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Abstract

Concerning about global warming due to emission of greenhouse effect gas like
C02,it is essentially important to make efforts to obtain more reliable and stable
energy supply by extended use of nuclear energy including high temperature heat from
nuclear reactors, because it can supply a large amount of energy and its plants emit
only little amount of C02 during their lifetime. Hence, efforts are to be continuously
devoted to establish and upgrade technologies of High Temperature Gas-cooled Reactor
(HTGR) which can supply high-temperature heat with high thermal efficiency as well as
high heat-utilizing efficiency. It is also expected that making basic researches at
high temperature using HTGR will contribute to innovative basic research in future.
Then, the construction of High Temperature engineering Test Reactor (HTTR), which is
an HTGR with a maximum helium coolant temperature of 950°C at the reactor outlet,
was decided by the Japanese Atomic Energy Commission (JAEC) in 1987 and is now under
way by the Japan Atomic Energy Research Institute (JAERI).

The construction of the HTTR started in March 1991, with first criticality in
1997 to be followed after commissioning testing. At present the HTTR reactor building
and its containment vessel have been constructed and its main components, such as a
reactor pressure vessel, an intermediate heat exchanger, hot gas pipings and core
support structures, have been installed in the containment vessel. Fuel fabrication
has been started as well.

The project is intended to establish and upgrade the technology basis necessary
for advanced HTGR developments. Some heat utilization system is planned to be
connected to the HTTR and demonstrated at the former stage of the second core. At
present, steam-reforming of methane is the first candidate. Also the HTGR with Gas-
Turbine has been studied for assessment of technical viability.

Besides the demonstration of the heat utilization system, the JAERI plans to
carry out safety demonstration tests to confirm the salient inherent safety features
of the HTGR. In addition material and fuel irradiation tests as upgrading HTGR
technologies after attaining rated power will be conducted. Preliminary tests on
selected research subjects such as composite material and ZrC coated fuel
developments, have been carried out at high temperature and under irradiation.
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1. Introduction

A High Temperature Gas-cooled Reactor (HTGR) can supply high temperature heat as
high as 1000°C, which has a potential of obtaining high thermal efficiency as well as
high heat-utilizing efficiency. It also has excellent features such as high inherent
safety, easy operation and high fuel burnup. From the view point of the global
environmental protection and diversification of energy usage, non-electrical
application of nuclear energy, hydrogen production for example, is very important.
Therefore, in order to establish and upgrade the technological basis for HTGRs and
also to use as a tool of basic researches for high temperature and neutron
irradiation, the Japan Atomic Energy Research Institute (JAERI) has been constructing
a 30MWt High Temperature engineering Test Reactor (HTTR) at the Oarai Research
Establishment. The first cr i t ical i ty is scheduled in 1997. This report describes
present status of the HTTR construction and i ts testing program for advanced HTGR
developments.

2. Present status of HTTR construction

The HTTR plant is composed of a reactor building, a spent fuel storage building,
a machinery building and so on. The reactor building is 48m x 50m in size with two
floors on the ground and three under ground. Major components such as the reactor
pressure vessel, primary cooling system components e tc . are installed in the
containment vessel. Air cooling towers for the cooling system are located on the roof
of the reactor building. The construction of reactor building started in March 1991
and has been almost completed. The external view of the reactor building is shown in
Photo 1. The major specification of the HTTR are shown in Table 1.

Photo 1. External view of the reactor building
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TABLE 1. MAJOR SPECIFICATION OF HTTR

Thermal power

Outlet coolant temperature

Inlet coolant temperature

Fuel

Fuel element type

Direction of coolant flow

Pressure vessel

Number of main cooling loop

Heat removal

Primary coolant pressure

Containment type

Plant lifetime

30 MW

850°C/950°C

395°C

Low enriched UO2

Prismatic block*

Downward-flow

Steel

1

IHX and PWC (parallel loaded)

4 MPa

Steel containment

20 years

The block type fuel is adopted in the HTTR considering the advantages of fuel
zoning, control of coolant flow rate in each column, easy insertion of CRs,
irradiation flexibility in the core. Core components and reactor internals have been
installed from May to August 1995. The installed core arrangement of a top replaceable
reflector region is shown in Photo 2. In order to verify the seal performance between
permanent reflector blocks, the air leakage test had been carried out to measure
leakage flow rate. The measured value was found to be less than the assumed limit in
the core thermal hydraulic design. The core is cooled by helium gas of 4MPa flowing
downward. The core has 30 fuel columns and 7 CR guide columns, which is surrounded by
replaceable reflector blocks.

