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Abstract
The MWt HTTR is a high-temperature gas-cooled reactor(HTGR), with a

maximum helium coolant temperature of 9500C at the reactor outlet.
The construction of the HTTR started in March 1991, with first criticality to be

followed in 1998 after commissioning testing. At present the HTTR reactor
building(underground part) and its containment vessel have been almost completed
and its main components, such as a reactor pressure vessel(RPV), an intermediate
heat exchanger, hot gas pipings and graphite core structures, are now manufacturing
at their factories at the target of their installation starting in 1994.

The project is intended to establish and upgrade the technology basis
necessary for HTGR developments. Japan Atomic Energy Research nstitute(JAERI)
also plans to conduct material and fuel irradiation tests as an innovative basic
research after attaining rated power and coolant temperature. Innovative basic
researches are now in great request.

The paper describes major features of HTTR, present status of its construction
and research and test plan using HTTR.

1. Introduction
It is essentially important in Japan, which has limited amount of natural

resources, to make efforts to obtain more reliable and stable energy supply by
extended use of nuclear powers including high temperature heat from nuclear reactors.
Hence, efforts are to be continuously devoted to establish and upgrade HTGR
technologies and to make much of human resources accumulated so far. 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 HTTR was decided
by the Japanese Atomic Energy Commission(JAEC) and is now under way by the
JAERL

The HTTR aims at establishing and upgrading the technology basis necessary
for HTGR developments, serving at the same time as a potential tool for innovative
basic researches.

The paper summarizes the HTTR project and research and test program using
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HTTR.

2. HTTR Project
In Japan, the R&D on HTGRs has been carried out for more than 20 years,

firstly as the multi-purpose Very High Temperature Gas-Cooled Reactor program for
direct utilization of nuclear process heat and then as the HTTR Project, reflecting the
change of social and energy situation.

Since 1969, the JAERI has carried out R&D works on HTGRs in the areas of
fuel, graphite and high temperature alloy, high temperature in-core instrumentations,
high temperature components, reactor physics, heat transfer and fluid dynamics,
fission products plate-out etc.. At present, the JAERI is constructing the HTTR which
can supply high temperature coolant up to 9500C at the outlet of the RPV, which has
been realized with the results of these R&D works. The block type fuel is adopted in
the HTTR considering the ease of irradiation experiments as well as the advantages
of fuel zoning, control of coolant flow rate in each column, easy insertion of control
rods in the core, and so on. Major features of the HTTR and the construction schedule
are given below.

2.1 Major Features of HTTR
The HTTR has been so designed as to be an engineering test reactor which

aims to establish and upgrade the technological basis necessary for HTGR
developments and to conduct various irradiation tests for innovative basic researches.

The HTTR plant is under construction in the Oarai Research Establishment of
the JAERL The reactor building is centered in the HTFR plant. The main reactor
facilities of the HTTR such as the RPV, primary cooling system, reactor containment
vessel and refueling machine are housed in the reactor building, as illustrated in Fig.l.
The RPV made of 2 14 Cr-1 Mo steel is 13.2m high and 5.5m in diameter, and
contains the core consisting of fuel and control rod guide block columns, permanent
and replaceable reflector blocks, metallic and graphite core support structures as
illustrated in Fig.2, The main cooling system(MCS) is composed of a primary cooling
system, a secondary helium cooling system and a pressurized water cooling system.
The primary cooling system has two heat exchangers, an intermediate heat exchanger
and a primary pressurized water cooler, in parallel.

The major specification of the HTTR is shown in Table .
The reactor core is graphite moderated, helium gas cooled and hexagonal fuel

elements are used. The active core consists of 30 fuel block columns and 7 control
rod guide block columns, where each column is composed of blocks (2.9m) stuck.
The active core of 2.3m in diameter is surrounded by 15 replaceable reflector columns
and 9 reflector-zone control rod guide block columns. Some of replaceable reflector
columns are used as irradiation test columns. The permanent reflector surrounds the
replaceable reflector and is made up of large polygonal graphite blocks fixed by core
restraint mechanism. Each hexagonal graphite block, which is made of the domestic
IG-1 1 0, has three dowel-pins on its top and three associated sockets at its bottom,
and the blocks are fixed by setting dowel-pins into sockets.

