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Abstract

The Concerted Action "Assessment of safety and innovative technology for an HTR power
generating plant (INNOHTR)" is funded by the European Commission within its 4th RTD
Framework Programme. It is a joint project of four European nuclear industry organisations and
five European research centres. This paper presents the preliminary conclusions of the INNOHTR
Concerted Action. It addresses existing experience in designing, building, and operating HTRs in
the areas of fuel, reactor core, and plant systems. It also addresses the need for additional research
and development to support forthcoming industrial prototypes as well as for long term advanced
system development. Specific areas of development are recommended along with the need for
international cooperation.

1 - Introduction

The Concerted Action "Assessment of safety and innovative technology for an HTR
power generating plant (INNOHTR)" is funded by the European Commission within its 4th

RTD Framework Programme. It is a joint project with nine partners, four of then coming
from the European nuclear industry and five from European research centers, two of the
latter being institutes of the Joint Research Center of the European Commission.

Its objectives are:
- to report on the state of the art of high temperature gas-cooled reactor (HTGR) tech-

nology;
- to assess the technology available for HTGR development, coming both from past

HTGR activities and from other industrial areas (e.g., gas turbine technology, high
temperature processes);

- to advise the European Commission about the R&D needs for the development of
modern HTGRs.

The action began in January 1998, and will end in June 1999. In the meantime, the 5th

Framework Programme of the European Commission will start in the beginning of 1999,
and, as it appears that the Commission could support HTGR development as soon as
possible, the INNOHTR partners are organising a coordinated response to the first call
for proposals under the 5th Framework Programme, which will be issued early next year.
This would mean that a European R&D programme on HTGR could start within one year
from now.

This paper presents the preliminary conclusions of the INNOHTR Concerted Action.



2 - Achievements from Previous Experience in Designing, Building, and Operating
HTRs

From the 1960s to the 1980s, several experimental HTGRs and prototype power plants

were operated for a total of nearly 50 reactor-years (about 7000 f.p.d.). They proved the

feasibility of HTGR technology for electricity generation with a steam cycle power con-

version system. Among the different elements inherited from this experience, the main

significant achievements concern the fuel and the core.

2.1. Fuel

The major achievement of previous experience with HTGR technology is probably the

development of a very reliable coated particle technology, up to the industrial scale.

Different materials have been used for fuel fabrication (U, Th, and, on a small experi-

mental scale, Pu) in different chemical forms (oxides, carbides, carboxides), and very

low defect fractions have been achieved in particle production (down to 10'5).

For U-Th fuel, a maximum bumup of 160 GWd/tHM (18 % FIMA) was reached in the
German experimental AVR reactor, with fast flux up to 8 x 1021 n/cm2 (E>0.18 MeV).
During one-third of the operating time of this reactor (21 years), the temperature of
helium was maintained above 900°C (up to 950°C), and therefore the maximum fuel
temperature reached more than 1300°C. For plutonium, experience is much more lim-
ited, nevertheless a few plutonium particles have reached a burnup of 750 GWd/tHM
(nearly 80 % FIMA) in the experimental Dragon reactor without any problem.

Load following has been widely tested in the German prototype THTR plant for load
changes of 8 %/min over a power range of 25 %.

The major advantage of coated particle fuel is its leaktightness to fission products, both
under normal and accident conditions. In normal operation, practically all the releases in
the primary circuit are due to a small fraction of fissile material, which can be found out-
side the coated particles. The collective doses in the prototype plants, which were oper-
ated in United States and Germany, give evidence of good coated particle fuel perform-
ance, in terms of fission products release, far better than the records of LWRs.

Under accident conditions, there is no additional release, at least up to a fuel tempera-

ture of 1600°C. This is illustrated in Figure 1. And, as can be seen from this figure,

above this temperature there is no "cliff effect." This was demonstrated in the first HTGR

that ever worked, Dragon, in an 80-day heating experiment, during which the tempera-

ture of the fuel was kept at 1800°C. Even though the coated particle technology was, at

that time, less sophisticated than now, only 1 % of the fission products were released.
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2.2. Core

The HTGR core offers the advantage of accepting many different fuel materials and fuel

cycles without any major design changes. This results from the decoupling between the

parameters of the geometry of the coolant channels and the parameters of reactor

physics optimisation (concentration and distribution of heavy nuclei, moderation ratio).

An illustration of this ability of HTGRs to accept many different types of fuel can be seen

in Table 1, giving the different types of fuel that have been irradiated in the AVR.

