
SCK-CEN
BE9800032

STUDIHCtNTRUM VOOR KERNKNLRGIE
CENTRE D'ETUDfc Dt L'ENERGIE NUCLEAIRE

European Fusion Technology Programme
ITER Test Module Box Mock-up In-pile
testing
ITER Task WP A3.6.1.
Progress Report
The CEPHEID Project - Conceptual and
Feasibility Study

C&mptot hy Philippe BFMOIT



European Fusion Technology Programme
ITER Test Module Box Mock-up In-pile
testing
ITER Task WP A3.6.1.
Progress Report
The CEPHEID Project - Conceptual and
Feasibility Study

Compiled by Philippe BENOIT
BLG 733
February 1997



NT.57/F042020/05/PB

The CEPHETD Project

Conceptual and Feasibility Study

Contents Page

1. INTRODUCTION 3

2. THE BR2 REACTOR 3

3. THE HCPB CONCEPT 4

4. THE TEST MODULE 4

5. THE IN-PILE SECTION (IPS) 5

6. OUT-OF PILE EQUIPMENT (OPE) 6

7. PRELIMINARY CALCULATIONS 6

7.1 Neutronic calculations 6

7.2 Thermal calculations 7

7.3 Mechanical calculation 8

8. SAFETY ISSUES 8

8.1 Pressurised helium 8

8.2 Tritium 9

8.3 Safety cases 9
8.3.1. Loss of pressure boundary integrity 9
8.3.2. Loss of flow, loss of coolant, loss of heat sink 9
8.3.3. Loss of electrical power 10
8.3.4. Tritium leaks 10

Page 1



NT.57/F042020/05/PB

9. INSTRUMENTATION 10

9.1 Temperatures 10

9.2 Flow 10

9.3 Pressure 10

9.4 Tritium content 10

9.5 Neutron flux 11

9.6 Parameters control 11

9.8 Data acquisition 11

10. Quality assurance and construction codes 11

11. Some considerations about the construction 12
11.1 Materials 12
11.2 Precautions for the leak tightness 12
11.3 Types of equipments 12
11.4 Testing and commissionning 12

12. IRRADIATION 13

13. POST-IRRADIATION EXAMINATIONS 13

14. DISMANTLING AND DISPOSAL 14

15. OPPORTUNITIES 14

15.1 Transient operation 14

15.2 Tritium recovery plant 14

15.3 Plasma heat flux 15

ANNEXES 16

REFERENCES 16

DISTRIBUTION 16

Page 2



NT.57/F042020/05/PB

1. Introduction

The world fusion research programme aims at developing a new mode of power
generation, based on the thermonuclear fusion of atoms of deuterium and tritium in
magnetic toroidal chambers. The project ITER, which is still in its design phase, will be
able to sustain fusion for periods of some 1000 seconds but will remain a research tool.
The next step, foreseen in the middle of the next century, will be DEMO, a demonstration
fusion power plant.
If deuterium can be found in the nature, this is not the case for tritium, which has to be
produced by some means. Therefore, it is foreseen to take advantage of the neutron flux
produced by the fusion reactions to breed tritium by the fission of 6Li into 3H and 4He.
This is performed in a system surrounding the plasma chamber, called the blanket, which
is also used to remove the heat produced by the reactor.

Different blanket concepts have been proposed, but two candidate concepts have been
selected in Europe. In the first one, WCLL, with the project leadership of CEA, a Pb-17Li
liquid metal eutectic is cooled by pressurised water. The sother one, called HCPB for
Helium Cooled Pebble Bed, with the project leadership of FZK, is based on ceramic
pebble beds, cooled by helium.
The present note describes an experimental device to be installed in the BR2 reactor and
aiming at operating a HCPB test module in nominal conditions, to the maximum possible
extent. The device described by this note is to be called CEPHEID, for CEramic Pebble
bed HElium cooled Irradiation for Demo.