A standard fuel element, 36cm across flats and 58cm high is made up of fuel
rods and a hexagonal graphite block, as shown in Fig.3. The fuel consists of TRISO
coated particles of low enriched uranium oxide whose average enrichment is about
6% and the kernel diameter is 600/im. The particles are dispersed in the graphite
matrix and sintered so as to form a fuel compact. These compacts are contained in
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a graphite sleeve to form a fuel rod. The fuel rods of 3.4cm in diameter are contained
inside vertical holes of 4.1 cm in diameter within a graphite block. Helium gas flows
through an annular channel between a vertical hole and a fuel rod inserted in it to
remove heat produced by fission and gamma heating.

Reactivity is controlled by 16 pairs of control rods, which are individually
supported by the rod drive mechanisms located in standpipes connected to the
hemispherical top head of the RPV and inserted into the channels in the active core
and replaceable reflector regions. The reactor shutdown under the high temperature
condition is made by inserting 9 pairs of control rods into the reflector region at first,
then the other 7 pairs of control rods in the core region are inserted after the active
core region temperature decreases. Back-up shutdown capability is provided by
dropping boron carbide/graphite pellets into the holes in the control rod guide blocks.

Major nuclear and thermal-hydraulic characteristics of the HTTR is shown in
Table 2.

The reactor cooling system is composed of an MCS, an auxiliary cooling system
(ACS) and two reactor vessel cooling systems VCSs). The reactor cooling system is
schematically shown in Fig.4. The ACS is in the stand-by condition during the normal
reactor operation and is operated to remove the residual heat from the core when the
reactor is scrammed. Both VCSs are operated at each 100% flow rate during the
normal operation in order to cool biological shielding concretes around the RPV, and
they serve to cool the RPV and the core under such accident conditions as a pipe
break of the primary cooling system, when the core is no longer cooled effectively by
neither the IVICS nor the ACS.

2.2 Construction Status and Schedule of HTTR project
The JAERI applied for the permission of installation of the HTTR to the Science

and Technology Agency (STA) for the safety review by the Government in February
1989 and the safety review by Nuclear Safety Commission (NSC) followed and
finished in November 1990.

In parallel, the graphite structural design code and high temperature structural
design code had been developed by the JAERL The inspection criteria for the fuel and
the graphite components had also been established by the JAERL These codes and
criteria were endorsed by the STA in December 1990.

The construction schedule of the HTTR is shown in Table 3 The construction
of the HTTR was initiated in March 1991 and the excavation of ground were
completed in August 1991. The construction of concrete base-matt was also
completed in May 1992 and the construction of reactor building is under way. Its
underground part has been almost completed. The assembling and installation of
containment vessel was completed with a success of its pressure-proof and leakage
tests in November 1992. Photo shows the construction status on the ste. Several
large tanks such as for helium gas storage and supply have been already installed in
the reactor building. Other main components are now being manufactured at their
factories and the RPV and the intermediate heat exchanger will be installed in 1994.
It will take another five years for the construction and fuel fabrication, and the first
criticality will be attained in June 1998.

3. Research and Test Program Using HTTR
3.1 Reactor Performance Tests for Establishing HTGR Technologies

Reactor performance data will be accumulated through the HTTR criticality, zero
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power and power increase tests and also full power operation. These data are quite
valuable for design, safety evaluation and licensing of advanced HTGRs. They are
most effectively utilized for establishing the technology basis necessary for HTGR
developments.

3.2 Irradiation and Demonstration Tests for Upgrading HTGR Technologies
To upgrade the technology basis for HTGRs, many kinds of tests are planned

as follows.
(1) Irradiation Tests

To develop advanced HTGRs(reactor outletcoolanttemperature about 1 1000C,
power density 36 W/CM3 and fuel burnup about 10OGWd/t are targeted
respectively), many kinds of irradiation tests such as fuel irradiation tests, material
irradiation tests are planned.

(2) Safety Demonstration Tests
The following safety demonstration tests are planned in the HTTR to verify

inherent safety features of HTGRs:
1) Abnormal control rod withdrawal tests and
2) Coolant flow reduction tests.

(3) Nuclear Heat Application Tests
A heat utilization system is planned to be connected to the HTTR and

demonstrated at the later stage of the first core. A steam-reforming or thermo-
chemical hydrogen production system is under discussion for a possible candidate
of the system, which will be promoted by the IAEA as one of international
coordinated research programs. A closed cycle gas-turbine system will be also
investigated if the demonstration test by the HTTR is und to be effective.