Pebble bed reactors offer one additional advantage in fuel management flexibility: the
possibility of changing gradually the type of fuel on line, without stopping the reactor.
This was experimented in the AVR, where HEU fuel was changed for LEU fuel during
reactor operation.

But the most attractive characteristics of the HTGR core are its inherent safety features:

a strongly negative temperature coefficient for any irradiation condition of the fuel,
high thermal inertia,

a large margin between the normal fuel operating temperature (below 1300°C) and
the leaktightness limit of the coated particles.

With such characteristics, proper design of the reactor (limited power, possibly annular

geometry of the core and use of passive heat transfer mechanisms under accident con-

ditions - conduction, natural convection, radiative heat transfer) can result in keeping the
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Figure 1 : failure rate of irradiated particle fuel
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Table 1

Fuel elements (FE) inserted into AVR

FE type

First core FE

Wall-paper FE

Carbide

Oxide

(THTR-FE)

Separate feed
and breed
particles

Low enriched
Oxide

Fuel

(U,Th)C2

(U,Th)C2

(U,Th)C2

(U,Th)O2

(U,Th)O2

(U,Th)O2

UO2, ThO2

UO2, ThO2

UC2, ThO2

UC2, ThO2

UCO, ThO2

UO2

UO2

UO2

Particle coating

HTI-Biso

HTI-Biso

HTI-Biso

HTI-Biso

LTI-Triso

HTI-Biso

LTI-Biso

LTI-Biso

LTI-Triso

LTI-Biso

LTI-Triso

LTI-Biso

LTI-Triso

LTI-Biso

LTI-Triso

LTI-Triso

LTI-Biso

LTI-Triso

LTI-Triso

Fuel per FE (g)

U235

1.00

1.00

1.00

1.00

1.00

0.96

1.00

1.00

1.00

1.00

1.00

1.40

U t o t

1.08

1.07

1.08

1.08

1.08

1.03

1.08

1.08

1.08

1.08

1.08

20

1.00

1.00

Th

5

5

5

5

5

10.2

10

10

5

5

5

10

6

Number of FE
used in AVR

30155

7504

50840

72418

6083

34415

1440

1610

6067

5860

5363

2400

24611

29090

temperature of the fuel under its leaktightness limit during the most severe accident

scenarios. This is the basic principle of the design of modern modular HTGR reactors.

Experimental demonstration of the possibility of relying entirely on the intrinsic safety

features of the reactor during an accident was provided by the AVR safety tests. In

Figure 2, for example, temperatures in different reactor structures are measured during a

test of a loss of coolant accident without action of any engineered safeguard system. Of

course, the temperature of the fuel could not be measured continuously, even if the

maximum temperature of some experimental pebbles could be checked with fusible

wires. Nevertheless the highest temperature which could be recorded continuously was

in a structure located near the center of the core. All these experimental data are

compatible with a maximum fuel temperature significantly below 1600°C. The slowness

of the transient is also to be noticed: more than 10 hours are necessary to reach the

maximum temperature.
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Figure 2 : experimental simulation of a LOCA in AVR

2.3. Systems

Achievements in operating the systems of HTGR reactors are more mixed, which is not
surprising for experimental and prototypical facilities. For example, one of the permanent
difficulties was with moisture ingress (at Fort Saint Vrain). The AVR even encountered a
major water ingress (without any significant consequence).

These difficulties with the systems explain the mixed availability records of the HTGR
facilities:

Peach Bottom 88 % for 7.5 years
AVR 67% for 21 years
THTR 37 % for 5 years
Fort Saint Vrain 29% for 6.5 years.

But none of the problems that had to be faced involved a basic threat to the viability of

HTGRs. Moreover, many of these problems will not be encountered in modern HTGRs,

which will use different technologies (direct cycle gas turbine, magnetic bearings, etc.).

3 - Why are There New R&D Needs for the Industrial Development of HTGRs?

3.1. Needs for the forthcoming HTGR industrial prototype projects

Even though the design of the next generation or HTGR prototypes (PBMR, GT-MHR,

INCOGEN/ACACIA) will be mostly based on existing technologies, the feasibility and

reliability of which have been widely proved, they have design options that are quite dif-

ferent from those of past reactors. Some of the new technologies still need further devel-

opment, some need to be scaled up, and others just need to be validated.
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The two main new features of modem HTGRs, compared to all the HTGRs that were
built and operated in the past, are the use of a direct helium cycle for energy conversion
and modular design.