2. The BR2 reactor

Thanks to its high neutron flux, BR2 is very well suited to fusion experiments. The reactor
has been widely described elsewhere [ref.8] and the purpose of this paragraph is to recall
some characteristics of the reactor which play a role in the design of the experiments to be
loaded in it.
BR2 is a reactor cooled by light water, pressurised at 10 bar in service. The reactor core is
made of a beryllium matrix, with 79 water-cooled channels. There are sixty-four 84 mm
channels and five 200 mm channels, one central and four at the periphery. Channels may
contain fuel, control rods or experiments, as well. Vessel penetrations are located about 5
m above the core, so that they are almost not submitted to the radiations emitted by the
core. A few channels, called trough-loop channels, have also a penetration through the
bottom cover of the pressure vessel, 5 m under the core.
The active height of the core is some 800mm, with also 800 mm in diameter, and the
reactor vessel is 11 m high. The vessel is installed in a water pool, for radiation shielding.
The pool and the reactor are built above a so-called sub-pile room, from where the reactor
bottom cover is accessible.
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3. The HCPB concept

To achieve self-sustaining tritium breeding ratios, neutron multiplier materials are
necessary. In the HCPB concept, this role is played by beryllium pebble beds. The HCPB
blanket is made of several segments, inboard and outboard, arranged in the toroidal
direction (ref. 1).
A segment is made of numerous "slices" of pebble beds, alternatively lithium and
beryllium, separated by cooled hollow plates. The "slices" are arranged more or less in the
horizontal plane. A segment is encapsulated on three sides by a thick hollow plate, the first
wall, and closed, at its back side by a thicker plate, drawing the fluid ducts.
Heat is produced by fusion reactions and transmitted to the module by radiation and
gamma rays. The first wall is subject to a 50 W/cm2 heat flux. In addition, heat is
generated by the tritium breeding processes, i.e. beryllium neutron multiplying and lithium
fissionning. The heat is removed by high pressure helium circulating inside the hollow
plates.
The rooms filled with pebble beds are flushed with low pressure helium purge, to recover
tritium generated.
A HCPB blanket segment has three helium circuits. Two of those assure the general
cooling of the system, the third one is in charge of the purge gas.

4. The test module

The test module is a small part "cut" into the blanket segment and may comprise samples
of the first wall, of the lithium and beryllium pebbles beds and of the separation plates. Out
of a discussion with the blanket designers, a module of about 100 x 100 mm, for a
horizontal length of 500 mm, taken in the equatorial direction of the tokamak was
proposed. To be installed in BR2, the test module will be 90° tilted, the 500 mm length
becoming vertical. These dimensions have been considered for the first iteration of this
feasibility study. Other cross sections, such as 120 x 100 mm, are also possible (fig.6).
In the present stage of development, it is foreseen to use the actual material thicknesses
and densities. In other words, the test module might comprise a real thickness sample of
the first wall, a real thickness sample of lithium pebble bed, a real thickness sample of
beryllium pebble bed and real thickness separation plates.

In order to achieve a prototypical temperature profile in the lithium orthosilicate pebble
bed, the cross section initialy proposed (fig.l) was modified to obtain the fig.2. In this
proposal, one lithium bed would be surrounded by two almost half-thickness beryllium
beds. This would greatly facilitate the temperature control of the lithium bed. The fig. 7
shows how the configuration was modelled for the neutronic evaluation. In addition, this
configuration was considered because it allows a smaller cross section, which, in turn,
results in the possibility to fit driver fuel elements or absorbing screens around the device
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in order to "tailor" the neutron flux. At the present stage, all options remain possible, even
if calculation showed that driver fuels or cadmium screens are not necessary.

In all configurations proposed until now, the module is constituted of three chambers, to be
flushed by 1 bar purge helium. It is foreseen to use fully independent helium purge circuits
to discriminate the contribution of each chamber in the total tritium production.
The 80 bar helium coolant is circulated through the holes of the different plates by a
blower. The configuration of the In-Pile Section will allow only one 80 bar circulator.
However, an adequate routing of the different channels, and the possible installation of an
intermediate cooling might allow a noticeable differentiation of the channels temperatures.
This point is still open for discussion.