3.3 High Temperature Irradiation Tests for Innovative Basic Researches
Many irradiation regions are reserved in the HTTR to be served as a potential

tool for an irradiation test reactor in order to promote innovative basic researches such
as materials, fusion reactor technology, radiation chemistry and so on, besides fuel
and material irradiation tests as shown in 32. Specific irradiation capabilities in the
HTTR are to be able to irradiate a large-sized sample up to 25cm�x50cml_ or block
size with installed instruments at elevated temperature although maximum thermal and
fast neutron fluxes are in the order of 1013 neutron S/(CM2.S).

Innovative research subjects are now in great request. Some examples of
testing at high-temperature and under irradiation are shown below.

(1) New semi-conductors, super-conductors, composite materials development,
(2) Material properties changes and irradiation damages research on metals,

ceramics and composite materials and functionally gradient materials,
(3) Tritium production and continuous recovery testing of fusion reactor blanket

materials, and
(4) Radiation chemistry such as decomposition of high molecular compounds and

synthesis of fulleren including actinide elements.

The operation and the test plan in the HTTR is shown in Table 4.

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 so far
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and its first criticality is foreseen in June 1998.
The various tests by the HTTR will make a great contribution to confirm salient

characteristics of HTGRs including high inherent safety and reliable supply of heat as
high as 9500C and the application of high temperature heat from HTGRs to various
fields will also contribute to resolve global environmental problems.

Furthermore, the HTTR has a unique and superior capability for carrying out
high temperature irradiation tests for innovative basic researches, The HTTR is highly
expected to contribute so much to promoting the international cooperation in these
fields.
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Table Major specification of the HTTR

Thermal power 30 MW

Outlet coolant temperature 850'C/950-C

Inlet coolant temperature 3 9 5cC

Fuel Low enriched U02

Fuel element type Prismatic block

Direction of coolant flow Downward-flow

Pressure vessel Steel

Number of main cooling loop I

Heat removal IHX and PWC (parallel loaded)

Primary coolant pressure 4 Wu

Containment type Steel containment

Plant lifetime 20 years



Table 2 Major nuclear and thermal-hydraulic characteristics of the HTTR

Thermal power 30 W

Core diameter 2.3 m

Core height 2.9 m
Average power density 2.5 W/cm3

Fuel loading off-load, I batch

Excess reactivity 15 o Z k

Uranium enrichment 3-1 tY

average about 6wtYo

fuel burn up average) 22 Gd/t

Reactivity coefficient

Fuel temperature coefficient 1.5 to 46 XI D-5 Z k/k/'C

Moderator temperature coefficient 17.1 to 099) X 1 �-5 Z k/k/'C
Power coefficient (2.4 to 4) X 1-3 Z k/k/ MW

Prompt neutron lifetime 0.67-0.70 ms
Effective delayed neutron fraction 0.0047-0.0065

Total coolant flow 10.2kg/s (950'C Operation)

Inlet colant temperature 395 C

Outlet coolant temperature 950 'C' (max.)

Power peaking factor

Radial 1.1

Axial 1.7

Effective core coolant flow rate 8 %
Max. full temperature 1492 C
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Table 3 Construction schedule of HTTR

i990 i99i 1992 1993 1994 I 99,9 J 996 1997 1,998

Construction start Electricity receive Fueling
MILESTONE V V

Criticality

Safety review

Approval of design and 0 1 D 0
construction rnelliod

Site renovation

Excavation of reactor
building

Reactor building

Containment vessel

Cooling system

Reactor pressure vessel
and core internals

Fuel fabrication

'I Fiscal year of Japan starts In April and ends In Marcli



Table 4 Operation and test plan in HTTR

cal
ear 1998 1999 2000 2001 2002 2003-

Initial Core anced Core

Criticality
1. Establishment V

of HTG R Reactor Performance 3OMW 30MW
Technologies Z Tests 850-9500C 9500C

2, Upgrading of rradiation Tests in Capsules rradiation
HTGR or Full-sized Samples Tests
Technologies

Safety Demonstration Demonstration Tests
Tests /of Nuclear Heat Application System

3. Innovative
evelopment of Very High Temperature Heat-Basic Resisting Materials

Researches Tritium Production and Recovery Tests, etc.
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Photo HTTR's construction status on the site
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