The reactor cooling system is composed of the MCS, ACS and VCS as schematically
shown in Fig. 1. The MCS is operated in normal operation condition to remove heat
from the core and send it into the environment. The ACS and VCS have incorporated
safety features. The ACS is initiated to operate in case of a reactor scram. Besides
one out of two components of VCS has sufficient capacity to remove residual heat, the
ACS is provided to cool down the core and core support structure. A helically coiled
intermediate heat exchanger (IHX) whose heat-resistant material is Hastelloy-XR
developed by the JAERI has been installed in September 1994. Nuclear heat application
tests using the HTTR, are planned to be carried out, and accordingly a heat
utilization system will be connected to the IHX. The fuel fabrication started in June
1995 and will complete in 1997.

The fuel fabrication facility has two production lines of the kernel production
and coating processes, and one fuel compact production line.
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Photo 2. Installed core arrangement of top replaceable
reflector region
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A functional test operation of the reactor cooling system will be performed from
May 1996 to September 1997. Fuel will be loaded into the core around in September 1997
and the first criticality is expected in December 1997.

3. HTTR Testing Program for Advanced HTGR Development

The HTTR project is intended to establish and upgrade the technology basis
necessary for advanced HTGR developments. Based on the discussion about future
prospects of advanced HTGRs for the preservation of the global environment and
sustainable development, two types of future promising HTGRs have been selected to be
developed.1' One is the medium-sized modular and severe accident free HTGR to enable
the s i t ing in industrial complex with process heat u t i l i za t ion of hydrogen
production, conversion of fossil fuels such as coal gasification or liquefaction
and/or gas turbine power generation. The other is a small innovative HTGR of a super
safe and/or maintenance-free HTGR sited in isolated islands or the basement of some
buildings. The design studies and R&D works on the innovative HTGRs have been started
in order to make the best of testing program using the HTTR. Around in 1998 the
results of these studies will be subject to the review of the Japanese Atomic Energy
Commission (JAEC) at the revision of long-term program for research, development and
utilization of nuclear energy.

Some heat ut i l izat ion system is planned to be connected to the HTTR and
demonstrated at the former stage of the second core. At present, steam-reforming of
methane is the first candidate. Also the HTGR with Gas-Turbine has been studied for
assessment of technical viability.

Besides the demonstration of the heat utilization system, the JAERI plans to
carry out safety demonstration tests to confirm the salient inherent safety features
of the HTGR. In addition material and fuel irradiation tests as upgrading HTGR
technologies will be conducted after attaining rated power. Preliminary tests on
selected research subjects such as composite material and ZrC coated fuel
developments, have been carried out at high temperature and under irradiation.

3.1 Nuclear heat u t i l i z a t i o n t e s t s
The HTTR is designed to transfer the thermal energy of 10MW to secondary helium

at temperature of 905°C and pressure of 4.1MPa through an intermediate heat exchanger
(IHX).

Steam reforming of methane for production of hydrogen is adopted for the HTTR
heat utilization system, because of the following reasons.

1) Hydrogen would be an ideal energy carrier if the uti l ization technologies
converted into useful forms of energy (heat, electricity and fuels) as well as
those for the storage, transport and safe handling of hydrogen would have been
established successfully.
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2) The demonstration test of the coupling of the steam reforming system to the HTTR
will contribute to the technical solution of all other hydrogen production system
because basic system arrangement and endothermic chemical reactions for hydrogen
production are similar.

3) Steam reforming system consists of components of matured technologies in the non-
nuclear field.

4) Steam reforming is an economical hydrogen production process commercialized at
present in the non-nuclear field.

Design works of the HTTR steam reforming system have been started since 1990
aiming at demonstration test of the HTTR at the beginning of the 21st century.

Design of main system arrangement, of key components such as a steam reformer and
a steam generator and of control method, especially start-up procedure and
development of computer code for transient thermal-hydraulics analysis have been
conducted. The steam generator is designed to have a safety function as an interface.