5. The In-Pile Section (IPS)

It is foreseen to use one of the five large irradiation positions (200 mm in diameter) of
BR2. The IPS (fig. 3) will be a 5 m long tube, able to withstand the 80 bar pressure that
could result of the failure of the helium cooling circuits. The module will be located in the
reactor core (800 mm active height), at the bottom of the IPS.
It has been possible to find a gas circulator, giving adequate flow and head, which was
compact enough to be installed at the top of the IPS, so that the high pressure primary
helium loop will be fully integrated to the IPS. Consequently, the construction of a large
external loop can be avoided, which will have an extremely benefic influence on the costs
and on the delays of the project. Indeed, such a loop, with high pressure piping to be routed
through BR2 pool, would have requested a tremendous amount of work, and caused so
high heat losses in the connections that additional heating would have been to be installed.

The IPS is closed at its top by the helium circulator, which is connected to the module by
two tubes, one ascending and one descending, quoted according to the helium flow
direction. The ascending hot tube is jacketed and cooled with water, which is sufficient to
remove the heat generated in the module. The simplest way to provide the cooling water is
to force BR2 pool water to circulate through the jacket. However, permeating tritium
might make this configuration unacceptable. A separate secondary cooling loop would
have to be built.
The assembly module- ascending tube - circulator - descending tube constitute the primary
loop, which is enclosed in the IPS pressure tube. The room between the primary loop and
the pressure tube is filled with 1 bar helium, which performs the thermal insulation
between the primary loop and BR2, performs the recovery of tritium permeating through
the hot walls of the primary and controls the integrity of the pressure retaining boundary.
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6. Out-of Pile Equipment rOPE^

The IPS is connected to external equipments. Five separate circuits feed the three bed
chambers, the primary loop and the IPS intermediate room. All circuits are almost identical
in general design, the most noticeable exception being the design pressure of the circuit
controlling the primary loop. They will assure the following functions for the part of the
IPS they control:

Helium feed-bleed
Helium flow and pressure regulation
Thermal expansion volume compensation
Tritium measurement in the exhaust helium
Tritium purification and tritium recovery
Helium recycling or venting

The circuit instrumentation is connected to a computerised data acquisition system which
allows balances to be established. This is of particular importance for the accounting of
tritium generation and recovery in the different volumes.

A circuit consists in a high pressure helium storage tank (fig.4 & 5). Helium is delivered to
the room it is connected to, and to the adequate pressure by means of pressure reducers
systems and is routed to the IPS via double-walled tubes, whose function is to collect
tritium permeating through the inner tube walls. The same kind of tube connects the IPS to
the exhaust control system, comprising helium flow measurement and control devices, a
tritium purification system and a compressor which sends the purified helium back in the
storage tank.

7. Preliminary calculations

7.1 Neutronic calculations

The neutronic behaviour of several configurations has been evaluated by means of a one-
dimension model (ref.7), for the cross sections given in fig.l and 2, and for different
enrichments in Lithium-6. The tritium production in the Li4Si04 pebble bed, calculated in
at/cm3.s, is summarised in the table below, and must be compared to the 3,57 x 10
at/cm3.s maximum production rate estimated for the blanket.

In the Be-Li-Be configuration, the tritium production rate is estimated to some 4 x 1 0
at/cm3.s, with the IPS installed in the central channel of BR2, natural lithium pebble beds
and BR2 at its nominal power.
In the present standard core configuration, the neutron flux in a peripheral channel is
reduced by a factor of roughly 3,5 in comparison with a central channel. This reduction
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factor will be around 2 if a dedicated BR2 core configuration is adopted, which makes
nominal tritium production possible with enriched Lithium.

