenomena. :

In the models adopted for calculation of the implantation of charge exchange neu-

tral flux, the surface boundary condition is characterized by a recombinaticn constant
which depends on the activation energy for migration, the heat of solution and the



Sievert’s constant. The surface cleanliness is taken into account by a molecular
sticking coefficient. On the wall-coclant side, the presence of oxide layers and
hydrogen produced by radiolytic decomposition of water originates complex sur-
face conditions which are approximated by recombination limited kinetics or
ditfusion limited conditions, The diffusion insida. the layer is described by a tem-
perature-dependent diffusion coefficient and also considering a thermal gradient
(Soret effect). Neurron damage of the walil is taken into account with a trap con-
centration and a detrapping energy.
In INTOR, the calculated permeaticn rates for the first wall (SS-wall surface: 400 m?,
Tmner 200 - 300°C, T Luter 100°C, t = 0.5 - 1.3 cm) cover a broad range of values,
from 10™ to 0.2 g/u. The highest permeation rates are obtained for dirry inner sur-
face and clean ourter surface (Le. low recombination rate on plasma side and high
recombination rate on coolant side). .
In the same way, the tritium. inventory in the f1rst wall depends on the recombina-
tive and trapping effects. In the INTOR case, values from 0.7 to 7 kg have been
evaluated. Both mitium permeation and inventory decrease with the wall thickness.
Variations in duiy cycle have smalil influence. As far as the divertor/limiter collec-.
tors are concermned, tritium permeation-and inventory values have been found of
the same order of magnitude as in the previous case.
The relative importance of the tritium permeation and tritium trapping in the wall
is strongly related to the temperature of the outer (coolant side) surface: In the
INTOR case, this temperature is low (100°C) whereas for a power reactor it will
be much higher (~ 300°C) so increasing strongly the tritium permeation into the
. coolant and reducing possibly the inventory. In the case of NET the probiem of
first wall coolant temperature is still open, a value  between 100°C and 300°C
could be the selected one. This calls for experimentai research over a large range
of temperatures both on the nner and outer wall side.
The question of tritium outgassing during the dwell time of the pulsed operation
and after the reactor shut-down has been recognized as being one of the most critical.
The release of D and T during the dwell time will influence the vacuum conditions
and then the pumping requirements. The vacuum chamber has to be pumped down
to the pre-shot pressure (~ 107 torr); at the same time the gas release from the
walls has to be reduced to a level low enough that it does not appreciably influence
the D-T species mixture during current initiation and ohmic heating. Tue calculations
performed during the INTOR study have shown that, depending on the hypotheses
of the mechanisms for gas descorption and surface conditions, these requirements
can or cannot be satisfied. The same uncertainties apply to the case of reactor shut-
down. The outgassing rate knowledge is fundamental to establish the operations
(waiting time, baking, pumping) before removing the reactor components inside
the vacuum vessel. A preliminary calculation has shown that the quantity of tritium
retained in the first wall could be significantly reducsd by outgassing. A 350°C baking
for 100 hours should release about 90% of the tritium trapped in a 13 mun SS first
wall. However, neither recombinative, nor trapping effects were taken into account

and these results must be reviewed.
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3.2.3 Tritium processing systems

Vacuum requirements and pumping

A number of vacuum systems will be needed in NET and power reactors: many of

them will be placed in a tritium environment. This will apply in particular to the

plasma exhaust, plasma heating (neutral injection) and tritium recovery from blanket.

In INTOR Phase-1 an evaluation of the pumping requirements for the torus vacuum

systen was performed (ref. 3). This system must perform the following operations:
to pump down the torus chamber to an initial base pressure of 1077 Torr before
the first start-up and to a base pressure of about 3.107 Torr during dwell time;
to exhaust a gas quantity equal to that for refuelling during the burn time.

A nominal pumping speed of 10% Is"' was calculated as needed for cleaning before
start-up whereas during dwell and burn time the required pumping value was
= 4.10% Is™'. Assuming 12 pumping units, each of them should have a speed of
3.10* Is*. Concerning the pump selection, the surgestion was made to use com-
pound cryopumps equipped with microporus sorbents on the cryosorption panels
for the plasma exhaust during the burn-time, whereas pumping before start-up and
during the cleaning process could be provided by turbomolecular or mechanical
pumps. For the cryopumps the most important problems to be solved are:

the He-pumping rate (compared to that for D and T);

the heat load and radiation effects;

the tritium storage in the ¢ryopanels.

=

For turbomolecular pumps, the problems will regard the industrial scale-up (the
maximum speed is now 3.5-10% Is™!), the effects of the electromagnetic field and
the tritium compatibility (no oils and greases). The same applies to the mechanical
pumps. The other vacuum systems will call for similar requirements on the pumping
side. :

Plasma :xhaust and neutral beam processing

Various schemes have been proposed to process the plasma exhaust pumped-out
through the divertor/limiter ducts from the vacuum torus chamber. Three are the
main steps in this process:

gas purification;

He-separation,;

hydrogen-isotopes separation.
A flow-sheet for plasma exhaust and neutral beam processing systems has been pro-
posed during the INTOR-Phase IIA study (ref.4). In this scheme the two streams
coming out from the torus and the neutral beam injectors are purified on cold traps
(palladium-silver membranes or getters may also be used). H, D, T are liquefied in
a condensor, whereas gaseous He is separated and sent to other processing lines
(e.g. the blanket recovery system). The hydrogen isotopes are separated in cryodis-
tillation columns which can be connected to other process systems, such as the
blanksat recovery and the coolant reprocessing.
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Altermarive modes for plasma exhaust reprocessing have been proposed (see chapter 3),
where arter the separation of the impurities, the exhaust plasma is oxidized to
(H.D,T)-O In a catalytic recombiner and fed to the hydrogen isotopes separation
system. Here, the liquid stream is fed discontinuously to a separative elecrrolytic

cell, where 2 protume-enriched fraction of the isotopes is electrolysed. The gaseous
isotopes are separated by gas-chromatography. The non-¢lectrolysed residue consti-
tuted mainly by DTO is sent to a second electrolytic cell, operating atr low liquid
inventory for its transformation to D,T.

Fu elling

In INTOR fuelling into the plasma chamber can be provided by gas puffing and/or

a pellet injection system. Twelve ports are available for the gas injection. Both con-
tinuous and pulsed flow control of the selected gas are provided. Two pellet fuel
injectors are located on opposite sides of the torus. Remotely controlled selector
valves determine the fuel gas admitted to the liquefiers, which are located inside the
insutated fuel injector. The design pellet injection velocity is 2-102 ms™! (Pneu- .
matic or centrifugal injectors can be used, depending on their development).

Trtium recovery from bianket

Solid Breeders

For the INTOR reference design (Li, C as a bresder at 400 - 600°C, water as a
coolant), tritium may be extracted using helium as a sweeping gas (ref. «4). The pro-
cess envisages a countercurrent cooling of the helium which emerges from the’
blanket at = 600°C, containing tritium at = 0.1 Pa of partial pressure. In the ana-
lysis the hypothesis was made to recover daily all the tritium bred (50 g/d); the
corresponding helium flow rate was calculated to be 7800 m?/h, subdivided among
the twelve blanket segments considered in the design. Tritium is first completely
oxidized on a caralytic bed (= 200°C). In a subsequent step it is cooled to liquid
nitrogen temperature to trap tritiated water as frost. Helium is heated to = 400°C
before re-entering into the blanket. The trapped tritiated water is then recovered
in liquid form and decomposed in an electrolytic cell. Tritium is sent for purifica-
tion to the plasma exhaust processing line and oxygen is sent back to the caralytic
bed. '

This scheme has been developed for the case where helium is used only for tritium
recovery, whereas the cooling is afforded by water. Proposals to use helium both
for cooling and tritium recovery have been also worked out, in particular for appli-
cation to power reactor systems (ref. 5). In this case a similar approach for detri-
tiation of the gas can be devised, even if the difficulties are expected to be larger
as a consequence of the higher pressure and mass flow of the helium coolant, the
lower concentration of tritum and T, O in the coolant and the advisability of
avoiding cooling the helium to very low temperatures in the extraction system in
order to maintain a reasonable thermohydraulic efficiency for electricity generation.




Liquid Breeders

Various schemes for tritium recovery from liguid breeders have been proposed, in
particular from Li,,Pbg; which looks attractive for NET-applications. These include
either a direct pumping in vacuum from the breeder or the use of a purge gas in
contact with the liquid. A more detailed description of the advantages and disad-

vantages of these methods and of the research needed to demonstrate them is given in
chapter S.

' Ccolarit detritiation

Duning the INTOR assessment several processes for water detrjtiation have been in-
vestigated. The most appropriate are described hereunder:

N

a)  Vapour Phase Cartalytic Exchange/Cryogenic Distillation (VPCE/CD). Tritium is
transferred from light or heavy water to elemental form in a catalytic exchange
reactor. Cryogenic distillation is used for the isotopic separation of the ele-
mental forms.

b) Direct ElectroiysisjCryogenic Distillation (DEL/CD). Watcr is clectrolysed. to

hydrogen and oxygen. Hydrogen is distilled in a cryogenic column for isotopic
separation. Detritiated hydrogen is recombined with oxygen from the electro-
lytic cell and recycled to the coolant loop.

¢) Combined Electrolysis Catalytic Exchange/Cryogenic Distillation (CECE/CD). Here
electrolysis and catalysis perform a preliminary isotopic separation and produce
elemental hydrogen, then the process is completed by cryogenic distillation.

d) Water Distillation/Electrolysis/Cryogenic Distillation (WD/EL/CD). Water distilla- -
tion produces slightly enriched water to an electrolyser. The elemental hydro-
gen is fed to a cryogenic distillation system for the final isotopic separation.

A comparative analysis of these processes has been performed, assuming a tritium
permeation of 103 Ci/d (0.1 g/d) through the first wall and a tritium concentration
in the coolant of 1 Ci/l. Correspondingly, the volume processed was 1000 1/d.

The results of the comparison are as follows:
the CECE/CD and the WD/EL,CD seem the most promising processes from an
economical point of view; '
CEC/CD can detritiate water to low levels which could be unrestrictedly released
to the environment, and accepts feeds with different tritium concentrations which
should permit to process together several tritium systems. The disadvantages are
a limited operating experience and the necessity to operate in the front end tritiated
water at higher concentrations than the other processes;
WD/EL/CD has many years of commercial experience in heavy water production.
This process can accept feeds at different tritium concentrations. In the design
option used for the economic analysis, water would not be detritiated to levels

allowing unrestricted release to environment. In this case multiple processing would
be required;
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DEL/CD seems feasible since there is practical experience in low level tritiated
water electrolyses and hydrogen isotopes cryogenic distillation, also if they were
not used together on a large scale;

VPCE;/CD does not appear suitable for low level light water purification. It could
be of interest in case heavy water were the coolant in the firsc wall system.
3.2.4 Effects of tritium contamination during standard operation, maintenance and

accidental conditions

__Reactor hall deintiation systems

The determination of the tritium concentration in the main reactor volumes (vacuum
chamber, reactor hall, etc.) will be an important item of the NET design and it will
represent the basis to optimize the various components and reactor operations during
normal and abnormal conditions. In INTOR a rough evaluation of all the sources of
tritium in the reactor room has been made which has led to the following global
values for the tritium release:

standard operation 10 - 30 Ci/day
maintenance : up to 10® Ci/day
accident (single release) up to 10° Ci

The safety criteria taken during the INTOR design study for the tritium contamina-
tion are:
10.000 Ci/a released to the environment during standard operation;
5.10°"% Ci/m>® maximum allowable concentration for unprotected workers. This
limit could be raised to up to 5-10™* Ci/m? in case workers are equipped with
protective suits.

Various strategies can be devised in order to meet these targers. They will depend
also on other hypotheses, in particular on the minimum time required for human
intervention after the reactor shut-down. In setting-up these targets, one has also to

take into account the other sources of radioactivity, mainly those related to neutron
activation.

The first evaluations made during the INTOR study (reactor hull volume = 1.5-10° m?)
have shown that: ,
during standard opertion, if the release will be = [0 Ci/d, the reactor room air
could be ventilated directly to the stack;
for higher tritium standard leakages, an air detritiation system is needed. Such a
system will consist of blowers, pre-heaters, catalytic reactors, after-cooler and water
removal systems. The required flow rate and cost was evaluated as a function of
the tritium concentration level. Typically, for a release of 30 Ci/d, a cost of 75 MS
has to be expected for the air detritiation system to meet the conditions for worker
in the reactor hall (5 pCi/m?). A reduction of a factor of 10 in cost was found
if the concentration level could be increased to up to SO0 »Ci/m?. The correspon-
ding total costs for a ten-vear operation would be = 200 and 16 MS, respectively.
This is an incentive to reduce as much as possible the air detridation volumes, for
example by subdividing the reactor hall in various rooms.
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In case of maintenance or accidental conditions, the air detriation system required
for enabling the worker’s access within 24 hours after the reactor shut-down
results too expensive and impractical. Such a short time delay would also require
a torus extra-shield of 1.5 m thickness, as compared to that strictly needed for
superconducting coil protection from neutron and gamma irradiation. Alterna-
tively, one will have to rely on protective suits for the workers (which, however,
will imply more limited efficiency) or on remote handling operation.