Moreover, even if existing technologies are used, this does not mean that they are still

available. Development of HTGR technology has been stopped for many years, and the

danger of losing past knowledge is very great. The first and most urgent task for a new

R&D programme on HTGR technology is to organise the conservation of past know-how,

by opening up the archives and making them available through a modern database and

by consulting with the experts who were involved in past projects on their experience in

designing, building, and operating HTGRs. The global HTR Network (GTHRN), which is

now under development, will be a very useful tool for performing this task.

The power conversion system (PCS), with a direct helium cycle, is not the result of a

simple connection of a standard natural gas turbine to a nuclear reactor. It has specific

features, which require many important adaptations and modifications from standard gas

turbine technology:

• Contrary to the case of natural gas, the PCS of a HTGR works in a closed cycle,

completely isolated from the atmosphere.

• The PCS is part of the reactor's primary system, which results in some radioactive
contamination of its components and in the requirement for a very compact design,
in order to be able to enclose it completely in a pressure vessel of a reasonable size.

• The reactor contains a large amount of graphite, so to avoid safety and availability

problems, the use of water or organic fluids (oil) is to be prohibited in the primary

system.

Due to these very specific features, some new problems have to be solved and some
new challenges have to be taken up in designing the PCS and its components:

• There will be heavier loads on some components than in an open-cycle system, par-
ticularly for certain transients.

• The performance of a closed-cycle PCS will be more sensitive to deviations from the

nominal characteristics of its components (which can be due to manufacturing or

ageing).

• It is a challenge, due to its compactness and its enclosure in a pressure vessel, to

design the PCS in such a way that its maintenance remains feasible and not too

time-consuming. One part of the solution for the PCS maintenance can be found in

designing components in such a way that they satisfy very high reliability

requirements (e.g., operation of the turbine-generator during 10 years without

maintenance).

• There is no industrial experience with designing and operating a generator in a con-

fined and pressurised helium environment.
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• To avoid the use of oil, the turbine-generator will make extensive use of magnetic
bearings, coupled with catcher bearings. In some projects, with vertical shafts for the
rotating machines, the load to be borne by the magnetic bearings is much higher
than what is presently achieved in industry (in the GTMHR, for example, six times
higher). Catcher bearings, which will not be operated very often, but, when operated,
have to withstand very high loads without damage, are also a development chal-
lenge.

• The intricate circulation of helium with different temperatures and pressures in the

PCS vessel requires splitting the volume inside the vessel into several compart-

ments, separated by sliding seals (sliding in order to accommodate expansion due to

varying temperatures in these compartments). The largest dimensions of these slid-

ing seals and their most severe operating conditions (e.g., in the GTMHR project,

maximum diameter 3.2 m, pressure difference 4.5 MPa, and temperature 510°C)

exceed present industrial experience.

• To avoid additional complexity and cost in the PCS, it has been decided not to use
internal cooling of the turbine blades, which is used for the most efficient natural gas
turbines. The temperature of hot helium (850°C - 900°C) is at the limit of what can
be accepted without internal cooling for the usual blade materials. The mechanical
behaviour of the turbine and the choice of materials for its blades must be very
carefully examined.

• To rule out some of the above-mentioned problems, a helium-leaktight rotating seal
could be developed. With such a seal, the generator could be outside the pressure
vessel, which would have several advantages. The generator could be of standard
design, so its maintenance would be easier, the weight of the entire turbine-genera-
tor rotor could be supported outside the vessel by a standard mechanical bearing
and therefore the magnetic and catcher bearings would be used only to control the
lateral position of the shaft, which would make their design much easier, and finally
the water circuit for generator cooling would not penetrate into the vessel. Such a
rotating seal technology exists for explosive gas used in industry, but the scale is
smaller and there is no experience with helium.

If all the PCS design problems, some of which are mentioned above, are considered, it
appears that the design of such a system is rather innovative and is the major challenge
for the development of future HTGR projects. Even if most of the technologies to be
used already exist, they will have to satisfy new requirements and be scaled up to
dimensions and operating conditions in the range of which there is not yet any industrial
experience. Therefore, the components and the whole system will have to be extensively
proven in large scale tests before being operated in a reactor.