Li - Be - Li Configuration (Fig. 1)
x 1013at/cm3.s

Central
Channel

6,8
9,6
12,7

Peripheral Channel
Standard

Configuration

2
2,7
3,6

Dedicated
Configuration

3,4
4,8
6,3

y - heating (W/g al)
8 3 3

Be - Li - Be Configuration (Fig. 2)
x 1013 at/cm3.s

Central
Channel

3,9
5,4
7,3

Peripheral Channel
Standard

Configuration

1,1
1,5
2,1

Dedicated
Configuration

1,9
2,7
3,6

y - heating (W/g al)
8 3 3

Li-6
Enrichment

7,5 %
2 5 %
100%

A peripheral channel would allow more flexibility because it is possible to load adjacent
channels with more or less reactive fuel elements, so that the flux in the channel can be
slightly enhanced independently of the total reactor power, which, in turn, can improve the
tritium generation, even with a reduced enrichment. Furthermore, there will exist a flux
gradient across the sample which might represent more accurately future fusion reactor
conditions. On the opposite, if the central channel is used, the conditions requested by the
central channel will determine to a large extent the conditions given to the whole reactor.

Although these calculations are only a very rough estimation, we consider that the
neutronic feasibility of the project is assured. In addition, it might be possible to install a
larger sample than initially thought, such as shown on fig. 6. Detailed 2-D calculations
were undertaken, with the cross section of fig.6, to determine more accurately the
neutronic conditions of the IPS.

7.2 Thermal calculations

The table below gives some typical values calculated for a 120 x 100 x 500 module, such
as shown on fig.6, installed in a central or a peripheral channel and with a tritium
production of 2,1 x 1013 at/cm3.s.

Y in structural steel
Y in Beryllium
Y in Lihium
Fission in Lithium
Total Lithium
Total module

Heat generated
(kW)

Peripheral channel
62,5
11,6
1,7
6,0
7,7
81,8

Power density
(W/cm3)

Peripheral channel
23,4
4,5
4,6
16,1
20,7

Central Channel
62,4
11,9
12,2
16,1
28,3
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The absorption of the gamma by the structural materials leads to excessive heat generation
(62,4 W/cm3 instead of 25,4W/cm3) if the IPS is installed in the central channel. The total
heat generated in the test module is then around 200 kW, module ends not included.

In a peripheral channel, the heat generated in the module (some 80 kW) is such that no
additional heating is requested in operation, the problem still being to remove the produced
heat. However, if no additional heating at all is installed, temperature transients problems
might be encountered during start-up and shut-down phases, and especially after a scram
of BR2. This problem will have to be examined very closely during the detail design
phase. However, it is thought that an all-welded construction of the primary loop will
prevent most of the problems, such as leaks caused by the differential expansion of
materials submitted to changing temperature gradients.

The temperature profile in the primary loop was evaluated, in order to estimate which kind
of cooling would be required (ref.6). It has been shown that, for the given outlet/inlet
module temperatures (450/250°C) and the amount of heat generated in it (100 kW), a
jacketed ascending tube was able to control the temperature, without the need of a
sophisticated heat exchanger.

7.3 Mechanical calculation

The thicknesses of the different constituents of the IPS were evaluated, taking the potential
internal pressure into account. Further calculations will be requested after a detailed design
of the IPS head is performed, but no difficulty is expected on the side of mechanical
strength. The experiment will be of fairly short duration, so that the radiation induced
damages on the pressure tubes will not be an issue for this project.

8. Safety issues

The experiment poses two main hazards: pressurised helium and tritium. On the other
hand, the use of helium as a coolant will prevent corrosion and spreading of corrosion
products, the purge flow will be small and should not carry dust coming from the pebble
beds, so that tritium is expected to be the sole contributor to the contamination of the
external circuits.

8.1 Pressurised helium

As said before, the high pressure primary loop is contained in a pressure tube able to
withstand the full 80 bar pressure, which will make a catastrophic failure of the IPS into
BR2 vessel very unlikely. Pressure transducers installed between the primary loop and the
pressure tubes will trip the reactor if a sudden pressure increase is detected
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The connections are performed by small bore tubing, which limit itself the flow escaping
from a broken tube. In addition, excess flow valves can be installed which will shut the
faulty tube in such an event.
The OPE is also made of small bore tubing. The high pressure helium inventory will be
small; except in the storage tanks, which will be classical gas bottles.
Helium explosion hazards will be prevented by careful construction, commissioning and
maintenance of the installation.