_lil_gsln_g_vgcuum vessel contamination and maintenance of internals

As mentioned before, the plasma vacuum chamber will be contaminated after the
reactor shut-down as a consequence of the tritium desorbed from its surfaces and
of the neutron activation of its structures. In INTOR, 40 - 100 Ci/fcm® (107 rem/h
of contact dose) are expected in the first wall, an average value of 10 Ci/cm?® in
the blanket structures, with a total shut-down activity of 10° Ci. Possibly a part
of this activity will be associated to dusty material {1 mm erosion of INTOR first
wall implies about 3 tons). The extreme working conditions of the plasma vacuum
chamber will require automated and remote inspection and maintenance systems.
They must be capable to reach the whoie inner surface of the plasma chamber to
carry out ’in situ” repair and to substitute small pieces. More important repairs or
the complete substitution of reactor components will require the disconnection of
larce and heavy (up to 150 tons) structures and their transport to hot cells.
It can be shown that the most difficult items are:

control and repair systems for the reactor inner components with visualisation

capabilities and/or with fully automated operation;

disconnection/connection of welded and bolted flanges;

transport and precise positioning of large and heavy pieces.

All the previous interventions cause a loss of containment and the design philosophy
for maintenance must reduce to the minimum possible the spreading of contamina-
tion due to tritium and erosion products. Possible solutions arec to employ provisional
tunnels or transfer flasks between the containment enclosures (e.g. torus, hot cells).

Waste processing and disposal

Gaseous wastes

Gaseous tritiated wastes coming out from the reactor system (plasma chamber,
neutral beam lines, blanket, tritium storage) must be detritiated before their release
to the environment. The processing system must be apt to trcat organic compounds.
The process proposed for INTOR foresees an uranjum bed (= 600°C) where water
and orgzanic compounds are decomposed in uranium compounds and hydrogen.
Hydrogen diffuses through a palladiuimn silver membrane and it is sent to the plasma
exhaust reprocessing system. The detritiated gases are released via the stack.
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Reacror components conditioning

Maintenance of reactor components in the hot cells will include decontamination

procedures and methods to extract soaked tritium. In particular, thermal processing
under vacuum can be carried out at higher temperatures than those allowed in the

torus. Final disposal of solid waste can require volume reduction by compactation

or melting.

3.2.5 Tritium inventory -

In Table ! is pres:uted a break-down of the tritium inventory of INTOR-Phase IIa,
for the case of solid breeders. A more detailed analysis of the single items should
consider the following points:
for the plasma exhaust system, the main contribution to the inventory comes
from the cryodistillation (120 g), from the cryopumps (120 g) and from the gas
storage (120 g) units; .
the process system of blanket itself involves about | kg of tritium, the main con-
tributions coming from the liquid nitrogen cold trap (700 g). This figure applies
to solid blanket; _
the fuelling system has an inventory of 200 g, but this is considered an upper limit;
for liquid breeders, the inventory will be of the order of 100 to 200 g.

During the INTOR workshop an attempt was made to distinguish between the so-
called vulnerable and non-vulnerable inventory. A tentative subdivision was 1.4 kg
(vulnerable) and 2.9 - 4.3 kg (non-vulnerable). In the safety analyses no more than
10 ¢ were considered possible for release to the environment from a single accident.
However, this figure seems today too optimistic.

Table 1- Trtium inventory (solid breeder)- INTOR-Phase Ila

Plasma exhaust and neutral injectors 370¢g
Breeding tritium 746 g
Primary coolant detritiation : 65g
Wastes : not estimated
Atmosphere lg
Neutral injectors and torus feed 245 ¢

1427 g
Storage 2300 ¢
Breeding blanket I 500- 1000g
First wall 100- 1000g

Total ' 4330- 5730¢
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3.2.6 Time scale requirements for R&D

Assuming for NET:

beginning of engineering design 1987 - 1988
beginning construction 1992 - 1993
start operation 1998 - 1999

the following time scale for R&D related to tritium problems can be evaluated:
basic information on H/D simulation data for permeation, fuel cycle processes,
etc.: 1984 - 1986;
check of these data with tritium: 1986 - 1989;
large components development: 1985 - 1993;
tests of NET sub-system with tritium: 1988 - 1993;
development of waste disposal systems: 1989 - 1995.
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3.3 Review of the existing know-how and of the activities in progress

The available knowledge on tritium problems and in particular on tritium technology
is mainly based on the operation experience of fission reactors (in particular heavy
water and HTGR reactors) and on the conimement and conditioning of waste water
arising in fission fuel reprocessing plants, whereas the information coming from the
military applications is for the moment still limited.

In the following the existing knowledge on tritium is briefly revised and the main
research activities related to fusion in progress or scheduled in Europe and throughout
the world are outlined.

3.3.17 Experience from fission reactors

'

In heavy water plants, tritium is produced in the moderator by neutron absorption.
This implies the solution of a number of problems related to the handling of large
volumes of tritiated water and to its processing. Important experience has been
gained both in Europe and outside in the world (mainly in Canada) on these pro-
blems. A detritiation system from heavy water capabie to extract up to 160,000
Ci/a of tritium is in operation at the high flux reactor of Grenoble, based on a
process developed by CEA. It applies cryodistillation of elemental hydrogen iso-
topes for their separation. Due to the know-how acquired by the operation of this
facility, this technique represents today the first choice for tritium separation

and recovery in fusion reactors.(ref. 1).

In HTGRs tritium is formed in the He primary coolant from which it permeates
partially through the heat exchanger walls into the water of the steam generator at
levels which can be kept within acceptable limits without particular purification
brocedures. In the HTGR concept as heat source for energy carriers (hydrogen,
hydrocarbons), the tritium permeation rate was required to be reduced for safety
reasons. Tests performed at KFA Julich have shown that by coating ferritic steel
with an oxide layer, a reduction factor of about 100 was obtainable. These oxide
films showed, however, a low stability with temperature changes. Better behaviour
was found with oxide layerson Incoloy.

Tritium is also a by-product of nuclear (fission) power generation, where it becomes
a concern for LWRs at the spent fuel reprocessing stage. Table 1 gives an overview
of T inventories and waste volumes arisings in a reprocessing facility. Research acti-
vitics on the treatment, conditioning and disposal of tritiated waste waters have been
shared in the member countries of the EC by the “Indirect Actions Program®™ of the
CEC in the frame of the "Management and Storage of Radioactive Waste” program
(DG X1I), as summarized in Table 2.

Reference

1. J.Chatoux, W. Eisermann, Atomwirtschatt, Vol. 14 (1969), 25-31.
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Table 1 - Assumed data for the description of 3H-waste management alternatives

Reprocessing capacity tU/a 1500
3H-inventory of the spent LWR-fuel elements mCi/a 1
3H-inventory of the cladding hulls MCi/a 0.5
3H-inventory of first solvent extraction cycle MCi/a 0.5
Volume of tritiated waste water (16 mCifl) m’/a 32.10°
Volume of tritiated waste water with recycling and > H-scrubbing
(166 mCi/1) m3/a 3000
B/ - activity of the tritiated water (300 m? /a) mCi/l 0.1
Heavy metal inventory of the tritiated water (uranium) g/m? 1
(plutonijum) mg/m> 1

(water/cement) ratio - 0.5
Table 2- Research contracts on tritium bearing waste from reprocessing
Program  Contract Nr. Contractor CEC cuntrib. Title -
period K ECU
75/79 090-78-7 WAS B CEN Mol 371 Separation of T from aqu. effluents
80/82 WAS-159-B (D) CEN Mol 393- ”
83/84 ) 292 ?
75/79 088-78-1 WAS D KFK Karlsruhe 83 T-enrichm. on hydrophobic catal.

TU Karlsruhe

75/79 046-77-10 WAS D UKAEA Harwell 25: T immobilisation
7571779 075-79-7 WAS UK ” 30 T immob. by incorporatin in inorg. solids
80/84 KFK Karlsruhe S8 Characterisation of conditioned cladding

material (T release)

3.3.2 Adctivities in support to Fusion

European activities

Design studics for JET operarion with tritium

The Joint European Torus is scheduled to operate in its second phase with tritium
in order to investigate the thermonuclear plasma regime. For this it is intended to
burn 2 50/50 at% mixture of deuterium-tritium; the planned number of shots with
D-T plasma is 10*. Considering the low burn-up of fuel and the problems related
to an out-site reprocessing of it, it was decided to process the spent gases in-situ
after each shot before being reinjected in the torus. So a tritjium plant will be in-

stalled in the JET arca with the following main functions:

to purify the gases coming from the plasma chamber and from the neutral injectors;
to make their isotopic separation.



The plant is characterised by the following operational requirements which strongly
witluence design:

low throughput of about 2 kg during life

short life of about 2 years

unchanging duty

parallel circuits permit replacement without interrupting operation

active handling of components and waste disposal are available off-site

small size

cryogenics, ultra-high vacuum and remote handling facilities are all available within
JET. Cryogenic rumping will be uscd extensively.

The gas purification will be performed by means of cold traps which will allow to
eliminate gaseous impurities without making solid wastes.

The isotopic separation by gas chromatography has been chosen in order to obtain
the best process efficiency and the lowest tritium inventory.

The whole processing unit, including the gas analysis apparatus, will be placed in
glove-uoxes. The glove-box atmosphere will permanently be processed by two clean-
up systems. The first one is intended tor glove-boxes with high contamination such as
that for repairing and maintenance, whereas the second one will be related to glove-
boxes with low contamination such as those for the process. ‘

The tritium room will be normally ventilated by a routine ventilation and air condi-

" tioning system whereas in case of contamination, an Emergency Clean-up System will
be needed. All the atmosphere processing systems will be positioned in “caissons”.
All these systems will be located at different floors of a building which will be for-
bidden to workers during the pulse operation of the machine. An annex building is
planned for services, laboratories, process control and safety.

The JET staff is now engaged in detailed specification for the tritium plant incor-
porating the following essential process elements:

removal of chemically active impurities from torus and neutral injector exhaust gases

removal of helium

removal of protium

isotope separation of T and D

storage of separated hydrogen isotopes

storage of waste

pumps

valves

instruments for process control and inventory monitoring

input/output interfaces

EUR-association research activity

A research programme to investigate the tritium problems related to fusion power
reactor development has been launched recently by the Commission in the frame
of the Fusion Technology Programme 1982 - 1986 set up by the Fusion Technolo-
gy Steering Committee. In Appendix I are indicated the areas related to tritium
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" for which study contracts have been proposed by the European Fusion Associations
fogether with the state of the art of the decisions about the acceptance of these
proposals. The areas considered are: -

fuel clean-up system;

tritium recovery from waste streams; o

tritium detector;

electrolytic cell;

decontamination system;

industrial development of large components;

tritium recovery from blanket (liquid and solid breeders). i
The proposals are based in general on previous experience in fission reactors; in

some cases, reference is made to specific experiments carried out in the frame of the
fusion activity prior to 1983, and to the conceptual design work carried out in
Europe on fusion reactor systems.

Acrtivides outside Europe .- -

Los Alumos laboratory

The TSTA facility has been completed and tested with hydrogen. Operation with
tritium is scheduled by the end of 1983. The principal objectives of this facility are:
to demonstrate the fuel cycle for DT fusion power systems;
to develop and evaluate personnel and environmental protection systems;
to provide a facility that will yield a reliable data base for tritium handling systems;
to develop tritium compatible components with long-term reliability.

A schematic block diagram of the fuel supply and exhausted plasma recovery systefns
is represented in Fig. 2, indicating that the following main sub-systems are required:

plasma chamber evacuation system by cryogenic pump;

transfer pumping; '

fuel clean-up removing all the impurities (He included);

separation of hydrogen isotopes by cryogenic distillation;

waste treatment and disposal;

fuel injection;

safety control and monitoring;

emergency clean-up.

Other systems or sub-systems connected with the plant are:
the impurity simulation;
the neutral beam injection;
the gas analysis;
the general data acquisition and control.



In this plant, in which 500 moles of DT are treated per day, three levels of tritium
containment are considered:

the primary level constituted by the material of construction of the apparatus con;
taining tritium;

the secondary level constxtuted by °love boxes for major tritium handling ha:dwu-e '
and components;
the tertiary level constituted by the large volume room maintained at tritium

concentration below 1.10™ Ci/m™? by a normal and an emergency (operating in

case of accident) clean-up system.
This plant, locates in an old building of 3000 m?3 room volume, should maintain
a tritium inventory below 200 g

Other US laboratories

Recently, Mound Laboratrory has focused most of its tritium technology development
on tritium containment and environmental control. The principal goals are:
to prevent any tritium release to the environment and recover for re-use all
tritiurmn released within the laboratory;
to demonstrate the CECE/CD water detritiation system. An electrolytic cell is
fabricated by . G.E. and has been working for a long time with tritium con-
centration of 10 Ci/cm?®. -
to develop a system for injecting into the torus of TFTR;
to design containers for tritiated liquid waste.

The principal activities pursued at Lawrence L.L. are:
the tritium recovery from atmospheric release, by using catalytic oxidation units;
the development of organic getters which, in the presence of air, minimize the
formation of more hazardous tritiated water;

the measurement and correlation of the phy51cal and chemical properties of the
hydrogen isotopes below 30 K.