As for the modular design, it has been extensively studied and the challenge is less diffi-

cult. Nevertheless, as the unique intrinsic safety features of modular HTGRs are the

major advantages of these reactors for achieving public acceptance, it is important that

these advantages can be demonstrated beyond dispute. As already mentioned, integral
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experiments with the behaviour of the reactor during accidents have already been per-

formed in the AVR. But due to the special configuration of this reactor, with the steam

generator right on the top of the reactor vessel, the major contributor to the heat release

in accident situations was natural convection and not radiative heat transfer, like in mod-

ern HTGR configurations. Therefore, even if the effects of the strong negative tempera-

ture coefficient and of the large inertia of the reactor are perfectly illustrated by these

experiments, the special AVR configuration puts a restriction on their significance for

showing the intrinsic safety of modern HTGRs. That is why it is very important to follow

and analyse very carefully the safety tests that will be performed in the experimental

reactors HTR-10 (China) and HTTR (Japan), the design of which is very similar to that of

modern HTGRs.

On the other hand, to be able to validate the calculation of the maximum core tempera-
ture during an accident, large-scale nonnuclear experiments of heat transfer at high
temperatures without forced convection have been performed in the past for a pebble
bed core. Even if similar experiments are perhaps less necessary for a block-type core,
where heat transfer, mostly conductive, can be easily calculated due to the simple core
geometry, the main uncertainty for this type of core is the heat conductivity value of irra-
diated graphite: for the graphite proposed by producers today, which is not the same as
in the past, data are very few or non-existent for high fast fluence, and more data will
have to be obtained.

To be able to profit from the intrinsic safety of a modular HTGR, so as to simplify its

safety systems and therefore keep this type of reactor competitive, the licensing

approach used for LWRs has to be amended: this is the conclusion of an exercise con-

ducted in the Netherlands in the framework of the INCOGEN study (see Table 2). It

would be beneficial for all the promoters of HTGRs in the world if they do not try to

prepare such an adaptation of the rules in separate discussions with each safety

authority, project by project, but if there is, as soon as possible, an international

discussion, if possible under the auspices of the IAEA, on such an adaptation of the

safety approach. If such an approach is initiated early enough and is internationally

recognised, there is a chance that any modem HTGR design can, in the future, be

accepted by the safety authorities of many different countries without major changes,

which could have a very significant positive effect on the competitiveness of these

reactors.

Even if there are no other major R&D needs for the coming HTGR industrial prototypes,
there are a few needs to validate existing technologies for use under HTGR conditions,
which must not be forgotten. This is the case, for example, for:

• The core calculation method in the case of an annular core, chosen in some projects

in order to increase the power without exceeding the fuel temperature limit of 1600°C

under accident conditions. The existence of a central reflectorl of graphite in the core

results in a very heterogeneous neutron spectrum, thermal in this central reflector
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and epithermal in the fuel annulus region, with a very steep transition at the interface

of these two regions (see Figure 3). Such conditions are not usually met in other

types of reactors. It must be verified that the usual tools of reactor physics and the

usual calculation procedures can be applied without particular problems to HTGR

annular cores.

Table 2

Applicability of the IAEA Code and Guides for the design of
nuclear power plants to the HTR

Topic

Code of Design

Classification

Fire protection

Protection system

Internally generated
missiles

External man-induced events

Ultimate heat sink

Emergency power

Instrumentation and Control

Radiation protection

Fuel handling and storage

General design safety principles

Containment

Reactor coolant

Reactor core

Seismic events

Applicable

amended

amended

yes

yes

yes

yes

amended

yes

yes

amended

amended

amended

amended

amended

amended

yes

Main issues

- barrier concept/
containment

- shut down systems
- second control room
- PIES0

- water elements

- barrier concept
- reactor coolant

- decay heat removal

- source terms
- steam line
-14N
-14C

- no water pools
- fire prevention

-PIES
-ATWS

- containment concept
- H2-control

- pressure boundary

- thermal hydraulics
- cladding effects

Remarks

this guide is written for LWR but can be
used if it is transformed (He-cooling) to the
HTR

this guide may be used for the INCOGEN
plant with the atmosphere as the ultimate
heat sink and passive heat conduction and
radiation for decay heat removal

with some amendments applicable to
INCOGEN

fire prevention and protection has to be
addressed in a different way than for LWR

for INCOGEN a specific set of PIES has to
be defined

with specific amendments applicable to
INCOGEN

this guide is written for LWR (and a little bit
forAGR)
the requirements on the pressure boundary
has to be replaced by specific requirements
on the integrity of the fuel elements and the
HTR reactor vessel

the specific safety functions and perform-
ance of the fuel elements of INCOGEN have
to be included

Note: 1) PIES = Postulated Initiating Events
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Figure 3 : traasverse distribution of neutron flux in a plutonium annular core
(Pu from 45 GWd/t PWR - UO2 fuel)

• The reactor vessel material: If the reactor design is such that the temperature of the
reactor vessel cannot be kept low enough, the reactor vessel must be made of 9 Cr
steel. This steel is well known in industry, but it has not been used before in nuclear
reactors. Therefore, the use of this material with thick welds for nuclear applications
has to be qualified.