8.2 Tritium

Tritium may constitute a problem because it permeates through steel walls, especially at
temperatures above 250 °C. It is also difficult to realise and to keep a tritium-tight
enclosure. On the other hand, tritium is mainly a p-emitter, and has a small y-ray. It does
not contribute significantly to radiation fields around contaminated areas. In addition, it
has a relatively short biological half-life, especially on its non-oxidised form, and amounts
that may be released are fairly high.
All lines containing tritium will be double-walled to recover the permeating tritium. The
room between the double walls will be flushed by helium, which will be controlled, in
order to determine the global amount of tritium escaping trough the walls and correct the
tritium production balance. The OPE will be enclosed in vented glove boxes, so that leaks
will be sent directly to the non-recyclable ventilation of BR2.

8.3 Safety cases

The following cases will be studied during the detail design phase. Because no nuclear fuel
is used, no serious consequence is expected as long as the pressure retaining boundary
remains intact. Up to now, this is considered to be the only event which might possibly
lead to a severe accident on BR2. The priority will always be to guarantee the safety of
BR2, and all safety actions will be taken in that purpose. As long as the safety of BR2 is
guaranteed, actions will aim at preserving the sample and avoid that it will be damaged,
which would lead to a premature end of the irradiation.

8.3.1. Loss of pressure boundary integrity
As stated before, this will be prevented by the double containment of the high pressure
parts, with monitoring of the intermediate room. The design is based on the strict
observance of construction codes, including the choice of the highest quality of materials,
adequate operation, maintenance and testing procedures and pressure relieving devices.
Nevertheless, the evaluation of the consequences of a simultaneous rupture of the two
containments will be made, even if this is considered as "Beyond Design Accident".

8.3.2. Loss of flow, loss of coolant, loss of heat sink.
It is not expected that the decay heat generated in the module after one of the above
accidents would be able to cause significant damage in the module. This will be evaluated
more closely during the detail design phase.
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8.3.3. Loss of electrical power
This may lead to a loss of flow, complicated by the loss of instrumentation. In the worst
case, the operators would be completely blind and unable to have any action on the
systems. However, BR2 has an emergency power supply, with diesels, so that this event is
extremely unlikely. Decay heat calculations will show if damages to the samples are likely
to occur and if additional devices, such as Uninterrupted Power Supply (UPS) groups are
needed or not. It must be pointed out here that such devices were not required for previous
experiments dealing with PWR fuel, where the consequences of a loss of power would
have been much more severe.

8.3.4. Tritium leaks
Tritium monitoring equipment is installed on every circuit where contamination is
possible. BR2 internal release limit is 1 Ci/day. However, with the appropriate
authorization, higher release limits may be set, possibly temporary.

9. Instrumentation

9.1 Temperatures

The module will be equipped with several thermocouples, in order to measure the
temperature profiles in the different chambers. There will be at least 10 temperature
measurements in each chamber, split over three levels. In addition, inlet and outlet gas
temperatures will be measured for each circuit.

9.2 Flow

The gas flow delivered by each circuit is measured and can be adjusted according to the
wishes of the experimenter.
Flowmeters are also installed on the descending tube of the primary loop.
Pressure ports are installed on some channels of the irradiation module, to allow the
determination of the repartition of the main flow in the module, by possibly changing
conditions. Those values would be compared to more detailed data obtained after out-of-
pile calibration tests.

9.3 Pressure

Every circuit will have its pressure control system.

9.4 Tritium content

The tritium content of the exhaust gas will be measured on every circuit. A measurement
will also be performed at the outlet of the tritium purification system, or directly on the
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storage tank. It has not yet been decided whether fully independent measurement systems
will be used, or if some measuring systems will be shared by different circuits, where
contamination levels are comparable.

9.5 Neutron flux

Room exists besides the module to install specific nuclear instrumentation, such as SPND,
activation monitors and gamma thermometers, which should be able to give values of the
basic nuclear parameters.