At the Princeton Plasma Physics Laboratory, in view of the TFTR operation with
tritium, a tritium systems area (Fig. 3) has been constructed in accordance with the
requirements of storage of tritium on-site and with no attempt to recover, pur1fy and
re-use tritium. The supply of tritium, according to the Mound Laloratory tests, will
be made automatically and rapidly for a maximum of 400 Curies or 0.4 g.s? in

15 ms. Many precautions are taken in order to provide barriers to prevent passage
of particulate matter into the torus and means for removal of He® and impurities.
Major components will be fabricated from 316 stainless steel using all welded con-
structions except for the connections required for the maintenance of components and
for replacement of removable items. The whole area is supplied with a clean-up sys
tem which, in the main line, is similar to the TSTA, but in smaller dimensions as
the room atmosphere and the tritium inventory are strongly limited.
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Japanese activities

<l
¢

T: J

A Tritium Process Laboratory (TPL) is now under construction and will be in opera-
tion in 1985. It is conceived as a multipurpose facility, with the following main de-

sign characteristics:

to apply multiple barrier containment and tritium removal systems; _
to make zoning division clear and to install proper ventilation systems;
to select materials and components suitable for tritium handling.
The dimensions of the building are about 48 x 26 m of which the controlled area

is 1080 m?2.

In the experiméhtal room, which is 15 m high, the glove-boxes are arranged. The rest
of the building is composed of an equipment room where various types of tritium
removal systems are furnished (Fig. 4). Each block of glove-boxes has a function of
individual ventilation and pressure control and is provided by airtight boxes with

accommodated vacuum pumps. There are three containment systems:

The first one

is composed of the material of the upparatus; the second one is the tritium removal

system which is formed by:

HI -
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a glove-box purification system for removing tritium and oxygen;
a pressure control of 2ach block in order to prevent tritium leak from the glove-
boxes and to avoid the radiation exposure of operators during normal and off-
normal operation.

The third containment system 1s formed of a clean-up system for the room atmos-

phere during the normal operation. In case of accident an emergency clean-up is
automatically put into operation.

As far as the planned program is concerned, to date the glove-boxes in the airtight
glove-box room will contain units for tritium measurement and analysis systems,

tritium storage systems, cryogenic distillation systems, liquid-vapour equilibrium
measurement and thermal diffusion systems, tritium purification and trapping systems,
liquid waste solidification systems and. tritium containment and removal testing systems.

Canadian acrivities

In Canada a fusion fuels technology project has been set up, focused on supply of
tritium and tritium technology, with the mandate to extend and adapt existing '
CANDU titium technology for use in international fusion programs. The production
rate of tritium in this country was about 1.4 kg/a already in 1980 and it will

produce still much more consistent stock piles of .tritium in function of its nuclear
pOWEr programune.

It has acquired an outstanding operational experience and know-how in handling

of tritium oxide bearing fluids and components, in dynamic and static (leak-tight)
containment design, in occupational exposure and environmental dispersicn models.

It has developed to commercial maturity highly efficient monitoring systems,
protective clothing and remote handling techniques and devices. Two facilities will
become operational in the near future for T sepamtion from heavy water, the first
one for commercial use based on the CEA process by isotopic exchange in the
vapour phase, the second one as a pilot plant based on isotopic exchange in the
liquid phase (Canadian development). Both apply cryogenic distillation for final T puri-
fication and getters for long-term T storage.



I. 38

3.4 Past and present activities at JRC

2.4.1 Operative experience in tritium handling and monitoring

Introduction-

The first nuclear instailation generating tritium oxide bearing effluents has been
commissioned at the JRC in 1959. Since then the monitoring of tritium has been
carried ourt systematically on 'samples of air and water (environment), on biological
materials and on plant effluents. During this time period, the procsdures for sampling
and measurement have bee., continuously revised and adapted according to the tech-
nical evoiution in order to improve their sensitivity.

. Tritium generating installations

[SPRA+1, D,0O cooled and moderated research reactor of 5 MWth nominal power,
in operation from 1959 to 1973. The D, O inventory was = 7 m® with a final T-
activity of 2.1.CY/l. T -monitoring in the reactor and.its sffluents was pursued
until 1977. .

ESSOR research reactor (critical in 1967) moderated and cooled by D, O in two
distinct loops. Nominal power 25 and [7 MWth in the feeding and experimental
zones, respectively, of the core. The D, 0O inventories in these two zones are 8 and
12 m?, respectively. In the latter tritium has reached an activity level of 3.2 Ci/l.
The total tritium contenrt in the heavy water at Ispra is about 7 grams.

Tridum monitoring

Types of samples

Air from opemtion areas, from gaseous effluents of experimental loops, from off-
gas systems, from outside area of the instailations.

Warer from liquid effluents and from cooling water of experimental loops, from
waste streams, from irradiated fuel elements storage pools, from rain and surtace
water, from the water table and water supply system.

Process fluids, like D, O, He, N;.

Food chain and environment, like vegetatles, fruit, milk, soil, etc.

Biological samples, especially urine for radiological surveillance of operators.
Swryace contamination control in operation areas.

Applied techniques and procedures

Detailed information on this item is given in a series of reports (refs.1-6). Presently
the preferential measuring technique applied is that by liquid scintillators adapted to
the type of sample preparation (distillation, lyophilisation, centrifugation, electro-
lytic isotope enrichment). . _
The on-line control of operation areas and gaseous effluents contamination levels are
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performed by ionisation chambers with or without compensation of external radia-
tion fields, depending on the specific requirements. The "in-situ” surface contamina-
tion control is performed by window-less gas flow proportional counters. Sampling
for environmental air contamination control is performed by bubbling the air through
distilled water or passing it over H, O selective molecular sieves columns. Chemica!

or cryogenic techniques have been abandoned.

Sensitiviry of the measurements

Ionisation flow chambers, direct measurement: 5.10°% + 5.10"% Ci/m3 air.

Liquid scintiilators:
air sampling: 107 - 10°!? Ci/m®; by applying electroiytic enrichment a limit of
5.10"* Ci/m? is attained, which allows to evaiuate the natural atmospheric tritium
background. ' .
environmental water and materials samples: 10* - 107 Ci/m?; with slectrolytic.
enrichment the limit is brought to about 5.10% Ci/m?3, which again is sufficient for
the evaluation of the natural background levels. .
biological samples (urine): 107 uCi/mi; this value represents less than 0.1% of
the "maximum body burden”, ie. the level leading to the maximum annual dose.
limit for occupationally exposed workers.

Laboratories and equipment at the JRC-Ispra.

Process analyses laboratory

This radiochemical laboratory in the ESSOR compliex is equipped for treatment and
measurement by liquid scintillation of samples with a relatively high T content and
has acauired a considerable practical experience in this field.

Health physics laborarory

Measurements at low T levels are performed in this laboratory which disposes in par-
ticular of a pre-treatment section by lyophilisation, electrolytic enrichment (in-house
project and construction), etc., and various liquid scintillators. The staff of this labora-
tory has a large experience in handling samples of various nature, in performing the
measurements and in evaluating the results (see annual reports, ref, 7).

In-field control

Portable instrumentation is currently applied by the Health Physics Division for in-
field control of tritium in air and surface contamination. This Division has under
its control also the local monitoring instrumentation in the installations.
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Radiorossicological laborarory

This laboratory, divided into a radiochemical section for samples preparation and
an analytical section with liquid scinullation counrting equipment, has performed
more than 9000 control measurements on internal tritium contamination of workers.

Biological laborarory

Research acrivities are going on in this laboratory on the micro-distripution of T in
living organisms and plants and on its biological effects (refs. 8 - 12).

Experience in overation and mainienance with tritium at the JRC

The operation of the ISPRA-1 and. the ESSOR reacror systems has required conti-
nuousiy interventions for maintenance and replacement, on a routine basis, as well
as exceptionally on' T contaminated heavy water loops and components, in an
aimosphere with tritium oxide contamination. The protective means for the opera-
tors have been carefully selected. JRC technicians, in collaboration with.sunpiy.
industry- for suits, masks and other protective clothing, have developed or modified. '
such items in order to improve their performance and adapt them to the special
requirements of operation on tritium contaminated heavy warter loops. A close
exchange of information exists on these items with other nuclear centres with simi-
lar probiems.
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3.4.2 Research activities in fusion technology related to tritium problems

For the past several years a series of activities is going on in several research groups
and laboratories of the JRC-Ispra on tritium probliems related to fusion technology.
These activities concern basic parameter studies such as hydrogen-metal interaction,
as well as technological aspects, and imply paper is well s experimental work.
The latter is obviously performed up to now with the lighter isotopes H and D

for simulation of and exwapolation to tritium behaviour pending verification with
the radioactive isotope.

_Studies on hydrogen isotopes-metal interaction

Since abour ten years, the surface thermodynamics laboratory is active in fusion tech-
nology studying problems of plasma-surface interactions and physico-chemical pro-
perties of fusion reactor materials (e.g. first wall). Measurements have been performed
on: '

desorption spectra, adsorption states, surface coverages and sticking probabilities
of the systems Mo—N, and Mo-H, (refs. 1-3);

initial thermal outgassing arter diffcrent methods of surface preparation, thermal
desorption spectra, equilibrium desorption rates, equilibrium surface coverages
of different materiais: Inconels, stainless steels, aluminium (refs. 4-10);
diffusivity of H and D in Inconel type-alloys (refs. 11,12).

On-going and planned activities are:
solublity and diffusivity measurements of hydrogen (H,D), in the first wall and
structural candidate materials;
derermination of outgassing rates of implanted H,D as a function of time;

thermodynamical properties and vapour pressure measurements of Lij,Pbgy (ref.13);
solubiiity and diffusivity of H,D in Li,;;Pbg,.

In order to obtain diffusion data for the evaluation of the tritium losses through

the piping of the cooling systems in a liquid blanketr composed of Li,;Pbs;, an ex-
perimental apparatus has besn set up. Several deuterium permeation flux measurements
through stainless steel membranes have been performed at different temperatures

using an ultra high vacuum installation. Some measurements have besn performed on
oxidized membranes

References

F. Reiter, J. Camposilvan, Desorption spectra and adsorption states of the system Mo-Ni,
EUR-3404 (1975).

F. Reiter, J. Camposilvan, Surface coverages and sticking probabilities of the system Mo-N,,
EUR-5762 (1977).
“F. Reiter, Desorption studies from Mo-surfaces, 9th SOFT, Garmish-Partenkirchen (FRG),
14 -18 June 1976. )
4.  F.Reiter, J. Camposivan, Thermal desorption of Inconel, EUR-5792 (1977).

F. Reiter, Thermal outgassing behaviour of Inconel after different methods of surface preparation,
Vacuum, 28 (1978), 559.

(93]

w



6.  F.Reiter, J. Camposilvan, Thermal outgassing properties of stainless steel 316 L after different

methods of surface preparation, 10th SOFT, Padova (Italy), 4-8 September 1978.

F. Reiter, J. Camposilvan, Thermal outgassing properties of smooth and rough Inconel 600

swrTaces, Sth Int. Vacuum Congress, Cannes {France), 22-29 September 1980.

8.  J. Camposivan, F. Reiter, Thermal desorption spectra, equilibrium desorption rates and
equilibrium surface coverages of mechanicaily polished und of sand-and bead-blasted Inconel 600
surraces, EUR-7114 (1980).

9.  F.Reiter, J. Camposilvan, Initial thermal outgassing properties of aluminium from 20°C up to
320°C, 9th Symp. on Engineering Probiems or Fusion Research, Chicago (USA), 26-29 October
1981.

10. F.Reiter, J. Camposivan, Thermal outgassing properties of mechanically polished and of
sand- and bead-bdlasted Inconel 600 surfaces up to 500°C, Vacuum, 32, (1982), 227.

11, M. Caodin, J. Camposivan, F. Reiter, Solubility and diffusivity measurements of hydrogen in
fusion reactor candidate materals, VIII Congresso Italmno sulla Scienza ¢ Tecnologia del Vuoto,
L'Aquila (Italy), 11-15 April 1983, :

12. G. Gervagni, J. Camposilvan, F. Reiter, Solubility and diffusivity measurements of protium and
deuterfum in Inconel 625, to be presented at the 9th Int. Vacuum Congress, Madrid (Spain),
16-30 September 1983,

13. F. Reater, R. Rota, J. Camposilvan, Thermodynamic properties of Li;;Pbey, 12th SOFT, Jilich
(FRG), i3-17 September 1982.

14. 0. Gautsch', G. Hodapp, EUR report in press. The permeation of deuterium through austenitic
stainiess steel.

Tritium processing

. Conceptual design studies

Feasibility studies have besn carried. out starting in 1978 on a series of conceptual
process schemes for the exhaust plasma processing, taking the Los Alamos TSTA
process as a reference. The aim of these studies was to identify simpler and more
compact processes which possibly might aillow to increase the overall safety stan-
dard of such a plant concept, besides savings in investment and operation costs.
Two scheme have besn retained (refs.2,3), as indicated in Figs. 5 and 6. The second
scheme offers a decisive advantage with respect to the first one for its lower T inven-
tory by performing the final separation of H from D and T by gas chromatography
rather than by water distillation.
Both schemes rely on slectrolysis as key process steps. In the first stage this procedure
is used for isotopic pre-enrichment (of H), in the second one for reconversion of the
oxides to elementary DT.
The success of these key steps depends on three factors:
achieve a separation factor of at least 10 (in the cell 1);
develop an electrolyzer with an as low as possible liquid inventory maintaining
nevertheless a (relatively) high throughput; ‘
render the design and material of these cells compatible with high T-oxide con-
centrations.
Answers to these questions are required for a definitive safety assessment of these
schemes,
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Coolanr derritiarion

Tritum losses from the blanket to the He-primary cooling loop has been analysed

(ref. 4) for a FINTOR-D type fusion reactor. Under the realistic assumtion that in

sucii a loop also some water would be present due to in-leakage from the (secondary)
steam generation loop HTO (tritiated water) would build up with time to non accap-
table levels by isotopic exchange of T with H. This exchange offers on the other hand
the opportunity tor using an oxide-hydroxide equilibrium reaction for dehydration

and hence detritiation of the He-stream. Studies of the kinetics of the water absorption
reaction: St O + H, O = St (OH), performed at the temperature of the cold side of

the He-loop, have she'vn (ref. 5) that the tritiated water content in the loop couid be

- keprt at acceptable levels by this reaction without any losses in thermodynamic efficiency.