3.2. Needs for long term development of HTGR technology

In the coming years, the development, construction, and operation of HTGR prototypes
can again start the nuclear energy industry in motion towards innovation, which has
been stopped for a long period, and can prove that the modern HTGR is one of the safe
and competitive solutions for the future of nuclear energy. But in the longer term, HTGR
development should be pursued, because nuclear energy will be faced with renewed
competitiveness challenges and increased social concerns, which will require still more
innovative solutions.

As for the competitiveness challenge, it will not be met merely by ensuring a favourable

comparison of HTGRs with other types of reactors. This challenge concerns the entire

nuclear industry, which has to compete with other sources of energy, most particularly

with natural gas. HTGRs will have a future only if they make a favourable contribution to
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this competition. And in that prospect, the needs of the market do not concern only the

per-kWh cost. There is also a need for energy sources with:

- low capital cost
- a short construction period
- a medium power level (200 to 600 MWe), and

- the possibility of competitive use of the released heat.

The HTGR seems to be a good candidate to satisfy the last three criteria. As for the

capital cost, the present status is rather uncertain, because of the very preliminary stage

of the industrial projects. Nevertheless, even if there is a large uncertainty, the evalua-

tions made by different organisations give the same order of magnitude for the invest-

ment cost for generating one kW with an HTGR and with a LWR. This is not enough,

however: with the progress of natural gas turbine technology and with the current cheap

price of gas, the advantage of nuclear electricity production is vanishing. Natural gas tur-

bine technology is still progressing, therefore nuclear energy in general and HTGRs in

particular will also have to progress.

On the other hand, people are more and more concerned about the impact of nuclear

energy. Safety requirements are more and more stringent: no releases under any acci-

dent situations and no evacuation. The solution of the waste issue is also considered to

be vital for the long-term sustainability of nuclear energy. People do not only expect that

the wastes, which have to be stored anyway, can be stored safely, but that the quantity

of such wastes be minimised. Finally, there is considerable concern with the plutonium

issue. The nuclear industrial complex must find solutions to stop the accumulation of civil

and military plutonium and burn it as much as possible.

Even if the present achievements of HTGR technology can already meet some of the

competitiveness and public acceptability requirements, it is very encouraging for the

future role of HTGRs to note that there is still a large potential of development of this

technology in order to meet more and more stringent requirements. We can give a few

examples here.

The high operating temperature, which characterises HTGRs, with the corresponding

high energy conversion efficiency, contributes both to the competitiveness of this type of

reactor and to the minimisation of wastes. There are nevertheless several innovations

that can result in increasing either the operating temperature, the power density, or the

power of the reactor. These innovations, used separately or in combination, can further

improve competitiveness, the minimisation of wastes, or both:

• Advanced particle coatings (zirconium carbide) can increase the temperature limit for
leaktightness of the particles under accident conditions from 1600°C to 1800°C.

• High-temperature materials can be used to increase the operating temperature of

different components of the HTGR primary system.
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• The prestressed cast iron vessel concept can be a solution to alleviate an important
constraint on HTGR design: the limit on the vessel diameter due to the limitations in
the workshop facilities and in the transportable size. This limit directly impacts the
maximum core size and the residual power that can be passively removed during an
accident.

The principle of the prestressed cast iron vessel is illustrated in Figure 4. The vessel is

made of cast iron blocks assembled on the site and put under compressive stress by

hoop and axial tendons, the leaktightness of the system being ensured by an inner liner.