9.6 Parameters control

The temperatures in the module are the most important parameter. They will be controlled
by adjusting the primary helium gas flow and the secondary cooling water flow. Primary
helium flow is adjusted by modification of the rotation speed of the circulator. It will be
possible to adjust between 20% and 100% of the nominal flow.
For the secondary water cooling, the choice is still open between the modification of the
pump rotation speed and the use of a regulation valve.
Mass flow controllers will allow the regulation of the helium feed flow .

9.7 Data acquisition

All parameters, alarms and other signals are recorded on a data acquisition system which
performs all complex calculations: thermal balances, tritium balances, nuclear flux
evaluation, etc...
The system also records the occurrence of events, to form an automatic log-book.
The system is able to supply present and historical data (to some extent - only the data
relative to the present cycle will be directly available) on the form of excel numerical files,
or directly as graphics. Data are accessible from any point in the SCK/CEN, via the
internal network.

10. Quality assurance and construction codes

It is suggested to build the IPS pressure tubes according to the ASME VIII construction
code, or equivalent. The primary loop (sample and connection tubes) will not be subject to
code construction, because there is another pressure retaining boundary behind it.
The O.P.E. tubing dimensions are such that those equipments fall out of the scope of the
ASME code. An alternate qualification programme will be proposed, in the spirit of the
following paragaph.
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11. Some considerations about the construction

11.1 Materials

Except for the module itself, it is foreseen to build the systems in 316L stainless steel,
which has good fracture toughness, weldability, and radiation damage resistance, even if
the allowed stress is somewhat lower. In particular, the total elongation before break of the
irradiated steel is better than other stainless steels, which is a quite desirable feature for a
pressure tube.
As a general rule, polymer seals will be avoided to the maximum possible extent, to reduce
the tritium leaks. However, Vespel resin may be used for O-rings and valve stems, even in
tritium systems.

11.2 Precautions for the leak tightness

All welded construction will be used to the maximum possible extent.
Metallic seals will be preferred to polymer seals for tritium containing circuits.
VCR fittings will be preferred to Swagelok.
Critical components or assemblies will be fitted with double seals and intermediate leak
control. Those components will be identified during the detail study phase.

11.3 Types of equipments

Actuated valves will have a "safe" position, where the valve will go in case of loss of
control or actuation power. This position, open or close will be determined for each valve
during the safety study.

11.4 Testing and commissionning

All components will be supplied with material certificates (DIN 3.1.B or at least
equivalent)
All butt welds will be RX tested
All welds will be penetrant tested
The IPS pressure tube will be US tested
After completion, all circuits will be pressure tested. The test pressure will be 1.25 times
the design pressure for ASME III parts, or 1.5 times the design pressure for other parts.
The test may be performed under gas or under water.
All circuits will be helium-leak tested.

After completion of the assemblies, all components, sub-assemblies and completed circuits
will be verified for:

- correct assembly, wiring and identification of each component
- operation of every device, in nominal and off-nominal conditions
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- calibration of the instrumentation having an influence on the reactor (i.e. scram
signals)

- operation of the whole system, in nominal and off-nominal conditions
- operation of alarms and related actions (including on quasi-accidental conditions)

The operators will be trained during the function tests, so that they will have the occasion
to observe the reactions of the installation during non-nominal conditions.
The authorisation for loading in the reactor and starting of the irradiations will be issued
after completion of the tests.

12. Irradiation

It is presently foreseen to irradiate the module up to a lithium burn-up of 10%, which is
reached after 80 to 100 irradiation days, or 4 to 5 reactor cycles of 21 days.
Neutronic calculations, performed before every cycle will predict the neutron flux realised
in the IPS chanel for the present reactor configuration. Those conditions may change
slightly if experiments are installed in or removed from the reactor. In addition, fuel
depletion plays an important role, which must be taken into account. Hence, the neutronic
conditions will never be identical from one cycle to the other.
At the beginning of a cycle, a document will be issued by the project engineer, in
accordance with the general experimental specifications, with all irradiation conditions
which must be satisfied during the current cycle: power level, temperatures, pressures,
flow rates, sampling frequencies, parameters fluctuation margins, etc...
At the end of the cycle, the project engineer will issue a cycle report, giving the actual
parameter evolution during the cycle, possible deviations and all significant incidents
having occured during the cycle.
Upon completion of the irradiation, the IPS will be removed from BR2 and transferred to
the Hot Cells of BR2 where the module will be recovered.