In order to achieve hydrogen production performance competitive to that for
fossil fueled plants, measures have been taken to enhance helium side heat transfer
rate, to use following bayonet type of tubes and to optimize process gas composition.

1) The orifice baffles with wire nets attached on the outside of steam reformer tubes
are installed.

2) The bayonet type of reformer tube is adopted to utilize the outlet process gas at
the outlet of catalyst layer at the temperature of approximately 830°C.

3) The temperature of process gas is lowered from 450°C to 600°C, to increase the
heat input preventing carbon deposit. This design achieves heat input of 3.6MW
from helium gas to the steam reformer and 1.2MW from outlet process gas of
catalyst layer to inlet process gas. Total heat input of 4.8MW are utilized to
heat up the process gas and to give steam reforming process heat.

The main system arrangement is shown in Fig. 2. The high temperature secondary
helium gas flows at first into the steam reformer and then into a superheater and a
steam generator. The superheated steam is provided mainly to the steam reformer.

The heat utilization efficiency of 78% using steam reformer is possible to be
achieved, competitive to non-nuclear process (80%-85%).

3.2 Assessment of HTGR with Gas-Turbine technologies
Study Group of the HTGR with Gas-Turbine Power System (HTGR-GT) of the Japan

Society of Mechanical Engineers has been set up since November 1993 to review and
assess the HTGR-GT technologies and identify technical areas to be solved with their
development. This study group has held a series of the meeting and will release a
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report on i t s act ivi t ies by the end of February 1996. During this period, voluntary
survey and R&D works evaluat ing re la ted technologies have been conducted by
researchers and engineers of JAERI as well as of nuclear industries. Corresponding to
these a c t i v i t i e s , JAERI is now planning to launch a new feas ib i l i ty study on the
HTGR-GT from 1996 to 2000, which is subject to appropriated funds.

3.3 Safety demonstration tests
The following safety demonstration tes ts are planned in the HTTR to veri ty

inherent safety features of HTGRs.

1) Abnormal control rod withdrawal tests and
2) Coolant flow reduction tests

For these tests the code as a simulator has been developed for performing analyses of
HTTR core transients and accidents.

3.4 Material and fuel irradiation tests as upgrading HTGR technologies
To develop advanced HTGRs (reactor outlet coolant temperature about 1100°C,

power density 3-6w/cnf and fuel burnup about lOOGWd/t are targeted respectively),
overall R&D program on upgrading HTGR technologies has been drafted in March 1995.
However there still exists strong arguments among ourselves what type of advanced
HTGRs should be mainly developed for the future. Long-Term program for research,
development and utilization of nuclear energy revised by the JAEC in June 1994 says
that since the technologies of HTGR with high temperature heat supply should be
developed for the broader use of nuclear energy, the construction of the HTTR and its
testing program shall be planned and executed for establishing and upgrading the HTGR
technology basis and to conduct various innovative and basic researches on high
temperature technologies. This program does not directly address future deployment
plan of advanced HTGRs following the HTTR. So we started the design studies and R&D
works on advanced HTGRs in order to incorporate the results in the long-term program
revised by the JAEC around in 1998.

At present the first priority is dedicated to the medium-sized modular and severe
accident free HTGR with high temperature heat. In order to upgrade core performance
achieving higher power density, higher burnup of the core and higher allowable
temperature design limit of the fuel, ZrC coated fuel and c/c composite material for
control rod sleeves have been pre-tested.

4. Concluding remarks

The HTTR is a high temperature gas cooled test reactor which has various aims and
operational modes. The construction of the HTTR has progressed smoothly and its first
criticality is foreseen in December 1997.

The various tests by the HTTR will make a great contribution to confirm salient
characteristics of HTGRs including reliable supply of high temperature heat as high
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as 950°C and high inherent safety and the application of high temperature heat from
HTGRs to various fields will also contribute to relax global environmental problems.
Furthermore, the HTTR has a unique and superior capability for carrying out high
temperature irradiation tests not only for development of advanced HTGRs but also for
basic researches such as new semi-conductors, super-conductors, composite material
developments and tritium production and continuous recovery testing of fusion reactor
blanket materials. The HTTR is highly expected to contribute so much to promoting the
international cooperation in these fields.
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