Eiecrrolync cells development

Experimental work. was started for the verification of cathode potentials in relation
to H-D isotopic separation factors of various cathode materials (refs.6,7). Nior Fe
electrodes finally coated. bv NiS resulted the most promising. materials.. '
In parallel for the reconversion step of DTO to D-T, a new csll concept was designed,
consmucted and successfully tested. In order to eliminate the liquid content in the
cell compartments (= high T inventory), only the separator is soaked by the electro-
lyte, sprayed into. the anode compartment in the form of an aerosol. The separator
material utilised in these experiments was built from asbestos fibres, the electrodes
frem Ni. High current densities have been achieved, so that a relatively small unit
could already satisfy the daily throughput requirements of an INTOR-type fusion
device.

Extending the isotope enrichment tests to this new cell type, a substantial improve-
ment of the separation factors (above 10 for H/D) has been obrained, encouraging
further research on still more efficient materials for suitabie cathode and separator

materials (wettability, radiation resistance besides enrichment) and on oprtimisatrion
of operative conditions.
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Tritiwn recovery from blanket

Theoretical and experimental studies to investigate the best method for tritium recovery
from the liquid breeder material Li,; Pbg; are in progress at JRC-Ispra since some years
Measurements of hydrogen isotopes solubility and absorption kinetics on Li,;Pbgs at
various temperatures (refs.1,2,3) have been carried out. Based on these data different
models for tritium extraction from the blanket material have been considered.

In the first two models, direct pumping was assumed on either a stagnant meit or

an ideally agitated one. For an INTOR type blanket, in the first case a steady state

T inventory of about 19 kg was calculated, whereas for the second case, less than

160 g were obtained. Taking into account the impossibility of agitating the melt
"in-situ”, direct pumping could be applied practically only on a side stream of the

alloy ouiside the blanket area, as indicated schematically in Fig. 7, scheme A, the

final T inventory depending in this case essentially on the flow rate orf the melt in

the side stream.

A third model is based. on countercurrent inert gas purging through the melt in a
packed or 2 bubble column. In Fig. 7, scheme B, a schematic representarion is
shown.

Provided that the T inventory shall be kept as low as. 200 g in a total blanker vo-
lume of 76 m’, about 50 m® must be treated daily. To achieve this, a 1.7 m high
column of 0.15 m diameter and ~ 3520 m® He is required (ref. 4).

For an engineering layout of such a facility it is however necessary to dispose of
~reljable data on hydrodynamic characteristics of the alloy such as viscosity and
surface tension and on the hydrogen desorption rate. For the latter determination
an e¢xperimental assembly has been designed and is to be realized at JRC, in which
either direct pumping or countercurrent gas stripping operation conditions can be
applied (see chapter 6). '
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Fig. 7- Trithum recovery schemes from blanket (Li;;Pbss as a breeding material).
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3.5 " Objectives of the JRC Tritium Laboratory

3.5.1 Motivation and orientation

The problems posed by the utilisation and by the presence of tritium .in fusion de-
vices came to the forefront only when the design of large T-burning devices was
started. It is not 30 much a question of demonstrating their technical feasibility like
for the plasma ignition and control, but rather of verifying urgently their practical
applicability, in particular for the specific requirements of the operational and envi-
ronmental safety aspects. As seen in the case of a fusion power station, the tritium
produced inside the reactor must be continuously recovered in situ; 'furrhermore,

the tritium content in the breeder has to be very low in order to ensure a low tritium
inventory for safety and economical reasons. These facts will possibly ask for

tritium recovery methods not so far considered.

Another example is represented by the permeation and trapping of tritium in the
first wall structures. As shown in chapter 3, the fact that tritium will bs in.the.form
of high energy particies (100 - 1000 eV) and in the presence of simultaneous neurron
irradiation, will possibly strongly modify the implantation, diffusion and trapping
mechanisms across the metallic structures v

A third point is related to the type of operations foreseen in the fusion reactor.

As mentioned, one has to expect to handle large pieces of tritiated materials, in a
very difficult environment and with stringent safety requirements, in particular
concerning the maximum allowable concentration of tritium.

A final aspect is that related to the conditioning of the used reactor parts (to be
recycled or disposed of as waste) which will be at the same time tritiated and

activated and which will be heavy and compliex in shape. Again the new problems
to be solved will be numerous.

In front of such a multi-facet situation, it is thought that a tritium laboratory at

the JRC-Ispra, committed primarily to the safery problems of tritium technology

in fusion, fits very well in the framework of the on-going and planned activities within
tlic member countries of the Community. There are common objectives to be
achieved in this field, to which the laboratory will be devoted, such as: .

acquire experience on handling tritium in complex systems in connection with

the safery of operators during routine operation (general and individual protective

means) as well as with the protection of the environment (waste treatment,

emergency clean-up, monitoring); .

provide the conditions to experience procedures for handling tritiated parts of the

reactor and to optimize process components in relation to theirr operational safety
and tritium inventory. In particular:

a) execute experiments on tritium loaded mock-ups reproducing renewable partsof
the NET reactor in adverse operating conditions and by remote handling,
alming to assess decontamination, conditioning (boots, seals, weldings), assem-
bling, and quality control procedures.



b) test new concepts and components developed in the European laboratories,
such as gas chromatography, electrolyzers and. catalyzers, tritfum recovery
systems from blankert,

¢) check the validity of physico-chemical data extrapolated to the tritium case
from H/D behaviour. The reliability of such data is of primary importance
for the proper design of containment and clean-up systems.

To cope_with these requirements, a flexible multipurpose installation is required
rather than a facility devoted to a specific problem or system such as for example
TSTA (Los Alamos) ‘the tme factor plays, of course, an impertant role in such a
decision too.

When TSTA was decided in the second half of the seventies, TNS (the next step)
and EPR (experimental power reactor) were scheduled, respectively, for 1984 and
1990 with 0.25 and 4.6 kg tritium inventories, respectively. The time span apparently
availabie berfore a.reliable tritium handling systern was needed for effectively opera-
tional purposes, was very short. The only possibility therefore was.to rely on suifi-
ciently well known techniques, such as water or cryogenic hydrogen distilation,
and to experience on a representative pilot plant scale one selected streamiined
process scheme.

In an experimental reactor such as NET/INTOR, the expected tritium inventory will
be of the order of several kilograms. However, it appears that the major part of this
inventory will be present as hold-up in intermediate storage or at a stationary state
in the blanket. In TSTA the expected tritium mventory is 150 g, a significant part
of which is taken by the cryodistillation column. Given the objectives of the JRC-
tritium laboratory, tritium inventories even lower, of the order of 50 - 100 g, would
be sufficient for a significant operation.

As far as the utilisation of the laboratory is concerned, it has a twofold goal:
to host research groups from laboratories in the European Community not dispo-
sing of facilities for tritium handling for hot experimental verifications:

to perform tritium related experiments in the frame of the JRC Fusion Techno-
logy Programme. '

In the following an outline is given of these activities proposed by the JRC.

3.5.2 Experimental program proposed related to the JRC-{usion activity

Tritium permeation, inventory and outgassing in metallic structures

An experimental investigation will be carried out on the outgassing of deuterium
and tritium into the plasma chamber during dwell-time, on the permeation and
trapping of tritium through the first wall suctures.

The measurement program will deal with:
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determination of outgassing rates of implanted hydrogen isotopes from a target
of stainless steel, Inconel or another first wall or divertor candidate material

as a function of time

- at different target temperatures (200 - 600°C),

- at ditferent particie energies (0.1 - 5 keV),

- ar different particle beam densities (up to 10! cm™.s™');

determination of the recombination constant at the inner surface of the target;
determination of diffusivities and permeabilities of the target material;

meability of the target;

determination of the hydrogen inventory as a function of the number of reaction
cycles;

comparison of the experimental results on the behaviour of implanted hydrogen
during dwell-time with the results of existing models (TRIT, PERI, DIFFUSE),
and possible new theoretical developments.

As said, the activity  will begin with mer~surements using protium and deuterium in-a
cold iaboratory from 1984 - 1986 and will continue with tritium. The experimental
installation is schematically represented in Fig. 8. The experimental conditions will
simulate- the INTOR burn and dwell-time cycles (100, 200 and 20 s, respectively).
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Fig 8- Schematic view of an instailation for investigation of the behaviour of implanted hy drogen
. (H,D.T) in the first wall of a thennonudear fusion reactor.
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Tritiated components treatment

In any situation where the structural materials (metals) are in contact with tritium,
this is adsorbed and - especially at higher temperatures - dissolved in the mezral, pro-
portionally to the square root of its parto! pressure. Decontamination can be
achieved by ourgassing at a pressure and temperature dependent time rate. Appro-
priate heating and tritium trapping systems must be developed suitable also for
remote operation with compliex and bulky structures and compoenents arising from
maintenance and repair of torus subassemblies. Experimentation of such techniques
on tritium loaded mock-1'ps prepared in close collaboration with the NET design
team at JRC, are anvther item of research at the JRC. The mock-ups can be built’
in a reduced scale, but the dimensions must be such as to allow the integration of
critical items in them (e.g. pipe connections, welding joints) in true dimensions.
The mock-ups should be built in the materials foreseen for the reactor with a pos-
sible reduction in thickness and weight of the shieiding layers. All the remote main-
tenance operations should be simulated, taking into account:

the radiation levels due to neutron—inducedéctivation,

the contamination due to tritium and erosion products,

the possible pyroforic effects of erosion dusts. (fire hazard).
In particular the following topics must be tested:

the outgassing properties of neutron-damaged materials,

the tritium recovery methods.
Particular attention will be paid here also to the further treatment and cbnditioning
of these tritiared waste arsings and their characterisation. This problem, although
‘dealt with already in the fission reactor scenario, requires reconsideration because
of the anticipated drastic increase in quantity of such waste streams. One example
of structures to be reproduced for maintenance simulation is shown in Figs. 9.11.

Testing on processes

Elecrrolysis

In the aiternative schemes for tritium recovery and recycling, assessed by the JRC
(see chapter 5.2.2), electrolysis of tritium oxide represented a key procuss step.
The recovery of tritium from highly tritiated waste waters, however, must be con-
sidered anyway an indispensable necessity in a fusion reactor system, whatever
might be the process concept applied for the main stream and blankert treatment.
The activities proposed are the testing of:
suitable separators withstanding the adverse operating conditions due to the very
high beta-radiation levels. A series of small cells (separator dimension of about
40 x 40 mm) is planned, equipped with a catalytic recombiner from which the
oxide is refluxed into the cells (Fig. 12). _
leak-tight cell to be assembled by remore handling rechniques. No hands-on opera-
tions should be applied for maintenance of such a unit considering the high toxicity
level of the tritium oxide.
procedures for derririation of separator and recombiner materials before removal.
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Column chromatography

This technique offers a very high degree of intrinsic safety as compared to the other
isotope separation processes. Contrarily to cryogenic or water distillation, it works
with "zero” steady state hold up of tritium, and has therefore no stationary inventory
providing a "clean’ facility in shut-down conditions. Two concepts are applicable.
The first one relying on the classical adsorprion gas chromatographic technique, has
bezn tested at the [PP Garching (ref. 1) up to batches of 2 litres per cycle with
adumina (plus 1% Si0O,) filing. The isotopic mixture is separated into 6 streams, Le.
H,, HD, D,, HT, DT, T, in about 2 hours at liquid nitrogen temperature. To be
applicable its throughput must be increased by either shorter cycle periods or higher
batch volumes, or parallel units, or eventually a combination of these possibilities.
The parameters to be studied in this respect" are column diameter, working temperature,
gas fléw rate, and finally other support materials having a shorter retention time.
Such materials are described in the literature (ref. 2), but their compatibility with

tritium has to be experimentally proven. A schematic representation of a test loop is
shown in Fig.l3.

The second system uses chemisorption on palladium supported on alumina grains.
The three isotope species are extracted in their pure form in the sequence T,,
D,, H,. This technique has been proposed by CEA for the JET Tritium Clean-
up System. The procedure is described in ref. 3. The voiumes ireated per cycle
are larger than for the first system, but the time period required is much longer,
so thar also here the daily throughput rates must still be considerably increased
for full industrial scale application. Such scale-up appears feasible theoretically

but has to be demonstrated experimentally. A simplified test loop is represented
in Fig.14. :

Tritium recovery from blanket

On the basis of the resuits from the on-going cold tests, tritium extraction from
liquid metal blanket material will be performed on the most appropriate model.

A similar test loop to the one applied for the cold experiments will be used (Fig. 15).
It is composed of:

i gas feeding and cleaning system; :

a “’saturator’ in which the desired concentrations of tritium (or other hydrogen

isotopes) in the alloy are prepared by bubbling a He stream containing tritium

through the alloy;

a "reactor”, to which the pre-loaded alloy is fed as a uniform and continucus thread.
The desorption kinetics of tritium can be measured with He flowing in countercurrent
through the reactor or keeping it stagnant.