13. Post-irradiation examinations

Nondestructive testing will be performed at BR2. The testing will consist first in a visual
and dimensionnal testing after recovery of the module. After that, a gamma scanning and a
neutronography of the module might be done , which will determine the position of the
pebble beds, if they are compacted or not and if some sintering of the pebbles or powder
formation can be expected.

We can also perform destructive examinations in our Hot Laboratories. After opening of
the module, samples of the different beds can be taken at different locations and different
heights. By optical microscope and scanning electronic microscope examination, we will
determine the particles diameters distribution and the grain morphology. The local Li-6
burn-up and the residual helium can also be determined.
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We routinely perform metallographic examinations on irradiated steels. However, in this
case, the irradiation duration will be too short to allow significant changes in the structure
of the martensitic steel, so that we see little interest for this type of examination, except
maybe to confirm that point. An analysis of the compatibility steel-pebble beds can
however be performed.

14. Dismantling and disposal

After the irradiation, the in-pile section will be dismantled into several parts. The activated
central part will be separated of the rest of the IPS and disposed in a container as high-level
waste. The other parts of the IPS will be disposed as maybe medium or, more probably,
low level wastes. The Out-of-Pile Equipments will be put in stand-by for a few years, in
case of further irradiations are needed. This delay will allow the decay of possible short
life contaminants and the desorbtion of a part of the tritium still contained in the circuits.
At the expiration of the stand-by delay, the OPE will be cut and disposed in low level
wastes containers.
The operation of CEPHEID will generate other wastes, formed by saturated tritium
gettering systems, which will have to be disposed separately.

15. Opportunities

Although not developed in this study, some interesting additional possibilities do exist:

15.1 Transient operation

In the frame of light water fuel irradiations, we studied the feasibility of repeated transients
over a relatively long period. The purpose was to start by a transient from zero to nominal
power in less than 5 minutes, then to operate the fuel at nominal power for about one hour,
and then to go back to zero power in less than 5 minutes. This cycle was to be repeated a
hundred times every hour. Neutronic evaluation showed that it was feasible without
excessive poisoning of the reactor.
In fusion technology, this kind of transient might simulate the pulsating regime of ITER
and it might be worth to consider it for an extension of the irradiation programme.

15.2 Tritium recovery plant

In this study, we did not try to concentrate or recover the tritium produced. However,
research institutes involved in the development of the tritium recovery systems might find
interesting to test their concept on an installation whose exhaust gas composition is
expected to be close to the one of the future reactors. We would be glad to discuss this
extension of the experiment with interested parties.
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15.3 Plasma heat flux

The first wall will be heavily thermally loaded by the plasma. Rough calculations suggest
that it is possible to simulate the thermal heat flux applied by the plasma on the first wall.
This might be done by the addition of a thick plate, made of a heavy material such as
tungsten, against the first wall. The heat generated by gamma heating in the plate will be
partly dissipated in the IPS, but one part will have to be removed by the helium coolant
after transfer through the first wall. As an alternative, an electrical heater could be also
fitted.

Ph. Benoit
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Annexes

Fig. 1: Cross section of the test sample (initial proposal: Li - Be - Li)
Fig. 2: Cross section of the test sample (2d proposal: Be - Li - Be)
Fig. 3: IPS longitudinal view
Fig. 4: OPE flow sheet (1st alternative)
Fig. 5: OPE flow sheet (2d alternative)
Fig. 6: Cross section of the test sample (3d proposal)
Fig. 7: Modelling of the 2d proposal for neutronic evaluation
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