The fact that the vessel walls are put under compressive stress has another important

consequence that is very advantageous for safety improvement: the vessel is burst-

proof. Some feasibility studies and tests have been performed in Germany on this

concept. A vessel with a diameter of 4 m and a height of 4.8 m was built and has suc-

cessfully experienced a pressure test up to 122 bar (in water).

axial
tendons

radial
tendons

Figure 4 : principle of the prestressed cast iron vessel

Another innovation, important for improvement of the reactor's availability and safety, is

the development of a silicone carbide coating, which can protect the fuel elements (peb-

bles or blocks) and internal graphite structures from corrosion in case of air or water

ingress. Irradiated pebbles protected with such a coating stayed during 200 hours in air

at 1400°C without suffering any corrosion, while standard pebbles completely

disappeared through corrosion in the same conditions.
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For the waste issue, apart from the high efficiency of the reactor, the fuel and the fuel

cycle can play a major role. The capability of particle fuel for high burnup

(160 GWd/tHM), widely proved, has an effect on the mass of irradiated fuel in inverse

proportion to the achieved burnup. As mentioned above, very high burnup

(750 GWd/tHM) has been reached during experimental irradiations of plutonium and

highly enriched uranium. But the feasibility of such very high bumup on a large scale is

still to be proved; it must be verified that under such irradiation conditions there is no

increase in the proportion of leaking particles.

Another solution for the waste issue is the minimisation of long-term activity by using a
fuel that reduces the actinide production. This is the case with thorium cycles and, as
noted before, HTGRs are very well suited to accept different fuel types, most particularly
thorium fuel: the thorium cycles are optimised for the HTGR epithermal neutron spec-
trum. Different cycle solutions can be studied, possibly in synergy with other types of
reactors.

Reprocessing particle fuel is rather difficult, and, at least for very high burnup fuel,

probably not economically attractive. When 80 % of the initial heavy metal inventory has

disappeared through fission, there is not much fissile material left to recover. Therefore

particle fuel, or at least part of it, is intended for direct disposal. Moreover, particle fuel is

particularly adapted to direct disposal. According to the available experimental data, the

coating keeps its excellent leaktightness performance under long-term storage condi-

tions, but this has to be confirmed by complementary experiments and also has to be

verified for advanced coatings.

As for the potential of consuming plutonium, preliminary analyses show higher perform-

ance than for PWRs or FBRs (see Table 3). Moreover, due to the high burnup the

inventory of heavy nuclei left after irradiation is smaller and the degradation of the

isotopic composition of plutonium (decrease of the fissile plutonium proportion) is higher

than with other types of reactors: for example, with plutonium recovered from 45 GWd/t

UO2 PWR fuel, in which the proportion of fissile isotope is 65%, a MOX recycling in a

Table 3

Plutonium burning potential
(kg/TWhe)

PWR
(900 Mwe)

65

FBR
(CAPRA)

75

HTR
(GT MHR)

100
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PWR with a discharge burnup of 45 GWd/t would leave after irradiation an inventory of
plutonium which still represents 73% of the initial mass of Pu, with a proportion of 55% of
fissile isotopes, while a HTGR recycling would leave only 28% of the initial mass of Pu,
with a proportion of 36% of fissile isotopes. This is one more incentive for burning
plutonium in a once-through HTGR cycle: at the end of such an open cycle, the
economic value of recovering plutonium is very low, because of this low fissile inventory,
and on the other hand, because of the very low quality of the remaining plutonium,
storing it involves little proliferation risks.

4 - Conclusion

The industrial feasibility of the high temperature fuel and core has been widely proven,

but the intrinsic safety features of HTGRs still need some integral experimental demon-

strations. The technologies for the direct cycle power conversion system exist, but most

of them are to be used beyond the limits of their present industrial applications. The

integration of the whole power conversion system is also far from present industrial

experience (closed cycle, severe transients, nuclear environment, compactness, very

stringent availability requirements, etc.).

In the long term, HTGRs in particular and nuclear energy in general will be faced with
more and more demanding requirements for competitiveness and public acceptability.
The HTGR still has a large potential for future development, to face up to these new
challenges. Therefore, right from the start, these long-term developments must not be
neglected, because they will probably play an important role in the future development of
nuclear energy.

For all these developments, broad international cooperation is needed:

• Available experimental facilities (reactors for irradiation, integral safety demonstra-

tion, and reactor physics measurements; loops and test benches for tests of compo-

nent performances) are not numerous. They have to be carefully identified and to be

supported and shared on the basis of international research programmes.

• The safeguarding of available knowledge and experience from past HTGR pro-
grammes could be organised worldwide through the "Global HTR network"
(GHTRN).

• Licensing standards adapted to modular HTGRs could be developed through inter-

national collaboration. Such an approach, if started when the industrial projects are

still in an embryonic state, could lead to more uniform standards in different coun-

tries, which could help HTGRs to better penetrate the world market.

The IAEA could play an important role in promoting such broad international coopera-
tion.
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