The decision between the dynamic or the static operation mode is primarily related
to the most convenient analytical technique available. In the case of testing with
tritium, the static technique appears most suitable. In this way the He recycling sys-
tem to the reactor (part within dashed line of Fig. 15) can be eliminated, allowing a
considerable simplification of the test loop as well as a reduction of its overall
tritium inventory.
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ODBY'IIIOI'IGJ safety

Experimental activities such as those described in the foregoing sections, imply the
availability of adequate and reliable systems and procedures, for health protection
and safety, which cannot therefore represent a research item "a priori”. It is
intended, however, to evaluate and to qualify by their day-by-day performance in
practical conditions, systems and procedures such as:

monitoring systems for area and surface contamination,

protective clothing and equipment,

dosimetry and operators surveillance,

environmental di,persion and control,

secondary containment clean-up and gaseous waste treatment systems,

procedures for intervention and maintenance,

gove-box techniques,

tritium compatible materials and equipment.

'I‘he results shall help to formulate recommendations for future facilities and in par-
ticular for the appropriate design of fusion reactor systems.
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3.6 Description of the laboratory
3.6.1 Building

The building will be a reinforced. concrete structure, partaily divided into two floors.
A lavout of the laboratory is shown in Fig. 16. It includes:

A hall for process development (HPD), which occupies approximately 3000 m?. It
is equipped for housing glove-boxes with inert atmosphere to allow the installation
and handling of equipment containing large amounts of tritium. The HPD will be
air-tight, by means <. interlocked doors and be kept slightly below atmospheric
pressure by an appropriate "hot ventilation™ system. In case of abnormal tritium
release from the secondary containment to the atmosphere of the HPD, an Emer-
gency Clean-up (ECU) system, automatically actuated, will be able to reduce the
tritium concentration in the operational area and the tritium release to the environ-
ment to permissible levels..

The HPD will include an expanded area consisting of a2 500 m? steel box fully tight
and separately ventilated. This will provide a conrtainment for large components and
will allow experimental tests on their detritiation and handling.

A set of four laborarories (about 450 m?®) for experimental research on items requi-
ring sophisticated apparatus;. but limited tritium inventories. These labs are there-
fore not connecred to the ECU. . .

A separate laporarory will be equipped for mritiated wasres trearmenr and condi-
ticning, It is positioned under the area containing the different gaseous waste treat-
ment systems and is connected to the ECU.

The hot venrnlation and tririum removal apparatus from gaseous effluents will cover
a volume of about 1400 m* on the upper floor.

In order to comply with the existing regulations for nuclear facilities, the following
systems will also be provided:
dressing room, health physics room, health physics store and monitoring station,
which cover about 250 m?® of the hot area;
. tritium storage and T counting area; this will cover about 250 m?;
waste storags area; this will cover about 150 m?*.

3.6.2 Tritium containment systems

The concept of "multiple barrier containment system’™ will be adopted in the planning
of the facility. The purpose of this concept is to limit the dispersion of tritium within
each barrier system so that it can be recovered before it penetrates into the next con-
tainment area. This concept starts from a high-integrity primary containment system
that is normally the processing equipment, connecting pipes, storage containers, etc.
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Large pieces of this equipment are enclosed in glove-boxes which form a secondary
containment system and contain an inert gas armosphere that is monitored for
tritinm.
The entire laboratory is enclosed within a hermetically sealed building that forms
the tertiary containment. which can be hermertically sealed in case of accident.
Tritium monitoring and removal from each enclosure is assured by the following gas
processing systems:
gaseous waste treatment (GWT) for the effluents from the primary containment;
inert atmosphere purification system (IAP) for the glove-boxes atmosphere and
other secondary containment apparatus;.

emergency clean-up (ECU) for the HPD, the expanded area and the trltlated waste
treatment laboratory.

Gaseous wastes treatment (GWT)

The reference flow sheet of this system is shown in Fig. 17. All gaseous effluents
generated in the Tritium Laboratory are processed through the GWT system before
being discharged into the atmosphere. The gaseous effluents will enter the GWT
system through baffled traps and charcoal filters to coilect organic vapours primarily
due to vacuaum pump oil. These steps are necsssary to prevent possible poisoning

of the catalyst bed. At the exit of the charcoal trap the gas is dumped into a large

_ bailast tank kept at low pressure. This receiver tank is equipped with pressure sensing
switches. When the pressure in the tank reaches the high. set vafue, a compressor is
activated and transters the gas from the tank to the treatment system. When the
pressure in the tank is reduced to the low set value, the compressor stops and the
gas flow ceases. The gas stream enters an electrical preheater and a catalytic reactor
where the hydrogen isotopes and hydrocarbons are catalytically converted into

water vapour and carbon dioxide by reacting with the oxygen in the gas stream at

a temperature of about 300°C, The catalyst consists of a fraction percentage by
weight of precious metal dispersed on a high surface-area of alumina carrier. On
leaving the catalytic reactor, the gas stream enters a gas cooler where, by means of
refrigerated water, its temperature is lowered to 25°C. The tritiated vapours are
removed from the gaseous stream by a set of three fixed-bed driers one being in
operation, another in regeneration and the third one in stand-by. The fixed-bed driers
are filled with molecular sieves. These driers operate in two steps with an intermediate
moisture addition in order to obtain a further reduction of the amount of the tri-
tium oxide by isotopic dilution. The purified effluents either go to the exhaust stack
or, if the tritium content is still excessively high, are recycled into the low-pressure
receiver tank.

The driers are regenerated by heating and purging with a reverse flow gas stream. The

purze gas is then cooled, separated from the condensate moisture and then recycled
to the low pressure recsiver tank.

[nert atmospheré purification (IAP)

The reference flow shest of this system is shown in Fig. 18. This system is aimed at
keeping the inert gas atmosphere in the glove-boxes free from impurities. The inert



atmosphere purification consists of a set of molecular sieve driers for water removal
foilowed by copper oxide beds for oxygen removal. The gas is moved through the
IAP by two blowers operating in parallel. These blowers are not hermetically sealed
but are mounted in a sealed box provided with water cooling to prevent excessive
temperature rises of the biowers. A heated zetter bed is included as part of the

IAP system. This bed can getter tritium and nitrogen. Once the bed is saturated by
nitrogen, it must be replaced. Nitrogen can be reduced to low ppm levels when
necessary in this way; because of the limited capacity of the getter bed, however,
this unit is not left on line continuously and is placed on stream only when it is
necessary to reduce cutrogen or tritium levels in the glove-boxes. The drying towers
are regenerated when either oxygen or water levels begin to increase. The regeneration
is achieved by heating the towers and then flowing in countercurrent hydrogen, to
regenerate the bed for oxygen removal and inert gas to regenerate the molecular sieve
driers. On the 2xit of the towers the regeneration gas stream is cooled and then sent
to the GWT system to recover all. the tritiated water thus formed.

Emergency clean-up system  £CL)

The reference flow sheet of this system is shown in' Fig. |9. The ECU is a large capa-
city air detritiation system able to lower to permissible levels the tritium concentra-
tion in the operational area and the tritium release to the environment. The ECU is
automatically actuated in case the room monitoring system detects an abnormal
triium concentration in the controlled area. At the same time the hot ventilation
has to be stopped, thus isolating the atmosphere of the controlled area. A schemartic
representation of the gas processing systems both in normal and abnormal situations, .-
is shown in Figs20,21. ° Tritium is removed from the gaseous stream by a com-
bined affect of catalytic oxidation and adsorption on molecular sieve beds. The room
is kept at a lower pressure than the other rooms, thus limiting the back-streaming
of contamination to the latter. The effluents from the ECU are recycled to the
controlled area, thus improving the air detritiation efficiency. The ECU is part of
the tertiary containment and has to be designed in tfunction of the other characteris-
tics of the tertiary containment system. These are mainly:
the size and the tightness of the tertiary containment enclosure;
. the sensitivity and the response time of the tritium room monitor- in the controlled
area. The second parameter is strongly depending on their location;
. the time required to stop the hot ventilation and to run in steady state with the ECU;
the possible adscrption of tritium on the different surfaces in the laboratory. This
may cause delay effects increasing the operation time required for the ECU.

3.6.3 Siting of the laboratory

In the preliminary design study of the laboratory as described in the foregoing
points, the possible utilisation of already existing buildings or structures (ex-
cept the stack) has not been considerzd in order to allow an objective identifi-
cation of all requirements free from constraints deriving from such struc-

tures. However, it is known that, with the shut-down of the ESSOR-reactor, a
number of facilities will become available which could, in principle, be exploited
to host the tritium laboratory.
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In the following we will evaluate, in the light of the design requirements, which

are the capabilities inside the ESSOR complex for doing this.

The utilisation of the ESSOR dome as tertiary containment implies some draw-backs
that might easily off-ser the advantage of having the building available with air
conditioning, ventilation and stack. The huge volume of the domne (~ 38,000 m?)
and the nature of construction materials would require the realisation of another
containment shell inside the dome in order to keep the emergency clean-up within

a reasonable size both for investment costs and operational efficiency.

The urtilisation of the ESSOR bunkers on the contrary would appear practical only
for the installation of an already fully developed and well defined pilot installation
to be operated remotely (such as e.g. cryogenic or water distillation), due to the dif-
ficulties of access to the bunkers and their particular shape (unproportionaily high
with respect to their surface area).

A third potential area within the ESSOR complex is situated near the stack and the
reactor dome. Two possibilities exist, one of which would allow the incorporation of
the already existing. building for the Super-Sara power supply system.

The second possibility is to-rationalize the laycut by constructing a new building
near the stack, as shown in Fig. 22.

3.6.4 Licensing procedures

According to. the [talian regulations for nuciear installations, the licensing procedure
for a laboratory handling bulk tritium amounts beyond 100 Ci is normally es
tablished by Article 55 of the LAW D.P.R. 13.2.1964, n.185. A particular situation
emerges for such a laboratory if built at the JRC-Ispra, in the area covered by the
operation license of the ESSOR reactor, utilising facilities of the latter such as stack,
gaseous effluents monitoring system, power supply (including emergency supply),
and others.

In a meeting with representatives from the Direction "Energy Resources and Basic
Industry” of the Ministry for Industry and Trade and from ENEA-DISP, respective-
ly, the lezal and technical authorities for nuclear licences in [taly, the former
considered a licensing procedure by Art. 55 for a T laboratory practually not com-
patible with the above mentioned particular situation, due to foreseeable interferencss
with the ESSOR license in effluents surveillance and safety control procvdures both
for normal operation and accidental situations. :

A tritium laboratory should therefore be considered as a part of the ESSOR com-
plex and as such be approved by the procsdure foreseen for ""Modifications of
existing nuclear installations” (starting from art. 42 of D.P.R. 185). In this case

the authorisation for the construction could possibly be obtained within less than
one year, :

Another advantage would be that the release 11m1ts for ESSOR remain valid also

for the T laboratory. For routine operation the amount of tritium oxide that can
be released through the 80 m high stack is 2000 Ci/a.
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The dose comunitment in case of the release of 108 Ci* of gaseous tritium from a
100 m high stack would be only 10 u rem. For the very hypothetical release of the
same amount in the form of tritiated water, a factor of 10° must be applied, leading
to | rem of committed dose. The hazard potential represented by tlis inventory .
of tritium even in its oxide form remains within the existing reference vaiue for the
External Emergency Plan of the Centre, avoiding so any necessity for modification.
This plan refers to a maximum credible accident of the ESSOR reactor resulting

in an expected dose of 4 rem to adults living in the nearest village.

* approximately 100 g of tritium.



2000 m

3600

EEEEH\_
I
EXPANDED 2 i
TRITIUM ANEA
i TORAGE _
AREA
TECHNOLOGIOAL HALL 3
1or
WORK §110P VEALTH
FORKLIFT! ' 1 PRVSICS
ENTRY —1 ROOM’
HEALTH]
IPLYSICS
WASTES , SVORE
STORAGH  LAB. 1AB. | LAB. | LAB. LAB.
A
ARE ELEGTAIC
BOARD
HTTHHEE
e — :
L— b
VU
O
P TECHNOLOGICAL HALL GOLD AIR
E GONDITIONING
-
GLOVE BOX ATM TREAT o7 N
QASEOUS WASTES TREAT i ACYIVE
CONDITIONING ' VELATION
EMENGENCY CLEAN UP A B

PLAN AT -- 0.00 LEVEL
(SCALE 1:200)

1) DAESSING
2) LAVATOIIES

3) LIOT AREA

4} AIp LOCK

*1

€9

PLAN AT +- 4.80 LEVEL
(SCALE 1:200)

Fig. 16



OFF GAS FROM THE PLANT

r_w®

1HINEAT GAS PunOEE'

1AONLTORING

- —— ——

TRITIM l

3)

-

ELECTRICAL
EATER

o]
NER M

\
o0

miny

~

CATALIM}
@ RECOMBAI

TRITIATED
WATER

FILYERS

l
T

‘
/

J CHAHCOAL

MOLECULAR S

o
4 TG

~

S fet
\

MOLECULAR SIEVS 8ED
Ts

TO THE ETACK

INERT GAS PURAL

Flig. 17- Gascops waste {reatment.

%9




D4 b y ' 1,
TRITIM g
ANALYEIS a
— H _ _
- i [
& [ CHARCQAL, AN - :33 ] - ; ¢ .Tl ,.@9
31 FiLTERS BLUWERS f_,,
mo & Uk
TTT : |
\F g P IIICI @
4 7N j - 7
Fio— 2
| o ¥
L 4 , ]
o) « T e
/ / X X
. H * Y
O O GLOVE'BOX . —l—
}:’l ANAI,YSISJ
bt P
5 £
; 3
N é Fig. 18 - Iner{ apmosphere purification.

LPQ_

A ¥
i
|
7
METAL GETTERS

S9



1. 00

STACK

Q=8 2A3!5 WYINJIION-

/

(=)

. ON LIMNE
TRITIUM
MONITORING

- )

Y3INIBWOO3Y
LAV LYD

|
i
|
!
!
1
i
1

)

COOLER

TEFAIGERATES
HIEATER
LOGP

BLOWER

|

IR DRSS

ABSOLUTE '
FILTER @ -

SWHVIV SYOLINOW
WRILTYL WOul

BE

HALL FON PHOCESS
DEVELOPMENT

RS
1

o)

”

b~

8

;
T
Ve

Fig 19- Emergency clean-up system.



FLOW DIAGRAM IN NORMAL OPERATION MODE (TRITIUM RELEASE TO H.P.D.)

HIGH SPEED
HOODS

INERT
ATMOSPHERE

GLOVE

BOXES

a
==

EMERGENCY %
CLEAN-UP
_\\\x FROM THE HOT
TERTIARY Z::];> ——-ﬁ
CONTAINMENT VENTILATION
3 INERT
ATMOSPHEHE—————;
— N “PURIFICATION
________/ £z
GASEOUS
(/D WASTES ~———~§J
|3
/f’ 1 1  TREATMENT

— —— — — —— — — —— —_— —— — —— — — — — — _— — — —_— J— —_— —— — —_— —_— —_— ——— —

STACK

Fig. 20

L9



FLOW DIAGRAM IN ABNORMAL OPERATION MODE (TRITIUM RELEASE TO H.P.D.)

r-———-—--—---- - - - - - - - - - - - - - "7 7”7V =-/”"\”/”> 7/ 7~ ]
! |
TERTIARY 2] 5
’ CLEAN-UP I
l CONTAINMENT ’
| B
|
HOT
| b |
| HIGH SPEED VENTILATION {
| HOOD |
| |
| |
' INERT l
ATMOSPHERE |—1
‘ \ PURIFICATION |
| {
INERT ,

I ATMOSPHERE l
| GLOVE — |
| BOXES OO0 ' GASEOUS |

fﬂ WASTES ] I

¥

! i ‘ ‘ [ ][: J . ¥ TREATMENT
| I
S |

STACK

Fig. 21

89



M_ e e e

LO0criu
Thinat LALATOHY OnERS
L N PR TUR Y]

. Om.unmu Stk
MALCO

—— - (W)
wiKLs Wl LK ‘___l..“_\ l
Garttngey sneg) §AH ] (uaall Ay
Oy Bshiaan
- A T 1o
CAb A L ABOUR LY
N 3801 Leadly Phatkannt ‘\\ “t ) 1
PSS Joan y, % NN
b ALKAT U R Bl T
{Sarlvsaney
PruChmnt |

-

A B LUCIICA
- 28 gy
s [ LLnbas s ti] Uiy Ll
L‘T] .

Lo ENCY
LerEnal

EClola a0 [TUNTTSS
NRUIL AL EGatebsin] (O
Sanide

PN Arin |
3

C=ph|

N nmnmnumnm)
. -»...____.‘.". el I =
) s /u,,, . Co HHHHIHHIIH -
/ /I/ [J‘ .’_"’ ) DAt
\\\\\\‘ \\\\\\ D
Fig. 22- General lavout »f the ESSOR commlex.

J o -

"1

69



I..70

3.6.5Planning and resources

Starting from a positive Council decision the following steps can be envisaged for

the realisation of the tritium laboratory:

A) preparation of the preliminary safety report to be transmitted with the request
for "Modification of the ESSOR license” to the Ministry for Industry and Trade;

B) approval of the request by the safety authorities together with identification of
safery relevant items (’progetti particolareggiati’);

C) exccutive design of the laboratory (excluding experimental equipment);

D) construction and mounting of structures and components:;

E) tunctional testing and commissioning.

It is intended to subcontract phases C) to E) to an external Architect-Engineer firm
which will be responsible for the complete laboratory, excluded the scientific equipment.
The JRC staffing required for the supervision of such a contract and for the imple-
mentation of phases A) and B) will be limited in the initial period 10 two prefessionals
and an adequate number of technicians. With the completion of the construction of the
facility and its cold commissioning, other technicians and operators will be added, up
to a maximum of about 14 persons, including mechanics, electronics and ventilation
specialists.

In parallel the design, preparation and testing of research specific equipment will be
pertormed (point F) of Fig. 23). This task will be assigned to the groups already in-
volved at JRC in the measurements with H/D to evaluate processes for Tritium
Handling (fusion Safety Programme). ‘

On this basis the total operational and scientific staffing of the JRC related research
activities (excluded the technical and administrative support) is evaluated to a
maximum of 25 persons, 7 of whom will be professionals. This staff will be needed

at the moment of the beginning of full operation. In the first 4 years, 10 persons

will have to be allocated to this activity. ‘

These figures do not take account, of course, of the scientific and technical groups
from outside that might be interested to perform specific experiments in this laboratory.
In Fig. 23 a break-down of the time schedule related to the various phases of prepa-
ration and commissioning is given together with that of the overall mangower
accounted for the laboratory (in order to take account of the JRC’s technical and
administrative overheads a factor of 2.2 has been applied).
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A preliminary design and cost evaluation are underway. The results of these studies

will be supplied at the FTSC meeting of 16 September 1983.

Fig. 23- TIME AND MEN POWER RESOURCES FOR TRITIUM LABORATORY

Years
1 2 4 5
A | Prelim. Safety report A g
B | P.S.R. approval Be———ut
C | Executive design - contractor saelect. Co—1—ae
- project eiab. Ce————yr
D j Construct - Mount - construct. sefectis. : D e—t—e
- construct 4+ mount De
E | Funct. testing E $——
F | Experim. equip. - projects F « - -
- preparation -
- cold, tests -
- install., hot tests —
Men power - -Ato E 8 20 20 22 30
-F 6 6 10 17 25
Total 14 26 30 39 53




3.7 Conclusions

The analysis pertormed shows that the problems raised by the presence of tritium
in the fuel cycle of fusion reactors are complex. The data and information already
available or expected from classified work do not seem sufficient to solve these
problems. A vigorous experimental programme is needed to meet the requirements
of NET and those of large scale power reactors.

On this basis it has been shown that a laboratory for tritium handling at JRC could
give a significant contribution to the European effort in this area. The main ob-
jective of such a laboratory would be that cof providing a basis to test components
and operation procedures in support of the NET design and construction. This ob-
jective could be achieved in the following way:
by making experimental verifications of concepts related to fuel cycle and reactor
operations, according to proposals which will be made by the European Association
and by the NET team;
by pursuing the tritium-oriented activity started at JRC in the framework of its
tusion technology programme.

This will imply a close collaboration with the European fusion research centres and
the NET team starting with the design phase, similar to that being done in the
other areas of the Fusion Technology activity, where JRC is involved.

In doing this, particular attention will be paid to acquiring experience in the opera-
tional safety aspects related to tritium, a task which is in harmony with the general
vocation of the JRC, as it has been recently approved by the Council of Ministers.
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APPENDIX 1 - First round projects on tritium set up by the Fusion Technology
Steering Committee

The projects are presented in the form of sheets following the "’call for proposal's”
launched by the Commission in December 1982, namely:

fuel clean-up system,

tritium recovery from waste streams,

tritium detector,

electrolytic cell,

decontamination system,

industrial development of large components,

tritium recovery from blanket (liquid and solid breeder).

Each sheet contains: . .
the description of the requested activity (doc FTSC 418)
a summary of the actions proposed by the Associations (doc. FTSC 5/3.3
the state of the art of the related contracts with the Association (doc. FTSC 5/6 and-6/9)

Tritiun 1

Fuel clean-up system

Paper study of alternative solutions for the fuel clean-up system. The input speci-
fication is a gas flow rate of 1.5 kg per day of a fifty-fifty mixture of deuterium-
tritium with an impurity content of less than 1% except helium, corresponding to
the INTOR requirements. The main impurities are O,, N,, H,O CH,, but the ex-
pected level of these impurities is not known. An effort should be made to de-
termine these levels, and while precise data is lacking, model cases with high frac-
tions of each of the species should be separately studied. The total impurities
content in the output gas from the fuel clean-up system must be less than 1 ppm.

Proposals from D, F

D : The proposal contains:
a) experimental work in course, using metal getters for impurity removal;
b) a paper study, followed by design and construction of a cryogenic dis-
tillation test unit (1982 - 1986).

F : Proposed study (corresponding exactly to the call for proposals) (1983 - 1984):

accepted contracts/ceilings/time schedule: F - 0.4 MECU - 1983/84

D- 1.1 MECU - 1982/84
German technical description has to be modified according to the reduced ceiling,
avoiding duplication with French contract.
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Tritium 2

Tritium recovery from waste streams

Study of the recovery of tritium from impurities collected in the fuel clean-up
system. This will involve tritium both in the gaseocus and chemically bound con-
dition. This tritium must be recovered in order to limit the amount of effluents.
The following different processes may be considered:
decomposition of water and hydrocarbons on metallic beds, followed by the
permeation of hydrogen isotopes through a palladium alloy membrane;
oxidation of all impurities on a catalytic bed followed by the trapping and de-
cordposition of the tritiated water;
separation of the impurities by means of a chromatographic column. These im:
purities may be either burnt and collected as water, or decomposed and sepa-
rated on a second chromatographic column.

All these methods should be studied firsily on paper. However, problems such as
those arising from the poisoiiing of the palladium membrane by water or hydro-
carbons should be indicated to enable the first step of experimentation to start
as soon as possible. The study of these processes should include an evaluation of
the amount of tritiated waste produced.

Proposals from B, D, F

B proposes:
a) exp. R&D of laser separation of T from water (1983 - 1985)
b) a study followed by construction of a loop for T-recovery from the fuel
- clean-up waste (1983 - 1986).

D proposes:
a) exp. R&D of the recovery of T from tritiated water and methane
(1984 - 1986)
b) exp. study of the poisoning of Pd-Ag membranes (to start in 1985).

F proposes: .
a) a paper study examining the cases for
1) metal beds
iil) oxidation
ili) chromatography (1983 - 1984)
b) exp. study of the poisoning of Pd-Ag membranes, using existing loop
(1983 - 1986)
¢) i) exp. study of some components critically determining the T-content
in the waste streams (electrolytc cell, package in cryodistillation
colurnns) .
i) an evaluation of the influence of the T-level on the extraction process.



accapted contracts/ceilings/time schedule: F - 1.2 MECU - 1983 - 1986

technical description should be modified such as to exclude experimental studies
other than poisoning palladium-silver membranes

the Belgian-laser proposal was referred to a later stage.

Zritium 3

Tritium detector

Development of a tritium detector capable of detecting low levels of tritium against
a radiation background. The tritium detection system should be able to measure
under these conditions a level of tritium around | MPC with a response time less
than a few minutes.

Proposals from B, D, UK

B : would develop prop. counter for air or id. (or GM) with individual gas
flow; prototype by 1986. ‘

D : would develop the sensor according to required T-level and environment
for the monitor. Start 1984, prototype 1986.

UK: would develop method to distinguish between T-gas and waier; and sensor
to operate continuously in a nuclear facility (1983 - 1984).

accepted contracts/ceilings/time schedule.
It appeared that a monitor close to that specified in this task has been developed
in Canada. Where B and D still maintain their proposals, the Commission will
analyse the situation and report to the FTSC.

Tritium 4

Electrolytic cell

Study of an electrolytic cell processing up to 100 ml per day with special conside-
ration of maintenance and waste, for the reduction of small quantities of tritiated
water.

Proposals from B, F, UK, JRC

B : proposes to scale up ongoing e-cell development for 100 - 1000 Cij, to the
levels required in task T-4, including building of a prototype by 1986.

F 1 proposes to investigate critical problems such as the diaphragm material
and remote maintenance; and to build (1985) and test an active prototype
at levels 10% Ci/l (1986 or later).
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UK : proposes stepwise development:
i) 10-100Ci
if) 100- 1000 Ci
iii) ending up in recommendations for the design of an e-cell system for
1 MCi/day (1986).

" JRC: s studying low-liquid inventory e-cells since 1981, aiming at hydrogen
isotopic separation. Only inactive expts. Project ends 1984.

accepted contractsteilings/time schedule
no conclusions have been reached yet between B and F, but discussions continue
and the project will be settled in the next future.

Tritium 5

Decontamination system

Paper study of the economic feasibility of processing.large volumes of air contami-
nated with tritium, including estimations of cost, release to the environment and
maintenance problems. The decontamination unit should enable personnel to enter
the reactor hall without special protection 24 hours after shut-down. Normal or
accidental leaks to the hall atmosphere may be in the range | to 1000 parts per
million of the inventory per day. :

The atmosphere of glove-boxes and of secondary containments will need to be
routinely processed. The normal process consists of oxidising tritium and trapping
the water. Catalytic beds operating at very low tritium concentrations should be
evaluated and, if necessary, research directed towards increasing the efficiency of
the best catalysts.

Proposals by B, D, F

B : offers
a) studying the economic feasibility of processing large volumes of air;
b) exp. R&D to decontaminate and possibly recover T from inert gas
flush systems in glove-boxes (1983 - 1986).

D : proposes to develop organometallic getters in which T is irreversibly
fixed so that final disposal is easy (1983 - 1936).
F : proposes
a) a paper study including identification of T-source terms, concentration
levels, layout and economic optimisation of clean-up system (1983 -
1984); _
b) testing of commercial catalysts in a wide range of parameters and
developing the most promising ones towards an optimal solution
(1983 - 1986). '
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accepted contracts/ceilings/time schedule: D - 1.7 MECU - 1983/86

F-1.6 MECU - 1983/86
further discussions on the experimental part of the proposals were necessary
technical description of German proposal should be more detailed.

Tritium 6

i Industrial development of large components

! Industrial development of specific large components, fully compatible for use with
{ tritium, including turbomolecular pumps with pumping speed between 500 and
k 10,000 litres per second and valves of large dimensions with a diameter between
1.5 and 2 metres. The different steps should be as follows:
Ask from laboratories with expertise in tritium handling proposals to make
available a unit in which such components could undergo final testing with tri-
tium. This facility should be available at the time required by the development
of the programme.
Make enquiries in industry with the aim of assessing the present level of develop-
ment of specific tritium-compatible components.
Start a study with industry of tritium compatible components not available to
the specifications required for fusion needs.

Proposals from D, F

D : proposes
a) industrial survey : !
b) feasibility study of components (pumps and valves)
¢) planning of a test facility (1985) (this could be followed by fabrication
of components and construction of test facility by 1986/87, as a pos-
sible second step).

F : proposes
a) industrial survey
J b) study and development of components
¢) adaptation and equipment of existing test facility (which should be
rented by the fusion programme) (1983 - 1986).

accepted contracts/ceilings/time schedule: D and F (jointly) - 2.85 MECU - 1983/86
the industrial survey and feasibility study will be carried out jointly between D and F
the existing French test-facility will be accessible to all the Associations and the
question of rental is subject to further discussions.
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Demonstration type laboratory tests should be performed to determine the potential
of the method. First experiraents should be carried out in static Li;Pbgy with
hydrogen. The eutectic used should be well defined and the irnpurity uptake during
the tests must be measured. In a second stage the validity of the method should

be confirmed in experiments based on tritium. Additional experiments will be
required to determine the dependence of solubilities of hydrogen and its isotopes

in Li,;Pbgs, on temperature and partial pressure (Sievert’s law).

Proposals by D, F, JRC

D : a) H solubility measurements and other bhysico-éhemical studies (1982/86)
b) lab-scale testing of the gas bubbling method (unspecified).

F : a) feasibility test of the method (1983 - 1986)
b) H solubility and diffusion coefficient measurements (1982 - 1985)
c¢) demonstration unit (1986).

JRC : 3) solubility and diffusion measurements (1983 - 1984, University of

Cagliari) i
b) experimental verification of the method (1983 - 1985).

accepted contracts/ceilings/time schedule: D - 0.4 MECU - 1983/84
F - 0.3 MECU - 1983/84

Blanker

Tritium extraction based on the use of solid getters

Thermodynamically it is possible to extract tritium from lithium or Li,;Pbg; with
the use of solid getter materials such as yttrium. However, the reaction kinetics,
the getter regeneration and the poisoning rate by impurities are aspects which

will determine the potential of this method. Also the possible reaction of the
getter material with the liquid breeder or a component of it such as Pb should

be considered. In a first stage, experiments should be performed in static devices
based on hydrogen. In a second stage, confirmation experiments based on tritium

should be included.

Proposals by B, D, F, I

B : a) evaluate reaction kinetics with Li and Li-Pb; regeneration of solid

getters (Y, ...) (1983 - 1984)
b) demonstration of method in experimental loop (1984 - 1986).
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D : a) batch experiments on solubility and reactions with Li-Pb; poisoning
of getters (Y, ...) (1983 - 1984)
b) loop experiments up to 10 mg tritium (1985 - 1986)
¢) idem up to | g tritium (1986 -

'fy

experimental study of reaction kinetics and extraction from various getters
(1984 - 1985).

[ : a) capsule (batch) experiments on reactions with Li and relevant para-
meters; poisonin:: of getter (Y, Y-based alloys) (1983 - 1984)
b) loop extraction (!985).

accepted contracts/ceilin -s/tim : schedule

following discussions bet veen B and D, the repartition of founds w1ll now be:
B: 0.26 MECU

D: 1.44 MECU

Blanket 16

Tritium recovery

An experiment will be desizned or proposed for an existing irradiation facility in
which the recovery of tritium from the solid breeders will be directly demonstrated
as a function of irradiation temperature and burn-up (or dose), using an appro--
priate method of T recoverv: the samples will also be used to determine property
changes for comparison with Task B-15 within the limitations posed by the study
of T extraction.

Probosals by B. D, F I

B : proposes on-line mon-toring and trappmg of T released from vented capsules
(see B-15).

D : proposes 2 loop expe iment in DIDO, monitoring of T by an ionisation
chamber in the carrie- gas, after reduction of T, O in a hot metal bed.

F : proposes irradiation i1 SILOE and systematic study of extraction methods
covering T, and tritiited species.

I : proposes (o irradiate LiAlQO, in a He-gas loop in TRIGA RC-1 and trap the
tritium in the gas by cryogenic and getter systems.

budget allocation not vt decided.
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1. INTRODUCTION

This report is the second progress report on vibrating tables pre-
pared by the JRC ad hoc Working Group, whose mandate is to evaluate
the interest for the Community to install at JRC-Ispra a vibrating
table of intermediate size (100-300 t).

The report includes?

1. A review of research underway on seismic analysis and 1dent1f1cat1on
of use and interest for vibrating tables.

2. A review of existing vibrating tables.

. Possible Community needs for a large vibrating table.

3
4. Evaluation of the adequacy of the Ispra site.
5. Concluding remarks.

6

. Future developments.

2. Review of research underway on seismic analysis and identification
of use and interest for vibrating tables.

Communi ty

- Qualification and mode] validation tests are performed using
medium-size tables. :

- No large-scale tests are performed at present, but some interest
has been expressed (see section 3).

L]

- Efforts are underway for model and computer code deve]opment'for
seismic analysis. Amongst others, progress is hampered by a lack
of representative data on the reference ground motion to be consi-
dered.
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Japan
- Extremely vast research activities covering all aspects of seismic
analysis,

- Series of large-scale demonstration tests (nuclear and petrochemical
structures) planned on Tadotsu 15 m x 15 m, 1,000 t, shaking table.

- Pseudo-static (reaction wall) testson apartment buildings up to five
stories high: repeated reversed 1atera] forces increased in steps
(Tsukuba)

U.S.A.

- Wide spectrum of research activities sponsored mainly by National
Science Foundation and National Regulatory Commission.

- Active research on aseismic design and construction of buildings using

both pseudo-static tests anda 45t shaking table at University of Cali-
fornia, Berkeley.

- Collaboration with Japan for testing of very large models.

3. Review of existing vibrating tables.

Four tables have been prepared,listing the major vibrating tables in
the world and their main characteristics. They are reproduced in annex
of the present note. The biggest tables are in Japan with six tables
in the range 100-1.000 t. The largest table in the U.S.A. is the 45 t
table at Berkeley (Ca.). The largest table in the Community appears to
be the 14 ft x 14 ft biaxial table with 100 t capacity installed at
GEC Power Engineering, Stafford Mech. Lab., U.K.

4, Identification of possible Community needs for a large table.

4.1 Conclusions of the Italian ad hoc WOrk1ng Group

An ad hoc Working Group was set up by ENEA in March 1983 with the ob-
Jective of

a) collecting up-to-date information on dynamic testing of structures
throughout the world;

b) analysing the needs in Italy for a vibrating table of large capacity;

c) indicating the optimal characteristics of such a table.
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The W.G. report was received in July and its main conclusions can be
summarised as follows:

- there is, in principle, an interest for the possibilities that
could be offered by a large vibrating table with a capacity in the
range 100-300 t:

+ Possibility to test complex components in the non-linear range.

* Possibility to refine present state of knowledge on dynamic struc-
tural behavicur and thereby reduce safety margins, both in nuclear
and non-nuclear fields.

- Perplexity is expressed as far as cost is concerned, both for the
operation of the table and for the construction of large-scale com-
plex models.

- Access by road'to inland sites imposes restrictions to the size and
weight of the equipment that could be tested. The use of the 1.000 t
Japanese table could be the ideal solution for very large models.

- At present, the potential "market" in Italy is not judged sufficient
to justify.an adequate use of a large table. However, the situation
could change in case of a substantial modification of the present
norms. '

- Final advice can be given only when the needs from the other Community
countries have been fully appraised.

- The large table should not be seen as an isolated tool, but rather
as part of an adequate experimental context of seismic engineering
which clearly involves other experimental equipment than shaking
tables. Attention should also be given to the problem of ensuring
the availability of the necessary competences.

4.2 The situation in France
Two potentially interested organisations have been identified in
France:

a) according to FRAMATOME there is a lack of adequate experimental means
in the Community for the seismic qualification of large equipment.
The problem arises in particular for sites with a high seismic risk
in the sense that non-linear phenomena have to be taken into account
and, therefore, large-scale models should be built and tested.

Among the problems to be considered, mention was made of:

the primary coolant loop of a PWR and its support;

steam generators (behaviour of tube bundles);
devices for storage in water pools of spent fuel elements;

behaviour of cranes.
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b) The "Centre Scientifique et Technique du Bitiment" (CSTB) in
association with "Laboratoire Central des Ponts et Chaussaes"
has in project the construction of a triaxial 6 m x 8 m vibrating
table with 100 t maximum equipment weight. The construction of
this table has not yet been decided by the French authorities,
but CSTB is fully convinced that a large vibrating table is a
unique tool for:

the research on building structures constructed by assembly of
prefabricated components. Singularities are present at the junc-
tions between assemblies which are impossible to model analyti-
cally and experimentation with a large table is the only way to in-
vestigate the failure modes provoked by seismic loading;

the improvement of aseismic des1gn concepts and construction
techniques;

the development of techniques to increase the seismic resistance
of existing buildings;

the development of models to represent actual structural behaviour
and the validation of calculation methods;

the qualification, against a specified seismic excitation, of full-
scale equipment and housing structures.

4.3 The situation in the U.XK.

v S — - = o = ——— -~ -

From contacts with UKAEA, CEGB and Nuclear Installations Inspectorate,
it appears that the seismic qualification requirements as specified by
the U.K. code are well met by the existing vibrating tables. The pro-

blem

of qualification against earthquakes is not considered very rele-

vant in the U.K.

The National Engineering Laboratory at Glasgow which operates three
tables is open to collaborations.

Contact has also been taken by letter with the Building Research Estab-
Tishment, but no reply has been received yet.

4, 4 The sjtuation in Greece-

e e e

Prof. P.G. CARYDIS, chair for Earthquake Engineering, National Technical
University, Athens, visited JRC-Ispra in July and illustrated the

Earthquake Simulation Facility presently under construction in his de-
partment.

According to Prof. Carydis, an effort should be made at the Commun1ty
Tevel to
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- collect and disseminate information on earthquakes

- install standardised seismographs to record strong ground motions
and create a corresponding data bank

- create a European network of shaking tables with a centralised in-
formation service on the particular characteristics

- complement the aone network with a table of large capacity

- develop models describing dynamic structural behaviour under realistic
ground motion, and disseminate the resulting computer programmes.

4.5 Ih?-élE!EElQQ-lD-EhE-EB@

In the FRG research ac¢tivities in the field of anti-earthquake design
have been intensified in the last decade, in particular in view of buil-
ding nuclear reactors. At present a spin-off is observed in the field
of civil engineering. Dynamic testing of models and/or components is
limited to the use of -smaller shaking tables and to the use of shakers
on existing structures. Since six months, a 25 t shaking table is in
operation at HRB Julich (see table 1).

The contacts which have been taken in FRG concern:

(i) reactor vendors (KWU, HRB)
(ii) 1licensing authorities (IRS, K&ln)
(i11) research institutes (TH Darmstadt, HDR project of KfK).

The vendors of reactor systems have a tendency to be in favor of tests
of prototypes scale up 1:1, in particular in the field of fluid struc-
ture interaction (fuel elements, steam generators, etc.). The research
institutes prefer the smaller shaking tables in order to make detailed
experimental verifications of the fundamental bricks of computer pro-
grammes. The licensing authorities are inclined to follow the research
institutes i.e. to rely on the computer programmes to simulate huge
structures provided the constitutive laws in the non-linear regime are
validated by means of clean experiments. In general, in FRG 1ike in
Japan and U.S.A., the interest in huge shaking tables is decreasing
and preference is given to the pseudo-dynamic method to verify experi-
mentally huge buildings. The main reasons are cost/benefit considera-
tions: a shaking table costs around 100 8/ kg of model.

The various organisations in FRG which have been contacted appreciate
the initiative of the Commission. They will formulate in the near future
a more detailed advice on the need to coordinate in Europe the research
in the field of anti-earthquake design and the need on thereb/ huge
experimental test facilities.
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. Evaluation of the adequacy of the Ispra site.

Study contracts have been launched in order to investigate by static
and dynamic geotechnical tests the adequacy of the preselected site
within the JRC-Ispra to host a large vibrating table.

The tests to be performed include:
- the construction of a vertical stratigraphic map of the site;

- the geomechanical characterisation of the soil (standard penetra-
tion tests, laboratory tests on soil specimens, control of under-
ground water);

- dynamic consolidation tests;

- use of special dynamic exciters to measure the attenuation of seismic

waves as a function of their frequency, and thereby to evaluate possible

effects of the operation of the table on neighbouring installations
and buildings..

Contacts with the local electricity company (ENEL) have ascertained
~that the necessary power supply can be ensured -without any difficulty.

Concerning access to JRC-Ispra, the present road connections have per-
mitted the transportation of components for three research reactors
(Ispra-1, ECO, ESSOR). The construction of a new road, connecting the
JRC to the nearby highway, could also be envisaged. Transportation of
cumbersome and heavy equipment was also a concern for the USA (space
and nuclear programmes): a solution has been envisaged based on diri-
gibles. Similar studies have been performed in Europe.

Nevertheless, transportation of complete models could be avoided in
many cases. On-site assembly is possible at JRC-Ispra, using existing
facilities.

As far as the availability of the necessary competences is concerned,
although the JRC is not involved at present in seismic analysis, exper-
tise exists in the fields of

- dynamic testing
- instrumentation, data acquisition
- numerical analysis of structures

which could be used for the present project. Obviously the recruitment
of a few specialists would be necessary to build up a competent team.
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6. Concluding remarks.

The analysis presented above, while still incomplete, allows to draw
some first indications:

- Except for Greece, all other Member States consider that the
present norms for seismic design may be adequately fulfiiled
using avaiblable experimental and analytical tools.

- A large number of small and even medium size shaking tables exists,
some of them having six controlled degrees of freedom which allow
~a more realistic simulation of expected ground motion.

- A number of organisations in the Community have expressed a real
interest for a shaking table of larger capacity. This indicates
that not all phenomena until now can be modeled either by small-
scale tests, or analytically.

- A co-operative European effort would be beneficial in the following
areas :

« Standardisation of ground motion measurements and creation of a
European data base.

- Development of refined models and computer codes verified by ex-
perimental equipment either available or to be built to enable a
better understanding of phenomena and possibly reduce safety mar-
gins.

7. Future developments.

The following studies will be executed and included in a report to be
issued by mid 1985:

- evaluation of the study contracts to assess by static and dynamic
geotechnical tests the adequacy of the Ispra site to host a large
vibrating table;

- further evaluation of the Community interest;
- description of a possible research activity;
- preliminary estimate of staff requirements and costs.

The results of these studies should allow to decide whether or not to
build a vibrating table at Ispra and to launch a detailed design study
to be ready by the end of 1986.
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Comments to Tables 1 to 4:

1. Istituto Sperimental:Modelli e Strutture S.p.a.

2. Nationa! Engineering Laboratory

3.

4. Commissariat 3 ’Energie Atomique .

S. Société pour le Perfectionnement des Matériels et Equipements Aérospatiaux
6. Hochtemperatur Reaktorbau GmbH

7. Construction Engineering Res Lab. (US Army)

8. National Research Centre for Disaster Prevention, Science and Technology Agency
S. The Nuclear Power Engineering Test Centre

10. Institute of Industrial Science, University of Tokyo

11. Railway Technical Research Institute, Japan National Railway

12. Public Works Research Institute, Ministry of Construction

13. Central Research Institute of Electric Power Industry

14. Takasago Research Institute, Mitsubishi Heavy Industries

15. National Research Institute of Agricultural Engineering, Ministry of Agriculture
16. Port and Harbour Research Institute, Ministry of Transport -

17. Shimizu Construction Co. Ltd.

18. Kajima Construction Co. Ltd.

19. Building Research Institute, Ministry of Construction

20. Ohbayashi+gumi Construction Co. Ltd.

21.  Disaster Prevention Research Institute, Kyoto University

Keywords:

DOF Degrees Of Freedom

EHSS Electro-Hydraulic Servo System

EVS Electrodynamic Vibration System

H Horizontal

\"4 Vertical



TABLE 1 - !Major vibratinag tahles in Durope

Table charecteristics Ferformiancn

feeility Table size Froc. Range lax podel Controlled i3 Gisp. iax vel. "ar eccel.
(m) (ilz) veight (t) D.OWPF. (ram) n/sec (are)

1.1 Ancalco Impianti + ",
PG AU 3.5 % 3.5 0-60 2 HZ70 00 2.4
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TABLE 2 - Major vibrating tables in USA

Table characteristics

Performance

Max modcl

Controlled Max displ.

Max vel.

Max acceel.

Pa (Biaxial, 1978)

Facility Table size Freq. range
(m) (Hz) weight (t) D.O.F. {(mm) mm/sec (g's)
2.1 University of Iilinois, Urbana, i
Winois (Uniaxial, 1968) 3.65x 3.65 0-50 4.5 I H#%51 381 5
2.2 University of California, Berkeley, 6.1 x 6.1 0-50 45 5 Ht152 635 0.67
California (Biaxial, 1971) V5] 254 0.22
2.3 CERL?, Champaign, 3.65 x3.65 0-200- 6 5 H+73 813 15 —
Winois (Biaxial, 1973) V +35 686 30 o
2.4 Union Carbide, Oak Ridge, 1.83 x 1.83 0-20 7 2 Hzt 193 305 0.25 the
Tennessee (Biaxial, 1980) V193 305 0.25
2.5 SUNY, Buffalo, N.Y. 3.65 x 3.65 0.1-60 20 5 Hx150 - 635 1.0
(Biaxial, 1983) V150 318 1.0
2.6 NASA, Marshall Space Flight 3x 4.5 - 0.9 6 - 2438 100
Center, AL (Biaxial, 1969)
2.7 Cornell University, Ithaca, 2.1x 2.1 0-50 0.27 2 H+76 300 6
N.Y. (Biaxial, 1982) V+76 800
2.8 Westinghouse, Pittsburg, 49x4.9 0-100 17.8 3 H + 305 762 3.5
V + 305 762




TABLE 3 - Major vibrating tables in Japan

Table characteristics

Performance

Facility Table size - Freq. range  Max model Controlled Max displ. Mux vel, Max wcceel.
(m) (Hz) weight (t) D.O.F. {nn) mm/sec (n's)
3.1 NRCDP STAS 15x 15 EHSS 0-50 500 © 2 H+30 370 0.55
Tsukubalbaragi V £30 370 1
3.2 NUPEC? 15 x 15 EHSS - 1000 2 11 +£200 750 1.8
Tadotsu-Takamatsu V£ 100 375 9
3.3 IS, UT'® | Chiba.- i0x2 CIISS 170 1 * 100 0.4
3.4 KTRI, JNR!U !
Kusutschi, Tokyo 10x2 100 . ] 30 0.4 .
3.5 PWRI, MC'?, Tsusuba~ 6x8 EHSS 0-30 100 1 75 600 0.8
3.6 CRIEPI'3, Abiko, Chibe 6.5x 6 EHSS 125 I + 50 600 1.2
3.7 NRCDP STA® 6x6 " EHSS 0-50 75 3 H+ 100 300 1.2
Tsukube. V50 600 1
3.8 TRI M 6x 6 EISS 50 2 H+ 50 420 1.2
Himeji, Hyogo + 50 420 1.2
3.9 NRIAE MA'S, Tsukube. 6x 3.2 EVS. 0-50 30 1 50 320 0.4

II

1A
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Table 3 - cont.

Table characteristics

Performance

Facility Tablesize  Freq.range  Maxmodel  Controlled Max displ. Max vel, Max accel
{(m) (Hz) weight (t) {(mm) mim/sec (g's)
3.10 PHRI, MT*®
Yokosu}.m, Fanaga_me 5.5x2 EVS 17 t 50 150 0.5
3.11 SHIMIZU'?, Tokyo 5x4 EHSS 12 t 100 720 i
3.12 KAJIMA® 4x4 EHSS 20 H+150 1140 1.2
Tokyo : ’ V75 455
3.13 PHRI, MT?*, Yokosuka 4x3.5 EVS 30 t 50 250 0.45
3.14 BRI MC*?, Tsukube 4x3 EHSS 0-50 20 75 600 l
3.15 GUIBAYASHI, Tokyo?® 4x3 EIISS 10 + 100" {
3.16 DPRI* | Kyoto 3x3 EHSS 12 + 100 0.5
3.17 DPRIM 2.5% 2.5 EVS 8 Ht50 500 0.5
Kyoto V+50 500 0.5

71 °IX



TABLE 4 - Major vibrating tables around the world (besides EEC, USA and Japan)

Table characteristics Perlormuance

Facility Table size Freq. range  Max model  Controlled Max displ. Max vel. Max aceel
(m) (Hz) weight (1) D.O.F. (mm) mm/sec (g's)
4.1 University of Kiril and ’
Mctodjj, Scopie, Yugoslavia 5x5 0-30 40 5 1125 635 0.67
. V50 380 0.4

( Biaxiat, 1980)

4.2 Arya Mchz University,
Teheran, lran ] 5x5 0-50 50 I ITx50 - 0.6

(Uniaxial)

11

4.3 University of Pahlavi,
Siraz, Iran
(Uniaxial)

Si

4% 4 0-50 20 1 Ht 50 -~ 1.1

4.4 University of Mexico,
Mexico City, Mexico 4.5x 2.5
(Uniaxial, 1975) ’

0- 50 20 1 Hi51 381 1.2

4.5 Tong Ji University
. ! 11+ 100 890 1.5
ang 4 -60 10 :
Shanghai, PRC 4x 0-6 v+ 100 625 )7

(Biaxial, 1982)
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Introduction

i

n the preceding progress report dated May 1583 (COM (83)398 final
he results of a preliminary assessment of three main items related to
he siting of IGNITOR at Ispra were given

ct

-+

elcctrical supply system,
main bullding and auxiliary systems, licensing.

During this period these items have been further investigzted,
ccrnsicdering especially the utilisation of the facilities offered by
the ESSCR instzlletions. The consideration of many detailed and
practical aspects has been made possible on one side by a better
definiticn of the wvarious
ar

nucleer activities planned 1in the ESSOR

ea, in the frame of the proposed pluriannual programme of the JRC
(CCx¥ (83)2327 finel), =and on the other side by the availability of
updated detalled information on the festures and reguirements of the
IGNITCR experiment.

2, Power supply

We have received the detailed sanswer of ERNEL to the questionnsire
specifying the supply requirements. The feasibility of the supply
directly from the 380 kV line at the border of the Ispra Centre has
been officially confirmed. The cost for the connsction to the line hes
been given together with the contractual conditions for the supply in
the perlod 1987-19921. '

In the referencs case of 3 pulses/day, the offer can be quoted as
follaws ¢

. Installation costs : 820.000.000 Lit

. Construction time : 24 months

. ,Annual charge for electrical power : 56%,000.000 Lit {supposing a
concuzption of 12C.000 kwh/y '

, For encrgy dissipated in the transformer a supplementary charge of
75 Lit/kwh is reguested.
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The only condition put on the power delivery is that the shois be
pre—announced. It {s further suggested to operate during the working
time of working days when the short circuit power is at maximum level
an? the pulses provoke less disturbance to the power grid.

f the transformer station within the Ispra Centre has been
and the laycut of the elecirical line up to the medium

The site
-
hd '

bstation near the IGNITCOR main building has been defined,

o]
identifiad
SN

voltage

Main building and auxiliary systems

idering that no other use 1is proposed for the ESSCR  containment
ding and on the basis of the updated informetion on thsz design of
I OR and operation and licensing requirements, the installation of
I OR in this building has been reconsidered. In fact in view of the
new information obtained, the previous judzement about difficulties in
locating the machine inside the containment was premature.

Tne soluticn envisaged now is its installation at working floor level
(Fiz. 1) which seems to offer many prectical advantages. The shielding
c be provided by removatle blocks handled by the existing 50 T
crane. lMany eauxilisries, like liguid nitrogen distribution station,

8

exist already in the building. Other auxiliary services, including
activated materials interim storage, can be easily loceted in various
existing rooms, with direct access to hot cells (Fig. 2). The large
containment building connecied with an 80 m. high ventilation stack
ensure ample rotection against any maximum hypotheotical release of
tritium or activated dust.

The relative disposition of IGHNITOR and the other laboratories and

: ~

programnes within the ESSCR installetion is shown on Fig. 3.

Licensing

Ar. explorative contact has been made with the Itelian licensing
autheorities in order to assess the possible approach to the licensing
of various poszible new nuclear activitics 1in the ESSOR  complex
including IGNITOR,

The sujgested approech iz to put &ll these activities wnder the
existing licence and to deal with then as "wodificallon of the
instnllation', In this hypothesis, thet most probably will be followed
as a general guideline in the licensing process, it will not even be
ece

ssary for IGHITGCR to follow tlie procecure raguired by the art., 55
TR 1

{u v

o J

.2, 1984 n. 18%, mentioned in the previous preogress report. In
his ce&se the simpler precedure of the art., 12 DPR 125 would be
. ;

ct

Iy

LJ'

yt

lcwed,
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5. Costa evaluation

The evaluaticn of the costs fer the site preparation (including the
pcwer  supply system andé  buildings), the adaptation of various
auxilizrieg, the supply of power and technical services, considering a
construction period of about three years (1884-87) and an operation
period of four years (1986-1281) is in progress. This evaluation will

lable together with the technical repcr at the end o¢of
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